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Abstract

In a previous fMRI study on right-handers (Rhrs), we reported that part of the left ventral premotor cortex (BA6) was activated when

alphabetical characters were passively observed and that the same region was also involved in handwriting [Longcamp, M., Anton, J. L., Roth,

M., & Velay, J. L. (2003). Visual presentation of single letters activates a premotor area involved in wiinglmage, 19, 1492-1500].

We therefore suggested that letter-viewing may induce automatic involvement of handwriting movements. In the present study, in order to
confirm this hypothesis, we carried out a similar fMRI experiment on a group of left-handed subjects (Lhrs). We reasoned that if the above
assumption was correct, visual perception of letters by Lhrs might automatically activate cortical motor areas coding for left-handed writing
movements, i.e., areas located in the right hemisphere. The visual stimuli used here were either single letters, single pseudoletters, or a control
stimulus. The subjects were asked to watch these stimuli attentively, and no response was required. The results showed that a ventral premotol
cortical area (BA6) in the right hemisphere was specifically activated when Lhrs looked at letters and not at pseudoletters. This right area was
symmetrically located with respect to the left one activated under the same circumstances in Rhrs. This finding supports the hypothesis that
visual perception of written language evokes covert motor processes. In addition, a bilateral area, also located in the premotor cortex (BA6),
but more ventrally and medially, was found to be activated in response to both letters and pseudoletters. This premotor region, which was not

activated correspondingly in Rhrs, might be involved in the processing of graphic stimuli, whatever their degree of familiarity.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction each character we know is coded in memory under the form
of a specific motor progranvén Galen, 1991 and we might
According to the motor theory of perception, perceptual automatically refer to these writing programs even when we
processes are influenced and guided by the perceiver's owrare simply looking at characters. If so, the nature of the
repertory of potential gestures (for a review, Séeiani motor—perceptual interactions involved in reading is likely
& Stucchi, 1992. One of the assumptions made by motor to depend on the way we write: somebody who knows how
theorists about the perception of space and objects is thato read but doesn’t know how to write should not be able
motor—perceptual interactions are strongly determined by to associate the visual form of a character with any specific
the way subjects interact within their environmeRailard, motor process. Someone who has learned how to write and
1991). One particular example of a strong association be- usually writes with his/her right hand will probably associate
tween a gesture and a category of objects is that betweera character with motor schemes specific to the right hand,
handwriting and graphic forms. Since we know how to write, whereas someone who has learned how to write and usually
writes with his/her left hand will make use of motor schemes
* Corresponding author. Tel.: +33 4 91 16 42 39; fax: +33 4 91 16 42 96. SPeCifictothe lefthand. The presentexperimentwas designed
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Several empirical findings support the hypothesis that mo- dominantly processed by the left hemisphere in a majority
toric writing knowledge contributes automatically to the pro- of Lhrs (Hecaen & Sauguet, 19Y.1For instance, in a re-
cessing of visually perceived characters. From this viewpoint, cent study using functional transcranial Doppler ultrasonog-
Chinese and Japanese ideograms are striking examples. Imaphy, a perfusion-sensitive technigl@echt et al. (2000)
these graphic systems, each character is composed of a nunmeasured the incidence of right-hemispheric dominance for
ber of strokes that must be written in a precise order when language in a phonological word generation task. These au-
learning to read and write. The order of the strokes is subse-thors reported that in a sample of 326 individuals, the in-
quently used as a cue to retrieve the ideograms from memorycidence of right-hemispheric language dominance increased
(Flores d’Arcais, 199% suggesting that the motor sequence with the degree of left-handedness from 4% in strong Rhrs
of strokes specific to each ideogram may be an essential com{handedness =100 in terms of the Edinburgh handedness in-
ponent of its central representation. Kanji ideogram retrieval ventory scoreQ@Idfield, 1973), to 15% in ambidextrous indi-
has been found to activate several brain regions usually in-viduals and 27% in the strongest Lhrs (handednes$G0).
volved in handwriting Kato et al., 199% In alphabetical The assumption about the localization of writing engrams in
systems, a comparable example is provided by a case study.hrs requires some discussion, however although it is gen-
by Anderson, Damasio, and Damasio (199h)e patient in erally recognised that motor programs for writing are left-
guestion became agraphic as the result of a left premotor cor-ateralized in most Rhrd@tanoda, Yoshikawa, & Sugishita,
tical lesion. The fact that her inability to write was associated 2001, Menon & Desmond, 20QRijntjes et al., 1999 since
with a specific visual letter identification deficit shows that both their language and motor skills are controlled by the left
the lack of the motor programs for writing can prevent sub- hemisphere, the situation as far as Lhrs are concerned is less
jects from being able to recognise letters and consequently,clear-cut and has been less well documented. Nonetheless,
from reading. there exist several grounds for presuming that graphic motor

In a previous neuroimaging studydngcamp, Anton, representations are entirely right-lateralised in these subjects.
Roth, & Velay, 2003, we directly assessed the possibility First, according tdrijntjes et al. (1999)who examined the
that motoric writing skills might be automatically involved cerebral zones involved in signing, highly trained movements
in the visual perception of alphabetical letters. Using fMRI on of this kind may be stored in the same brain areas as those
a group of right-handed subjects (Rhrs), we checked whethercontrolling the movements of the limb ordinarily used for
passive letter-viewing induced any activation in the senso- their execution (i.e., in the right hemisphere in Lhrs). Sec-
rimotor brain areas known to be involved in writing move- ondly, Herron, Galin, Johnstone, and Ornstein (197®a-
ments. We observed that part of the left ventral premotor sured EEG asymmetry in handwriting as compared to other
cortex (Brodmann area 6) was activated when alphabeticallinguistic tasks such as listening to a story, relating it or read-
characters were being passively observed and that the samang it. The right central region was found to be consistently
region was also involved in handwriting. Interestingly, this involved during handwriting in those subjects who usually
area did not respond to the visual presentation of pseudolet-wrote with their left hand, regardless of their pattern of lat-
ters, towhich no predetermined motor program could be asso-eralization for language and other motor abilities. Thirdly,
ciated. We therefore suggested that the premotor activationstudies on patients with apraxic agraphia, a disorder affect-
observed reflected the involvement of the motor programs ing motor aspects of writing but sparing other language func-
for writing, corresponding to each letter, in agreement with tions (Roeltgen, 198h have also provided some information
the conclusions drawn bnderson et al. (1990Although about the lateralization of the neural basis of handwriting. For
our experimental results strongly support this conclusion, the instance Margolin (1980)described a fully left-handed pa-
premotor activation can also be explained in terms of linguis- tient who became apraxic and agraphic as the result of a right
tic processing. Subvocal articulatory processes are known tocentral lesion, but showed no associated language deficits. On
activate higher order motor areas, especially during silent or similar linesMargolin and Binder (1984gported the case of
implicit reading Price et al., 1994Price, Wise, & Frack- a patient who wrote with his left hand and was mixed-handed
owiak, 1996 and working memory task<Chen, Cohen, & when performing other activities. After having a right hemi-
Hallet, 1997 Paulesu, Frith, & Frackowiak, 1998mith & spheric stroke, he presented with apraxic agraphia without
Jonides, 1999 any limb—motor apraxia or aphasia. These cases point to the

In the present study, we were looking for stronger evi- fact that motor programs for writing may be separate from
dence in favor of our hypothesis. We therefore repeated theother language and motor functions and suggest that they are
experiments previously carried out on Rhrs with a group of probably set up in the hemisphere contralateral to the usual
left-handers (Lhrs) who consistently used their left hand to writing hand. Finally, a more direct piece of evidence comes
write. One of the main characteristics of writing movements from a study bySiebner et al. (2002yho found an exclusive
is their high degree of lateralization and dependence on hand-activation of the right sensorimotor cortex when a group of
edness, whereas language and spatial abilities are thought thhrs was performing a simple handwriting task.
be more widely distributed over the whole brain in Lhrs. Al- On the basis of these data, we reasoned that if our pre-
though the cerebral organization of Lhrs is still a matter of vious interpretation was true, then there would be only one
discussion, it seems likely that, as in Rhrs, language is pre-possible pattern of results for Lhrs: visual perception of sin-
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gle letters would automatically activate cortical motor areas Letters :
located in the right hemisphere. Any other pattern of results N + A + B + K + -
(ie bilateral or left-sided activation) would have challenged
our interpretation. Pseudoletters :
As was the case in comparable experiments that inves- o A+ L s N e
tigated the neural correlates of perception of manipulable
objects in both monkeysMurata et al., 1997and humans Control :
(Chao & Martin, 2000, stimuli were presented in the con- TR U T

text of passive perception. There were two main reasons for

this choice: first, we wanted to prevent any interactions from

occurring between the implicit motor activations of interest 155 05s 20 seconds

and the explicit motor processes involved in a manual re-

sponse Eriston et al., 1996and seaHanakawa et al., 2002  Fig. 1. Stimulus sequence. The three types of stimuli were presented in

for a discussion of that issue). Second, we wanted to pre- epochs consisting of 10 repetitions, each epoch lasting for 20 s. The rate of
. . " presentation was 1 per 2 s (0.5 sfixation + 1.5 s display). The control stimulus

vent SySte_matIC m\_IOIVemer_]t Of_tWO particular co_g_n|t|ve Pro- consisted of three oblique lines. The pseudoletters and the control stimulus

cesses: visuospatial attention in a feature—decision task an@yere designed to match the letters visually in terms of their overall size and

phonological processes in a linguistic task. Both are likely to the mean number and thickness of strokes. To prevent unwanted eye move-

automatically activate some motor brain areas. ments from occurring, the stimuli were presented centrally on the screen and
covered a visual angle of less thah They were preceded by the presenta-

tion of a central fixation cross-lasting for 0.5s.

2. Methods
equipped with a circular polarized head coil. We first
2.1. Subjects and experimental design acquired a high-resolution structural T1-weighted image
(inversion—recovery sequence, 1 mn@.75 mmx 1.22 mm)

The study was carried out on 13 healthy adult native paralleltothe AC-PC plane, covering the whole brain of each
French volunteers (9 males and 4 females, mean age527  participant. For functional imaging, we used & Meighted
years). The main criterion on which inclusion was based echo-planar sequence covering the whole brain with 30
was the consistent use of the left hand for writing: this interleaved 3.5-mm-thick/1 mm-gap axial slices (repetition
point was checked when interviewing the subjects prior to time =2500 ms; echo time =35 ms; flip angle =8field of
the experiment. However, in order to ensure that the sam-view=19.2 cmx 19.2 cm; 64x 64 matrix of 3mmx 3mm
ple of subjects tested was homogeneous, manual lateralityvoxels). We acquired 132 functional volumes per
was assessed based on the Edinburgh handedness inventosgssion.

(Oldfield, 1973 and we included only those subjects who Data were processed using spm99 softwat(//www.
used their left hand preferentially to perform everyday activ- fil.ion.ucl.ac.uk/spm)/ according to the general linear model
ities. The handedness scores ranged frésfl to—100 (mean (Friston et al., 1996 The first four functional volumes of
—78). Participants were free from neurological diseases andeach session were removed to eliminate any non-equilibrium
any history of dyslexia or other language disability. They all effects of magnetization. The remaining 128 images were cor-
gave their informed consent and the study was approved byrected to compensate for differences in the slice acquisition
the local ethics committee. time, and after this step we also discarded the first and last

The visual stimuli were either single letters, single pseu- two volumes to prevent invalid temporal interpolation. The
doletters, or a control stimulugig. 1). The subjects were  images were then corrected for head movement by realigning
simply asked to look at these stimuli attentively, and no re- all the images with the first image using rigid body transfor-
sponse was required. To prevent any mental writing strategy, mations normalized by matching them with the standardized
we did not specify the exact aim of the study to the subjects MNI EPI-template (thus yielding an isotropic voxel size of
before the scanning sessions. The visual display was gen2mm), and spatially smoothed with an isotropic Gaussian
erated on a PC screen and projected onto a rear projectiorfilter (6 mm full width at half maximum).
screen located 60 cm from the subject’s eyes in the magnet. At the first level of the statistical analysis, we modeled
The subjects viewed the screen in a darkened room via a mir-individual data by building a fixed-effects model where in-
ror. There were three imaging sessions, each consisting of 15dividual fMRI time-series were correlated with boxcar func-
epochs (5 “letter”, 5 “pseudoletter”’, and 5 “control” epochs) tions convolved with the Hemodynamic Response Function.

presented in a pseudo-randomized order. In the temporal domain, we applied high-pass filtering with
an 80s cutoff and temporal smoothing with a 4 s Gaussian
2.2. Data acquisition and analysis kernel. We assessed three linear contrasts per subject, namely

letter versus control, pseudoletter versus control, and letter
Images were acquired on a 3-T MEDSPEC 30/80 versus pseudoletter. The second level group study was based
AVANCE whole-body imager (Bruker, Ettlingen, Germany) onarandom effects model to account for the between-subject
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variance, and to allow inference at the population level. The Table 1
summary scans of the 13 subjects were Computed Separate|?natomical location, corresponding Brodmann area, lateralization, Ta-
in three one-sampletests, one for each of the three com- airach coordinates antscore for the activations specific to letters as as-

. e sessed by the letters vs. pseudoletters contrast
parisons performed. We thresholded the statistical maps at

p <0.001, uncorrected for multiple comparisons at the voxel Anatomicallocation  Coordinates (mm) Maximurscore
level. Significant clusters were localized using a standard x oy z

stereotaxic anatomical brain atlaBalairach & Tournoux, GFi (BA47) R 32 17 -13 4.94

1988. In the tables, we report the Talairach coordinates, con- LPi (BA40) R 61 -—41 32 4.62

verted from the MNI coordinates using the mni2tal script pro- LPi (BA40) R 51 -51 4l 4.29

GPrC (BA6) R 51 -2 39 4.11
GTm (BA21) R 59 -28 -10 4.02

Abbreviations: GFi, inferior frontal gyrus; LPi, inferior parietal lobule;
GPrC, precentral gyrus; GTm, middle temporal gyrus.

vided athttp://www.wjh.harvard.edu/slotnick/scripts.htm

3. Results

right hemispheric areas, in the parietal, inferior frontal and

Only clusters consisting of 20 or more contiguous voxels temporal cortices.

were taken into account.

3.2. Brain areas commonly activated in response to
3.1. Brain areas specifically activated by letters letters and pseudoletters

The results of thetest performed onthe letter versuspseu- ~ The brain areas activated by both letter and pseudoletter
doletter contrast reflect the specific processing of the letter perception are given iRig. 3andTable 2 They were assessed
stimuli. The results of this comparison are givenFig. 2 by masking inclusively the results of ti¢ests performed on
andTable 1 It is worth noting that this contrast elicited an the letter versus control and pseudoletter versus control con-
activation in the precentral gyrus (BA 6) in the right hemi- trasts at a threshold pf< 0.001. The results obtained reflect
sphere alone. This area may be located in the human equivthe activations associated with the processing of any graphic
alent of the superior part of the monkey ventral premotor stimulus, whatever its degree of familiarity. Among the ar-
cortex Rizzolatti, Fogassi, & Gallese, 2004t will be re- eas activated, a bilateral effect was observed in the precentral
ferred to here as vPMCsup. In addition to this activation of gyrus (area 6, premotor cortex) in response to both passive
particular interest, we found significant clusters in several letter and pseudoletter viewing, in addition to several bilat-

1.0
M S - 0.9 =
| 0.8
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0.4
0.3 1
0.2-
0.11
0.0

mean contrast values

Fig. 2. Patterns of activation observed in the letter vs. pseudoletter comparison. On the left, “glass brain” views: the activation occuriigty joréeentral
gyrus (vVPMCsup) is circled in red. On the bottom right, the same pattern of activation is shown on a coronal brair sl On the top right, the mean
contrast values within this region for the letters vs. control (black) and pseudoletters vs. control (grey) contrasts are displayed (errots tizesdefidence
intervals at 95%). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of the article.)
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Fig. 3. Patterns of activation observed in the inclusive masking of the letter vs. control and pseudoletter vs. control contrasts. On thebedin"glasss:
the bilateral activation occurring in the precentral gyri (vPMCinf) is circled in red. On the right, both patterns of activation are shown on areimsige
(y=5). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of the article.)

eral extra-striatal ventral visual areas and right parietal areas.cortices. In a second step, we used MarsBar-SPM toolbox
This premotor activation was located more ventrally/medially (Brett, Anton, Valbregue, & Poline, 20020 define two re-
than that specific to letters. The region where it occurred will gions of interest (ROI) in the left and right vPMCsup. The
be referred to below as the inferior ventral premotor cortex ROl were defined as the common area between the volume
(vPMCinf), as opposed to the vPMCsup cluster previously of the cluster of activation and a sphere with a diameter of
described in the section dealing with the letter versus pseu-10 mm centered on the statistical maximum of the vPMC-

doletter comparisons. sup cluster (Talairach coordinates4; —4; 44 and 60; O;
40 on the left and right-vPMC, respectively). This procedure
3.3. Group comparison allowed us to constrain the size of the ROI, in order to make it

similar for the two hemispheres. In a third step, we extracted
Direct statistical comparison between Lhrs and Rhrs was the mean contrast values for each subject within these ROI
performed as follows: in a first step, we performed a ran- for the contrast letter versus pseudoletters: we therefore had
dom effects analysis, pooling together the 24 contrast im- two values per subject (i.e., one per ROI). Finally, we entered
ages from the 13 Lhrs and 11 Rhiofigcamp et al., 2003 the mean individual contrast values into a two-way (hemi-
for the letters versus control contrast. This analysis revealedspherex handedness) ANOVA with repeated measures on
two large clusters of activation in the left and right premotor the first factor and handedness as a between-subjects factor.

Table 2
Anatomical location, corresponding Brodmann area, lateralization, Talairach coordinatésem@ for the activations common to letters and pseudoletters,
as assessed by masking the letters vs. control and pseudoletters vs. control contrasts

Anatomical location Letter vs. control contrast Pseudoletters vs. control contrast
Coordinates (mm) Maximur#-score Coordinates (mm) Maximumscore
X y Z X y z
GOi/GOm (BA18/19/37) L —40 —-60 -12 555 -38 —86 -4 514
GOI/GOm (BA18/19/37) R 42 —80 -1 544 42 -89 6 506
GOs (BA19) R 30 -76 31 406 32 -76 31 375
GOm (BA19) L —-30 —75 22 391 —-30 77 20 434
GPrC/GFi (BA6/44) R 40 7 16 .89 42 3 20 403
LPs (BA7) R 32 -57 60 383 32 -55 58 372
GPoC (BA1/2) R 44 -23 38 363 50 -19 40 432
GPrC (BA6) L —44 3 29 360 —46 4 31 372

The values for the two contrasts are reported separatebyeviations: GOI, inferior occipital gyrus; GOm, middle occipital gyrus; GOs, superior occipital
gyrus; GPrC, precentral gyrus; GFi, inferior frontal gyrus; LPs, superior parietal lobule; GPoC, postcentral gyrus.
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This analysis revealed a hemisphere by handedness interac-
tion (F(1, 22) =9.45p < 0.006), showing that the balance of
activation between the two hemispheres was inverted for the
two groups of subjects. Furthermore, we directly compared
the two groups in each ROI using twests. In the right pre-
motor cortex, the letters/pseudoletters contrast was bigger in
Lhrs than in Rhrs#2=2.09, p<0.05). Conversely, in the
Left premotor cortex, the contrast was bigger in Rhrs than in
Lhrs but the difference failed to reach the level of significance
(t22=1.73,p<0.10).

4. Discussion

The present study was designed to test the relationship be-
tween the motor-related activations elicited by passive visual
perception of letters and the hand used to write, in order to
confirm the existence of motor—perceptual interactions in let-
ter reading. The results of a previous stulgrfgcamp et al.,
2003 showed that an area in the left premotor cortex was se-
lectively activated when Rhrs were observing letters but not
pseudoletters. Since the same area was also activated when
the subjects were actually writing the letters, we proposed that
covert motor processes were triggered by the visual percep-rig. 4. Ventral premotor activation (vPMCsup) selectively occurring during
tion of letters. In this study in Lhrs, the activations observed letter perception in Lhrs (red) and Rhrs (yellow, é@mgcamp et al., 2003
will be discussed in detail when they are directly related to the for details), shown on the same coronal and axial slices. The clusters were

main issue addressed in this paper Other activations will bedistinctly symmetrical but they differed in their spatial extent (84 voxels
’ for Rhrs and 22 voxels for Lhrs), although the statistical values obtained in

mentloned_only for descriptive purposes, and will be b”ef'Y both cases were comparab#<4.37 for Rhrs an& =4.11 for Lhrs). (For
discussed insofar as they seem to be relevant to the questionhterpretation of the references to colour in this figure legend, the reader is
of the premotor activations. referred to the web version of the article.)

4.1. Brain areas specifically activated by letters ally wrote with their left hand. We can therefore assume that
in these subjects, the neural representation of writing move-
Inthe present study, the Lhrs displayed a specific unilateral ments was right-lateralizedérron et al., 1979; Margolin,
right ventral premotor activation (vVPMCsup) during letter 198Q Margolin & Binder, 1984 Rijntjes et al., 1999; Sieb-
perceptionFig. 4illustrates the right and the left vPMCsup ner et al., 2002 The vPMCsup cluster was less extensive in
clustersfound, respectively, for Lhrsin this study and for Rhrs Lhrs than in Rhrs, howeveF{g. 4). A lack of homogeneity
in the previous one: it shows that the two groups exhibited in the Lhr group might be one explanation for this finding. As
symmetrical clusters of premotor activation. This symmetry a matter of fact, Lhrs are known to display a variable pattern
in the effects has further been evidenced by the results of theof functional organization in the braitdécaen & Sauguet,
ANOVA comparing the LHrs and RHrs groups. 19717). Also, recent neuroanatomical studies have evidenced
The occurrence of a unilateral, right, premotor activation anatomical differences between Lhrs and Rhrs, especially a
specific to letter perception in Lhrs, opposite to the symmet- lack of asymmetry in the centrahfnunts, &ncke, Mohlberg,
rical left activation observed in Rhrs, rules out the possibility Steinmetz, & Zilles, 2000and precentralNlangin et al.,
that this activation resulted from language processing. Since2003 sulcal anatomy, and generally less asymmetry and/or
the phonological aspects of language are mediated by leftgreater variability in the amount of gray matter between the
hemispheric regions in most LhrKifecht et al., 2000 the two hemispheresWatkins et al., 2001l This may explain
activation observed in the right premotor cortexis notlikelyto more convincingly why the statistical values of the effects
have reflected the phonological processing of letters. Instead,observed were comparable, whereas the spatial extent of the
it can be explained by the involvement of motor programs for activation differs. Despite the spatial normalization proce-
writing, which are unilaterally stored in the hemisphere con- dures used, the individual activations may have overlapped
tralateral to the writing hand. In the previous experiment, less than in Rhrs.
the participants were strictly right-handed and the premotor  Lastly, some additional non-motor areas in the inferior
activation which occurred during letter perception was re- frontal gyrus (BA 47), the middle temporal gyrus (BA 21)
stricted to the left hemisphere. In the present experiment, theand the inferior parietal lobule (BA 40) were found here to be
participants were Lhrs who had learned to write and actu- specifically activated during letter perception. All these acti-
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vations were right-lateralized; they are difficult to interpret, pseudoletters? Two possible interpretations can be proposed,
given the variability of language processing in left-handers. based on the role of premotor areas in the perception of ma-
The inferior parietal activation for instance was previously nipulable objects versus in their role in visuospatial process-
described as part of the network involved in the execution of ing. On one hand, a growing body of evidence indicates that
grasping movementf{zzolatti & Luppino, 2001 Note the ventral premotor neurons display additional visual properties,
absence of visual areas specialized in letter recognition, asespecially during object perceptioMrata et al., 199) and
previously suggested by several auth@slten et al., 2000;  the results of several neuroimaging studies in humans showed
Polk et al., 2003 In fact, the existence of written language- thatin Rhrs, the left vPMcx, together with the anterior intra-

specialized visual areas has been challenBeidé€ & Delvin, parietal cortex (AIP), is consistently activated when observ-

2003. ing, naming, storing in working memory or simply attend-
ing to images of manipulable objects such as toGlsgo &

4.2. Brain areas commonly activated by letters and Martin, 200Q Gerlach, Law, Gade, & Paulson, 2000, 2002

pseudoletters Grezes, Armony, Rowe, & Passingham, 208&llenbach,

Brett, & Patterson, 20Q3vViecklinger, Gruenewald, Besson,
Surprisingly, in Lhrs we observed a bilateral involvement Magnié, & von Cramon, 200R Strikingly, the coordinates

of the vPMCinf, another region of Brodmann’s area 6, in re- 0f the activation clusters observed in all these studies match
sponse to the visual presentation of both letters and pseudoup well with the coordinates of the clusters observed in
letters. This bilatereral activation differs from whatwas found the present study during letter and pseudoletter perception
in Rhrs for whom the only areas activated by the pseudolet- (seeTable 3. No motor program specific to pseudoletters
ters were the extrastriatal ventral visual areas (segcamp is stored in memory, but it is possible that visual analysis of
et al., 2003. Yet, the ventral premotor area is known to be graphic stimuli would lead to “default” motor activations due
involved in the movements performed to grasp, hold or reach to the implicit processes of categorizing them as “potentially
objects gohnson, Coltz, Hagen, & Ebner, 1998zzolatti & writable” symbols.
Luppino, 200). Thus, what can this activation be related to, ~ On the other hand, it was recently suggested that this type
since no specific motoric writing skills are associated with of premotor activations can in fact be triggered by a broader

Table 3
Comparison between the coordinates of the vPMCinf cluster observed for letters and pseudoletters perception in the present study, and foeptifects pe
or spatial tasks in other studies

Study Task Coordinates vPMCinf
Object perception studies
Chao and Martin (2000) Viewing tools/animals —42; 6; 23
Naming tools/animals —50; 3; 25
Mecklinger et al. (2002) Images of manipulable objects held in working memory —46; 5; 31
Kellenbach et al. (2003) Judgments of function of manipulable/non-manipulable artefacts —54;10; 28
Judgments of action associated with manipulable/function of non-manipulable artefaes0; —2; 26
Gerlach et al. (2000) Categorization of artefacts/natural objects —64; 6; 20
Gerlach et al. (2002) Categorization of artefacts/natural objects —66; 6; 22
Grézes et al. (2003) Viewing graspable object/baseline —44; 2; 30
Mean —52.0; 4.5; 25.6

Spatial processing studies
Schubotz and von Cramon (2001) Attending to the spatial configuration of geometrical forms —A47; 4; 23 (Left)
43; 4; 23 (Right)

Schubotz and von Cramon (2002) Predicting the size of a circle in an ordered sequence/color judgment —51; 3; 21 (Left)
48; 8; 23 (Right)
Lamm et al. (2001) Mental rotation of cubes —48; 4; 28 (Left)
56; 4; 28 (Right)
Fink et al. (2003) Line bisection judgement 48; 14; 16 (Right)
Richter et al. (2000) Mental rotation of artificial 3D objects Coordinates not reported
Mean —48.6; 3.7; 24 (Left)
48.7;7.5; 22.5 (Right)
Present study Viewing letters and pseudoletters/control 40; 7; 16 (Right)

—44; 3; 29 (Left)
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