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Interhemispheric Transfer Time
Asymmetry of Visual Information
Depends on Eye Dominance: An
Electrophysiological Study

Romain Chaumillon ', Jean Blouin and Alain Guillaume *

Aix Marseille Univ, CNRS, LNC, Laboratoire de NeuroscienseCognitives, Marseille, France

The interhemispheric transfer of information is a fundameéal process in the human brain.
When a visual stimulus appears eccentrically in one visuakhmi eld, it will rst activate
the contralateral hemisphere but also the ipsilateral one it a slight delay due to the
interhemispheric transfer. This interhemispheric transf of visual information is believed
to be faster from the right to the left hemisphere in right-haders. Such an asymmetry
is considered as a relevant fact in the context of the laterizlation of the human brain.
We show here using current source density (CSD) analyses oisually evoked potential
(VEP) that, in right-handers and, to a lesser extent in lefftanders, this asymmetry is in
fact dependent on the sighting eye dominance, the tendency w have to prefer one eye
for monocular tasks. Indeed, in right-handers, a faster ierhemispheric transfer of visual
information from the right to left hemisphere was observed mly in participants with a
right dominant eye (DE). Right-handers with a left DE showettie opposite pattern, with
a faster transfer from the left to the right hemisphere. In fehanders, albeit a smaller
number of participants has been tested and hence con rmatim is required, only those
with a right DE showed an asymmetrical interhemispheric tresfer with a faster transfer
from the right to the left hemisphere. As a whole these residtdemonstrate that eye
dominance is a fundamental determinant of asymmetries in ierhemispheric transfer of
visual information and suggest that it is an important factoof brain lateralization.

Keywords: eyedness, interhemispheric communication, corpus
source density analysis

callosum, visually-evoked potentials, current

INTRODUCTION

The communication between the two hemispheres through thipu®callosum is a fundamental
process in the human brain (se®azzaniga, 200Cfor a review). One crucial parameter of
the transfer of information from one hemisphere to the otheriis speed, referred to as the
interhemispheric transfer time (IHTT). The prevailing thegaof interhemispheric transfer of visual
information, arising from both behavioraMarzi et al., 1991; Braun, 19pand electrophysiological
(Saron and Davidson, 1989; Moes et al., J(fVestigations, posits that there is an asymmetry
in IHTT with a faster interhemispheric transfer from the rigko the left hemisphere than in
the reverse direction. Despite not being clearly understdloid, asymmetry has been seen as an
important lateralization in the human brair{arzi, 2010).
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Surprisingly, although the lateralization of the visualteys renders impossible behavioral evaluation of IHTT for each
known as eye dominance has long been recognized (e.direction. The only solution is then to average values ot#di
Wardrop, 1809, its potential role in visual IHTT asymmetry for each direction to cancel out the eye dominance in uence
has remained unsuspected. The sighting dominance is commonineaning that, based on the behavior, only a global IHTT
referred to as the preference for using one of our eyes whegvaluation is possible (i.e., without considering the di@ttdf
performing monocular tasks like looking through a small holethe transfer). These results and their interpretation urigieg
(e.g., camera, telescope, microscdperen and Kaplan, 1933 the di culties of using behavioral data were published sepela
Most importantly, 66% of right-handers have a right sighting(Chaumillon et al., 2014 see alsoFriedrich et al., 2017
dominant eye (DE) (hereafter referred to as DE) and 34% aoncerning these di culties). In the present article we used
left DE (Bourassa et al., 19p6T'herefore, if eye dominance has the electrophysiological data to estimate precisely the eye
an inuence on visual information interhemispheric transfe dominance in uence on IHTT for each direction of informatio
then the broad consensus regarding the faster transfersofavi  exchange.
information from the right to the left hemisphere could stem
from the over-representation of individuals with a right DEan MATERIALS AND METHOD
random population rather than being the ngerprint of a genuine
brain lateralization. Participants

In this light, the aim of the present study was to determineThe study was approved by the local ethics committee (CPP
whether eye dominance does have an impact on IHTT for visugsud—Méditerranée 1) and was performed in accordance with
information exchange. Historically, the Po enberger Pagad  the ethical standards laid down in the Declaration of Helsink
(Po enberger, 191 has been considered as a choice methodlast modi ed, 2004). Forty participants, after giving weitt
to evaluate the IHTT Bashore, 1981; Marzi et al., 1991; Brauninformed consent, performed a Po enberger task while their
1992. This paradigm was built taking into account the crossedEEG activity was recorded. All participants were healthy,
organization of the visual and motor systems: reaction t{RR€)  reported normal or corrected-to-normal vision and showed
of button press in response to the onset of a lateralized visuab sign of neurological disorders. The results of 4 out of
target in anuncrossecatondition (e.g., target on the right and 40 participants (2 right-handers and 2 left-handers) were not
responding hand on the right requiring no interhemisphericincluded in the present study because of the poor quality of
transfer) is subtracted to RT in @&rossedcondition (e.g., the EEG recordings which prevented to clearly identify the
target on the left and responding hand on the right requiringcortical response to the visual stimulations. The handeslrds
an interhemispheric transfer). The dierence obtained waseach participant was assessed by the Edinburgh Handedness
considered as an evaluation of the IHTT, in our example frominventory (Old eld, 1971 score D lateralization quotient).
the right to the left hemisphere. According to this test, a lateralization quotient @ 100%

Electroencephalography (EEG) can also be used to estimatgpresents extreme right hand preference antiD0% extreme
IHTT (Saron and Davidson, 1989Indeed, following the left hand preference. The mean lateralization quotient was
presentation of a lateralized target, the visual areas atataral 70.3% 24.7 for right-handers{ D 22, mean ageD 26.2
to the stimulation will rst be activated but this activatiovillbe  years 5.4 (SD); 12 females) and 58.9%  23.8% for
rapidly followed by the activation of the ipsilateral hemisphe left-handers § D 14, mean ageD 23.2 years 4.4; 9
Then, given the excellent temporal resolution of the EEG, &males).
precise evaluation of the IHTT can be obtained by comparing the The participants' eye dominance was assessed by the hole-in-
latency of the visually evoked potential (VEP) recorded @aah  card test [/liles, 193) repeated three times. This test is known
hemisphere. to be the most reliable to determine eye dominanceghavy

To robustly determine whether eye dominance in uencesand Kugler, 198/ and is not in uenced by handedness. The
IHTT, we recorded VEPs while participants, with either a rightrule was that if a given participant chose di erent eyes during
or a left DE, were involved in the Po enberger paradigm. Ourthese 3 assessments, he/she would not be included in the. study
goal was to gather two di erent evaluations (i.e., behaviaral  However, all participants showed consistent results across the
electrophysiological) of IHTT to thoroughly assess the intpacthree repetitions (i.e., the hole in the card was always atign
of eye dominance. Remarkably, the analyses of behavioral datith the same eye). In each handedness group, this test allowe
(i.e., RTs) clearly revealed the pitfalls of using the Po egbe us to classify the participants in 2 sub-groups: right-handers
paradigm for assessing IHTT. Speci cally, the behaviorahdatwith a left or a right DE (11 participants in each group) and
does not allow assessing separately IHTT for each directideft-handers with a left or a right DE (7 participants in each
(from the right to the left and from the left to the right), group).
precisely because of an eye dominance in uence. Indeed, we
observed that RT was shorter for stimuli presented in théExperimental Setup
visual hemi eld contralateral to the DE, irrespectively ofeth In a dimly lit room, participants were comfortably seated on
responding hand side. Hence when considering one hand chair in front of a table on which a response button was
the crossed-uncrossed dierence is not only due to IHTTaligned with their body midline. Depending on the condition
but rather to a combination between IHTT and this eye(see section Task, Protocol, and Stimulations), either their
dominance in uence. Such an equation with two unknownsleft or right index nger was resting on this button while
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the non-used hand was resting on the ipsilateral thigh. Thand right hand responses after LVF (RHand_LVF) or RVF
participants were facing, at a viewing distance of 80 cm, a panRHand_RVF) stimulations. To help participants maintain
containing two lateralized white LEDs (74 cdnl.2 in visual central xation, the green LED remained lit throughout the
angle), with their centers located at a horizontal distade trials.

10cm (7.2 in visual angle) to the left and to the right of

a smaller green central xation LED (6 cdAn0.4 in visual Electroencephalography Data Acquisition

angle). and Pre-processing
_ _ Electroencephalographic activity was recorded continuously
Task, Protocol, and Stimulations from 64 pre-ampli ed Ag-AgCl electrodes (BioSemi ActiveTwo

A trial started with the illumination of the xation LED system; BioSemi, Amsterdam, The Netherlands) embedded ona
(viewed binocularly). Then, after a variable delay (i.eQ-60 elastic cap according to the standard 10—20 electrodesmtate
1,200ms in 200ms steps) either the left or the right targesystem Eharbrough et al., 199Figure 1A). Eye movements
was presented for 100ms. The participants had to press amd blinks were monitored by electro-oculography (EOG) using
the centrally placed button as quickly as possible after thpairs of electrodes placed near both outer canthi and above
LED illumination while keeping their gaze on the xation and under the left orbit. The EEG and EOG signals were
LED (i.e., classical Po enberger paradigm). Each participarpre-ampli ed at the electrode sites, post-amplied with DC
performed 1,000 trials (i.e., 10 blocks of 100 trials) akéety ampli ers, digitized at a sampling rate of 2,048 Hz and Itered
with their left or right hand, the starting hand being balatt online with a 0.16 Hz high-pass Iter. The rst pre-processing
across participants. The inter-stimulus interval rangedamsin  step was to reference the 68 channels (64 on the cap and
1,400 and 2,500ms and a short break was given to the EOG channels) to the linked mastoids. Then signals were
participants between each experimental block. Among the 50f@rther bandpass- Itered o ine (digital Iters; 0.1-80 Hzslope
trials performed for each hand, 224 trials used the visua?4 dB/octave).

target that stimulated the left visual eld (LVF) and 2244tis A rst selection of trials was based on the behavior: trials
used the visual target that stimulated the right visual eldassociated with incorrect responses such as anticipaticergét
(RVF) in a pseudo-randomly manner. In the remaining 52illumination (hand RT< 150 ms) or response omission (hand
trials, no target appeared. These “catch-trials,” pseudalwarly RT> 800 ms) were excluded (s€a@aumillon et al., 2004 Then,
distributed within the 5 blocks, helped preventing anticipati a raw EEG data inspection was performed to also reject trials in
of target illumination. The experimental design thereforewhich artifacts or eye movements (i.e., blinks and sacgaues
included four types of trials: left hand responses after LVHletected. Across participants, a maximum of 5.1% of trialewer
stimulations (LHand_LVF), or RVF stimulations (LHand_RWVF rejected with all these criteria. EEG signals were then ssmEm?

Left visual field Right visual field
stimulation stimulation

L
I'W%-E-_-

O ® 0O
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PO EEOO
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P00 e

OO © 8@
® e ®

left mast right mast

IHTT from IHTT from
right to left left to right

FIGURE 1 | Experimental setup and conditions(A) Electrophysiological recordings. Throughout the 10 block of 100 trials, electrophysiological recordings were
performed from 64 electrodes in accordance with the extendd 10/20 system. To analyze interhemispheric transfer time, focused our analyses on the activities
recorded over the posterior parietal (P3/P4) and central st (C3/C4) depicted here as violet circles and orange squaresespectively.(B) Computation of the
interhemispheric transfer time. Given the crossed orgaregion of visual neural pathways, the direct response to theisual stimulation was recorded over the
contralateral hemisphere whereas the indirect response.d., after interhemispheric transfer, was recorded over thipsilateral hemisphere to the stimulation. Difference
between the latencies of N160 peak (most negative de ection eound 160 ms) recorded over both hemispheres gave an estiman of the interhemispheric transfer
time (IHTT) from right to left (gray arrow) when the target appred in LVF and from left to right (green arrow) when it appead in RVF.
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with an independent component analysis (ICKgakeig et al., et al., 200 Corroborating previous studies (e.d)j Russo
1996; Jung et al., 200to further isolate and reduce remaining et al., 201}, these posterior and central electrodes showed
ocular artifactsilo mann and Falkenstein, 2008 marked increased activities following the visual stimiolas.

In each group of participants, in order to directly investigat As classically observed (e.glpes et al., 20Q7the VEPs were
the two directions of interhemispheric transfer, we compareccomposed of a positive peak (P100; also called P1) followed
the cortical activations after LVF and RVF stimulatione(i. by a negative peak (N160, also called N1). We measured the
IHTT from right to left and from left to right, respectively, se latencies of these peaks and computed the amplitude of the
Figure 1B). Therefore, the LVF condition corresponds to the P100-N160 from peak-to-peak. The N160 peak recorded over
average of all LHand_LVF and RHand_LVF trials whereas ththe posterior parietal cortex is known as an uncompounded
RVF condition corresponds to the average of all LHand_RVHndicator of IHTT (Brown and Jeeves, 1993; Ipata et al., 1997;
and RHand_RVF trials. These averages across hands enabledHasismann et al., 2013; Horowitz et al., 2R1Zhus, the
to double the number of valid epochs included in the averagéHTT was computed using the posterior parietal electrodes
for each participant and each condition, resulting in a more(P3 and P4) by subtracting the latency of N160 recorded
accurate and a more reliable components detection. The nambat the electrode contralateral to the stimulation (i.e.fdoe
of included epochs per condition/participant did not dier interhemispheric transfer) from the N160 latency recorded a
signi cantly between the LVF and RVF conditionp & 0.05; the ipsilateral electrode (i.e., after interhemispheric &fen).
t-test, 382 epochs on average); suggesting similar signadige  For each participant and each condition, the N160 peak was
ratios of the VEPs averages between conditions. Finally, faletected as the most negative de ection observed within the
each participant and condition, VEPs waveforms were obtainetémporal window in which it was expected, i.e., between 120
by averaging the EEG data of all the valid trials, considerinand 210 ms (according tbloes et al., 2007Peak detection was
epochs time-locked to stimulus onset200 to 400 ms) and the automatically detected and then visually veri ed and cotesl
average amplitude of the 200 ms pre-stimulus period serving ashen necessary. To be consistent and to allow the comparison
baseline. between the transfer of information in posterior and central

Then, we performed current source density (CSD) analysesites, we also used the N160 latencies to compute IHTT over
(Stone and Freeman, 1971using Laplacian transformation C3/C4.

(Babiloni et al., 2001with the software Brain Vision Analyzer

(Brain Products GmbH, Munich, Germany). The signal wasStatistical Analyses

interpolated with a spherical spline interpolation procedureAll data were analyzed using R (Development Core Team,
(Perrin et al., 1987, 1939hich involves the estimation of 2017 with the R packages ImedBétes et al.,, 20)5and
the second spatial derivation of the eld potential (paramster Ismeans I(enth, 201§ Separately for right- and left-handers,
order of splines: 3; maximum degree of Legendre polynomialsve performed a series of linear mixed e ects models to
15; approximation parameter Lambda: 1.8&). CSDs are study the inuence on IHTT of the factors DE (i.e., left or
independent of the reference electrode site. Importantlys th right) and Direction of interhemispheric transfer (i.e., fro
method attenuates the detrimental e ect of superimpositionleft to right or from right to left), considered as xed e ects.
from multiple neural generators having di erent locationsdan We entered intercepts for Participants as a random e ect
orientations on the EEG recordings and therefore enhance@Vinter, 2013.

their spatial resolution (se&ayser and Tenke, 2015; Vidal  We also tested the e ect of eye dominance on VEP amplitude.
et al., 2015for reviews). Moreover, through the enhancementFor each participant, we obtained 4 measures of P100-N160
of the EEG spatial resolution, CSD analyses also increaaeplitude issued from either the direct or the indirect activas
the temporal resolution of the recordingsgw et al., 1993 (respectively recorded over the hemisphere contralateral and
Accordingly, the use of CSD analyses allows one to measuigsilateral to the stimulation) for both visual eld conddns
more accurately the IHTT and also to disentangle theglLVF, RVF). To focus on the e ect of eye dominance on the
IHTT measured over posterior parietal and central sites. Adirect/indirect activation pattern, we pooled responses fothb
supplementary low-pass lter (cut-o frequency set at 60 Hz)visual elds. In this case we performed linear mixed e ects
was performed on the CSD waves for graphical purposawmodels with DE (i.e., left or right) and Activation type (i.direct
only. or indirect) as xed e ects and intercepts for Participants as a

We focused our analyses on the activity recorded at P3/Péandom e ect.
and C3/C4 electrodes to study interhemispheric communasati For both IHTT and VEP amplitude analyses, we computed
processes at the posterior parietal and central sites, regplcti the 95% con dence intervals for the di erence between values
(Figure D). Indeed, the P3 and P4 electrodes, which aréor both directions and between values for both activatippets.
positioned over the posterior parietal corteKdessler et al., Dierences were always computed by subtracting values of the
2009, are typically chosen to study the interhemisphericgroup with the smaller mean from values of the group with the
transfer of visual informationfandya and Rosene, 1985; Pandydarger mean.
and Seltzer, 1986; Saron and Davidson, J98Hh the other To speci cally investigate the potential e ect of the method
hand, the C3/C4 electrodes allow investigating the transfe used to compute the VEPs, we compared IHTT based on CSD
information between both sensorimotor corticepdta et al., and bipolar analyses in right-handers with a linear mixed esect
1997; Saron et al., 2003; Solodkin et al., 2004; Pfurtschelanalysis. DE (i.e., left or right) and Method (CSD or bipolar)
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were entered as xed e ects and intercepts for ParticipantsSelizer, 1996 The estimated neural source computed from the 3
were entered as random e ect. Finally to compare IHTT valuesther groups for each condition (i.e., LVF or RVF stimulatin
between P3/P4 and C3/C4 electrodes we performed a lineare reported in Supplementary Figures43. These source
mixed e ects model with the factors DE (i.e., left or right)dan reconstructions all showed activations in the medium-sigrer
Electrodes sites (P3/P4 or C3/C4) as xed e ects and inteiseptoccipital gyrus (BA 19) region suggesting that the neural
for Participants as random e ect. processes underlying the N160 peaks were similar across all
In all casesP-values were obtained by likelihood ratio testsgroups.
of the full model with the considered e ect against the model

without that e ect. Posterior Sites

Interhemispheric transfer time
RESULTS Figure 3A contains the grand average of CSD waveforms
. recorded over electrodes P3 and P4 in response to LVF and
Right-Handers

. . RVF stimulations in right-handers with either a right (top)
Figure 2Ashows the scalp topography of Current Source Dens%r left (bottom) DE. The peak negativity (N160) occurred

(_CﬁDI)D;asedd_ on th? avega?e of t:le fltl rigg;r';an(_jersl V\_’ith Fst in the hemisphere contralateral to the stimulated visua
right at di erent times before and after a stimulation. po i eld and with a slight temporal delay in the ipsilateral

The maps reveal a large negativity that developed over tI'}"naemisphereFigure 3B shows means and individual values of

left hemisphere after the visyal stimulation. This negafivi IHTT for each direction in the two groups of right-handers
peaked 160ms post-stimulation and was more pronounced(i_e” with a left DE and with a right DE). Statistical anak/se

over pqsterior sites_. The maps alsq show a neg_ative WaUft not reveal a main e ect of the factor DE El) D 0.07,
expanding over the right posterior hemisphere but which Iaggep D 0.79] nor of the factor Direction of interhemispheric transfe

the negativity observed in the left hemisphere. This lag regmes > L . .
the time required to transfer the information from the lefi the [ (@) D 0.21,p D 0.65] but revealed a signi cant interaction

right hemisphere (see below “Posterior sites”). Clear nejie ~ Petween these two factors ?Q) D 8.85p D 0.003]. This
also developed over the sensorimotor cortices but with short interaction indicates that the asymmetry in IHTT was strong
latencies than for the posterior parietal regions. These lagtependent on the DE. Indeed, right-handers with a right DE
activations are known to be linked to visuo-motor integoati Showed an interhemispheric transfer that was faster by [2.Z]1
(Berlucchi, 1972; Milner and Lines, 1982; Rugg et al., 198dnSarms fromright to left than from left to right (95% CI). Importéty,
etal., 2003see below “Central sites”). in opposition to current models of brain asymmetries, right-
Figures 2B,Cshow the estimated neural source of the N1sdhanders with a left DE showed faster interhemispheric transfe
recorded over the posterior parietal regions after a right lefd Py [ 0.3 10.2] ms from the left to right than from right
visual stimulation, respectively (the time-matched CSD map¥ left.
of Figure 2B are indicated with white boxes ilrigure 2A). To allow comparison with previous studies that did not use
These estimations were obtained through low-resolutioaitor the CSD analyses (e.Bugg etal., 1984, 1985; Brown and Jeeves,
electromagnetic tomography (LORETRascual-Marqui et al., 1993, we also report, for right-handers, the IHTT computed
1999, implemented in Brainstorm softwareTgdel et al., from bipolar analyses (se€igures 4A,B. In agreement with
201t  http://neuroimage.usc.edu/brainstorm). The sources>@ron et al. (2003yvho also reported both measures, IHTT
reconstruction were based on the waves obtained from thwere shorter when computed over bipolar (mean IHTT across
binocular recordings of the same participants asFigure 2A.  all right-handers and condition® 11.3 8.1 ms) than over
We employed the minimum-norm technique implemented in CSD (15.4 8.9 ms) waveforms [, D 7.16,0 D 0.008]. Using
Brainstorm software to resolve the inverse problem and extgm the same linear mixed e ects model as for the CSD analyses
the VEP cortical sources of the left and right hemispheregbove, we found a signicant e ect of the factor Direction
(i.e., in cases with and without interhemispheric transfatje  of interhemispheric transfer [(f;) D 4.78,p D 0.029] which
imported the data from all sensors processed and averagstiowed that the transfer was faster from right to left (9.2
for each condition and electrode. The forward model was7.4 ms) than from left to right (13.4 8.3ms). Nevertheless,
computed for each condition using a symmetric boundarywhen considered separately for each DE, this IHTT asymmetry
element method (BEMGramfort et al., 201)0on the anatomical was actually present only in right-handers with a right DE: the
MRI Colin 27 brain template, a predominant volume conductorinterhemispheric transfer was faster by [1.7 11.8] ms frogitri
model from the Montreal Neurological InstitutéV{osher et al., to left than from left to right. By contrast, the asymmetryswzot
1999; Huang et al., 20)L.6The cortical sources were searchedpresent in right-handers with a left DE: the di erence in IHTT
at N160 peaks determined from the waveforms of the grandrom right to left minus IHTT from left to right was of [ 3.4
average. They suggest that N160 activation recorded over B3] ms.
and P4 were generated approximately in medium-superior Based on these observations, we suggest that the classical
occipital gyrus (BA 19; MNI templatezvans et al., 19923,b result of IHTT asymmetry (i.e., faster from right to left,ese
This is in agreement with previous studies suggesting thdntroduction) was obtained because of the greater number
the main part of callosal transfer of visual information ocgu of participants with a right DE in a random right-handed
in extrastriate areasP@ndya and Rosene, 1985; Pandya anpopulation Bourassa et al., 19p@nd of the use of bipolar
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Current Source Density maps after
right visual field stimulation
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(timing of the N160 peak over P4) (timing of the N160 peak over P3)

FIGURE 2 | Qualitative overview based on the averaged data of the 11 fig-handers with a right dominant eye(A) Sequential current source density (CSD) maps
from 100 ms before to 210 ms after right visual eld stimulatio. The maps are presented for different times with closer ietvals (between 140 and 180 ms) for the
period where peak negativity (N160) was expected. The two wite boxes contain the maps recorded at mean latency of the marum negative de ection recorded
over P3 and P4 electrodes. Blue and red areas on the maps corgpond to negative and positive voltage, respectively. Notéhat the activation of the contralateral
hemisphere with respect to the stimulation precedes the ip$ateral hemisphere activation by a few milliseconds. Aeftitions over sensori-motor cortices (C3 and C4
electrodes) occurring earlier than posterior N160 are thaght to be related to visuo-motor integration.(B) Estimated source maps on the cortical surface (LORETA) at
the N160 latency based on the grand average after right visuaeld (RVF) stimulations andC) after left visual eld (LVF) stimulations. In both conditionsource
localization shows an interhemispheric transfer 160—170 ms, after the visual stimulation, occurring in the edium/superior occipital gyrus (Brodmann area 19). For
the sake of clarity, only activity sources that were 11% abavminimal activation are shown.
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FIGURE 3 | Waveforms and average results computed over posterior siteafter Laplacian transformation in right-handers(A) Grand average CSD waveforms
recorded over P3 (blue waves) and P4 (red waves) electrodes the two experimental conditions (LVF or RVF stimulationhading blue and red areas represent the
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FIGURE 3| SEM across subjects.(B) Individual data and mean IHTT as a function of the DE and of therdction of interhemispheric transfer. Statistical analys
showed that the asymmetry in IHTT was dependant on the side ohie DE: faster from the right to the left (gray circles) for tigrhanders with a right DE and faster in
the reverse direction (green circles) for right-handers thi a left DE. The values between brackets represent the 95% Godent Intervals of difference between both
directions, computed by subtracting values of the group wi the smaller mean from values of the group with the larger mema (C) Individual data and mean
P100-N160 amplitudes recorded over contralateral (dark hie circles) and ipsilateral (light blue circles) hemisplesr to the stimulation. The hemisphere contralateral to
the stimulation showed greater P100-N160 amplitudes thantte ipsilateral hemisphere. Asterisks show a signi cant effg (p < 0.05).

analyses of the EEG recordings in previous studizs@n and and Tenke, 2015; Vidal et al., 2Q1Bevertheless, it should be

Davidson, 1989; Brown et al., 1994, 1998; Endrass et a; 20foted that a supplementary linear mixed e ects analysis with
Barnett and Kirk, 2005; Barnett et al., 2005; Moes et al.,;200three xed e ects (DE, Site and Direction of interhemispheric
Patston et al., 2007; lwabuchi and Kirk, 2D@ich have smaller transfer) performed on CSD values did not show a signi cant

spatial resolution than CSDs (see Discussion for details). interaction between the factors Direction of interhemispher
transfer and Site [(21) < 0.001p D 0.99]. This may indicate that
P100-N160 amplitude even with CSD analyses, neural activities from posterior ssurc

The linear mixed e ects analysis performed on the P100-N16@ould still slightly in uence the signals recorded on ceaitr

amplitude (CSD dataFigure 3C) revealed a signi cant e ect of electrodes.

Activation type (i.e., direct or indirect) which indicatetidt the

amplitude of the contralateral wave (2.531.67mv/cm?) was P100-N160 amplitude

larger than the ipsilateral wave [1.971.01mV/cm?; (21) D 6.81, Statisticalanalysisdid notreveal signi gant in uence bétfactor

pD 0.01]. No signi cant in uence of the factor DE was observedPE [ {1y D 1.34,p D 0.25] or Activation type [£, D 0.86,

[ (21) D 0.41pD 0.52]. p D 0.35] and no signi cant interaction betwee_n these two fasto
Similarly, when performing the analyses on the P100l (21) D 0.20pD 0.66] on the P100-N160 amplitude, as computed

N160 amplitude computed using the bipolar waveforms (se#ith CSD waveformsRigure 5C).

Figure 40), the linear mixed e ects analysis also revealed that Similarly to those performed on IHTT, the analyses conducted

the VEP was signi cantly larger [(21) D 5.69,p D 0.017] when ©on the P100-N160 amplitude computed with bipolar waveforms

recorded over the hemisphere contralateral to the stimatati "€corded over central sites revealed a pattern similar tcotie
(4.8 2.8mV) than over the ipsilateral hemisphere (4.02 obtained over posterior sites: the amplitude of the P100-N160

2.5mV). wave was signi cantly larger [(21) D 21.51,p < 0.001] when
recorded over the hemisphere contralateral (4.92.29 mV)

Central Sites than over the hemisphere ipsilateral (3.922.6 mV) to the

Interhemispheric transfer time stimulation. This result is also in agreement with the hypasike

The analyses performed on the signal recorded over thedised above of a large e ect of volume conduction on bipolar
electrodes C3 and C4 revealed that, in accordance with prsviorecordings.

works (e.g.,Saron et al., 2003 IHTT were shorter when

computed over central (global mean 7.17.45ms) than over Left'Hanqers
posterior (global mean 15.4 8.9ms) sites [(21) D 21.99, Posterior Sites .

p < 0.001]. More importantly, the linear mixed € ects analysis/nt€rhemispheric transfer time _
performed to test the in uence of the factors DE and Directioh 1€ linear mixed e ects analysis performed using [HTT
interhemispheric transfer did not reveal signi cant e ectsbe ~ computed  with  CSD ~ waveforms  indicated that the

[ (21)DO.31,pD 0.58] or Direction of interhemispheric transfer interhemispheric transfer from right to left tended to be
faster than the interhemispheric transfer from left to rigfthe

5 -
.[ @ P .0.51,p D 0.48] on the central IHTT and no S|gn|.cant e ect of the factor Direction of interhemispheric transfer was
|n_teract|on between these two factorf{) D 2.66,pD 0.103;see (jpse to signi cance level [(21) D 3.51,pD 0.061Figures 6A,B.
Figures 5A,B. S This result may largely be due to the dierence observed
On the cont'rar.y, analyses conducted with blpolgr W.aveform§n participants with a right DE. Indeed, left-handers with
showed a signi cant ezect of the factor Direction of 5 yight DE showed an interhemispheric transfer that was
interhemispheric transfer [(1)D4.11,pD 0.043] corresponding  taster by [0.7 19.6] ms from right to left than from left to
to a faster transfer from right to left. This observed fastefight (95% CI). On the contrary, the asymmetry was not
interhemispheric transfer for the right to left direction femed present in left-handers with a left DE: the di erence in IHTT

the results obtained with electrodes overlying the posteriofrom right to left minus IHTT from left to right was of
parietal sites (seépata et al., 1997for a similar result). A [ 6.612.3] ms.

plausible interpretation is that when analyzed with bipolar

waveforms, activities over central sites may largely teregre  P100-N160 amplitude

posterior activities through volume conduction. CSD anadyseContrary to our expectation, the statistical analysis reaeal
strongly limit volume conduction, and hence more accunatel a signi cant interaction between factors Activation typedan
render the cortical activity under the surface electrodésycer DE [ (21) D 6.11,p D 0.014] and no main e ect of these
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FIGURE 4 | Waveforms and average results from bipolar recordings comgted over posterior sites.(A) Grand average bipolar waveforms recorded over P3 (blue
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FIGURE 4 | (B)Individual data and mean IHTT as a function of the DE and of therdction of interhemispheric transfer. Statistical analys showed a main effect of the
direction of the interhemispheric transfer: IHTT was fastdrom right to left (gray circles) than from left to right (gem circles). Nevertheless, as revealed by the 95%
Con dent Intervals reported between brackets, this pattern vas only signi cant in right-handers with a right DE(C) Individual data and mean P100-N160 amplitudes
recorded over contralateral (dark blue circles) and ipstieral (light blue circles) hemispheres to the stimulatiohe hemisphere contralateral to the stimulation showed
greater P100-N160 amplitudes than the ipsilateral hemispére. Asterisks show a signi cant effect f < 0.05).

factors. Unexpectedly, VEPs recorded in participants witla marked asymmetry in IHTT at the level of the posterior
a right DE were greater in the hemisphere ipsilateral tgarietal cortices that depended on the side of the DE: right-
the simulation than in the hemisphere contralateral to thehanders with a right DE showed faster interhemispheric transf
stimulation with a di erence of [0.5 2.4inV/cm? (Figure 60. from right to left than from left to right whereas right-
Conversely, no signi cant di erence was observed between thhanders with a left DE showed the opposite asymmetry. In
VEP amplitude recorded over both hemispheres for participantsther words, interhemispheric transfer was always fastemfr
with a left DE: the dierence between amplitude in the the ipsilateral to the contralateral hemisphere with respect to
contralateral hemisphere minus amplitude in the ipsilaterathe DE. To the best of the authors' knowledge, these results
hemisphere was of [0.7 1.1]JmV/cm?. Hence, left-handers with provide the rst demonstration of an inuence of the eye
a right DE showed larger indirect (i.e., after interhemispbe dominance on the communication between the two posterior
transfer) than direct wave amplitudes, in contradiction toparietal cortices. In left-handers, the e ect of eye domimranc
the classical pattern reported in the literature (e.§rown on posterior sites communication was less straightforward:
et al, 1994; Moes et al., 200and the results that we an IHTT asymmetry with a faster interhemispheric transfer
obtained in right-handers. However, this nding is congist from right to left was observed only in left-handers with
with, and then reinforces, the view of distinct sensorintoto a right DE. Considering both groups of handedness, the
circuits of left-handers with a right DERgtit et al., 2014see interhemispheric transfer occurring at the central regioh o

Discussion). the corpus callosum was only slightly inuenced by eye
dominance: an asymmetry was exclusively found in left-

Central Sites handers with a left DE with a quicker transfer from the

Interhemispheric transfer time left to the right hemisphere (se€igure 8 for a graphical

As in right-handers, the IHTT was shorter over central sitessummary of the results based on Current Source Density (CSD)
than over posterior sites [global means: 8.9%.2 ms vs. 22.2 analyses).

9.3ms; (21) D 27.4,p < 0.001]. Concerning central sites, the

statistical analysis revealed a main e ect of the factor @iom  Right-Handers

of interhemispheric transfer [(21) D 7.06,p D 0.008] indicating AS indicated in the Introduction, the interhemispheric trées

a faster interhemispheric transfer from left to right hemigpa  ©f Visual information in right-handers has been classically
(5.8 3.71ms) than from right to left hemisphere (128.6 ms; considered as bglng faster from the right to the left hemispher
seeFigures 7A,B. Nevertheless, when considered separately fofne present ndings strongly suggest that the large consensus
each group of DE, the di erence between the two directions wategarding the direction of this asymmetry (e.garon and
statistically signi cant for left-handers with a left DE thivalues ~ Davidson, 1989; Brown et al., 1994, 1998; Endrass et al,
of [1.9 14.1] ms, but not for left-handers with a right DE [(.7 ~ 2002; Barnett and Kirk, 2005; Barnett et al., 2005; Moes

10.5)ms]. et al., 2007; Patston et al., 2007; Iwabuchi and Kirk, 2009
but seeNowicka et al., 1996; Horowitz et al., 2()ldrose
P100-N160 amplitude from the fact that previous studies have not taken into

There was no signi cant impact of the factor DE 31) D 0.42, account the participants' eye dominance. Indeed, by not
. > considering eye dominance, the percentage of right-handed

pD0.52] nor.ofthe factor Activation type [(1) D 0-44*",3 0'51], participants with a right DE in previous studies might have

on the amplitude of the P100-N160 complex. The 'meracnorhpproximated 66% (see Introduction anBourassa et al.,

between these two factors did not reach a signicant level gon oyr results showed that these participants, contrary to

2 . :
[ 1) D 3.18pD 0.08; seéigure 7q. those with a left DE (i.e., 34% of a random right-handed

population), showed faster IHTT from the right to the left
DISCUSSION hemisphere. Averaging the IHTT of a random population

therefore biases the results toward those pertaining to the
Communication between the cerebral hemispheres is paramoupiarticipants with a right DE, most likely leading to the sigract
to several brain processes, notably those underlying visufdster right to left hemisphere transfer reported by previous
perception and sensorimotor transformation. Using the visua studies.
evoked potential (VEP) technique, the present study revealed Concerning the P100-N160 amplitude recorded over
that the lateralization of the visual system, referred to aposterior sites, the present results are in agreement with the
eye dominance, has a strong impact on the interhemisphericlassical reported pattern of larger waves over the coneaht
transfer of visual information. Indeed, in right-handergfound hemisphere with respect to the stimulation than over the
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FIGURE 5 | Waveforms and average results computed over central sitesfer Laplacian transformation in right-handers(A) Grand average CSD waveforms
recorded over C3 (blue waves) and C4 (red waves) electrodes the two experimental conditions (LVF or RVF stimulatior§hading blue and red areas represent the SEM
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FIGURE 5 | across subjects. (B) Individual data and mean IHTT as a function of the DE and of therdction of interhemispheric transfer. Contrary to what we
observed over posterior sites, there was no signi cant in ueice of the DE and of the direction of the interhemispheric trasfer [i.e., from right to left (gray circles) or
from left to right (green circles)] on IHTTC) Individual data and mean P100-N160 amplitudes recorded ovecontralateral (dark blue circles) and ipsilateral (lightuz
circles) hemispheres to the stimulation. The amplitude ohe P100-N160 recorded over both hemispheres did not signi cantly differ.

ipsilateral hemispherejugg et al., 1984, 1985; Brown and Jeevergached recently using Monte-Carlo simulationsh@umillon
1993; Saron et al., 200r&¢gardless of the DE. et al., 2011 The results of these simulations supported the
From a methodological perspective, the present studihypothesis that the classical result of asymmetry in bemalvio
demonstrated the importance of applying a spatial Iter to theexperiments (i.e., Po enberger paradigrivjarzi et al., 1991;
EEG data when investigating interhemispheric communicatio Marzi, 201) emerged from the merging of results of right-
Indeed, the quicker interhemispheric transfer from left fght  handers with a right and a left DE which are not equally
than from right to left in right-handers with a left DE was gnl represented in a random population of right-handeBo(rassa
revealed when applying a CSD transform. Moreover, our CSBt al., 1995
recordings did not show the faster interhemispheric transfe
from the right to the left hemisphere that has been observed bieft-Handers
Ipata et al. (1997pver central sites with bipolar recordings. It Left-handers with a right DE showed an asymmetrical IHTT
should be noted, however, that when using bipolar recordingat posterior sites, with faster interhemispheric transfernfro
to compute this IHTT, we found the same asymmetry as inthe right to left hemisphere. This nding contrasts with the
Ipata et al.'s (1997)CSD transform is a method that allows lack of asymmetry reported in previous EEG studies that
separating brain activities in both the spatialufiez, 1981; measured IHTT in left-handersSavage and Thomas, 1993;
Babiloni et al., 2001; Kayser and Tenke, 90apd temporal Iwabuchi and Kirk, 2000 Again, these previous studies did
(Burle et al., 20)5domains. Consequently, CSDs are muchnot take into account the eye dominance. The fact that a
less aected by volume conduction and far-eld generatorsmajority of left-handers have a left DE (60% according to
than bipolar recordings Nlanahilov et al., 1992; Nufiez et al., Bourassa et al., 1996ould have biased the results of previous
1994; Tenke and Kayser, 2)1Pence, the asymmetry in the studies toward those that we found for these participants, i.e
IHTT observed here and bypata et al. (1997at the C3 and an absence of asymmetry. Indeed, in the present study, the
C4 electrodes with bipolar recordings is likely to be the meraide of the stimulated visual eld had no signicant e ect
echo of the asymmetry phenomenon occurring at posteriobn the IHTT in left-handers with a left DE. Our ndings
sites. therefore suggest that the inuence of eye dominance on
As reported in several studies, the response to the visugie IHTT is weaker for the left-handers than for the right-
stimuli (N160 latency) had shorter latencies in centrasithan  handers. Nevertheless, it should be noted that the relstive
in parietal sites (se®erlucchi, 1972; Milner and Lines, 1982;small sample of participants tested here (ireD 7 for both
Linesetal., 1984; Rugg etal., 1984; Brown et al., 1994, lita e groups of left-handers) calls for further investigations this
1997; Saron et al., 2003; Barnett and Corballis, RSt visuo-  population.
motor channels, including the direct projections from padet Taking into account the eye dominance allowed us to pinpoint
occipital areas (also known as V6A) to the dorsal premotor@ort another peculiarity of the VEPs of left-handers with a righED
(Wise et al., 1997 could be responsible for these early centralndeed, contrary to all other groups of participants and to wisat
activations. classically reported in the literature (e.gygg et al., 1984, 1985;
Importantly, the absence of IHTT asymmetry at central site8rown and Jeeves, 1993; Saron et al., Rdb@se individuals
in right-handers after EEG spatial Itering sheds new light o showed larger posterior parietal P100-N160 amplitude after
the classical Po enberger paradigm. Indeed, numerous piefces imterhemispheric transfer than before interhemispheric stan.
evidence indicate that the transfer of information for tninual ~ To our knowledge, this pattern of activation has never been
task occurs at central sites: behavioral estimations ofTildife  reported. Although the nature of this phenomenon cannot be
similar to EEG values obtained at central sitesi¢s et al., 1984; elucidated here, this novel nding may be related to the sjpéyi
Rugg et al., 1984; Saron and Davidson, 1989; Nowicka et af,the visuo-attentional network in these individualszémar,
1996; Ipata et al., 1997; Saron et al., 20MMRI studies showed 2003; Azémar et al., 2008; Petit et al., 014
that, when required for the behavior, the interhemispheric For the central sites, the statistical analyses revealed an
transfer activates the genu of the corpus callosumtigmanti  asymmetrical communication only in left-handers with & IBE,
et al., 2002; Weber et al., 2Qpan interhemispheric transfer with a faster interhemispheric transfer from the left to thight
occurring at posterior sites would imply a sensitivity of hemisphere than in the reverse direction. This population was
behavioral IHTT estimations to visual stimulation parantste also the only one among the four tested populations that did
which is not the caseBerlucchi et al., 1971, 1977; Milner not show a faster IHTT over posterior parietal sites, from the
and Lines, 1982; Lines et al., 198Zhen the absence of ipsilateral to the contralateral hemisphere with respect toDke
asymmetry at the central level in the present study implieThis singular pattern again argues for the existence of peculia
that no asymmetry should be observed in the Po enbergeinterhemispheric processes in left-handed people (Elgerbuin
paradigm. This prediction reinforces the conclusion we havend Brinkman, 2006
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FIGURE 6 | Waveforms and average results computed over posterior siteafter Laplacian transformation in left-handergA) Grand average CSD waveforms
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FIGURE 6 | SEM across subjects.(B) Individual data and mean IHTT as a function of the DE and the dizgon of interhemispheric transfer. Statistical analysis
revealed a strong tendency toward an effect of the factor Déction of interhemispheric transfer{ D 0.06). When considering each group of eye dominance separaty,
it appears that this faster IHTT from right to left (gray cires) than from left to right (green circles) was signi cant owlin left-handers with a left DE. The values betweern
brackets represent the 95% Con dent Intervals of difference btween both directions. (C) Individual data and mean P100-N160 amplitudes recorded over
contralateral and ipsilateral hemispheres to the stimul@mn. Contrary to the classical pattern, left-handers with aight DE showed larger P100-N160 amplitude over
ispilateral (i.e., after the interhemispheric transferght blue circles) than contralateral (dark blue circlesemisphere with respect to the stimulation. Asterisks show a
signi cant effect (p < 0.05).

Neurophysiological Considerations represented in a di erent hemisphere. From a more general point
The interhemispheric transfer of information relies hegvil of view, itis also proposed that callosal projections play aivect
on the corpus callosum which is the largest commissure imole in gain control by scaling cortical responses according
the brain (Gazzaniga, 2000; Aboitiz and Montiel, 2003; Fabrcharacteristics of visual a erent drive (e.qg., intensitggluency).
et al.,, 2011 As a possible neurophysiological substrate fotndeed, depending on these characteristics, either inbiior
the generalization of a faster IHTT from the right to the excitatory in uences could be observed.
left hemisphere made in previous studiégarzi et al. (1991) The question of the origin or of the functional aspect of
proposed that a larger number of bers could connect thean asymmetry in the IHTT of visual information is even more
right hemisphere to the left one, than in the reverse direttio speculative. Based on the idea that the transfer of inforomati
This hypothesis has been supported by the workPoffnam was always faster from the right to the left hemisphere (see
et al. (2010showing that in the splenium, which is critical for above),Marzi (2010)proposed that this asymmetry could be
interhemispheric communication between visual are@sndya linked to the specialization of the right hemisphere for visuo-
etal., 1971; Gazzaniga, 2000; Aboitiz and Montiel, p@larger spatial attention. According to this hypothesis, this asynmuat
number of bers cross from the right to the left hemisphere IHTT could be bene cial to rapidly access the left hemisphere
than in the reverse direction. Nevertheless, this resulghmi during the myriad of cognitive and motor behaviors that are
be the signature of an over-representation of right-handerdased on visuo-spatial processes. Showing that IHTT is ghorte
with a right DE in a random population of right-handers, as from left to right hemisphere in right-hander participants Wwia
pointed out above. This assumption is consolidated by theelargeft DE, our ndings challenge such functionality of asymtmieal
inter-individual variability in splenial connectivity repted by ~communication. Further studies are required to investigtie
Putnam et al. (2010Further studies, using for instance di usion possible functions of eye dominance.
tensor imaging as inPutnam et al. (2010Q)are necessary to  Finally, previous works evidenced that the DE may change as
test the hypothesis that the number of bers that cross froma function of horizontal gaze orientatiorkKfian and Crawford,
the left to right hemisphere in right-handers with a left DE 2001; Carey and Hutchinson, 2013 hese studies indeed show
outnumbers the quantity of bers that cross in the reversethat eye dominance is strengthened when participants' gaze is
direction. oriented toward the ipsilateral visual hemi eld with respeot
Each eye projects to both hemispheres. How can we thetheir DE (determined with the classical methods imposing a
reconcile the present results showing that IHTT is alwayskgri  centrally xed gaze) but that the other eye becomes dominant
from the hemisphere ipsilateral to the DE to the other one withwhen their gaze is directed toward the contralateral hetal.e
these hard-wired retino-cortical connections? We belith& The present study was not designed to evaluate this dynamical
this question could nd an answer by considering the recentaspect of eye dominance and great care was taken to be sure
observations made bghima et al. (2010)These authors found that participants' gaze remained centrally xed. Nevertss|eas
that the stimulation of the temporal hemiretina of the DE ledt  a follow-up study, it would be interesting to determine if the
greater response of the visual areas compared to the stironlati IHTT asymmetries that we observed here is modi ed when the
of the temporal hemiretina of the non-DE. No di erence was gaze is oriented toward the contralateral hemi eld with pest
observed between the DE and non-DE when the nasal hemiretirad the DE.
was stimulated. Hence these results argue for a specic link
between the DE and its ipsilateral hemisphere. Accordingly, t CONCLUSION
interhemispheric transfer would be faster from the hemisgher

with the larger visual activation (i.e., the ipsilateral hepiere  The present study provides the rst electrophysiological ewie

with respect to the DE). of a strong impact of eye dominance on the inter-hemispheric
_ _ _ transfer of visual information in right-handers and, to asser
Functional Considerations extent, in left-handers. As such, it reveals important aspett

The function of the visual activity propagation at the levetttd ~ the human brain lateralization that have been largely oeaal.
posterior parietal cortices from the directly activated hepfiere  Although the neurophysiological basis of this eye dominance
to the other one remains debated (for reviews, Segulte and its functional role and its impact on cognitive processes r@ma
Muller-Oehring, 2010; Schmidt, 2013; Bocci et al., 300he largely unknown and call for further investigations, the geat
classically considered possibility is that this informatteansfer  results indicate that eye dominance needs to be considered in
would allow the binding of the two visual hemi elds, each onemodels of visuo-cognitive and of visuo-motor processes.
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FIGURE 7 | Waveforms and average results computed over central sitesfer Laplacian transformation in left-handers(A) Grand average CSD waveforms
recorded over C3 (blue waves) and C4 (red waves) electrodes the two experimental conditions (LVF or RVF stimulatior§hading blue and red areas represent the SEM
(Continued)
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FIGURE 7 | across subjects. (B) Individual data and mean IHTT as a function of the DE and the dirgon of interhemispheric transfer. The statistical anadys revealed
a main effect of the factor Direction of interhemispheric ansfer indicating a faster interhemispheric transfer froneft to right hemisphere (green circles) than from right
to left hemisphere (gray circles). Nevertheless, as reveal by the 95% Con dence Intervals reported between brackets, he difference between the two directions was
statistically signi cant only for Left-handers with a left B. (C) Individual data and mean P100-N160 amplitudes recorded ovecontralateral (dark blue circles) and
ipsilateral (light blue circles) hemispheres to the stimation. The amplitudes of contralateral and ipsilateral PION160 complexes were similar in both left-handers with
a left or a right DE. Asterisks show a signi cant effect < 0.05).
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Supplementary Figure 1| Estimated source maps on the cortical surface
(LORETA) based on the grand average of the 11 right-handersith a left DE after
(A) right visual eld (RVF) andB) left visual eld (LVF) stimulations. For each part,
the left panel corresponds to the source localization at théatency of N160 peak
recorded over the hemisphere contralateral to the stimulan (i.e., before
interhemispheric transfer) whereas right panel shows theosirce localization at
latency of N160 peak recorded over the contralateral hemidpere with respect to
the simulation (i.e., after interhemispheric transfer).orce localization shows an
interhemispheric transfer 160-170 ms, after the visual stimulation, occurring in
the medium/superior occipital gyrus (Brodmann area 19; bluareas). For the sake

FIGURE 8 | Graphical summary of the results. On each panel, the encimetl - o o N
of clarity, only activity sources that were 12% above minimactivation are shown.

eye indicates the DE and the connected arrow its preferentiaelationship with

its ipsilateral hemisphereghima et al.,, 2010; Chaumillon et al., 201} Supplementary Figure 2 | Estimated source maps on the cortical surface
Concerning the IHTT over the posterior sites (P-sites), thergsent experiment (LORETA) based on the grand average of the 7 left-handers Wit right DE after
revealed that in right-handers, the asymmetry in IHTT strigtdepends on the (A) right visual eld (RVF) o(B) left visual eld (LVF) stimulations. For each part,
eye dominance. Indeed, right-handers with a left DEA) show faster the left panel corresponds to the source localization at théatency of N160 peak
interhemispheric transfer from left to right than from rigfto left whereas recorded over the hemisphere contralateral to the stimulén (i.e., before
right-handers with a right DE(B) show the opposite pattern. In left-handers, interhemispheric transfer) whereas right panel shows theosirce localization at
individuals with a left DEC) show no asymmetry whereas individuals with a latency of N160 peak recorded over the contralateral hemisfere with respect to
right DE (D) show a faster interhemispheric transfer from right to leftian from the simulation (i.e., after interhemispheric transfer).o8rce localization shows an
left to right. Concerning the IHTT over central sites (C-si#, right-handers interhemispheric transfer 160-170 ms, after the visual stimulation, occurring in
show no difference between the two interhemispheric trangf directions. On the medium/superior occipital gyrus (Brodmann area 19; bluareas). For the sake
the contrary, left-handers with a left DE show faster IHTT fro left to right of clarity, only activity sources that were 14% above mininiactivation are shown.
whereas left-handers with a right DE show no difference beteen the two

interhemispheric transfer directions. Supplementary Figure 3| Estimated source maps on the cortical surface

(LORETA) based on the grand average of the 7 left-handers it left DE
following a(A) right visual eld (RVF) o(B) left visual eld (LVF) stimulation. For
each part, the left panel corresponds to the source localizion at the latency of
N160 peak recorded over the hemisphere contralateral to thetimulation whereas
AUTH OR CO NTRIB UTlONS right panel shows the source localization at latency of N16@eak recorded over
the contralateral hemisphere with respect to the simulatio. Source localization

. _— . . shows an interhemispheric transfer 160-170 ms, after the visual stimulation,
SIUdy conceptlon and deSIQn‘ RC, AG; ACC]UISIIIOH of dataoccurring in the medium/superior occipital gyrus (Brodmanmrea 19; blue areas).

RC; Analysis and interpretation of data: RC, AG; Drafting Ofror the sake of clarity, only activity sources that were 14%ove minimal
manuscript: RC, JB, AG. activation are shown.
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