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INTRODUCT10N

一 Magnetic Stilmulation一

」un Kimura
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Bickford in 1965 and a few years later Barker tried to use a pulsed mag…

netic neld to stiinulate peripheral nerves, subsequent attempt to use

Barker' device for noninvasive and painless stilnulation of the mOtOr

cortex by MごrtOn and cOworkers at the National Hospital,London 1985

opened a new era of chnical electrophysiOlogy with vast diagnostic and

theoretical imphcations.

In」 apan,the Studサ Group for Clinical Apphcation and Safety of Wragnetic

Stilnulation was formed in 1990, 
′
rhe Ministry Of Health and Welfare ap‐

proved the sale of rnagnetic stiFnulators as a medical instrument in 1993.

The teChnique has since been apphed to study the basic physiology Of

the motOr systern in normals in a wide range of neurological disOrders in

our country.  TO review these developments periodically, the Study

Group met yearly in conjunction with the annual lneeting of the Japan

EEG and EMG Society.

The 6 th Annual Meeting for Chnical Use of Magnetic Stimulation is

organized as a Satellite Symposium of the 10th lnternatiOAal congress of

EMG and Chnical Neurophysio10gy, It is particularly tixnely now tO ex‐

plore this fruitful area fOr further chnical research as this marks the loth

anniversary after the introduction of magnetic coils for cortical stilnula‐

tion.

As the Convener of the X‐ ICEMGCN and the President of the」 apanese
Study Group,I am pleased to welcome many distinguished researchers in

this neld whO came from direrent corners of the world to participate in

this symposium. On behalf of the organizer,I wish to express lny sincere

appreciation tO the Eisai Co.,Ltd.,Tokyo,Japan,for spOnsoring the Study

Group for Clinical Application and Safety of ふ/1agnetic Stilnulatio正 ′

during the past Five years and generOusty supporting the Satenite sympo‐

siuHl on Clinical Use of Magnetic StilnulatiOn this year,
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The Microphysiology of Human Corticospinal Connec‐
tions Studied with Transcranial Magnetic Stilllulation

Kerry Ro Mills
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The discharge of a single human motor unit(MU)renects the aring of

a single spinal lnotoneurone(MN), When recruited during a weak steady

voluntary contraction,MUs begin aring at about 10Hzithe nring frequen‐

cy is modulated upwards as force is increased,reaching a maxilnum of 25

-30 Hz. Each MN has in the order of 105 synaptic connections covering

its soma and dendritic treei Many of these are corticospinal inputs,

which are relayed via spinal interneurones, Monosynaptic corticomoto‐

neuronal connections also exist allowing direct driving of MNs frona the

priinary motor cortex. There is considerable divergence of connectivity

within a MN pooll it is believed that some corticospinal abres may con‐

tact all the MNs of a pool. There is also considerable convergence of
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Fig.1. Above is a PSTH(lms binwidth)cOnstructed from the discharge
times of a single MU in the nrst dOrsalinterosseo単 s rnuscle of a iormalsub‐

iect.A series of 495 stimutt were given at time zero.The prinary peak
at 25ms is followed by a short period of zero nring probability and then a
secondary peak with peak latency 70ms is seen. Belowi the same data
are presented in a sorted raster plot. Trials which caused a PP discharge
have been separated from those which did not. It can be clearly seen
that the Firing history of the MU innuences its response to stilnutti only if

the MU fires 60-110ms before the stil■ ulus is a PP discharge seen.
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inputs on to single MNs9).We are now able to study these corticospinalsyn‐

aptic connections by recording the modulation of tonic voluntary dis‐

charge of a MU by denned inputs froni the cortex excited by magnetic

stirnun4.5,10).

Modulation of MU discharge is studied by 10gging the tiines of occur‐

rence of spikes in relation to stiI■ uh on multiple trials. This results in a

peristimulus time histogram(PSTH)(Fig。 1).Small de宙 ations from the

basehne nring leサ el are detected by cusum analysis of the PSTH. The

erectt of the tiコ ne‐history of aring is assessed by producing a sorted

raster plot.

If a PSTH is constructed wh■ st a large series of weak magnetic stilnun

are given to motor cortex, MU discharge probability is seen to fan

transiently2), In Small muscles of the hand which have been most ex‐

tensively studied,the onset of this inhibitory eFect is 27 to 36 ms after

the stilnulus. As stilnulus intensity is increased the duration and depth

ofthis down‐ Inodulation increase.Over a very narrow range ofstilnulusin‐

tensity, however,siowing of discharge quickly turns into an increase in

aring prObability. The PSTH now reveals a brief(3-8ms)inCreased firing
probability at a latency of 25-30ms and termed the prirnary peak(PP)1).

This is followed by a cessation of firing and then a second, rnore dis‐

persed increase in aring probability,lasting 1 0-50ms and having a peak la‐

tency of about 70ms which we have terined the secondary peak(SP)7上

Analysis of PP at higher tilne resolution shows that there are often a

number of distinct subpeaks within PP, In normal MUs,these subpeaks

occur at intervals 6f l.4-1.8ms(Figs.2&3). By analogy with the kno、 vn

eFects of single stilnuli applied to prilnate motor corte挙 ,these subpeaks

are thOught to represent the sequential arrival at the MN of separate iHト

pulses over the corticospinal abres3). Each impulse engages the MN and

evokes in it an excitatory post‐ synaptic Ootential(EPSP)(Fig. 2). The

size of PP is thought to correlate with the rise tilme of the underlying

EPSP and for this reason is beheved to represent a monosynaptic cor‐

ticomotoneuronal connection.
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Fig。  2.  Above is a model of events
occurring at the MN membrane during
tonic voluntary activation when a stiFnu・
lus evoked train oF corticospinal impuises
arrives.  The oblique lines represent the
trajectory of the membrane potential as it
progressively moves towards threshold,
represented as the x‐ axis.When the traieC‐
tory cuts the EPSP waveforrl a discharge
is produced and the PSTH is seen tO
contain 3 subpeaks corresponding to the
3 phases of the composite EPSP. Below is
a PSTH(0.2ms binwidth)from the data in
Fig。 1.showing 3 subpeaks at inter‐ sub‐
peak intervals of l.8ms.

・50  0 100 1 0   ‐50  0   50 100 1S0 200

22.0   24.0   26.0 20.0   22.0  24.0  26.0

Fig。 3. On the left are PTSHs(lmS binwidth above and O.2ms binwidth
below)from a MU in the nrst dOrsal interosseous of a healthy subieCt.
On the right are siHlilar PSTHs from a patient with multiple sclerosis.
The inter‐subpeak interval in the control is l.4ns and in the patient is
3.6ms. It appears as if a singie sub‐ peak is missing in the patients PSTH,
suggesting frequency‐ dependent conduction block.
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The above techniques are not intended for diagnostic purposesi they

are used to investigate pathophysiological lnechanisms in patients. Two

examples follow. In multiple sclerosis,PP is often delayed and dispersed

as expected frorn the demyelination of central lnotor abresl). However,in

some patients PP is of normal latency but the inter‐ subpeak interval is

about twice that found normany, suggesting that a subpeak is absent,

Frequency‐dependent conduction biock could be responsible for this

erect and is postutated as a possible mechanisHl for weakness in these
patients(Fig.3).

In some patients with amyotrophic lateral sclerosis,PP may be larger

than anticipated given the stirnulus intensity used61 this imphes that in

these MNs,larger than norinal EPSPs are generated suggesting that MNs

are hyperexcitable at certain stages of the disease(Fig,4).

Another technique used to study the corticospinal drive on to MNs is

to record frorn pairs of MN and estirnate the degree to which they share con‐

nectivity. This is done by constructing a cross‐ correlogram (CCG). The

tilnes of discharge of one Ml」 are logged in relation to the discharge of

anotherふ /1U. MNs are found to discharge together lnore frequently than
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Fig。 4. PSTHs from 2 patients with amyotrophic iaterai sclerosis. In A,
stirnulus intensity was 30% maxirnum stirnulator output, an intensity
which is usualy below the threshold for excitation in normats. The prima‐
ry peak is much iarger than anticipated and imphes an abnormally large
undertying EPSP, In B,a stirnulus intensity of 68%has caused a period
ofinhibition followed by a pronounced secondary peak.
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expected by chance(Fig.5). TheSe paired firings are thought to represent

the arrival of impulses over branched input abres driving the two MNs.

The size of the CCG peak is an estirnate of the strength of coEIInOn input

to the two MNs。

1ヽ0TOP UNIT A

110TOR UNIT B

ヒ
3

REに ATIVE TIME(ms,

ヨ
焉

10

Fig.5. Above are two spike trains derived from MUs in the arst dorsalin‐
terosseous lnuscie of a healthy sと biect. BeiOw is the cross― correlogram Of
the discharges of FnOtOr unit A in relation to motor unit B. The central
peak in the cross‐ correlogram has a duration of 12ms and indicates opera‐
tion oF common inputs to the two MNs. The central peak in the cross‐
correlogram can be better deFined by the cusum (Open circles).

Magnetic stilnuh apphed during the recording of pairs of MUs a■ ows
us to estilnate the degree to which the fast corticomotoneuronal connec‐

tions are also shared between WINs. The observed probability of both

Ml」s arthg in response to a stilnulus can be compared with the expected

paired aring probability. It is found,rather unexpectedly,that MUs are dis‐

charged together by stilnuh no more often than by chance,i.e.the two

MNs appear to behave independently to the descending volley8). This

may be interpreted as a lnechanism whereby rnotor cortex can engage indi‐

vidual MNs which lnight be required in a specinc task.
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Localized Magnetic Stirビ Lulation of the Human Brain
and Nerve Excitation Models

Shoogo Ueno
力sπ肋彪οデMed'6αどβルε′γοttctt Fbじ夕ι′ノてゾれつご皮ガη9,b「崩υっγsゲサぅ′οデTοん夕α
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Magnetic nerve stilnulation has been widely used in neruophysio10gical

research and chnical diagnosisl).'We have developed a method Of fOcal

and vectorial magnetic stilnulation, The basic idea is to cOncentrate in‐

duced eddy currents in a target with a pair of opposingty pulsed magnet‐

ic nelds which can be produced by a ngure_eight coi12). using this

method,we were able to stilnulate the motor cortex of the human brain

within a 5 1nrn resolution3)。  Figure l shows the results ofiocalized lnagnet‐

iC StiFnulation of the brain,innervating the thenar lnuscle.

ニ
Thenar 
“
uscle
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Fig. 1.  Electromyographic(EMG)re…
sponses to magnetic brain stilnulation.
A:Thenar point stimulation. B:Stimu‐
lation at a pOint 5 mm pOsterior to the
thenar point. C:stitnulation at a point
5 mln anterior to the thenar pOint. B′

:

StimulatiOn at a OOint 5 mm above the
thenar point, c′:Stirnulation at a point
5 mm belOw the thenar point.

Fig。 2.  Functional distribution of the
human motor cortex related to the hand
and Foot areas. The arrows show cur‐
rent directions for neural excitation.
The distance between grid points is 5
mm.
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Since the concentrated eddy currents at the target beneath the intersec‐

tion of the coils aOw in a direction paranel tO the tangent of the two

circular coils, vectorial stilnulation can be achieved, The neural abers

can be excited easlly when the abers are stilnulated by the eddy currents

which aow paranel tO the neural abers,in contrast to the case in which

the currents now perpendicularly to the neural abers. Based upon this prin‐

ciple,we have obtained functionaI Inaps of the human motor cortex relat‐

ed to the hand, arin, and foot areas4). As shown in Figure 2, we have

observed that an optilnal direction of stilnulating currents for neural exci‐

tatio■ existS in each functional area in the cortex.
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Fig。  3.  Stilnuiation oF nerve excitation
eicited by magnetically induced eddy cur‐
rents, The X axis runs paralel to the direci´

tion of the tangent of both circular coils. In

this sixnulation, currents in the coii now
along the ‐X axis at the intersection. The
Xア  axis runs in a direction parallei to the
nerve Fiber.  When the angie between the
ngure_eight coil and nerve is 45 degrees,as
shown in(a),the nerve is excited at point X′

=(20mal),and the excitation propagates to
both sides oF the nerve nber. In contrast,
when the angle between the ngure_eight
coll and the nerve is -45 degrees,as shown
in(b),the nerve aber is not excited.
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To explain these vectorial characteristics in magnetic brain stiFnula‐

tion, we developed a model of neural excitation ehcited by mignetic

stilnulation5,6). Figure 3 shows a sirnulation of nerve excttation Ohcited

by magnetically induced eddy currents using a ngure_eight coil. The

nerve aber and the induced eddy current must be at least paranel to one

another and the eddy current must exhibit a spatial gradient field in

order to ehcit excitation in the nerve fiber. When the nerve iber is in‐

clined toward the surface of the coil plane or the surface of the body,exci‐

tation is facilitated and,as the nerve fiber is declined away from it,excita‐

ⅢiOn becOmes increasingly difncult. The model explains our observation

that the directions of the induced current vectors renect both functional

and anatonlical organization of neural abers in the brain, We need to

emphasize here the point of excitation is neither at“ 0"nor under the inter‐

section with the coil. Instead it is 20 FIIn aWay froHl the point of inter‐

section. And, in this case, the coil dianeter used was 50 Hlln and the

distance between the coil and the nerve nber was 10■ 11■ .

We have also developed a nethod of repetitive magnetic stirnulation

with train pulses using frequencies of up to 50 Hz. Using such a magnet‐

ic stilnulator,we observed arm muscle contractions responding to the stiln‐

ulation of spinal roots at the neck and median nerves with varying fre‐

quencies of stirnulationo We induced coninuous lnuscle contraction with

frequencies of higher than 6-7 Hz and found that inuscle lnovement was
proportional to the frequency used. Up until now,we have li:nited our ex‐

perilnentation with peripheral nerve fibers in the body and have hesi‐

tated to use this lnethod in experirnents with the human brain. Although

the method does appear to be safe for use in experilnenting with the

brain,no such experilnentation will be done until further investigation

into possible hazards is done in Order to insure the uncomproHlisable

safety of any possible subject.
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Fig.4。  Relationship between the refractory period in
nerve excitation and puise current nowing thrOugh a
stirnulating coil. The pulse duration is 100μ sec.
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In addition to repetitive stirnulation,we also did a computer silnulation

to see how the threshold for nerve excitation and the refractory period

changes when using train‐ pulsed nerve stiinulation7). The results shOw

that the threshold for nerve excitation is reduced by previous stirnulation

and that the refractory period is reduced with the increase of stilnulating

current. As shoャn in Figure 4,the refractory period is inversely related

to the stil■ ulating currenti i.e。 ,the higher the current induced,the shOrter

the refractory period.
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Mapping the Cerebral Cortex

WIark Hallett
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Most mapping studies using transcranial magnetic stilnulation(TMS)

have been of the motor cortex although other areas can also be mapped.

Directstirnulation ofthe motor cortex atneurosurgicPi operat10n sh♀ WSex_

tensive representation of each muscle with overlap of rnuscles within the

sane body part. This is compatible with the idea that the motor cortex

is organized in terms of rnovements and not lnuscles. Nevertheless,since

we do not have a good methOd for describing movements,we generally

map muscles. Use of the ngure_8 shaped coils gives the most accurate

maps. The usual inethod is to use a standard stixnulus magnitude and

move the stilnulator systematically over the scalp and measure the motor

evoked potential(WIEP)at eaCh Site. This will produce a map of MEPs

with variable amphtudes,and typicany the amphtude win be highest in

the center of the rnap and taper or to the edges, 
′
Γhe site of the lnaxilnal

amphtude can be caned the“ 。ptirnal position."

When mapping muscles of the upper extrernity at rest,stil■ ulatiott of a

sirnilar area on the scalp win evoke MEPs in most upper extre■ lity

muscles(Fig. 1)°. Optimal scalp positions for stimulating distal ann

muscles win tend to be more lateral than those for proxilnal muscles.

Afiterior
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Optiinal scalp positiOns for stiinulatittg leg muscles, on the other hand,

will be distinct frOni those for stilnulating arm muscles and will be c10ser

to the rlidline. Latencies of W廷 EPs vary according to the scalp locations

stilnulated2上  The 10ngestlatencies of MEPs are always evoked by stilnula‐

tion of either the medial or the lateral border of the mOtOr representation

areas. The optilnal direction of currents induced in the brain is approxi_

mately perpendicular to the central sulcus,nowing diagOnany from back

to front3).

We have performed studies to see how accurately TMS wOuld iOcahze

the 4otor cortex4). After inapping each subject,we digitized the 3-di‐

mensional locations of the magnetic sti:nulation positiOns and about 400

pOFitiOns On the surface of the head. 
′
rhe amplitude‐weighted center of

gravity of each subiect'S map was found and a line perpendicular tO the

local head surface was proiected inward. The digitized heads were regis_

tered with the subjects'A/1RIs using scalp cOntours. In all cases the xnagnet‐

ic stilnulation lines encountered the surface of the brain at the anterior

lip of the central sulcus. In other,unpubhshed studies(Cohen 9サ αと),we
have cOmpared the location of the TMS optittnal position with direct
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corticography in patients with subdural grid inonitoring of ePilepsy. Pro‐
jection of the site of the TMS optirnal position onto the cortex cor‐

responded well with the best site FOr direct stimulation of the muscle.

We studied the excitatory(4亜 EP)and inhibitorす (Silent period,SP)re‐
sponses to focal TMS in the abductor pollicis longis(APB)of nOrmal sub‐
jects to see whether the scalp topography of the two erects direred(Fig.

2)5). On averaged trials,a stilnulus intensity just aboVe the threshold of

the MEP at its optiinal position produced MEPs followed by silent peri‐

ods at a cluster of scalp locations l cm apart on the central scalp(medial

area)and silent periods with very slight or no preceding facilitation in 3

to 9 1ocations lateral to the MEP area(lateral area). These maps also
showed that MEPs froal stirnulation in the medial area occurred 4-6 ms
earlier than in the lateral area. The ratio of the size of the silent period

to the WIEP tended to be larger in the lateral area.

In a recent study,we sought to deterlmine whether MEPs as wen as SPs
could be pr6duced in hand and shoulder muscles by TWIS of the ipsilat‐
eral cerebral heHlisphere and,if sO,Whether their cortical representations
could be mapped with respect to those of contralateral muscles6). In

lpsilateraI FDI(市 ght)

―

―             ―

―

― ―

― ―

脇

潮転∬畢

~メ

騨

―

―
―

―
200″VL伴

An

Contrataterat  risoriu、

J咀
―睦

taterat

―
ContralateraI  FDt

エ

」 _

上

―
~

↑

L~
丘

|
SOOwV

SO ns

18

旅乱駅da尾咄謂無塩ξ粗鷲)1鰯ぞ駕詣e監講t,響鷲記翼二魂
ipsilateral FDI is co■ ocaHzed with the:nap of the contralateral risorius, From 6〉

引 油に中期`
A

和か ―

脚 囁―

"的!ゝ

肺

榊 ト

郡 劇鵬
―

嗣か

工 ―に
―に

に

に_に



戸

normal subjects,we delivered stilnuli each to a grid of sites l cm apart

on the scalp. The EMG was recorded and averaged froHl the contralat‐

erai nrst dorsal interosseous(FDI)and riSOrius(faCial)muscles at rest and

the ipsilateral FE)I muscle, which was voluntarily contracted. All sub‐

jects had at least one scalp site where magnetic stirnulation produced

ふ/1EPs in the ipsilateral FDIo A few subiectS had rich ipsilateral hand repre‐

sentations with multiple ipsilateral lvIEP sites. They had ipsilateral MEP

sites near the representation of the contralateral FDI, but the largest

ipsilateral MEPs occurred with rnagnetic stirnulation at rnore lateral sites,

which were near the representation of the contralateral risorius(Fig.3)。

Ipsilateral rnagnetic stilnulation also produced silent periods in the FDI in

all subjects, 
′
rhese silent periodさ were lnuch more frequent than the ipsi‐

lateral MEPs and tended to occur with stilnulation near the representa‐

tion of the contralateral FDI。

TMS mapping of the lnotor cortex can be used to study plasticity, One

interesting example is what happens after heHlispherectomy7). TMs of

the remaining hernisphere induced bilateral activation of arHl muscles.

Evaluation of MEPs indicated that muscles ipsilateral to the preserved

heΠlisphere were activated by stirnulation of scalp positions anterior and

lateral to those activating homologous musctes on the normal side.

ThesO results indicate that ipsilateral and contralaterat representations in

the remaining henlisphere are topOgraphically direrentiated, with

ipsilateral representations having a more anterior and lateral scalp distri‐

bution. The ipsilateral rOpreSentation appears to be an enhancement of

the normal,and ordinarily much smaller,representation.

Other brain areas can be mapped. Using repetitive TMS,reproducible

speech arrest can be induced only by stilnulation ofinfero■ ateral posterior

frontal areas of the left henlisphere(BrOCa's area)81 TMs of the occipital

cortex can block the detection of visual stirnuli presented approxilnately

100 ms earlier9). TⅣIS of the sensorilnotor cortex can occasionally trigger

somatotopicany organized paraesthesias. In addition, Tふ /1S of the sen‐

sorirnotor cortex appropriately tilned in relation to an electric stirnulus

to a Finger of the contralatё ral hand can block the detection of the sensory

stilndlus10). Amassian and colleagues demonstrated that single puise TMS

to the regiOn of the SMA could cause sequence errors in a sequential

finger tapping taskHtt Recently, we have done sirnllar studies showing

that TMS over the Sふ /1A region would interfere with the synchrony

of bixnanual FnOVements12).
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Facilitatory and lnhibitory Mechanisms of Brain Trans‐

cranial Stirrlulation in the Healthy and in Neurological
Disorders

Paolo M.Rossinit~2 and Silnone Rossit
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Surface and depth(needle)reCOrdings per可 五t to analyse the firing proba‐

bility of Motor Units after TransCranial Stimulation(TCS):in faCt,TCS is

modulating Motor l」 nit liring by inducing an initial increment(eXCitatory

descending events=Motor Evoked Potentials==MEPs),and a successive

decrement(inhibitory output=suppression of the evoked EWIG burst=

silent period,SP). Sometilnes such an alternating erect triggered by the

stirnulus can be repeated for lnany hundred of lnilhseconds fonowing indi‐

vidual「FCS, Spinal as wen as cOrtical structures are mutua■ y involved

in the regulation of these erects, It is worth inentioning that facilitatory

and inhibitory mechanisms can be“ modulated" both in the healthy and

in direrent types of patients by incoHling sensory signals, In fact,

Mariorenzi 9才 [7ど。 (1991)ShOWed that a conditioning electrical pre‐
stilnulation on the peripheral nerve is fonowed by tWo epochs of
decreased cortical excitability(With lnter Stilnulus lntervals‐ ISIs‐ of 16

and 34 1ns,respectively)separated by an epoch of clearcut excitability in‐

crement between 22 and 30 ms. The peak of maxilnal facilitation was

ascribed to the temporal coincidence between the arrival of the arerent

volley to the contralateral sensorilnotor cortex and the magnetic stilnulus

irnpinging upon it, lowering the excitability threshold of brain motor

areas for MEPs ehcitation(Fig。 1). Interestingly,such a period of facilita‐

tion is iost in parkinsonian patients who have depressed or absent pre‐

rolandic components of Somatosensory Evoked Potentials‐ SEPs‐ (Rossini
9サ α′. 1991a,see Fig。 2),suggesting that this method could be useful to

study sensorilnotor integration processing in selected patients.  In
parkinsonian subjects shorter than normal SPs have been described and re‐

lated to the lack of voluntary input to the corticospinal system (Canteno

O′ α∴ 1992). Abnormal excitability of the motor brain circuitries in
parkinsonians has also been found by using a double stilnulusi this

showed a decrement of corticocortical inhibition at short(1-5 ms)ISIS

(Ridding 9ナ α」. 1995). AIso, peripheral pre‐ stilnulation paradigms have

been used to record lower lilnbs MEPs in patients with myelopathy in

which no responses in relaxation could be otherwise recorded,even follow‐

ing TCS at maximalintensity(Hayes 9サ α去 1992)。

On the other hand,in healthy subjects it is possible to evttuate cortical

excitability changes to TCS while strongly reducing the sensory now

from the “target'' body area. In this respect, we recently performed an
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experilnental study on healthy volunteers based on siinultaneous
anaesthetic block of median (SensOry and motor)and radial(sensOry)

nervous nbers at wrist by inieCting inepivacaine(10 1nl at O.5%)and recOrd‐

ing from two ulnar‐ nerve supphed muscles of the handi the First

Ftexor Po‖ Icis Brevis
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Fig. 1.  Effect of a conditioning pre‐ stimulation(Inedian nerve at the
elbow)on MEPs amphtude recorded in full reiaxation fro■ l Flexor
POnicis Brevis(eaCh trace is the superimposition of 8 responses). Inter
Stirnulus lntervals (ISIS) betWeen conditioning stimulus and TCS
(=aSterisks)are indicated by numbers in the left side. The arst couple of
traces― without conditioning― are randoHlly recorded interHlingied with
conditioned stilnuli.  In the diagram on the right, MEPs amphtude are
plotted for each ISI;the dotted line indicates the maxirnal amphtude vari‐

ability oF non‐conditioned MEPs, Traces on the right(tOp)are parietal

(=N20)and frOntal(=N30)median nerve SEPs, Note the clearcut initial
period oF inhibition, reaching the nadir at 16 msec, foliowed by a
Facihtation peak that is maximal at about 30 msec,when the N30 too is
ma瓶mal(from Mariorenzi¢ どα洗 1991,with permission).
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Interosseous Dorsahs muscle(FDl),whiCh remained entirely“ enveloped"

inside the area of anaesthetised skin(=10SS Of cutaneous feed‐ back),and

the Abductor Digiti Minimi muscle(ADM),w40Se cutaneous input was
free of pharmacological block. Cortical representation of these musOle,as

revealed by the average amplitude of MEPs gathered frorn each lnuscle fol‐

lowing TCS on 10-12 scalp positions,showed diFerent behaviour:ADⅣ I

representation was increased(=MEPs of higher amphtude)and enlarged

(Fig.3),while FDI representation generally decreased(Fig.4). SinCe nO
change following anaesthesia was observed in the cortical representation

ば the COntralateral homologous muscles to the anaesthetised ones,it is rea‐

sonable explain such findings on the basis of“ short‐ term"rearrangements

of cortical rnotor output,probably linked with cortical disinhibition and/

or to some mechanisms of“ functional plasticity"(i.e.,unmasking of pre‐

existing,functionally silent,synapses). It iS WOrth mentioning another ob‐

servation frori the same experilnenti the latency jump and amphtude
potentiation when passing from relaxation to contraction was less

evident in the F正)I with respect to ADM. This supported the view that
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Fig。 2, MEP conditioning as in the previous agure in a 48‐ year‐old male
patient suffering of Parkinson's Disease and showing rigidity in his left

heHlibody(left column)compared to a normai subiect. Notice the pro‐
longed,poorly deaned and smOothed conditioned curve which is neither
as steep in onset and offset nor organised in a sink of depression and
peak of fac■ itation as in the healthy (cfr. alsO previous agure). (from
Rossini 2′ とP,1991a).
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Abductor Digiti Minimi muscle(ADM)

Fig,3. Motor maps of the cortical representation of right ADWI muscie in the
left heHlisphere of four subjects(Sl, S2, S3, S4)before(upper line)and after

(1。 Ver line)simuitaneous anaesthetic block of rnedian and radial nerves at wrist.

For each of the scalp pOsitions stilnulated,spaced about 10■ lln,6-8 MEPs were
gatheredi the average value of these responses was assigned to each position for

computing the map ln the original maps,amplitude values were represented in

盤 ci臀 岳c蜃:蒼盤 怒 志鴛 a留縄喘 阜r協 胤 盈 熾 〔c着 召駕 靴 d龍,r撒
that post‐ anaesthesia amphtude values are higher and scalp topography is generaト

ly eniargedo Shifts in maxilnal sites cortical representation can be appreciated.

First Dorsal lnterosseous muscle(FDI)

Fig。 4. Same organisation,subjects and experirnental sessions of Fig.3. In this

case, MEPs are gathered from the right FDI muscie, entirely covered by
anaesthetised skino Cortical representations of this muscle are generally restrict―

ed following anaesthesia,the maxirnal site of representation being unchanged de‐

spite a lowering of MEPs amphtude(=higher threshold).
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“facilitation"of ⅣI]EPs induced by active contraction is partly dependent

upon the sensory feed‐ back frorn the moving part.

In the last years,and also due to the proven safety of the rnethod,the at‐

tention of the Researchers has been devoted to magnetic「 ΓCS in epilepsy:

it was demonstrated that the cortical excitability threshold(aS defined ac‐

cording to standard guidelines,Rossini σ′αl 1994)is usually enhanced

by AntiEpileptic Drugs(AED)adminiStration(Hufnage1 9′  αと 1990).
Reutensつ ぢαと (1993)conarmed these nndings in patients with progres‐
sive myoclonic epilepsy(in whOm giant short■ atency SEPs are usually

recorded),mOreover describing an exaggeration of the peak of TCS fachta‐

tion induced by the pre‐stilnulation of the median nerve, More recently,

Caranlia 9′ αと (1995)studied two groups of patients surering respec‐
tively from Juvenile Myoclonic、 Epilepsy(JME)and Gran Mal(GM)
seizures. In the attempt to identify some direrence in excitatory and

inhibitory patterns of the brain excitability,a neurophysiological exaHlina…

tion was made combining threshold measurements using individual
stirnun with a prOtocol employing paired stirnu11 (= COnditioning

subthreshold+test‐ suprathreshold). In JME patients undergoing AED ad‐

■linistration,threshold values were higher than in non‐ treated subieCtS,

furthermore,unlike normal controls,MEPs inhibition was greatly diinin‐

ished during paired shocks stilnulation. In these patients,a cascade of con‐

secutive stimuh(up to 50)was able tO increase MEPs amphtude in spite

of the“ physiological"decremental trend previously observed in norimal

subjects(Rossini 9才 αど. 1991b)and aSCribed to a progressive increase of cor‐

tical inhibition possibly due to self‐ protection lnechanisms― evidently lost

in JME patients― against overstimulation,In the two cases with Gy sei‐

zures the rё covery cycle matched that of the controls in the range of l to

4 ms. 
′
rhe authors(CaraHtta 9′ α1 1995)suggeSt that the pattern of cort‐

ical inhibition,as investigated with the paired stilnuh protocol,could be re‐

lated to GABA inauences on neuronalfiring level(Kujirai 9サ αと1993),prob‐

ably―as known froHl experilnental studies― by hyperpolarization mecha‐

nisms at postsynaptic cell inembrane level by increasing the conductance

of the Cl~ions. As recently conarmed bす MaCdOnnel and Donnan(1995)
on a series of paraplegic patients surering froni spinal cord traumatic le‐

sions and assinling Baclofen(a potent GABA agonist acting at spinal

level reducing anterior horn excitabdity)the eValuation of changes in

motor excitability threshold to TCS should be always take into account

the conco打 itant pharmacological therapy.
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Flow of Symbolic Visual lnformation from Retina to
Vocalization

Roger Q.Cracco,Vahe E.Amassian,Paul J.WIaccabee
and Joan B,cracco
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We attempted to track the flow of symbolic visual information(letters

or a digit)frOna retina to voice production using inagnetic coil(MC)stilnu_

lation. In an alert individual, the latency to initial vocalization of a

visuany presented symbol is about 350 ms. ThiS tirne can be divided

into the fonOwing intervalsI Retina to calcarine cortex and relay from

calcarine cortexi arrival of visual representation in frontal lobei tirne

required for coding of visual representation of symbol into appropriate

motor output for languagei frontal lobe activation of laryngeal EMG;tilne

fOr initiation of voice by laryngeal EMG. Each interval was investigated.

Finally,the question as to whether calcarine cortex can be bypassed in a

visual reaction tilne task(ё .g.BInd Sight)waS addressed.

Retina to Calcarine Cortex and Relay froHI Calcarine Cortex:

MC(Round coi1 9.4cm O.D。 )stimulation of occipital cortex was tested
on perception of 3 brieny presented randoHlly generated alphabetical char‐

acters. MC stilnun were dehvered up t0 200 ms after the letters werё  pre‐
sented at 20 ms intervals, When the visual stirnulus‐MC interval was less

than 60 ms orrnore than 120 ms,letters were correctly reportedi at test in‐

tervals of 80 and 100 ms,a blur or n6thing was seen. At a test interval

of 100 ms,moving the MC to the right over the occiput resulted in report‐

ing of only the letter furthest to the right and vice versa which is consist‐

ent with the topographical representation in visual cortex but incompati‐

ble with an arect on attention or suppression froHl an eyebhnk. ′rhe Mc
pulse probably acts by eliciting IPSPs in visual cortex. This data

suggests that in this task the visual information arrives in calcarine

cortex by 60 1■s which is consistent with VEP data and that the last bit of

the information required for visual recottnitiOn is relayed frori calcarine

cortex by 120 ms.

Arrival of Visual Representation of Symbol in Frontal Cortex:

Vocal responses of perceived digits and EMGs frorl external laryngeal

or iower facial lnuscles were recorded on multichannel tape. An oval MC

(5.5× 6.O cnl)denvered individual pulses over frontal cortex,the WIC wind‐

ings iay variously over Broca's area,dorsal pre‐ Inotor cortex and part of

the precentral gyrus. 
′
「
he WIC stirnulus intensity was adjusted iust above

threshold laryngeal response when the digit was nashed 60 ms earher,at

which interval the visual input could not yet have arrived in frontal
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cortex,thus controlling for any non‐ specinc facilitating erect on the re‐

sponse to the Mc stilnulus. Laryngeal Eヽ 江G latencies were ll.5-13.5 ms.

An increase in the amphtude of the laryngeal and facial EMGs was usuaト

ly nrst detected when theヽ /1C pulse was delivered 120-140 ms after the

visual stilnulus, The latency of the facilitated response was reduced by ap‐

proxirnately 2 ms.「 rhe initiation of the facilitated response at 120-140

ms irnphes that the initial portion of the visual representation of the digit

arrives in frontal cortex at this tilne.

The short tilne elapsing between the relay of the visual information

frO■l Falcarine cortex and its arrival in frontal cortex as indicated by the

rlinilnuln delay for facilitation of the laryngeal EMG by MC stil■ ulation

of frontal lobe suggests the visual output goes directly to the fronta1 lobe

rather than taking the traditional route through Wernicke's area. A

direct route to frontal lobe has also been ilnplied by recent PET data

(POSner 9サ αと 1988). However, these andings do not exclude a steady

stateinauence of Wernicke's area and parietal areas on froitallobe as is iΠ l‐

plied by the severe impact on language receptive functions of a lesion in

these areas.

Frontal Lobe Activation of Laryngeal EMG:・

Edge stimulation was used from a round MC(9,4cm O.D.)which was

tilted antero‐ mediany Over frontal lobe to direct magnetic nux away frttm

temporalis muscle. A r五 crophone recorded the voice and the sound Of

the subject's enunciation of an alphabetic letter was used to trigger the

MC pulse. Laryngeal EMG was recorded using surface electrodes, Trigger‐

ing the MC pulse by vOcal activity which produced laryngeal EMG great‐

ly increased the amplitude of the laryngeal CMAPs encited by Mc stilnular

tion.

With vOice triggering,CMAPs of6-81■ s iatency were ehcited upon MC

stilnulation of lnotor cortex. 
′
rhis latency was greater than rlinirnum pe‐

ripheral lnotor conduction tilne tO the extrinsic laryngeal lnuscles which

was only 上.6-2.O ms, CMAPs with latencies of 13-20 ms were ehcited

with MC stiinulation of the lateral extreHlity of the precentral gyrus,

more anteriorly from presumed Broca's area,and very medially from pre‐

sumed supplementary motor area. Thus transit tirne froHl frontal cortex

to laryngeal EMG was 6-20 ms,depending on the area of frontal 10be



stirnulated. 
′
rhe inctusion of the lateral extreHlity of the precentral gyrus

with other “higher level'' speech motor areas rather than with motor

cortex is consistent with the observation that this portiott of the pre‐

central gyrus cytoarchitecturally resembles area 6 rather than area 4.

Laryngeal Activation of Voice:

The laryngeal EWIG typically preceded the beginning of vocahzation by

about 80 ms.

Conclusion:

The 350 ms delay for vocahzing the visual presentation of a digit in‐

cludes the retinal‐ calcarine cortex transfer tilne(60 ms),relay of the syrl‐

bOnc representation out of calcarine cortex (120 ms), itS arrival in and

facilitation of frontal cortex(120-1401■ s),frontal lobe activation of laryn…

geal EMG(6-20 1ns)and initiation of voice(80 ins). There remains about

125 ms[350-(130+15+80)]for the visual representation in frontal
cortex to be coded into appropriate motor output for language. The data

suggests that a FnOre direct calcarine‐ frontal pathway exists than the tradi‐

tional pathway which tranverses angular gyrus and Wernicke's area.

Bypassing of Calcarine Cortex in a Visual Reaction Time Task(Blind

Sight):

The hypothesis that calcarine cortex can be bypassed in a visual reac‐

tion tilne task was tested. Alert subjects responded as quickly as possi‐

ble onty with a noise(grunt)when brightly illunlinated words or pictures

were nashed. Abdorlinal EWIGs were recorded with disc electrodes, In 5

SubieCtS,mean latencies of the noise expiratory EMGs were 105 ms, In 4

SubieCtS the continuous distribution of EMG latencieS included responses

in the 80-90 ms range, Such iatencies are too brief to be explained by

the sum of the estilnated″ιぢ夕2カ%クη9 transrlission dOlays including retina

to calcarine cortex(60 ms),Calcarine cortek to motor cortex(5 ins),mOtOr

cortex to abdoHinal EMG (20 ms)plus cOrtical relays within calcarine

cortex(5 ms)and motor cortex(5 ms)totalling α′力αs′ 90 ms,

Additionamy when calcarine cortex was stirnulated with a MC 90 ms

after the visual stilnulus was presented,e.g. at a tixne optilnal for visual per‐

ceptual suppression,the subiects Were uncertain that a visual stimulus

had been presented even though their EMG latencies and voice latencies

were appropriate.

We conclude that calcarine cortex can be bypassed in a visual reaction

tirne task(e.g. IBInd Sight'つ  but nOt When a language symbol is con‐
sciously identined and vocanzed.

REFERENCE:
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Neural plasticity within the human central rnotor systeri has been stud‐

ied with transcranial magnetic stilnulation in patients with peripheral

and central nervous system disorders.

I.The Site of Action of Transcranial Magnetic Stilmulationl)

The exact site of activation of human motor evoked potentials(WIEPs)

by cortical magnetic stimuiation has not been determined.うay 9ι αι.動

reported that a few interneurons connected to pyraHttdal cells were the

site of activation by cortical lnagnetic stil■ ulation.

We studied a patient with motor neuron disease in whorn a few remain‐

ing motor units in small hand muscles could be evoked by magnetic

stixnulation314.5,6)uSing a twin coi17,8). central rnotor conduction tirne was

within normal lirnitso Cortical mapping of the motor evoked potentials

was carried out stirnulating the motor cortex transcraniany at intervals

of l cHl along the coronal axis and l-2 cHl along the sagittal axis lsing a

twin magnetic coil.As the site of cortiё al stimulatiOn was moved from

the center,the latency of the MEPs increased by O,7-0.8 ms suggesting

one synaptic delay. 
′
rhis study provides further data that rnagnetic stilnu‐

lation of the human cortex indirectly activates pブ rarlidal cens via inter‐

neurons(Fig.1,2).
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Fig。 1. Distribution of the lnotor evoked potential(MEP)laten‐
cies on the scalp, recorded fron the right abductor pollicis
brevis muscle.
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Fig, 2. Central motor conduction times(CMCTs)recOrded
fron the right abductOr p。 1licis brevis muscle stilnulating the

left craniun at direrent sites,

Ⅱ.Motor Reorganization after Peripheral Nerve lnjury61

Paralysis of an upper extrernity due tO traumatic cervical roOt avulsion

is usually permanent,since there is lninilnal root regeneration. Many Oper‐

ative prOcedures,including nerve grafts,have been tried in the past with

HΠlited success. Anastomosis of intercostal nerves with the muscu10‐

cutaneous nerve has been performed ano repOrted to be One of the most

successful FnethOds in restOring function in the biceps brachii lnuscle9,10).

In a study of 4 patients with a complete upperlilnb palsy due to traumat‐

ic cervical rOOt avulsion,surgical anastomosis of intercostal to musculo‐ ヤ

cutaneous nerves was performed tO restOre function in the biceps brachii

muscle6). Four to 6 months after the operation, motOr unit discharges

were recorded frona the biceps brach五 muscle on the operated side during

deep breathing and by cortical rnagnetic stirnulation. The inOtOr unit dis_

charges became independent frOm respirations gradually over l t0 2

years. The latencies of the lnotor potentials evoked by cortical and thorac‐

ic roOt magnetic stilnulation decreased graduallブ  oVer 2 to 3 years,
although cortical conduction tilne changed lninilnany. Motor cortex lnapp‐

ing Of the reinnervated biceps muscle showed a gradual change over 4 to

33 months froEl the area of the intercostal muscles to that Of the arm 33
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Fig。 3. The relationship between motor unit discharges oF the biceps brachii rnuscle and
respirations and the locaHzation of the motor center of the biceps brachn muscle are
shown in the early and late stages aFter nerve anastomosis of intercostal and musculo‐
cutaneous nerves.

area,which was lnore lateral on the lnotor cortex(Fig,3). TheSe findings
suggest that reorganization of the fnotor cortex can occur following periph‐

eral nerve anastomosis,

The age of the patient at the tirne of the neural damage is important in
regard to the ability of the nervous system to regenerate or alter its
function■ ). Fonowing peripheral nerve anastomosis,the successful cases

usually occurred in patients who Were less than 25 yehrs of age at the
tirne of the intury and the unsuccessful cases occurred in patients over
40 years of age.

The prolonged latency of the MEPs recorded frorl the reinnervated
biceps muscte gradually became shorter over 20 to 30 months due to pe‐
ripheral nerve regeneration,and there was little change in central motor
conduction tilneo With transcranial lnagnetic stixnulation,the site that is
most excitable and produces the largest MEP is thought to be the cortiCal
area of that muscle. After the intercostal nerves were anastomosed to
the rnusculocutaneous nerve innervating the biceps braむ h五 FnuSCle,the cor‐

tical motor area of the biceps was located in the area of the intercostal
muscles. After tilne for nerve regeneration and reinnervation of the
muscle, biofeedback training, and voluntary control of nexion Of the
elbow,the excitable area of the biceps motor cortex moved laterally to‐
wards the cortical area of the arrl segment of the upper lirnb. fΓhis sug～



gests that there was reorganization of the cortical motOr area that pro‐

jects to the arm nexor muscles, InitiaHy the excitable area was enlarged

as reported in previOus studies of cortical lnotor reorganization12,13). 
′
「 he

excitable area of the motor cortex to the biceps muscle became locahzed

at the tilne when the patients developed the ability tO nex the elbow and

control elbow nekion without respirations.

Ⅲ.Motor Reorganization fo110wing Upper Motor Neuron Lesions

ln contrast to the motOr reorganization after 10wer motOr neuron le‐

sions,Inotor reorganization fOmowing upper rnotor neuron lesions is more

complex.  Neurologic sequence after a lesion of the central nervOus

systenl(CNS)are not only due tO the central reorganization but alsO

reFlect the erects of the lesion,its iocation as well as its recovery.

In 8 patients with chronic cerebral infarction with heHliplegia,locanzed

cortical lnagnetic stilnulation was carried out. Four of 8 patients did not

show MEPs in the paralytic hand lnuscles using contralateral cortical stiln‐

ulation, but did show sman MEPs with ipsilateral cortical stilnulation,

These cases had large cortical infarctiOns unilaterally by CT scans. The

other four patients showed small MEPs in the paralytic hand muscles

with contralateral cOrtical stilnulation. They had subcorticalinfarction un‐

ilater,■ y on CT SCans. 
′
rhese findings suggest that there was reorganiza‐

tiOn Of the lnOtOr cortex following unilateral cerebral infaction(Fig。 4).

In three out Of fOur patients with severe heEliplegia due tO intra‐

cerebral hemorrhage involving the subcortical area,the magnetic cOrtical

stilnulation oftheinvolved lnotor cOrtex did not evoke a MEP from the con‐

tralateral paralytic hand muscles, In two of the patients stiinulation of
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Table I. WIEP recordings troHl paralytic hand lnusctes
in patients with intracerebrat hemorrhage

case   age     lesions
approach oF
operation

transcranial WIEP stirnulation

involved cortex   contratateral cortex

NA

KI

８

　

４

４

　

５

it subcortex

it subcortex

frontal

frontal

absent

absent

absent

26.4 msec

(7o μV)

(With ef『 Ort)

22.6 msec

(60 μV)

absent
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WK   70   rt subcortex     frontal absent

ふ/11(   42   rt subcortex    frontal 19.6 msec

(10 μV)

Motor evoked pOtentiais(MEPs)frOm hand muscles by cortical stilnulation in patients
with residual he■liplegia following the subcorticat hemorrhage and surgical removal of
hematoma frontally,

the noninvolved cortex evoked a W【 EP from the ipsilateral paralytic

hand muscles, These patients had an operation to remove the hematoma

by the frontal approach(Table l).

Although chronic lesions of the inotor subcortex due to cerebral infarc‐

tion or by cerebral hemorrhage were very silnilar in iocation,the motor re‐

organization was di∬ erent. One reason for this ttlight be due to the

marked cOmpression of the brain by the hematoma in the acute stage of

the cerebral hemorrhage. The anterior area of the prilnary motor,ortex

has a very important role in recovery of rnotor functions especially the pre‐

motor,supplementary motor and prefrontal cortex. Although we don't

know the erects Of the operative procedure via the frontal approach, it

may have some erect On cNS plasticity. The studies using lnagnetic stiln‐

ulation show that rnotor center of the cortical area can change following le‐

sions of the peripheral or central nervous system. ThiS Can happen in the

ipsilateral or contralateral heHlispheres and in the brainstern and spinal

cord.

Some of these changes in motor reorganization6,14,15)Inay be due to un‐

masking of preexisting connections in the nervous system,but it is likely

that new neural connections are estabhshed during iong‐ ternl recovery.
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FroHi the early clinical studies exarnining central pathways by means

of transcutaneous magnetic stilnulation of the motor cortex,it has been

clear that correlations between chnical and neurophysiological andings

have been less than satisfactory, Certainly, inotor evoked potentials

(MEPs)are rarely entirely norlmal when recorded from a paretic limb,and
equany it iS unusual to inc any abnOrlnality among the various
neurophysiological indices studied in a nmb that is chnically entirely

norma11). In between, there is a grey area with some “false positives"

(SubChnical abnormahties)and lnore false negatives. The reasons for these
discrepanctes are straightforward and they explain why the Chnical diag‐

nostic role of magnetic stilnulation is hkely to be restricted and its

chief value as a technique for enhancing our understanding and stilnu‐

lating our thoughts about central motor processes and their chnical
expressions2).

Neurologists are good at the clinical exarlinatiod of central lnotor path‐

ways and objective evidence of dysfunction is much easier to come by

than in the case of sensory pathways。 「Fhere are a multiphcity of chnical

signs including weakness, hyperrenexia and spasticity. Few if any of

these signs are specific to a single disettse entity or even a single
pathophysiological process,  Sirnilarly, the various neurophysiological

indices which can be studied during chnical studies with inagnetic stilnu‐

lation of the cortex,including central rnotor conduction time,MEP amphぃ

tude,onset variability and stilnulus intensity threshold may a■ be arect_

ed by a variety of processes,including neuronal or axonal degeneration,

demyehnation and inhibition3). However,it has become clear that some

chnical signs correlate better with certain MEP abnorlnanties than others

and this information can be of real chnical value. It should be noted that

chniё a1/neurOphysiological correlations vary somewhat between distal

and proxilnal rnuscles,upper and lower lilnbs. In particular,the largest re‐

sponses with the lowest thresholds tend to occur in the muscles of the

hand and forearrni this preferential innervation renects pyrarlidal tract

projections with monosynaptic connection between the corticospinal

tracts and spinal rnotor neurones.

Central motor conduction time(CMCT)Was the first neurophysiological
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index studied clinicany. In an early report, recording fronl Abductor

Digiti Minimi(ADM)in patients with multiple sclerosis,CMCT was pro‐

longed in three‐ quarters of sides where ADM was weak and in half、 vhere
ADM was chnicany norlnall).The strongest chnical correlate to CMCT pro‐

longation was exaggeration of the anger nexOr jerkso Conversely that

study showed normal CMCT in allnost a third of arms where there were ab‐

nor】nal neurophysiological signs.  Another multiple sclerosis study

demonstrated CMCT prolongation in half of 80 upper l撤 nb muscles ex‐
ar五ned,whereas lnattilnal isometric strength was reduced in only two of

theS9?・  There was poor correlation between tendon renexes and cwICT
here, Interestingly, there is a high correlation between absolute latency

and CMCT to leg lnuscles and extensor plantar responses4). A further rnul‐

tiple sclerosis study where patients had either normal strength or H五 ni‐

mal weakness of small hand lnuscles,demonstrated a strong inverse corre・

lation between central lnotor conduction tilne and voluntary phasic force

in the tested muscleS)。  
ア
rhe authOrs pointed Out that conventional clinical

exaHlination assesses tonic muscle contraction strength rather than
phasic lnuscle strength. Like Hess 9′ αと,they correlated CMCT with tests
of lnanual dexterity.                    .

W【EP onset latency may be abnormally variable in disease states,

Britton っ′ αと demonstrated increased variability in half of 40 hand
muscles in patients with multiple sclerosis ―― in 3 this was the only
neurophysiological abnormanty61.  Abhorma1 0nset latency variability

associated with both impatred fine finger rnovements and increased anger

ierkS,Whereas abnormal CMCT in these cases was associated with in‐
creased anger jerks only.

MEP amphtude is more problematic as a neurophysiological index and

is best expressed as a percentage of the response to distal stilnulation

rather than in absolute terms. Abnormalities of amphtude tend to be

more of a feature of neuronal degeneration than of demyelination but clin‐

ical correlations are generally silnilar. 
′
Γhus,hyperrenexia and weakness

in ALS associate with absent or low amphtude of MEPs to brain stimula‐

tion ―  these small responses may be of either normal or prolonged

latency7,3).



The sti:nulus threshold intensity necessary to evoke a■ linilnal MEP
may be pathologically elevated, CaraHlia and co‐ workers showed abnor‐
mal threshold in three‐ quarters of 49 patients with a variety of neurologi‐

cal disorders9). Excluding ALS patients,there was a signincant hnear corre‐

lation between CWICT prolongation and increased threshold, While MEPs

with prolonged CMCT had elevated thrё sholds, 14 patients showed in‐
creased threshold but normal CWICT,  Spasticity and hyperreFlexia

associated rnore frequently with increased threshold than CMCT prolonga‐

tion. Interestingly,early in the cOurse of ALS cortical excitability may

pe increased and thus large ⅣIEPs(and even fasciculations)eVOked by
low intensity stilnuli. Later on the threshold tends to increase, in fact

more than in multiple sclerosis7,9). In untreated epilepsy cortical thresh‐

olds are low,and this hyper‐ excitability is reversed by anticonvulsants10).

The cortical silent period may be abnormal in diseases of central lnotor

pathwayso Whereas the onset latency of the silent period to brain stilnula‐

tion correlates quite well wit“ CMCT,itS duration seems to be an independ‐

ent and more sensitive index of pathology, at least where chnical

abnormalities are Hlinorll上  A further,recently developed technique for as‐

sessing motor excitability is the use of paired stilnulation to exaHline

corticocortical inhibition. New techniques allow two magnetic stilnuh of

ditterent intensities to be delivered through the same COil close tOgether.

In norlnals, a subthreshold conditioning stil■ ulus suppresses EMG
responses in hand muscles to a suprathreshold test stirnulus at inter‐

stilnulus intervals of l-7ms,perhaps due to activation of an intracorticalin‐

hibitory mechanismo Whereas in generalised epilepsy there are compara‐

ble responses to stilnulus pairs oヤ er both herlispheres,in patients with
focal epilepsy,cOnditioned responses are larger after stilnulation on the

side of the epileptic focus than on the opposite side. These findings sug‐

gest a direrential increase in cortical excitability or decrease in inhibi‐

tion of the arected hernisphere in patients with focal epilepsy12).

The phenomenon of rnuscle fatigue xnay be inveStigated by cortical stiln‐

ulation,both in normal subjects and in patients with neurological disease.

In norinals, amphtudes of MEPs to trains of stilnun decrement after

exercise and this decrement is maxilnal at O,3 Hz and correlates with the

sensation of fatigue13). MuScle fatigue is a coHllnon symptom of muscle

sclerosis,and failure to transFlit high frequency trains of impulses is a

hall mark of demyelinated abres. However,we have been unable to de‐

monstrate abnormal MEPs to high frequency paired stimuh(2-20ms inter‐

Val)in multiple sclerosis patients despite exercise provoking considerable

central fatigue, and have thus been unable to coharm frequency‐
dependent block as the pathophysiological mechanism underlying fatigue

in MS.
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Specincity and sensitivity of Magnetic Sthmulation Tech‐

niqueS in Neurological Disorders

Christian Wo Hess,Kai M.ROsler and Johannes Mathis
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By its simphcity motor evoked potentials(MEP)have becOme a widely
used diagnostic test to assess the pyraHlidal system in central nervous dis_

eases. However,the diagnostic yield of MEPd in chnical practice is not

always obvious. In multiple sclerosis(MS)and COmpressive cervical

myelopathy(CM)a relatively high sensitivity of the ⅣIEPs was repeated‐
ly reported(Hess 9′ αと 1987,Brunh61z1 9サ α′. 1994,Ravnborg σサαl 1992).
Subclinical involvement of torticospinal tract has also been disclosed but

is less frequent. Furtherinore,specificity of MEPs seemS iow and it seems

questionable whether the rnethod helps to direrentiate between these dis‐

eases,

Sunllnarising sOme recent results of MEP studies in progress(Beer θ′αと
1995)on multiple sclerosis(MS)and COmpressive cervical myelopathy

(CWI), tWo questions are specifica■ y addressed: 1, Can sensitivity and

specificity be enhanced by taking several target muscles into accounti 2.

What is the true diagnostic yield of MEP.                    ブ

Methods

WEEPs were recorded bilaterany frOm Abductor digiti ininirni lnuscle

(ADM),BiCeps brachi musde(BB),and Tibialis anterior musde(TA).To
assess the central motor conduction, the peripheral conduction was es‐

tirnated by using high voltage cervical root stilnulation, and central

motor conduction tilne(CMCT)Was Obtained by subtracting the periph‐

eral conduction tirne froni the corticomuscular latency, CMCT (beyond

the inean:上 2.5 SD)and MEP amplitudes(<15%/<6%of the peripherany
elicited CMAP)were COmpared with the norlnal value of our laboratory.

Checkerboad VEP were perfonned and the latency of the P100(VEP)conl‐
ponent was compared with our normative data(P100 amphtude and laten‐

cy beyond the mean ± 2.5 SD)。  CSF was evaluated for the presence of
ohgocional banding by silver staining after isoelectric focusing On poly‐

acrylanlide gel. Most cranial WIRIs were perforined wsing a l.5 Tesia

General Electric Scanner. In all studies,T l and T 2 weighted sequences

were available,as well as axial,coronal,and sagittal slices.

Patients were recruited from a consecutively referred cOhort of 200
patients with definite or suspected MS and 80 patients with chnical and

irnaging evidence of CM. MS patients were classifled according tO POser's
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criteria(POSer 9サ αl 1983)and aSSigned into two groups:1,Chnica■ y orlab‐

oratory supported deanite cases,2.Suspected if they complied to``prob‐

able" or did not comply to the Poser criteria. A baseline classification

according to the chnical data only was also deaned in Order to assess the

reclassincation rate for MEP,VEP,CSF testing,and MRI. CM patientS

were allocated according to the highest site of significant compression as

viewed in the cervical ⅣIRI or myelogrttln intO tWo groups: 1.Compres‐

sive lesion between C5 and C7(CM C5-C7),or 2. between Cl and c4
1evel including the intervertebral disc C4/C5(CM Cl― C4).

ResRntS

The sensitivity could be increased by 20%to 50%by recording from

three as opposed to one target inuscle. The TA was the most rewarding

muscle, being particularly beneFicial for suspected WIS and in combina‐

tion with ADM for CM (Fig.1), The diagnostic yield of the three target

muscles as opposed to ADM&TA was little(nOt Statistically signincant)。

In MS patients, a reclassification sensitivity by the MEP (3 target

ni uscles)of 20%resulted aS Opposed to 30%of the visual evoked poten‐

tials or ohgoclonal bands in CSF or 60%of MRI(Fig.2).

Target Musc19s Considered

BB&ADM&TA

ADM&TA

TA

ADM □ CM
□ Suspected MS
■ dennne Ms

BB

0 20 40 60 80

abnormat Responses(° /o)

Fig。 1. Incidence of abnormal MEPs fro■ l target muscles
BB,ADM,or TA taken alone or in combination in CM
(n=71)and MS(n=100).



In CM C5-C8the pattern of abnorlnal MEPs from ADM and normal
MEPs from BB was observed in 33%as opposed to 10%inふ /1S(p<0.01)

(Fig。 3). In CM Cと 一C4this pattern was found in 19%. Abttormal MEPs

from BB were signincantly mOre frequent in MS as compared to CM(p=

0.005). The“ reverse"pattern of abnormal BB‐MEP and normal ADM‐
MEP was nevertheless found in 20%ofCM C5-C8.

Discusslon

As anticipated,the s9η sぢ″でノぢ′ノOf the method can be enhanced by record‐

ing froHl several target muscles, By taking three target rnuscles,the rate

of MEP abnorlmahty reached 60%to 80%in CM and MS,and TA proved par‐

ticularly suitable target rnuscle with this respect(Fig. 1). HOWever,the

additional diagnostic yield by taking all three target inusctes(BB,ADWl,

TA)as oppOSed to two(ADM,TA)was mOdest.

Percentage of reclassried Ms patients

80

６
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２

の
“
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Ｏ
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ヽ
α
　
誤

0

些   肇  葱  蜃

Fig.2. Percentage of reclassiFied MS patients

(One Or more steps increased in the Poser
criteria)by MEP, VEP, CSF (oligOCiOnal
bands),or MRI(n=142).

Fig。 3. Incidence of three patterns of MEP abnormality
fron target muscles BB and AI)M in the three patient
groups MS,cervical lnyelopathy of higher ievel(CM Cユ ー

C4),and iOWer level(CM C5-C8).

BB abnormat,ADM normal

□ MS
□ CM CS,C8
口 CM CttC4

8B abnormal,ADM abnormal

BB normal.ADM abnormal

0 10 20 30 40

abnormal Responses(°/o)

44



The great sensitivity of MEPs in definite MS being in close agreement

with earhOr reports is,however,not so relevant for the」 ταgηοs,c,οηっ″

in patients with suspected MS. Furtherinore,since MEPs tend to cOnfirm

chnical signs and rather infrequently disclose subclinical involvement,a

high sensitivity does not imply an equally high diagnostic capacity. The

percentage of patien々 s WhO COuld be reclassined(diagnOstic certainty in‐

creased)by an abnormalヽ /1EP was in fact clearly lower than percentage

of patients with an abnormal MEP result and also underdcored the reclas‐

sification rate of VEPs and CSF‐ testing(Fig。 2).

The idea of identifying specinc patterns of MEP abnorlnality in CM

depending on the site of cord compression, when taking target muscles

supplied by motor roots of distinct segmental levels, seemed attractive

(TaVy 9チ α友 1994).Recording from the two upper limb muscles BB and

ADM could,in fact,to some extent increase the s,9Cガたぢ′ぅ,tO direrentiate

between lower level(C5-C8)and higher level(Cl― C4)CM on one hand,
and between CM and MS on the other hand. The pattern of normal

MEPs to BB and abnorinal MEPs to ADM waS most frequently en‐

countered in CM C5-C8,and the pattern of abnormal〕 亜EPs to both BB
as wen as ADM proved typical of MS(Fig.3)。 HoweVer,in the individual
patient one cannot rely on the pattern ofふ /1EP abnormahty,since HIslead‐

ing patterns were also encountered in a considerable number of patients,

For instance,the lowerlevel CM pattern of norlnal MEPs to BB and abnor‐

mal WIEPsto ADM was found in ahnost 20%ofCM Cl― C4,and even the“ re‐
verse"pattern of abnonmal lMEPs to BB and norlnal MEPs to ADM was

found in abOut 20%ofCM C5-C8(Fig.3).
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