M/BiQ v +m2b 7Q bQK iQb2MbQ v i ;2ib

PBbmQKQIQ i° Mb7Q K iBQMb, "2? pBQ

2H2+i QT?vbBQHQ;B+ H 2pB/2M+2

:2°QK2 J MbQM- Gm+ h'2K#H v- LB+QH b G2# - CQ?M
JOQmM+?MBMQ-C2 M "HQmMBM

hQ +Bi2 i?Bb p2° bBQM,

2°QK2J MbQM-Gm+ h'2K#H v- LB+QH b G2# '-CQ?M /2 :"Qb#QBb- G 1
iQ'v +m2b 7Q° bQK iQb2MbQ vi “;2ib BMpQF2 pBbmQKQiQ i® Mb7Q K
BOQHQ;B+ H2pB/2M+2X SGQa PL1- Sm#HB+ GB#~ 'v Q7 a+B2M+2- kyRI|
M HXTQM2XykR88R3 X ? H@ykRkyNN8

> G A/, ? H@AYkRkyNNS8
2iiTh,ff? HX "+?Bp2b@Qmp2'i2bX7 f? H@ ykRk:
am#KBii2/ QM kR J v kyRN

> G Bb KmHiB@/Bb+BTHBM v GOT24WB p2 Dmbp2 "i2 THm B/BbBIBTHBN
"+?Bp2 7Q i?72 /2TQbBi M/ /Bbb2KIBEBMBR MNQ@T™+B2® " H /BzmbBQM /2 /
2MiB}+ "2b2 "+?2 /Q+mK2Mib- r?2i?@+B2MMiB}2mM2b#/@ MBp2 m "2+?22 +?22- T
HBb?2/ Q° MQiX h?2 /IQ+mK2Mib MK VW+RK2Z2EF IQKHBbb2K2Mib /62Mb2B;M
i2 +?BM; M/ "2b2 "+? BMbiBimiBQWER BM?8 7M#M2I @b Qm (i~ M;2 b- /2b H
#Q /-Q 7 QK Tm#HB+ Q T ' Bp i2T2HRAB+B @2MT2BIpXib X

.Bbi'B#mi2/ mM/2  * 2 iBpR *EMOKIBRM% 9Xy AMi2 M iBQM H GB+2M


https://hal.archives-ouvertes.fr/hal-02120995
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

@ PLOS|ONE

Check for
updates

G 23(1%&&(66

Citation:MansonGA, Tremblay., LebaN,de
Grosbois], Mouchnind., BlouinJ (2019)Auditory
cuesfor somateensonytargetsinvokevisuomotor
transforméons:Behavioraind
electroplysiologicakvidencePLoSONEL4(5):
e€0215518nttps://cbi.org/10.1371durnal.
pone.021558

Editor:Bernadee AnnMurphy,Universityof
Ontaridnstituteof TechnologyCANADA

ReceivedJune25,2018
AcceptedApril3,2019
PublishedMay2, 2019

Copyright:< 2019Mansoretal. Thisis anopen
accessrticledistributedunderthetermsof the
CreativecommongttributionLicensewhich
permitsunrestrictel use,distribution, and
reproductiorin anymedium providedheoriginal
authorandsourcearecredited.

DataAvailability StatementThedatausedfor the
analysesreavailablat: https://doi.org/15683/
SP2/GBIR@

Funding:Thisworkwassupportedy the Natural
SciencegandEngineeng ResearciCouncibf
Canad4CA)to Dr.LucTremblayCampus-rance
840857Band8086594supportedravelof author
GAMo completeprojects Thefundershadnorole
in studydesigndatacollectiorandanalysis

RESEARCH ARTICLE
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Abstract

Prior to goal-directed actions, somatosensory target positions can be localized using either
an exteroceptive or an interoceptive body representation. The goal of the present study was
to investigate if the body representation selected to plan reaches to somatosensory targets
is influenced by the sensory modality of the cue indicating the target's location. In the first
experiment, participants reached to somatosensory targets prompted by either an auditory
or a vibrotactile cue. As a baseline condition, participants also performed reaches to visual
targets prompted by an auditory cue. Gaze-dependent reaching errors were measured to
determine the contribution of the exteroceptive representation to motor planning processes.
The results showed that reaches to both auditory-cued somatosensory targets and audi-
tory-cued visual targets exhibited larger gaze-dependent reaching errors than reaches to
vibrotactile-cued somatosensory targets. Thus, an exteroceptive body representation was
likely used to plan reaches to auditory-cued somatosensory targets but not to vibrotactile-
cued somatosensory targets. The second experiment examined the influence of using an
exteroceptive body representation to plan movements to somatosensory targets on pre-
movement neural activations. Cortical responses to a task-irrelevant visual flash were mea-
sured as participants planned movements to either auditory-cued somatosensory or audi-
tory-cued visual targets. Larger responses (i.e., visual-evoked potentials) were found when
participants planned movements to somatosensory vs. visual targets, and source analyses
revealed that these activities were localized to the left occipital and left posterior parietal
areas. These results suggest that visual and visuomotor processing networks were more
engaged when using the exteroceptive body representation to plan movements to somato-
sensory targets, than when planning movements to external visual targets.

Introduction

In agameof 2Simon Says®spokeninstructionssuchas?touchyour elbowcanprompt move-
mentstowardsa specifiedoodylocation.Similarly,the feelingof amosquitolandingon the
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elbowcouldalsoprompt movementgo this sameposition. Althoughthe goalof both actions
isto reachto acommonbodylocation(i.e.,hereaftereferredto asasomatosensoriarget),
themannerin whichthis positionis identified couldinfluencethe bodyrepresentatiorusedto
determinethetarget'scoordinatesThe purposeof the presenistudywasto examinef the
modality of the stimulusindicatinga somatosensortarget'spositioninfluenceghe body
representatiorusedto planmovements.

Evidencghat movementgo somatosensortargetscould be plannedusingmultiple repre-
sentationss drawnfrom studiesof autotopagnosiarare nervoussystendisordercharacter-
izedby theinability to localizeand orient one'sown bodyparts[1+3]. In acasestudyby Sirigu
etal.[4], apatientwith autotopagnosiavastestedon herability to point to herown body posi-
tionsin responséo differentinstructionalcuesTheauthorsfound that the patientwasinaccu-
ratewhenshepointedto thetargetbodypositionsin responseo verbalinstructionsbut was
accuratevhenshewasinstructedto point to the felt locationof smallobjectsplacedon these
sametargetbody positions(seealso[5]). Basedn thesdindings,the authorshypothesized
thatan exteroceptiveyisually-basedyodyrepresentatiorwasusedto plan movementsn
responséo verbalcueswhereagninteroceptivesomatosensory-baggbodyrepresentation
wasusedto planmovementsn responseo tactilecueg(sed6] for areviewof differentbody
representationaxonomiesand[7] and[8, 9] for additionaltheoreticaddiscussions).

It isdifficult to determineif the useof differentbodyrepresentationg patientswith auto-
topagnosi@mergessanadaptatiorto their neurologicaimpairment,or if this context-
dependenselectiorof abodyrepresentatiorior movementplanningalsooccursin healthy
individuals.In the presentstudy,wesoughtto examinethe contribution of the exteroceptive
andinteroceptivebodyrepresentationto sensorimotoitransformationgduring motor plan-
ning in healthyindividualsby evaluatingeachingmovementgsowardssomatosensortargets
cuedby simpleauditoryandvibrotactilestimuli.

In Experimentl, to examinethe bodyrepresentatiorand sensorimototransformations
usedto preparemovementgo somatosensoriargetswe askedarticipantsto reachto
somatosensortargetswhile looking at eithera centralfixation point or aperipheralfixation
point (i.e.,agaze-shiftedrial, see{10+16]).Reachingndpointerrorsfrom gaze-shiftedrials
werecontrastedwith reachingendpointerrorsfrom centralfixation trialsto computethe bias
inducedby the gazeshift. Therationalefor usingthis experimentaparadigmis thaterrors
increasen magnitudewith peripheralffixation eccentricitywhenan exteroceptiveyisually-
basedrepresentatiors usedto planmovementgi.e.,gaze-dependeminding).Movements
areclassifiedasgaze-dependeriitt reachingendpointerrorsarebiasedn the oppositedirection
of the gazeshift. Thisincreasan gaze-dependemeachingendpointerror is likely the resultof
the magnificationfactorin perifovearegion[10]. Converselyinovementsareclassifiedas
gaze-independerit the peripheralgaze-shiftioesnot producesignificantincrease# reach-
ing endpointerror. If reachingendpointerrorsarenot influencedby the gaze-shiftmovement
planningwaslikely performedusinganinteroceptive somatosensory-basgepresentation
[13]. Previousstudieshavedemonstratedhat movementgo visualtargetsareplannedusing
gaze-dependemepresentationfseel0,12,15,17].In contrast,studiesexaminingmovement
planningto somatosensorargetshaverevealedhat both gaze-depender@indgaze-indepen-
dentrepresentationsnaybeused[13+15,17].

Althoughthereis evidencdor flexibility in theencodingof somatosensortargetq13, 14],
it is not clearif the cueusedto indicatea somatosensortarget'docationinfluenceshe body
representatiorand sensorimotottransformationausedfor motor planning.In the present
study,weinvestigatedheinfluenceof the cuemodality by directly comparingthe effectof a
gazeshifton movementgo oneof threepossiblesomatosensortargetseitherthe index, mid-
dle,andring finger of the non-reachinghand.Somatosensomnargetswereidentified by either
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anexogenousuditorycue(i.e.,intensitiesof soundindicatingwhichfingerto reachto) or a
directtactilestimulation.To provideareferencef gaze-dependemeachingerrors,partici-
pantsalsoperformedmovementgo visualtargetscuedby anauditory stimulus.

Experiment 1 methods
Participants

Tenparticipants(8 femalemeanage24.4 2.6yrs.;range21+28)olunteeredor the experi-
ment. All participantswereright-handedwith normal or corrected-to-normavision. The
experimenttook 1.5hoursto completelnformed consentwasobtainedprior to the beginning
of theexperimentandthelocalresearclethicscommitteeat Aix-MarseilleUniversity
approvedall proceduresThe protocolsand procedureemployedwerein accordancevith the
1964Declarationof Helsinki.

Apparatus

A depictionof the experimentabetupis presentedn Fig 1. Theexperimentook placein a
darkroom, whereparticipantswereseatedcomfortablyin front of acustom-builtaiming
apparatugseerig 1B).Onceseatedparticipantsplacedtheir foreheadbn astabilizingheadrest
locatedabovethe aiming apparatusFrom this position, participantsviewedthe aiming appa-
ratusthrough asemi-reflectivgglassmounted30cm abovethe aiming surfacePositioned30
cm abovethe semi-reflectiveglassvasaliquid crystaldisplaymonitor (HP CompagLA1956x,
PaloAlto, CA) usedto projectimagesonto theglass.

Theaimingapparatusvasalsoequippedwith amicroswitchpositioned32cm directlyin
front of the participant. The switchwasusedasthe startingpositionfor the reachingfinger.
Threepiezoelectribuzzerqfrequency4,000Hz; KPEG158-P5HKingsgateElectricCorp,
Taipei-Hsien,Taiwan)werepositioned25cm to the left of the microswitchand~ 55cm away
from the participant.Theinput to the buzzersvasadjustedusingpotentiometergo producea
loud (i.e.,70dB),amedium(i.e.,58dB),or asoft(i.e.,48dB) sound,whichidentified the tar-
getin theauditory-cuedconditions(seebelow).

Threecircularindentationsweremadebetweerthe participantandthe microswitch,at
15.5cm, 15cm, and 16.5cm from the microswitch(seerig 1) and-3.5deg,0 deg,and4 deg
relativeto the participant'scyclopeareye respectivelyThesdndentationsservedasplacehold-
ersfor the somatosensoriargetsan the somatosensorargetconditions(seebelow).A black
plasticcasg40cm x 9 cmx 3 cm) with anopeningtowardsthe participantswasusedto cover
thethreeindentationsand preventthe reachingfinger from making contactwith the target
fingers(i.e.,precludinganytactilefeedbaclaboutendpointaccuracy)Thebaseof eachinden-
tation containecdthe stimulationsurfaceof asolenoidvibrator (type347+652JohnsorElectric,
Shatin,Hong Kong). Thesesolenoidvibratorsdeliveredbrief vibrations(50 msat 80Hz,with a
2 mm amplitude)thatindicatedthetargetfingerin the vibrotactile-cuedsomatosensoriarget
condition (seebelow).

Fixationpositionsandvisualtargetgonly usedin the visualtargetcondition) werepro-
jectedonto theaiming surfaceusingacustomMATLAB program(The Mathworkslinc.,
Natick, MA) and Psychtoolbox-318]. Threefixation positionswereprojectedasbluecircles,
measuring).45degof visualanglein diameter.Theywerelocated4.5cm distalto the micro-
switch,at0 deg,10degto theright, and 10degto theleft of the participant'scyclopeareye In
thevisualtargetcondition, targetsof 1 degof visualanglewereprojectedonto the samespatial
locationsasthe indentationsutilized for the somatosensoriargetyseeabove).

A whitelight emitting diode (LED, 4 mm diameter)attachedo the participant'sright index
fingerwasvisiblethroughthe semi-reflectiveglassand providedvisualfeedbaclof theinitial
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Fig 1. A) A depictionoftheapparatsusedin Experimentl (not to scale)Participans satfacinganimmersive
displaycomprisedof acomputermonitor, asemi-rdlectiveglassurfaceandacustomaiming apparats. Participants
mademovementgrom anunseerhomeposition (microswitch to eithervisualtargetsprojectedonto the surfaceof
theaiming consoleor the perceivegosition of oneof their threemiddle fingers(i.e.,theindex,middle, ring) of their
non-reachng hand(i.e.,somatosesorytargetconditions) In the somatosesorytargetconditions participants
positionedtheir targetfingersbeneattaplasticcaseand performedmovementdo the perceivedositionof their
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fingersasif projectedonto the case'surfaceNotethatthe visualitemsprojectedon the semi-refledve glassvere
perceivedy the participantsasappearirg on thetablesurfaceB) A depictionof theaiming surfacen thevisualtarget
condition from the participant's perspectivgnot to scale)Piezoelectd buzzersverepositionedto theleft of the
aimingsurfaceandprovidedtheimperativesignaldn the auditory-cua aiming conditions.

https://dbi.org/10.1371durnal.por.0215518.90L

fingertip positionin thevisual-targetondition (seebelow).Also,ablackplasticshieldwas

placedbeneaththe glassurfaceo occludevisionof thelimb during theaiming movement.
The positionof the occludingsurfacewvasadjustedor eachparticipantsuchthattheycould
sedheilluminated LED on their fingerwhenit wasatthe homeposition.

Eyepositionsweremonitoredwith electro-oculographyEOG)(Coulbourninstruments,
Lablincinc., LehighValley,PA), sampledat 1000Hz The positionof theindexfingerwas
trackedusinganelectromagnetisensoisecuredo thetip of theright indexfinger (Flockof
Birds,AscensionTechnologyCorp.,Burlington, VT), sampledat 100Hz.

Overall,the participantstaskwasto maintain gazefixation while performingaccurate
reachingmovementswith theindexfinger of theright handto targetdocatedobetweerthe
homepositionandtheir body.Multiple targetlocationswereincludedto introducevariable
movementparameterso eachreachingtrajectory.This variability wasintroducedto reduce
thelikelihoodthat participantsengagedn sensorimotomprocessegelatedto targetposition
encodingbeforethe onsetof theimperativestimulus.Participantseachedo somatosensory
targetsn responséo eitheranauditory (AUD-SOMA) or avibrotactile(TACT-SOMA) cue.
To obtainreferencevaluedor gaze-dependemeachingerrors,participantsalsoperformed
reachego visualtargetsn responsé¢o anauditory cue(AUD-VIS). Thepresentatiororder of
theseconditionswascounterbalancedcrosgarticipants.

Cue-targetconditions

In the AUD-VIS condition, participantspositionedtheir left handin acomfortableposition,
eitheron their lap or on thetablesurfaceo the left of the aiming apparatusThetrial sequence
wasinitiated oncethe participantdepressethe homeposition microswitchwith their right
indexfinger. Thisactiontriggeredtheillumination of thefinger LED andthe presentatiorof
the currentfixation point (i.e.,-10deg]left], 0 deg[central], or +10deg[right]). Two seconds
later, participantswerepresentedvith asoft,medium,or loud sound.For half of the partici-
pantstheloud andsoftsoundscorrespondedo theright andleft targetsrespectivelyThis
correspondence/asreversedor the otherhalf of the participants At movementnsetthefin-
gerLED wasextinguishedthereforeparticipantsonly sawthe position of their reachingfinger
relativeto thevisualtargetprior to reaching.

The AUD-SOMA condition wassimilar to the AUD-VIS condition. Butinsteadof visual
targetsparticipantsplacedthethreemiddle fingersof their left hand(i.e.,thering, middle,
andindex)into thethreecircularindentationsbeneattthe plasticcasingto serveasthe
somatosensortargetsThe sameauditory cuesasin the AUD-VIS condition indicatedthe tar-
getfinger positions.Participantsvereinstructedto 2aim to the perceivedposition of their fin-
gernailasif it wasprojectedonto the surfaceof the plasticcase®In contrastto the AUD-VIS
condition, participantsdid not receivevisualinformation aboutthe position of their reaching
handprior to movementinitiation.

The TACT-SOMA condition wassimilar to the AUD-SOMA condition, excepthata
vibrotactilestimulusindicatedthe targetfinger (i.e.,index,middle, or ring finger). Similarto
theauditory stimulationin the auditory-cuedconditions,thetactilestimulationof the target
fingeroccurred2 safterthe participantdepressethe microswitch(i.e.,the homeposition).
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Familiarization trials

Beforeeachexperimentatondition, participantsperformed2 setsof familiarizationtrials. For
the AUD-VIS and AUD-SOMA conditions,thefirst setof familiarizationtrials consistef 3
blocksof 3reachingtrials, whereinthe sameauditory-cuewaspresentedn eachblock(e.g.3
trialswith the 2loud® sound).Subsequentlyparticipantsperformedl block of 15trials,
whereinauditory cueswerepresentedn randomorder. After eachtrial in this familiarization
block, participantswereaskedo reportwhich auditory cuehadbeenpresentede.gloud®,
amediumo®, or 2soft®) andtheywereveryaccurateat distinguishingbetweerthe threedifferent
levelsof sound(meanaccuracy97%;SD= 0.5%) Participantaverealsopresentedvith 2 sets
of familiarizationtrialsin the TACT-SOMA condition. Auditory cueswerereplacedy brief
tactilestimulationappliedto thereachingfinger. The participant'staskin the secondsetof
familiarizationtrials wasto reportwhichtargetfinger hadbeenstimulatedand participants
wereall perfectlyaccuraten thistask.

Experimentaltrials

In all experimentatonditions,participantsperformedl0trialsin eachfixation-targetcombi-
nation (i.e.,3fixation [-10 deg,0 deg,+10deg]by 3 possibldargetdleft, middle, right], yield-
ing 90trials per condition) for eachof the 3 cue-targetonditions(i.e.,AUD-VIS,
AUD-SOMA, TACT-SOMA)yieldingatotal of 270total experimentatrials.

Data analysisand reduction

Only datafrom movementgo the centretargetwereanalyzedecausgaze-shiftsvereequi-
distantwith respecto thistarget(i.e.,10degon eitherside)anda consistensoundlevel(i.e.,
mediumsound)wasusedto signalthetargetpositionacrosconditions.All fingerandeye
movementrecordingswereexportedto customsoftwargAnalyse MarcelKazsapQC, Can-
ada)andprocessedffline. RawEOGtracesvereusedto verify participantseyepositionsfor
eachreachingconditionsandtrials whereinthe participantsfailedto maintaintheir fixation
position prior to or during the movementwereremovedIn addition, trials whereparticipants
perceivedheincorrectsound,or wherereactiontimes(RT) or movementimeswerehigher
or lowerthan 2.5timesthewithin condition standarddeviationwerealsoexcludedrom the
analyseQverall,lessthan 9%of trials (centretarget)wereexcludedanaveragef 2.6 1.6
trials per participant).Statisticahnalysesvereperformedwith the StatisticaPackagéor Social
Scientistgversion21:SPS$nc., Chicago]L). Post-hoacomparisonsvereperformedusingR
(version3.02,R DevelopmenCoreTeam).

Normalizeddirectionalreachingerrors,reactiontimes(RTs)and movementimes(MTS)
werecomputedto investigatehe effectof peripheralffixation on movementperformance.
Directionalreachingerror wasdefinedasthe angulardifference(in degreespetweerthe
home-targepositionvectorandthe home-movemengendpositionvector.We usedthe
within-participant meanand standarddeviationcomputedin the centrefixation positionto
calculatea populationz-scorevaluefor eachtrial with left andright gazefixation. Thisnormal-
ization procedurethereforeresultedn valueghatreflectedhe participant'schangen perfor-
mancein responseo aperipheralgazeshift relativeto their own variabilityin the central
fixation (i.e.,no gaze-shiftpondition. Negativeand positivez-scorevaluesndicatemove-
mentsbiasedo theleft andright of the centreposition,respectively.

Reactiortime wasdefinedasthetime that elapsedetweerthe onsetof the gosignal(i.e.,
eitherthe soundor thefingervibration) andthe releas®f the homeposition microswitch.
Movementtime wasdefinedasthetime that elapsedetweerthe releas®f the homeposition
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microswitchand movementend,which wasdefinedasthefirst sampleatwhich theinstant
velocityof thefingertip fell below30mm/s.

Normalizeddirectionalreachingerrorsweresubmittedto a 2-fixationdirection (Left,
Right)x 3 cue-targetondition (AUD-VIS, AUD-SOMA, TACT-SOMA) repeated-measures
ANOVA. Reactiortimesand movementimesweresubmittedto separat@-fixationdirection
(Left,Center,Right)x 3 cue-targetondition (AUD-VIS, AUD-SOMA, TACT-SOMA)
repeated-measurddNOVAs. Thealphalevelwassetat 0.05for all statisticacontrastsand
effectsizedor the ANOVAs werereportedaspartial etasquaredPost-hodestsfor anysignifi-
cantinteractionswerecompletedusingpairwise -testswith the Bonferonnicorrection.Addi-
tionally, for directionalreachingerrors,one-sample-testswereusedto examineif peripheral
fixation yieldedasignificantbias(e.g. differentthan 0 deg)for eachfixation direction, effect
sizedor the one-sample-testswerereportedusingCohen'sd.

Experiment 1 results
Normalized directional reachingerrors

The ANOVA performedon thedirectionalreachingerrorsrevealeda significantmain effect
of fixation direction ( (1,9) =64.7, < 0.001 5= 0.89)andasignificantinteractionbetween
fixation directionand cue-targetondition ( (2,18) = 5.1, =0.018, = 0.36)Critically,
decomposingheinteraction(Bonferonnicorrectedalphaof p = 0.006)yevealedhatthe differ-
encesn gaze-dependemrrorsfor the left andright fixation directionswerehigherin both
the AUD-SOMA (Left:M = 0.50,SD= 0.58;Right:M =-0.81,SD=0.64 =
1.31),and AUD-VIS targetconditions(Left:M = 0.56,SD= 0.43;Right:M = 0.76,SD= 0.49;

=1.32),comparedo the TACT-SOMA condition (Left:M = 0.30,SD= 0.52;
Right:M =-0.39,SD=0.83; =0.69).Furthermore onesample-testsrevealed
thatthe magnitudeof the directionalreachingerrorsin both left andright fixation conditions
in the AUD-SOMA (left: (9)=4.2, =0.024 =1.3;right: (9)=-4.1, =0.003, =1.3)and
AUD-VIS conditions(left: (9)=2.7, < 0.001, =0.9;right: (9)=-4.0, < 0.001, =1.3)
weresignificantlygreatetthan zero.In contrasthormalizeddirectionalreachingerrorsfor the
leftandright fixation directionsin the TACT-SOMA condition werenot significantlydifferent
thanzero(left: (9) =1.8, =0.099, =0.6;right: (9)=-1.5, =0.170).Theseresultsprovide
evidencdhatgaze-dependemodingwasusedfor sensorimototransformationsvhenmove-
mentswereperformedto auditory-cuedvisualandauditory-cuedsomatosensoriargetysee
Fig2A and2B).

Reactiontimes and movementtimes

Analyse®f the RTsrevealedsignificanteffectof cue-targetondition ( (2,18) =19.1, <
0.001, %= 0.68)indicatingshorterreactiontimesin the TACT-SOMA (M = 471msSD= 87
ms) conditionthanin boththe AUD-VIS (M = 617ms,SD= 116ms)andAUD-SOMA

(M =629ms,SD= 102ms) conditions.The ANOVA alsorevealed significantcondition by
fixation interaction( (4, 36)=3.7, =0.019, *=0.27).Thedecompositiorof theinteraction
indicatedthat changesn gazedirection significantlyincreasedeactiontimesin the AUD--
SOMA condition. More specificallypost-hoctestsrevealedhat,in the AUD-SOMA condi-
tion, RTsweresignificantlylongerwhenparticipantsshiftedtheir gazeto theright (M = 656
ms,SD= 115ms)comparedo whentheyfixatedon the centreposition(M = 598ms,SD= 90
ms).MeanRT wasalso36 mslongerin theleft fixation condition (M = 634ms,SD=99ms)
thanin the centrefixation condition, but this increaseof RT fell shortof statisticakignificance
( =0.062)Forboththe AUD-VIS and TACT-SOMA conditions,the RTswerenot signifi-
cantlydifferentbetweeranyof the fixation conditions.In addition, no significantdifferences
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Fig2. A) Averagedeachtrajectoriesfor all participantsin eachcue-target condition (error patchesepresenthe between-pgicipant standarderror
of themean).B) Averagenormalizeddirectionalerror for eachcue-targetondition (error barsrepresenthe betweerparticipantstandarderror of the
mean).Participants reachingerrorsweresignificantlymoreinfluenced by gazefixation position (i.e.,RightFixationvs.Left Fixation)in the AUD-VIS
andAUDxSOMA thanin the TACT-SQMA condition. C) Meanreactiontimesin eachexperimenal condition (error barsrepresenthe between-
participant standarderror of the mean).Reactiortimesweresignificanty longerin the AUD-SOMA and AUD-VIS conditionsthan TACT-SCMA
condition. In addition gaze-shiftso theright resultedn longerreactiontimesin the AUD-SOMA condition.

https://i.org/10.1374ournal.pon®215518.g002

in RT werefound betweerthe centrefixation conditionsbetweerthe AUD-VIS and AUD--
SOMA conditions.Finally,the analysesf MTs yieldedno significanteffectsof fixation direc-
tion or cue-targetondition, andno significantinteractionbetweerthesefactors(s < 1.6,
s> 0.16).

Experiment1 discussion

In Experimentl, participantsperformedreachingmovementgso oneof threesomatosensory
targetpositionscuedby eitheranauditory or avibrotactilestimulus.To provideacomparison
for gaze-dependemeachingerrors,participantsalsoperformedmovementgo visualtargets
cuedby anauditory stimulus.Overall participantsexhibitedlargergaze-dependemndpoint
errorswhenreachingto auditory-cuedsomatosensorargetscomparedo vibrotactile-cued

PLOS ONE | https://doi.org/10.1371/journal.pone.0215518 May 2, 2019 8/22


https://doi.org/10.1371/journal.pone.0215518.g002
https://doi.org/10.1371/journal.pone.0215518

@ PLOS|ONE

Somatosensory remapping

somatosensortargets Also,gaze-dependemeachingendpointerrorsfor auditory-cued
somatosensorargetsivereno differentthanthoseobservedor reacheso auditory-cued
visualtargetsTakentogetherthesefindings suggesthat the modality of the sensorycueindi-
catingthe position of the somatosensortargetshadanimpacton the typeof bodyrepresenta-
tion thatwasusedto planmovements.

Participantsexhibitedlargergaze-dependemeachingerrorsin both auditory-cuedarget
conditionscomparedo thevibrotactile-cuedsomatosensortargetcondition. Theseresults
arecongruentwith earlierstudiesreportingthat movementso somatosensorargetswvere
plannedin gaze-independerdoordinatesf the eyesandtargetpositionsremainedstableprior
to movementonset{13, 14]. Oneexplanatiorfor thesefindingsis that the vibrotactilecue
facilitatedthe encodingof targetpositionin somatosensorgoordinatesCutaneousnd pro-
prioceptiveinputs projectto differentareaqcutaneousareassbandl; proprioceptiveareas
3aand?2) of the post-centrakortex[19, 20],andrecentinvestigationdiaveshownthat there
arereciprocalconnectionghat enabletheseareago respondto both typesof somatosensory
stimuli (seg21]). Giventhe closdlink betweertactilestimulationandthe somatosensorigody
representatior{seg22]), theintegrationof spatiallycongruentsomatosensorinputsin our
TACT-SOMA condition mayhavefavouredthe useof aninteroceptivebodyrepresentation
for the encodingof thefingertargetpositionwhenplanningthe reachingvector.

Consistentvith the gaze-dependeittiasegound in the AUD-SOMA condition, previous
studieshavealsofound that somatosensortargetscanalsoberepresentedh visualcoordi-
nateq15,23,24].In contrastto the TACT-SOMA condition, the absencef tactilestimulation
of thetargetfingerin the AUD-SOMA condition might haveprecludedthe encodingof the
targetfingerpositionin gaze-independergomatosensorgoordinatesThus,movements
promptedby exogenousuditory cueslikely employedan exteroceptiveepresentatiorof the
bodyfor movementplanningprocessed.hesdindingsareconsistenwith previousstudies
thatshowedhatif anexteroceptiveepresentatiors usedto defineabodyposition,the loca-
tion of this positionis more biasedby environmentalisualinformation [25].

In the presentstudy,reactiontimeswereshorterwheninitiating movementgo vibrotac-
tile-cuedsomatosensortargetghanauditory-cuedsomatosensorgndvisualtargetsThis
resultis consistentvith studiesshowingthat participantsarefasterwhenreactingto somato-
sensonstimuli thanvisualor auditory stimuli [26+28].More relevantto the presentstudy,
reactiontimessignificantlyincreasedvhenparticipantsgazedt theright fixation position
whenplanningmovementgo auditory-cuedsomatosensortargets A tendencytowardsan
increasen reactiontime wasalsofound during left gazefixation. This finding might suggest
thatthe sensorimotoitransformationgequiredto usean exteroceptivdodyrepresentation
whenreachingto somatosensortargetsjn conditionswith peripheraffixation, involvearota-
tion of the movementvector(se€g29, 30]).

Moreover the absencef significantdifferencesn gaze-dependemeachingendpoint
errorsbetweerthe AUD-VIS and AUD-SOMA conditionsalsosuggestthat an exteroceptive
representatiorwasusedto planmovementgo somatosensortargetsn the AUD-SOMA con-
dition. Thus,it is possiblghattheinitial movementvectorfor both movementgo auditory-
cuedvisualtargetsandauditory-cuedsomatosensortargetsveredefinedin visualcoordi-
natesPlanningamovemento anauditory-cuedsomatosensortarget,definedin visualcoor-
dinateswould likely requirearemappingof somatosensortargetpositionsprior to the
computationof the movementvector(i.e.,areferencdrameconversionsedq31]). Thisremap-
ping of the somatosensortargetpositionswould alsolikely requiregreateivisualprocessing
in areasnvolvedin visuomotortransformationsand gaze-dependemhovementcoding[32+
35],comparedo conditionswhereno conversionof somatosensoripformation is required
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(e.g.reacheso auditory-cuedvisualtargets) A seconcexperimentwasdesignedo testthis
prediction.

Experiment2 introduction

In Experimentl, participantsshowedjaze-dependemndpointerrorswhenreachingto
somatosensortargetscuedby auditory stimuli. Thisresultwasattributedto the useof an
exteroceptiveyisually-basedyodyrepresentatiorwhenreachingto somatosensortargets.
Thepurposeof Experiment2 wasto examinethe neuralmechanismassociatedith the gaze-
dependentncodingof somatosensortargetpositionsduring movementplanning.

Althoughbehaviourakvidencdor the remappingof somatosensoriargetsonto agaze-
dependenteferencdramehasbeenreported(e.g.[13+15]),the neuralprocesseanderlying
thesesensorimotorttransformationgemainlargelyunknown. Previousstudiesexamining
motor planninghaveimplicatedthe occipito-parietahetworkin the gaze-dependerminding
of effectorandtargetpositions[32, 33,35]. Moreover,studieson autotopagnosihaveshown
thattheinability to usethe exteroceptivddodyrepresentatioris linked to damagedo theleft
posteriorparietaland parietal-occipitatortice§2+6,36]. Giventhesdindings,we hypothe-
sizedthattherewould begreateractivationin parieto-occipitahetworkswhenpreparing
movementdo somatosensortargetseencodedn visualcoordinatesascomparedo external
visualtargetsNotethatfor the externalvisualtargetsnpo remappingis requiredasboth hand
andtargetpositionsarealreadypresentedn anextrinsiccoordinatesysten{37+39].

To testthesepredictions the corticalresponséo atask-irrelevanvisualstimulus(i.e.,the
visual-evokegbotentialor VEP)wasmeasuredisparticipantsplannedmovementgo both
auditory-cuedvisualand auditory-cuedsomatosensoriargets Becauséaselineneuralactiv-
ity in the extrastriatecortexis amarkerof visualprocessingandthe amplitudeof visually-
evokedresponseBicreaseslongwith baselinectivity [40,41], comparingchangesn VEP
amplitudesshouldprovideagoodproxy for the engagementf visualandvisuomotorcortical
networks.

Experiment 2 methods
Participants

Tenparticipants(5 femalemeanage26 4.7;range20+35)whodid not participatein Experi-
ment 1, wererecruitedfor Experiment2. All participantsself-reportedeingright-handedand
hadnormalor corrected-to-normalision.Informed consentwasobtainedprior to datacollec-
tion andalocalethicscommitteeat Aix-MarseilleUniversityapprovedall proceduresThepro-
tocolsandproceduregemployedn this experimentwerein accordancevith the 1964
Declarationof Helsinki. In total, the experimenttook placeover2 sessionfastingl.5to 2 hours
eachTherewasatleastl but no morethan 10daysbetweersessiongaverage= 4 3.5days).

Apparatus

To accommodaté¢he useof electroencephalograplfgEG)andreduceelectricahoise all
visualstimuli weregeneratedisingLEDspositionedon the aiming surfacegsee~ig 3) instead
of the LCD monitor usedin Experimentl. Two additionalmicroswitchesand 3 yellowLEDs
wereaddedto the aiming surfaceEachadditionalmicroswitchservedasadifferentpossible
startingposition.EachLED wasplaced0.5cm distaland 0.5cm to theleft of eachmicroswitch
andservedasapossibldixation location(seeproceduredelow). Thus,whenparticipantsfix-
atedon anyof the LEDsandplacedtheir fingeron the correspondingmnicroswitch thefinger
waspositionedin the samerelativeretinallocation,in thelowerright visualfield.
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Fig 3. A) A depictionof the experimatal apparatusisedin Experinent2 (not to scale)Participantdixatedon oneof
threefixation locationsandbegartheir movementgrom theassociatelomeposition.Asin Experinent1,in both
the AUD-VIS and AUD-SOMA conditions,piezoelectié buzzersndicatedthetargetsand providedtheimperative
signalto initiate thereachingmovemat. In the AUD-SOMA condition, participarts performedmovemersto either
theindex,middle,or ring finger of their non-reating limb. In the AUD-VI Scondition, participans performed
movematsto oneof thethreevisualtargetsB) A depictionof the aiming surfacean the AUD-VIS condition (not to
scale)Therewerethreepossiblehomepositionssuchthatthe locationof thetask-irrelevanvisualstimulus(the
evokedpotentialstimulus)wasin the sameretinal locationrelativeto the fixation position.

https://i.org/10.1371durnal.por.0215518.908
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Threeorangel EDswereplacedatthe samepositionsasthe circularindentationsthat
servedasthe somatosensoriargetpositionin Experimentl. TheseLEDswereusedasvisual
targetdn the AUD-VIS condition. To preventparticipantsfrom receivingtactilefeedback
whenreachingto visualtargetsathin piece(39cm x 9 cmx ~0.3cm) of transluceniaminated
Bristol boardwasplacedoverthe LEDs.In addition,the participant'sright indexfingerwas
equippedwith two LEDs:the samewhite LED that wasusedin Experimentl to indicatethe
initial positionof the pointing finger,andagreenLED (width 5mm, beamangle40E|umi-
nance60000mcd, 22.7Im) attachedo the fingernailwhich wasusedto generatehe stimuli
for the VEPs.

Trial procedures

In contrastto Experimentl, no gaze-shifstimuluswaspresentegrior to thereachingmove-
ment. Asthe purposeof Experiment2 wasto evaluatahe differencesn corticalnetworkacti-
vationunderlyingreacheso auditory-cuedsomatosensorgndvisualtargetsjt wascritical
thatvisualstimuluswaspresentedn the sameretinallocationprior to the startof thereaching
movement.

Eachtrial began~vhenoneof the threepossibldixation positionswasilluminated. Partici-
pantslookedat the fixation LED and placedtheir right indexfingeronto the corresponding
microswitch(see~ig 3B).Asin Experimentl, asoft,medium,or loud soundwaspresente®
secondafterthe participantplacedtheir fingeron the microswitch.Thatauditory cueindi-
catedeitherthe somatosensorgr visualtargetand servedasthe imperativesignalto beginthe
pointing movementThen,100msafterthe presentatiorof the auditory cue,during the partic-
ipant'sreactiontime (i.e.,movementlanning),the greenLED locatedon the pointing finger
generatec 50msflash.This presentatiortime waschoserbasen previousstudiesvhich
showedsignificantmodulationsin evokedresponseft2] andreach-relatedctivity [43] for
both movementdo somatosensorgndvisualtargets(i.e.,betweerl00+150nsafterthe go
signal).Participantswereinstructedto reachto the targetaspreciselyaspossibleandto stayat
thetargetlocationuntil the nextfixation point wasilluminated.

Only onecue-targetondition wasusedper experimentakessiofAUD-VIS or AUD--
SOMA),andthe presentatiororder of the targetmodality wascounterbalancedcrosgartici-
pants.Asin Experimentl, the sound-targetmappingwascounterbalancetbetween
participantsandremainedthe samefor both experimentakessiondviovementsverealsocon-
ductedin darknessuchthat participantshadno visualfeedbaclof the reachingimb during
themovements.

Cue-target conditions

In the AUD-VIS condition, whenparticipantsplacedtheir finger on the homepositionmicro-
switch,thefingerandall targetLEDswereilluminated. When participantsreleasedhe micro-
switchto begintheir reachingmovementthefinger LED wasextinguishedbut all targetLEDs
remainedilluminatedthroughoutthetrajectory.Therefore participantscould getterminal
feedbaclabouttheir movementaccuracyhroughthereflectionof theilluminatedtargetson
their reachingfinger.In contrastto Experimentl wheregaze-dependemeachingendpoint
errorswereassessethe differencein endpointerror betweerconditionswasnot relevanto
the purposeof Experiment2; thus, participantswereallowedto haveterminal feedbackn
both conditions.

In the AUD-SOMA condition, participantsperformedreacheso the fingernailof oneof
thethreemiddle fingerson their left hand.Asin the Experimentl, participantsdid not receive
visualfeedbaclof their reachingfinger during movementplanning.Participantsalsohad
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terminalfeedbackn the AUD-SOMA condition astheymadephysicalcontactwith thetarget
finger.

Control condition

Themagnitudeof VEPsvariesconsiderablypetweerparticipants(e.g. dueto differencen
impedanceandthicknessof the skull; seg44]). For this reasonaserief trialswereper-
formedin acontrol condition beforeboth experimentakessions orderto normalizeVEPS
for comparisoracrosgarticipantsand sessionsThe main differencebetweerthe control and
experimentatrials wasthe absencef reachingmovements.

Forthe AUD-VIS control condition, whenthe microswitchwasdepresseahefingerand
targetLEDswereilluminated. Two secondsater,oneof the threesoundswaspresentedi.e.,
soft,mediumor loud). This soundwasfollowed,100mslater,by the 50 msflashof the green
LED. Participantsemainedon the homepositionuntil thefixation stimuluswasturned off
(i.e.,~3safterit wasturned on). The sametrial procedurewasusedfor the AUD-SOMA con-
trol condition, excepthatthe participantsplacedthe middle fingersof their right handon the
somatosensornargetpositionandthe reachingfinger andtargetLEDswerenot illuminated.
Asin the AUD-VIS condition, the greenLED wasflashedfor 50ms) 100msafterthe presen-
tation of theauditory stimulus.

Datarecording

EEGdatawererecordedcontinuouslyfrom 64 pre-amplifiedAg-AgClelectrodegActiveTwo,
Biosemi Amsterdam Netherlandsembeddedn anelasticcapmappedto the extendedl0+20
systemTwo electrodesa CommonMode Sens€CMS)activeelectrodeanda Driven Right
Leg(DRL) passiveslectrodespecificto the Biosemisystemservedasafeedbackoop driving
theaverag@otentialof the measureaignalto levelsascloseaspossiblgo the analog-to-digi-
tal converterreferencevoltage EOGwasrecordedbipolarly with surfaceelectrodeplaced
nearboth outer canthiaswell asunderandabovethe orbit of theright eye EOGrecordings
wereusedto identify ocularartefactgseebelow)andalsoallowedthe experimenterso verify
that participantsfixatedon the fixation LEDsduring movementplanningandexecutionThe
EEGand EOGsignalsveredigitized (samplingrate1,024Hz, DC, 268Hz, 3 dB/octaveand
band-pas#iltered (0.1+45Hz, notchfilter appliedat 50Hz,12dB/octave)Asin Experimentl,
kinematicdataof thereachingfinger wererecordedby trackingthe positionsof anelectro-
magneticsensoffixed on thetop of theindexfingerandsampledcatarateof 100Hz.

Dataanalysis

VEPswereobtainedby averaginghe time-lockedEEGsignalswith respecto the onsetof the
50msgreenflash(-200to +300ms). Theseepochsvereaveragedor eachparticipantandfor
eachcondition. Themeanamplitudeof the-200msto -5 mssegmenbf eachepochservedas
the pre-stimulusbaselineThe monopolarrecordingswerereferencedo the averagef the
right andleft mastoidelectrodesRecordingsverevisuallyinspectecand epochswith eye
movementr artefactavererejected Theaverageumberof tracesusedfor eachcondition
variedfrom 172to 179(out of apossiblel80),andtherewereno significantdifferences
betweertheamountof trials rejectedbetweerconditionsasrevealedy a 2 phasgcontrol,
experimentaljy 2 cue-targetondition (AUD-VIS and AUD-SOMA) repeated-measures
ANOVA. Theresultof this analysisndicatesthat the signal-to-noiseaatio wasnot different
acrosgonditions.

A currentsourcedensity(CSD)analysisvasemployedo increasehe spatialresolution
of EEGsignalg45+47].Thesignalwasinterpolatedwith asphericakplineinterpolation
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procedureto computethe second-ordederivativesn two-dimensionakpaceorder of splices:
3; maximaldegreeof Legendrgolynomials:10;approximationparametetambda;1.0e-005:
sed45]). CSDmeasurementeepresentreference-freestimateof activity at eachelectrode
andarelessaffectecby far-field generatorshan monopolarrecordingg46,48,49]. Thus,CSD
analysesendto yield measureshat betterreflectthe underlyingcorticalactivitiesandlocal
sourceg$50,51].

CSD-VEPghatwerecomputedfrom theleft posterior-occipitabndleft occipital-parietal
electrodesites(O1,PO3,PO7)wereusedfor the main analysesThesewerechoserbasedn
previousstudieswhichimplicatedthe underlyingcorticalareasn sensorimototransforma-
tion processeandthe useof the exteroceptivdodyrepresentatiorn33, 35,52+55].

CSD-VEPavereassessethr eachelectrodeby measuringhe peak-to-pealamplitude
betweerthefirst positive(~100ms) and negativg~150ms) deflectionsafterstimulusonset
that couldbeidentifiedin all participantsand conditions(seerig 4). Thelatencieof these
deflectionsarereportedfor eachelectrodan Tablel. Theamplitudeof the P100-N15@here-
afterreferredto asthe VEP)wasexpressedstheratio of the CSD-VEPamplitudemeasured
in the Control and Experimentatonditions(CSD-VEPratio = log2[CSD-VERexperimental
conditions/CSD-VERontrol conditions]). CSD-VEPaverecomputedusingalog, transfor-
mation to accountfor the nonlinearity of ratios.NormalizedCSD-VEPamplitudeswerethen
usedfor statisticakontrastsAn increasen normalizedCSD-VEPamplitudewasconsidered
indicativeof additionalvisualprocessingn the experimentatondition relativeto the control
condition during the earlystage®f movementplanning.

Theneuralsource®f the P100-N150n all experimentabndcontrol conditionswereesti-
matedusingminimum norm techniqueasimplementedn the Brainstormsoftwaresuite[56].
To resolveheinverseproblemandestimatehe corticalsource®f the VEPs datawere
importedfrom all sensorsprocessedandaveragedor eachparticipant,condition,andelec-
trode. Theforward modelwascomputedfor eachcondition usingasymmetricboundaryele-
mentmethod(BEM,[57]) on theanatomicaMRI brain templatefrom the Montreal
Neurologicalinstitute (MNI Colin27).Source®f the average@dbsoluteactivity wereestimated
usingthe dynamicstatisticaparametricmaps(dSPM)technique[58].

Bothbehaviouratemporalmeasuresi.e., movementime andreactiontime) aswellasnor-
malizedCSD-VEPamplitudeswveresubmittedto pairedsamples-tests Effectssizesvere
reportedwith Cohen'sd,.

Experiment 2 results
Behaviouralresults

Overall,therewereno significantdifferencedetweeranybehavioralvariablegelatedto the
temporalaspect®f movementperformancebetweerthe AUD-VIS and AUD-SOMA condi-
tions. Pairedsampleg-testsdid not reveakignificantdifferencesn movementimes(overall
mean737ms 136ms; (9) =-0.1, =0.894, = .). Therewerealsono statisticallysignifi-
cantdifferencesn reactiontimes(overallmean498ms 67ms; (9) =-2.2, =0.063, =

. Thelatterobservatiorsuggestthat, despiteatendencytowardsgreateRT in the AUD--
SOMA condition, thetiming of the VEP stimuluspresentatiorrelativeto the motor planning
processvasnot significantlydifferentbetweerboth conditions.

CSD-VEPs

Evidencdor anincreasean visualinformation processingluring movementplanningwas
foundfor reacheso auditory-cuedsomatosensorargetscomparedo auditory-cuedvisual
targetdn boththe occipital(O1:see~ig 5A) and occipital-parieta{Po7:Fig 5B) electrodesAt
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Fig 4. Grand averageVEPsfor eachelectrodein the AUD-VIS and AUD-SOMA conditions (error patchesrepresentthe between-paticipant

standarddeviation).

https://abi.org/10.137ournal.pon®215518.g004

Tablel. Mean(and standarddeviation) latencies(in ms)for the peaksusedin the CSD-VEP calculation.

AUD-VIS
Control Experimental
Electrodes P100 N150 P100 N150
PO3 111(23) 151(26) 102(16) 147(14)
PO7 103(7) 144(13) 101(14) 156(16)
o1 101(15) 140(13) 104(10) 153(16)

AUD-SOMA
Control Experimental
P100 N150 P100 N150
103(18) 145(10) 107(14) 147(12)
106(13) 151(14) 109(8) 152(17)
112(13) 148(12) 106(11) 143(15)

Thelatencieof the CSD-VEPswereanalyzedisinga 2-phasécontrol, experimenal) by 2-condition (AUD-VI S,AUD-SOMA) repeated-mesuresANOVA for each
electrodeof interest.Theanalysiof latencieslid not revealanysignificantmain effectsor interactiors betweerfixation direction and cue-targetonditionsfor either

the P100or N150componen for anyelectrodgps> 0.054Fs< 4.9).

https://da.org/10.1371¢urnal.pon®215518.t001
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Fig 5. CSDnormalized VEPsfor the occipital (O1) and occipito-parietal (PO7)electrodes(error barsrepresent
the standarderror of the mean).For both electrodesCSD-VEPsweresignificartly largerin the AUD-SOMA
comparedo the AUD-VIS condition.

https://bi.org/10.1371durnal.por.0215518.906
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the Ol electrodenormalized(log2) VEP amplitudesn the AUD-SOMA condition( =0.87,
= 1.2)weresignificantlylarger( (9) =3.2, =0.053, =0.7)thanthoseobservedn the
AUD-VIS condition( =-0.16, =0.85).VEPamplitudedifferencesverealsofoundatthe
PO7electroddq (9) =3.2, =0.017, =1.0),astheamplitudeofthe P100-N15@omponent
waslargerwhenplanningmovementsn the AUD-SOMA condition( =0.43, =0.90)as
comparedo the AUD-VIS condition( =-0.51, =0.66).In contrasttherewereno signifi-
cantCSD-VEPdifferencesatthe PO3electrodg (9) =-0.39, =0.702, =0.13).

Fig 6 showsthe averageourceactivity betweerll00and 150ms(i.e.,betweerthe peakof
the P100-N15W@sedfor the VEP calculation)projectedon a corticaltemplatefor all experi-
mentaland control conditionsin boththe AUD-SOMA and AUD-VIS conditions.Thesource
analysesevealedgreaterresponseo theflashin left occipito-parietabreasn the AUD--
SOMA comparedo the AUD-VIS condition. Interestingly contrastingthe meanactivity
betweerthe AUD-SOMA condition andits control condition revealedhat movementplan-
ning ledto significantlygreateisual-relatedactivationof the left occipitaland posteriorpari-
etalcortices Converselyno significantincreasei activitywerefound in theseregionswhen
contrastingthe AUD-VIS condition with its control condition.

Experiment2 discussion

In Experiment2,the corticalresponseo atask-irrelevanvisualstimuluswasmeasureaspar-
ticipantsperformedreachego both auditory-cuedvisualand auditory-cuedsomatosensory
targetsOverall theresultsof both the CSDandsourceanalysesevealedhat participantshad
agreaterresponseo visualinputsin whenreachingto auditory-cuedsomatosensorys.visual
targetsThesdindingsareconsistenwith the hypothesighat visualremappingof somatosen-
sorytargetpositionsemployscorticalnetworksassociatewith visualprocessingndvisuomo-
tor transformations.

Theincreasedensitivityof occipitalnetworksto visualinputs maybelinked to are-weight-
ing of sensorynformation prior to engagingn higher-ordercomputationsOccipitalcortical
areadhavebeenimplicatedin earlymultisensoryintegrationprocesseéed59] for arecent
review)andtheincreasedctivationobservedn the currentstudycouldbeindicativeof the
role of thesenetworksin the encodingof bodypositionsin visualcoordinatesThesuggestion
thatleft-occipitalactivity couldbeassociatedith the visualcodingof somatosensorgffector
andtargetpositionsis supportedoy neuroimagingstudieshat revealedhe presenc®f hand-
selectiveellsof the lateraloccipitalcortexarelateralizedo theleft hemispherd60, 61].

In additionto enhancedactivityin occipitalareassourceanalysesevealednincreasen
neuralactivityin theleft PPCwhenparticipantsplannedmovementgo auditory-cued
somatosensortargetsThisresultsupportsthe findings of severastudiesshowingthat the left
PPCis associatedith the utilization of the exteroceptivdbodyrepresentatiorf2+4,6,36,54].
Previousesearcthasalsorevealedhat PPCneuronsareresponsibldor the gaze-dependent
encodingof thehandandtargetpositions[35, 38,62,63]. Althoughthesestudieshavemostly
usedvisualtargetsandvisiblebody positions thereis someevidenceahat gaze-dependemiod-
ing canoccurin conditionswithout visualinputs[34, 35,64].In aPETfunctionalbrainimag-
ing study,Darling etal.[34] found anincreasen neuralactivationin the occipitaland
posteriorparietallobeswhenparticipantsreachedo amemorizedsomatosensorarget(i.e.,
the previouspositionof their unseerhandbeforepassivalisplacement)Basedn thesefind-
ings,the authorssuggestethat networksemployedo guidereacheso visualtargetswerealso
usedwhenreachingto memorizedsomatosensortargetsOur findingsthereforebuild on
thoseof Darling etal.[34] by showingthat visualprocessemayalsobeinvolvedwhenplan-
ning movementdo the actual,non-memorized position of somatosensoriargets.
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Fig 6. Grand averagesourceactivity for eachcondition betweenl00msand 150ms after stimulus onset(i.e.,
sourceactivity correspanding to the P100£N150component of the visual evokedpotential). Sourceactivity (color
mapsreveakctivationlevels)waslocalizedn parietalandoccipitd areasn both experimetal andcontrol conditions.
Statistial contrastypaired-eampled-tests alphasetto 0.05 t-valuemapindicatesdirection of effectsyevealed
significarily moreactivityin theleft parietd andparieto-ocipital regions(asindicatedby the shadeof red) for the
AUD-SOMA experimenthcondition comparedo the AUD-SOMA control condition.

https://bi.org/10.1371durnal.por.0215518.906

Previousstudieshaveshownthat,in somecasesyisualinformation is attenuatedi.e.,
gatedse€65]) during movementplanningto somatosensortargetqd42, 66+68] Evidence
from both behaviourabhnd neurophysiologicagéxperimentdavearguedthat, whentarget
locationsareencodedn somatosensorgoordinatege.g. fingersof the non-reachinghand),
visualinformation aboutthe reachingimb doesnot contributeto the sameextentto motor
planningprocessefS8]. Althoughthereis substantiabvidencehat sensorimototransforma-
tion networksexistto supportthedirectconversiornof somatosensoripformation into a
movementvector,thereis conflicting evidenceaboutthe contextswhereinthesenetworksare
employed38,43,69+71]Basedn our resultswesuggesthat onecontextualfactorthat
couldinfluence(or preclude)the useof somatosensory-basednsorimotoitransformationss
thebodyrepresentatiorusedto definetargetlocationsduring motor planning.

It shouldbenotedthatthe resultsof the presentstudydo not necessarilgupportadis-
engagemenf the occipitalcortexand PPCwhenplanningmovementgo auditory-cued
visualtargetsRather theresultsof the presentstudysuggesthat planningmovementsvhen
vision of thereachinghandandtargetis availabledoesnot requireadditionalprocessindgrom
areassensitivelo visualinputs comparedo the control condition, atleastatthetime whenthe
visualprobewaspresentedi.e.,100msaftertargetcuepresentation).
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Conclusion

In summary wefound thatthe sensorymodalityemployedo identify the positionof a
somatosensortargetimpactsthe bodyrepresentatiorusedfor movementplanningprocesses.
Preparingreachingmovementgsowardsauditory-cuedsomatosensortargetgpromptedthe
useof anexteroceptiveepresentatiorof the body.By measuringhe corticalresponsédo a
visualstimuluspresentediuring movementplanning,wealsofound thatthe additionalsenso-
rimotor transformationprocessemvolvedin thevisualremappingof somatosensortarget
positionswereassociatewith increased/isualprocessingn occipitalandposteriorparietal
areasTakentogetherthefindingsof the presentstudysuggesthat the sensorimotottransfor-
mation processesnderlyingmovementdo somatosensortargetderivedusingan exterocep-
tive bodyrepresentatiomecruitsvisualand visuomotorcorticalnetworks.
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