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Abstract The Unstsnal prepertes o metmsn selest ve
areas n hYman vslal sertex nelddngV 3 MT+ and
ntrapar etal sUeYs (IPS, are net Ully Understeed Te exam
ne the Unstmnal spes nl zatsn e these arecas eor gebal
and lesal met mn presessng we Ysed @ 1ne nelrenavi
gated sent nVeUs theta blrst (¢T, S transeran al magnet ®
stmYlat ®n te temperar 1y alter nelral astvty wthn Uni
lateral V.3 MT+ and IPS  w thn sWjests design was
empleYed and st mVlat mn sess mns were separated by at least
2 h In eash sesson_sUbjests were asked te d ser m nate

Per®~a1and N hen® ~hen have centr bled eqlally te th s werk

P~a; ¥ hen F Mg
Pepartment @ Psyshele gy and KeYL aberatery @ Mash ne
Perecptan (M nstrye dYsatmn, Pekng Lhversty.
e1ng Peeple’s RepUbl s & hna
¢mai an® pkUedYen
UL hitp www psypkUedYen en anganghtml

a1 ¥ hen F kg
Pekng Ts ngh " enter orL 1 Su:nccs_2 eIng,
Peeple’s Reptbl s &~ h na

a1 ¥ hen F kg
PK UIDG M¢Gevern Igst Ve eor_ ran Rescarsh Pekng
lhversty_ eyngl 1_Peeplé’s Reptbl s &~ h na

L)
T ZheY
State KeYL aberaterye _ ran an®~egntve Se enee
InsttY%ec o _ mphys x'_;h nese sademye Seenees.

3 ¢! ngl ’1 1 Peeple’s RepUbl « & ~h na

Thempsen
ishool o Optemetryand Vs »n Seense hversty e Waterleeo
Waterlee ®N N1 & #®~anada

Thempsen
%cpartmcm o Optemetryand Vs »n Seenee Lhversty
e Uskland UYekland New Zealand

PUbl shed enl ne 9 September 2 1

the gebal met mn d rest ns @ sUssess vely presented ran

dem det k nemate grams (RWPKs, be ere and a ter ¢T. S

RPKs were presented at ether 1|  eor % seherense n
e ther the le t or right v sYal field We eUnd thatV 3 stmU

laten selestvely mpared dssrmnatsn @ 1 % seher

ent met®n_ whie MT+ stmUYatsn selest vely mpa red
dsermnatsn e % seherent metmn IPS st mYlat mn
mpared dsermnatsn @ beth metmsn stm1 11 ¢T S
¢ ests were spes 1ie to st mYl1presented sentralaterally te
the st mYlat »n s te and vertex st mYlat »n had ne ¢ est The
deUble d sses nt mn between the sT. S e cets en MT+ and
V 3 ndsates d st net reles er these twe re sns n met »sn
presessng JUdgngthe drestsn e 1 % seherent met »n
san rely en lesal met »n presess n gbesalse every det meves
n the same d rest sn Hewever_jUdgngthe gebal d rest mn
° % seherent met mn reqVres gebal presessng Thls
oUr resUlts sUggest separate_parallel presess nge lesal and
gebal metsn nV 3 and MT+ _respest vely w th the ol

plts @ these twe areas be ng eemb ned w th n the IPS

Keywords VsYal metsn Transeran al magnet s
st mYat mn (TMS ®~ent nY s theta blrst st mYat mn
(cT; S V3 MT+ IPS

Introduction

Glebal met mn perecpt mn_wh sh reqUres the nte grat n @
met ®n s inals asress t me and spasc_ 5 a er t sal aspest @
olr daiylie We o ten have te jUdge the gebal d rest mn
o a gelp e ebjests w th members @ the greU'p mevng n
dierentdrestmns (¢ ¢ _aflesk @ brds_a srewd @ pce
pley  Frthermere averagng metmn signals asress spase
san help te everseme the peerrel pbity e sparselyd strb
Ued lesal met »n s ignals (3 radd sk 199 $ Psyshephys sal
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stUddes @ gebal metsn e ten empley randem det kn

emate grams (RPKsy wh sh are senstrUsted rem a pep!

lat®n @ signal dets mevng n a semmen d rest ®n and a
popUlat sn @ ne se dets_wh sh meve n randem d rest mns

The seherense @ the metmn s man pYated by varyng
the prepert sn @ signal te nese rem 1 % signal ( Uy
seherenty toe 1 % ne se ( neeherent, Psyshephys sal and
nerephys mle gwal stUd es have nd sated that perse v ng
the d rest mn @ part nlly seherent met wn or d ser mnatng
seherent rem neeherent met »n reflests glebal rather than
lesal met mn presess ng (Newseme and Pare 19 , Sease
etal 1996, raddsketal 2 1)

Met®n n ermatmsn s represented n many v slal ser
twal arcas (DUpent et al 199 , Teetcll et al 1995 199 |
MeKee ry et al 199 , SUnaert et al 1999, _ radd sk et al
2 1y, hewever t s generally asknewled ged that dersal
extrastr ate area MT+ plays a prem nent rele n the sert sal
analyss @ vsYal met»n presessng Nelrens n ths area
san ntegrate mYlt ple leeal met mn d rest wns and s ignal
cdlebal metwn (_ rtten et al 199 3RUstetal 2 6 Br
thermere les sns @ MT lead te ared gebal met mn
pereept on (Newseme and Pare 19 , Shpp et al 199 ,
Rezze ctal 1995 Vanaetal 2 5 InhUYmans V 3 alse
appears te be spesnlzed eor met mn prescsyng (Teetell
etal 199 , @rbanetal 2 artelsetal 2 , MseKee ry
etal 2 y HYman V 3 exhp ts a high met mn d rest mn
selest v 1 ornette et al 199  HUk etal 2 1, Meltels
ssetal 2 5, Kamtaniand Teng?2 6, Me¢Kee ry et al
2, Serenses et al 2 9 and has a stren ger respense te
seherent met »n than neeherent met mn (Rees et al 2 ,

raddsketal 2 1y _ esdes MT+ and V 3 the ntrapa
r etal sUleUs (IPS) has glso been mpl sated n v 5Y%l met mn
presessng espes nlly n metmn dess»n makng (Teet
ell et al 1995, SUnaert et al 1999, _raddsk et al 2 1,
Kenen and Kastner 2 %" ard n and;Sm th?2 1 , Hel rsh
etal 2 13 NelUrens n masaqle IPS reee ve streng pre
jestsns rem MT and MST L ew s and Van ssen 2
and m srestmUat®sn e ths area a ests des s ®n makng
n a met ®n d ser m nat »n task (Hanks etal 2 6, HUYman
IPS 5 part nlly hemele geUs w th menkey IPS (@rban et al
2 ,Grekesand k2 5 and senssts @ a sent nUels
band e tepe graph sally ergan zed par etal areas (Sw sher
etal 2 ,Wandelletal 2 , Siver and Kastner2 9
ItheUgh a seres @ met®n senstve areas have been
dent fied w th n the hUman dersal extrastr ate v sYal eer
tex the speerfie  Unet mnal prepertes o these regmns
reman largly Ynknewn PrevsYUs stUdes have demen
strated that transeran rl magnet s st mYat mn (TMS, ever
V 3 er MT+ ean d sr't met mn pereept mn (, eskers and
Hemberg 1992, Hetsen et al 199 ,_ eekers and Zek 11995,
MeKee ryetal 2 -, Thempsen etal 2 9, Harvey et al
2 1y Nevertheless ne dsses nble TMS e est has been
ebserved between these twe regmns @n the ether hand
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the TMS e est ever hUman IPS en met mn persept »n st il
rema ns elUs v@~eweyetal 2 6 De these re gmns have
d st net reles n met mn presess n P What are the r relat mn
sh ps te the sert wal h erarshy @ met »n presess n®
Ths st'dy amed te exam ne the saUsal sentr bl mns

made by vslal areas MT+_V 3 _and IPS te gebal and
lesal met mn presessng Te ths end we depleYed @ 1ne
sent nUels theta blrst stmUatsn (¢T, S, te trans ently
attenYate nermal Ynetsnng e these areas (HYang et al
2 5, van Kemenade et al 2 12a, and tested met »n d 5
srmnaten  er di erent metm®n seherense send t®ns

Fnet mnal magnet ® resenanse magng ( MRL mappng
was Ysed te lesalze V.3 MT+ and IPS n nd v dlYl stb
jests and glde T, S del very The vertex was alse tar geted
as a sentrel stc Met®n drest ®n d ser m nat sn thresh
olds were sempared be ere and ater ¢T, S and stmY1
were presented sentralateral er ps lateral te the s mUlat mn
s te at twe met ®n seherense levels ®rthe 1 % seher
ent stmY 1 met®n drestmn d ser m nat sn selld be per

ermed Usng enly lesal met »n s ignals besalse every det
meved n the same d rest sn Hewever_ erthe % seher
ent stmYl1 gebal presess ngwas reqUred te erm a seher
ent met »n perecpt sn

Methods
Part « pants

1ght nelreleggally healthy parts pants ( @Ur emales.
agerange 2 2 Years teek part n ths stUdy 1l partsi
pants had nermal er serrcsted te nermal v 5 ®n and were
right handed 11 presedUres were appreved by the hUman
sUbjest revew semm ttce @ Pekng hwersty and par
ts pants prev ded Yy n ermed sensent There were ne
adverse reast mns te the TMS

Psyshephys sal met »n d rest »n d ser m nat »n task

The st mY 1were presented en an IIY M HM2 DT 22
nsh men ter w th gre resh rate @ 1 Hz and a reselV

tene 1 2 x 6 pxels BsngM T (Mathwerks _
Natrsk. M y and the Psyshteelbex 3 ( ranard 199 ,
Pell1199 y Parts pants vewed the stmY 1at a d stanse
e 6 em wth ther heads stablzed by a shn and head
rest_and were asked te fixate a small wh te det presented
at the senter @ the sereen threUghel the exper ment The
stmY 1were RDKs sensstng e dark dets mev ng at
avelestye 1 *swthnavrtUal ereUar area sUbtendng
9 * n d ameter The senter @ the apertVre was pestened 9 *
her zentally te the le t or right @ the sentral fixat sn pe nt
(see Hg Iy ashdethad adametere 1 *and 1Ym nanee
° 21 edm” aganst an 11 55 ¢d m” bask greUnd In the
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Fig. 1 Sehemat s deser pt ®n @ L3
a twe alternat ve ersc she sc POETER

P I
(2 ®F tral na UST 4 |

starease eor meas' ngmet »n
d rest mn d ser m nat »n thresh
elds Us ngrandem k nemate .
grams (RPKs, RPKs were
presented ate ther 1~ % er

% seherense n e ther the left :
or right v slal field SYbjests \{ég &
were asked te jUd ge the d ree = -
ten e the sceend RPK relat ve
te the first ene (sleskw 5e or
so Untereleskw se)

40% coherence

1 % met»n seherense send t »n_all dets meved n the
same d restsn In the % met mn seherense send twn

% dets were ass igned te be s ignal_wh ie the rest @ dets
were assigned te be nese Signal and ne se labels were
randemly ass igned everY 1 ms Ne se dets were pletted at
randem pest »ns sreat ng lesal met mn signals @ varyng
d rest mn and speed (Sease et al 1996, U ST starease
presedUre was Used te estmate S % serrest met mn d res
t®n d ser m nat ®n threshelds  ®r eash TMS s te_sUbjests
sompleted @Y U ST starsases o trals (Watsen
and Pell119 3 er cash seherense and pestwn (1e let
or richt v sYal field, send t®n be ere and a ter TMS  ash
tr gl sons sted @ twe st mYYs presentat mns lastng? ms
wtha 6 ms nterstmUYY nterval @ne stmYYs had a
metwn drestsn @ 22 5 *and the ether 22 5 *+ A6 rem
vert sal _ oth stmYl1 n a tr al had the same seherense and
were presented n the same pest®n The erder @ the twe
met ®n d rest mns was randem zed asress trals SUbjests
were asked te make a twe alternat ve ereed she se (2 ®F,
jUdgment @ whether the shange n met»n d rest »n rem
the first te the sesend RPK was sleskw se or so Unterslosk
w se The erder @ the sta reases was randem zed

MR data aeq's t ®n

Seann ngwas per ermed Ysnga 3Tesla S emens Tr » sean
ner w tha 12 shannel phased arrayhead se 1 _ leed exygen
atmn level dependent (| @ B signals were measlred w th
an PIseqYenee ( 33%ax nl sl ses_repettmntme (TR =25
eshetme (T , = 3 ms_vexelsze = 3x 3x 3mm > and
ne ntersl ke gap high reselUtmn W strUstUral data set
(T1 weighted MPR G 1 x 1 x 1 mm *resel% mn, was
asqUred n the same sess sn

Ident fisat n @ v 5Y%l areas respens ve te met »n
br cash sUbjest berders @ ret netep & v slal areas (V1

V2 V 3and V 3 were defined Ysng a standard phase
enseded methed (Serene et al 1995, ngeletal 199y n

200ms P X 4
\ 7]
\ it e
600ms .
/{f >
200ms R R
s L3N]
. — "I \\
. res
5 5

100% coherence

ndependent blesk design rUn was sendYsted te lesal ze
metwn senstve areas V3 MTH _and IPS Inths r'n,
12 s mev ngdet blesks were nterleaved w th 12 s stat sn
ary det blesks In the mev ngdet blesks the st mYlUs was
dent sal te that n the psyshephys sal exper ment exsept
that eash det meved n a randem d rest sn The dets trave
led bask and erth_alternatng d rest mn enee per sesend
The stmYYs was presented n the le t vsYal field n hal
e the mevngdet blesks and n the right v sYal field n the
ether hal
The MRI data were analyzed w th the _ ra nVeyYager
X se tware ( ran Innevat mmy Prepresessnge the data
nelYded three d mens mnal met mn serrest mn_1 near trend
remeval _and high pass filterngat 15 Hz The stat st sal
analyss @ the_ @ B signals was per ermed Ysnga gen
eral 1 near medel Te st mYlate the re gmns that respended
spes fisally te the metmn stmYl1 n the sentralateral v s
Ua] field  the vexels n V3 MT+ and IPS exhbtnga
sign fieantly strenger respense te sentralateral than ps1
lateral mev ng dets were dentrfied The IPS vexels were
lesated n the med nl dersal ntrapar etal sUeUs whsh s
alse re erred te as IPS?2 (Sw sheretal 2 |, Wandell et al
2

TMS

®~ont nleYs theta bYrst st mYlat mn was del vered threYgh

a MagStm SUper Rap d” st mUlater (Ma gStm_Wh tland
Ky and a deble mmfighe o cight @l tran e
6 pUses 3pUses at 5 Hz del vered every 2 ms_
was delwvered at a 1 % e eash parts pant’s astve
meter thresheld ( MT\ ntensty MT was determ ned
nd v dYlly n the ten wally ast ve first dersal nteresse
oUs ( L mUse¢le as the st mUlat mn ntens ty that eveked
a meter eveked petentnl @ at least 5 MV n five o ten
senseelt ve trals Ysng b phas s snge pllse TMS ever
sentralateral meter sertex The range e threshelds was
S % e the max mYm st mYlater eVtpl The @ 1ne
c”IZ.i S pretesel was shesen as t has been eUnd te resUit

@ Springer
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Fig.2 TMS st mUlat »n s tes

V 3 (top rows MT+ (middle rom _and IPS (bottom row, The sresses nd sate the vexels n the three met »n

sens t ve areas that were mest s ign fisantly ast vated by the met mn lesal zer n a representat ve s Ubjest

n sertwal sUppressen or Yp te 6 mn (HYng et al

2 S5, llenetal 2 ) whwsh was enelgh er all s
jests te semplete the behav wral tasks ¢T. S was glded
Us ng part ® pant spee 1ie strltlral and Unet mnal MRI

data and the Vser2 nelre nav igat mn system ( dvansed
Nelre Teshnelegy The Netherlandsy, The st mYlat mn
stes n V3 MT+ and IPS n the same hem sphere
were the vexels exh b 1t ngthe strengest_ @ B ast vat n
(sentralateral vs ms lateraly n eash area (see kg 2 The
¢o1 was held ever the sealp tangent nlly w th the han
dle d rest ng pester wr teward the ess pUt parallel te the
sUbjest’s spne The pestmwn e the sel was men tered
threYgh the seUrsc @ the s ¢T S pretesel The vertex
the lesat mn hal way between the n»n and the nas sn
and hal way between the ntertragal netshes served as
the sentrel ste The stmYlatmn erder was seUnterbal
anseed asress sUbjests and eash sess mn was separated by
atleast2 h

@ Springer

Results

In eash sess mn_sUbjests were asked te per erm a met mn
drestsn dsermmnaten task be ere and ater ¢T S
Threshelds were measled er twe met »n seherense levels
(1 er %, attwe st mYlYs lesat mns (le t and r ight v sYal
fieldy The ¢T, Se est was evalVated by sempYt ngthe d1
erense between the met »n d rest sn d ser m nat »n thresh
olds be ere and ater ¢T S (threshold,,, threshold,,)
d1 erenee larger than zere ndwmated a dsrlstsn e
met®n d ser mnat®n_and a d1 erense smaller than zere
nd sated a ae1tatsn e metm®n d sér m nat mn
We exam ned the ¢T. Se estasress all sendtwns Ysng
a three way repeated measlres N@OV  w th st mUlat mn
ste (V3 MT+H _IPS) metsn seherense (1 %, and
st mY1Us pes t mn (sentralateral s lateral te the st mYated
stey as ndependent aétors sign fisant nterast ®n was
revealed (F21y =9 93P Iy . nd satng that the
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1 Ipsilateral
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Fig.3 TMS ¢ ests ever V3 MT+_ and IPS en met»n drest sn
dsermnatsn Met®n dsermnaten threshelds were measYred
or twe seherense levels (1 or %\ at twe lesat mns ( ps lateral
and eentralateral v sYal fieldsy TMS e ests were qp

¢ esto ¢ S en drest»n dser m nat »n was medYated
by metmn seherense st mYlYs pestmwn_and st mUlat mn
ste Then we per ermed a twe way repeated meas Ures
N@®V er cash stmYatsn ste When V 3 was stmY
lated ( Bz 3 _there was a sign fisant nterast sn between
met n ufmrencc and stmYUs pesten [F(1 =1 9 6
P 5 The ¢T. S e est was enly sign fieant when
1 % seherense stmYl1were presented n the contralaﬁ
eral v sYal field [ene sample 7 test #(y = 351 P 5
d1 erent pattern essUrred when MT+ was st mYated
( B2 B» The nterast mn between met sn seherense arkd
stmUlYs pestmn was alse signfieant [F(1 y = 16
P 5" Hewever_the ¢ S e est was enly sign fisant
when % seherent stmU 1 were prcscntci} n the een
tralateral v sYal field [#( y = 5P 1" When TMS
was del vered ever IPS ( B2 3, _there was ne nterast sn
between met mn u}wrcncc and stmYY pestmwn [F(1
y= 15 P= 1 bYthemane esto stmlls pesi
ten was signfieant [F(1_ = 91 P 5" @ne sam
ple 7 tests shewed that the ¢T, S ¢ ests n the sentralat
eral vsYal field were s 1gnf1ca?t or beth 1 % eeherent
met »n [#( y= ¥ 5.8 5 and % seherent met mn
(y= 11P 1" whereas there were ne s 1gn fisant
¢ ecsts orthe pslateral v sUal field St mYlat mn @ the ver
tex had ne signrisant ¢ e¢t en met ®n d rest »n d serm1
naten (see K ) Nete that s nee the vertex 5 lesated n
the mddle e the sealp stmUUs pest®n n ths send t »n
was sate gor zed as le t versYs r ight rather than sentralateral
versUs ps lateral v 5Yal field

Discussion
In th s stUdy we repert a deUble d sses nt ®n between the

¢ cetso ¢ Sdelveredte V3 and MT+ V 3 stmYa
t ®n spes fisally mpa red lesal met mn presess n g whereas

effect (deg)
o N H D

-

| “%;?% 1 e

ereRcE——". mwwcenﬂeaee:“—tm‘?lﬁﬁér‘éﬁ@
IPS

1 i_’_:i

MT+

MT+ st mYat mn spee fisally mpa red gebal met mn pre
sessng  PFrthermere IPS st mUlat mn mpa red met mn d 5
sr m nat sn at beth seherense levels
meng the vsYal regmns nvelved n met mn presess

ng V 3_and MT+ are twe p vetal arecas (Newseme and
Pare 19 , Salzman et al 199 , DUpgnt et al 199 , Teetcll
etal 1995 199 ®ornette et al 199 , SUnaert et al 1999,

raddsk et al 2 1, HY% et al 2 1y De these regmns
play d1 erent Unetmnal releso I se_de they Unetmn n
parallel w th spes nl zat sn er d1 erent aspests @ met »n
presessng er s there a presessng h erarshy w th MT+
beng the higher metmn senter? Mest prev »ls stld es
have eUnd that V3 and MT+ exhbt smiar Unetmnal
prepert £s when presess ng met sn  xamples nglYde the
presessng e metwn speed (MeKee ryetal 2 ) retat
ngand rad nl met mn (Harvey et al 2 1 \_and first erder
and sesend erder met mn (Smth et al 199y Hewever n
the present stUdy we d seevered d st net reles or V 3 and
MT+ n lesal and gebal met mn presessng @Y reslits
are sens stent w th ev dense rem hUYman bran damage

@ Springer
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stUd es patent whe had a lessn n the le t essptal
lebe sentered en v sYal areas V 3and V 3 was spes fieally
mpared n lesal bl net gebal met mn persept mn (Va na
etal 2 32 5 Frthermere _an MRI stU'dy nvest igat
n g the relat mnsh p between ast vat sn n met n sens t ve
areas and met mn seherenee demenstrated a large di1 er
ense n respense prefiles between MT+ and V 3 (Rees
etal 2 \ Responses n MT+ nereased I nearly w th
nereas ng met mn seherense @n the ether hand _respenses
nV 3 were weak er met mn seherense levels lewer than
5 % and were streng or metmn at 1 % seherense
Taken te gether we sUggest that whie MT+ dem nates n
glebal met mn presessng V 3 plays an mpertant rele n
lesal met wn prescssng Ths deUble d sses nt sn mpl s
that V.3 and MT+ Unet mn at parallel stages rather than
n a ser nl h erarehy
In addten te the deUble dsses nt mn between c'%s
e ests on V3 and MT+_ we eoUnd that ¢T. S o IPS
mpa red d rest mn d sér m nat sn er beth glebal and lesal
met®n Ths 5 eens stent w th prev »Us reperts @ met »n
senstvty wthn the hUman IPS (SUnaert et al 1999
Met »n senst vty 5 part sUarly prenelneed w th n areas
IPS2 and IPS 3e the dersal ntrapar etal sUleYs med nl
(DIPSM, (Sw sheretal 2, Wandelletal 2 y whsh
was targeted n the eYrent stUdy HUYman IPS 5 alse knewn
asaert pg')l area er v 5Yal dee 5 mn mak p g (see Heekeren
etal 2 or arevew, Teseniet al 2 ,Heetal 2 9,
Kayser et al 2 1y s a platve hemelegle @ menkey
LIP (Serene et al 2 1y ths area may rese ve prejest sns
rem V 3 (NakamYa et al 2 1y and MT+ L ew s and
Van ssen? \ @Yrfind ngs sUppert the dea that hUman
IPS appears te be stYated higher n the vslal herarshy
and rese ves met ®n n ermat »n rem beth V.3 and MT+
te n erm perseptal dee s sn mak ng @n the ether hand
s nee the par etal sertex 5 alse mplsated n attent mnal
medUlat mn and spat nl representat mn (S 1ver and Kastner
2 9 the rele @ IPS n o' metm»n drest »n d sérm na
t »n task seUld be med nted v n these h igh level Unset mns
Transeran al magnet s stmYatsn 5 new an establ shed
nvest igat ve teel te selest vely nter ere nelral presess ng
Ths nter erenee has been knewn as a “v rtYal les sn” (Pas
sUalL cene et al 2 nYmber o flex ble st mYat mn
parameters_sUsh as dYratsn_ reqUeney ntensty and eles
tr ® field er entat mn_have been eUnd te alter the eVsome o
TMS appl sat®n ¢T S_as a resently develeped st mlat sn
paradign_ 5 eapable @ predYsng eens stent lenglastng,
pewer Ul and sentrellable elestrephys mlegmal and behav
»ral shanges The parad 1gm was ntally tested and ver fied
w th hYman meter system (HY%nget al 2 5 Resently t
has been appled n arecas @ segnt®n and perscptmn o
example ¢T S ever premeter sertex and sUper sr tempe
ral gyr% has been shewn te redUse senstv 1ty te b mle gsal
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