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Abstract

Recently, interest in the neural correlates ofmatbgnition has grown. Most studies concentrateatfiface
recognition. However, there is a lack of convergeas to precise neuroanatomical locations undeyls@tf-face
recognition. In addition, recognition of familiaegsons from bodies has been relatively neglectethd present
study, cerebral activity while participants perfeaa task in which they had to indicate the repkapance of
themselves and of a gender-matched close colleagoag intact and altered pictures of faces anddsodas
measured. The right frontal cortex and the insidaeWound to be the main regions specifically irged in
visual self-recognition compared with visual prageg of other highly familiar persons. Moreove tiight
anterior insula along with the right anterior citagja seemed to play a role in the integration fdrimation
about oneself independently of the stimulus domBlve processing of self-related pictures was atsopared
to scrambled versions of these pictures. Resuttesti that different areas of the occipito-tempaoratex were
more or less recruited depending on whether adaeebody was perceived, as it has already beeantezpbby
several recent studies. The implication of prefiedings for a general framework of person idenéfion is
discussed.

Keywords : Body shape recognitionface recognition ; familiar face ; functional matoeesonancémagery;
self-processing

1. INTRODUCTION

The face is a physical characteristic that isaaltto the identification of people we meet. Theognition of
one's own face is also important. The ability toognize one's own face appears to participate intaiaing a
sense of self (Platek et al., 2004b). To recogoigself, one must have the ability to build andeee a
representation of one's physical appearance, aratjéod the self as a different entity from othétsnce, many
researchers view self-recognition as an indicateeti-awareness (see Gallup et al., 2003). Regethid
guestion of whether there are neural mechanismshadrie distinctively related to the process of-setbgnition
(as compared with the recognition of other famiiaople) has drawn the attention of a growing nurobe
cognitive neuroscientists (for recent reviews sééh@n and Farah, 2005; Keenan et al., 2003a, b).

The examination of split-brain patients has denratet that both hemispheres are capable of selfyrétion
(Sperry et al., 1979; Uddin et al., 2005b). Howeesidence that self-recognition preferentiallyatwes the
right hemisphere has been reported. Several sthdiesindicated a left-hand advantage in self-facegnition
tasks in healthy participants (Keenan et al., 1$@®nan et al., 2000a, b; Platek and Gallup, 2B0&gk et al.,
2004b; Zhu et al, 2004). Because of contralatebncontrol, this left-hand advantage supportsviber that
the right hemisphere is predominant in self-rectigmi A right hemispheric advantage for self-faeeagnition
in a callosotomy patient has also been reporteé@riie et al., 2003c; but see Turk et al., 2002a fleft
hemisphere advantage in another split-brain patiemaddition, patients who were undergoing Waskdst were
shown images of themselves morphed with a famaesdaring right and left hemispheric anesthetizatio
After the anesthesia has subsided, patients wkeslabout the face they were shown. They were tii@ly to
report having seen themselves after the anesttietizaf the left hemisphere than after the aneithigtn of the
right hemisphere (Keenan et al., 2001). Finallglthy participants showed greater right hemispheciity, as
measured by evoked potentials induced by transadravagnetic stimulation, while presented with meglor
masked pictures of their own face as opposed tangis of another person (Keenan et al., 2001; Ei&tral.,
2004).

However, there are studies that support the oppuei@tyv that the left hemisphere has a dominantirogelf-
recognition. In one study, already mentioned hévea, a split-brain patient was presented with mecdp
images blending his own face with a familiar petsdace (Turk et al., 2002). These images werecpies
separately to the left and to the right hemisphdresne condition the patient's task was to deemhether a
presented image was himself while in another cardhis task was to determine whether the imagethas
familiar person. The rate of self-detection washkigwhen the images were presented to the lefttthére right
hemisphere. On the opposite, detection of the fanplerson was better when the images were presemtbe
right than to the left hemisphere. More recentbalthy participants were asked to choose whickwofdhimeric
faces (one made from the left half and one mada fie right half of their face) looked more likeethselves
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(Brady et al., 2004). They showed a bias for thpasite made from the half face that lies in thigint visual
field when they look at themselves in the mirrohél asked to make the same choice for similar isyafja
friend, they showed the opposite bias, i.e., thefgpentially chose the composite made from théfaak that
lies in their left visual field when they look duetir friend. Such results suggest that the leftibphere is
dominant for self-recognition and the right hemisgghis dominant for the recognition of others.

Results from functional neuroimaging studies of-sstognition using functional magnetic resonamaging
(fMRI) and PET are also controversial. Some stud@xluded that the right prefrontal regions aitced for
self-face recognition (Platek et al., 2004a; Keeataal., 2003b). More recently, Uddin et al. (200&gported
that a neural network in the right hemisphere iditig the inferior frontal gyrus and the inferioriggal lobule
is activated by the recognition of the self-faceahother experiment, Uddin et al. (2006) also icovd the
implication of the right inferior parietal lobuleidng self-face recognition and demonstrated ferfitst time
the existence of a causal relationship betweernrdigion and self-recognition. To do so, they uséaha
frequency repetitive transcranial magnetic stimatato induce a virtual lesion in this region. Thisinipulation
decreased the sensitivity of participants to dedtezt own face among morphed images of themseluds
another highly familiar person while this manipidathad no effect when it was applied on the saagen on
the left side. However, there is also evidence estjgg bilateral involvement in self-face recogniti Kircher et
al. (2000, 2001) reported activation in the rightlic system, left prefrontal cortex and tempoatex during
self-face processing. In a PET study, Sugiura.g2800) found an implication of a large bilatematwork
involving the bilateral prefrontal cortex, the fissim gyrus, the insula and the putamen on thesld#, the
supramarginal gyrus, the anterior cingulate, tlesppplementary motor area and the hypothalamuseoright
side during self-face recognition. More recentlygtbira et al. (2005) conducted an fMRI study airaed
identifying the cortical mechanisms of self-faceagnition by controlling the selectivity of the aettion for the
self-face. To do so, they compared the activitgiteld for the self-face to that found with facegldferent
degrees of familiarity (i.e., a friend, an expemter and a prelearned unfamiliar face) and excludztidation
that could be explained by these differences oflfanty. They observed selective activation of tight
occipito-temporo-parietal junction and frontal opgdum, as well as in the left fusiform gyrus dursgjf-face
recognition. Platek et al. (2006) contrasted cexatmsponses to self-face and another personatiilifa face
and also found an implication of both hemisphesepérior frontal gyrus, medial frontal and inferparietal
lobes on the right, and middle temporal gyrus @nlétt) during self-face identification.

Our first aim was to examine the cortical mechasisifivisual self-face recognition. The lack of cergence as
to precise anatomical locations underlying selefemcognition motivated the present study. Moregwesvious
studies considerably differed between each othtér regard to the familiarity of the control facengmared with
the self-face. Depending on the studies and ordhé&asts formally used in these studies, the obfdace was
unfamiliar (Sugiura et al., 2000), recently learig8dgiura et al., 2005), famous (Platek et al. 420@r
personally known to the participant (Kircher ef 2D00, 2001; Platek et al., 2006; Sugiura e2&05; Uddin et
al., 2005a). Since control of familiarity is morf@i@ent when the self-face is compared with a hyglamiliar
face, we used a personally known, gender-matcterdpp as the control face in the current studyaBse
distinguishing two highly familiar persons from easther is presumably very easy, we designed aitaskich
participants would have to identify their real Ecppearance and that of their colleague amonagtiaind
altered pictures presented during a first everateel scanning session. In addition, the use afealtpictures
allowed to increase stimulus variability and helpedecrease repetition suppression of the BOLBadi(Grill-
Spector et al., 2006). However, we were mainlyregted in the processing of intact stimuli becaasponses
to altered views of these faces might not reflectal processing of such familiar stimuli (Platelalet 2004a, b).
In other words, participants' task consisted itliatact-altered" judgment both on pictures of thehass or of a
close colleague, all these pictures being presattemhdom. The facial alterations consisted iningpthe eyes
inwards or outwards. To increase the statisticalgyaf our analysis, we used a priori regions tdriest found
to be elicited in studies using similar contrasts (self-face minus other familiar face). Thesgions were the
right inferior frontal gyrus (Platek et al., 2004#ddin et al., 2005a), the left inferior frontalrgg (Kircher et al.,
2000), the right superior frontal gyrus (Platelalet 2006), the right middle frontal gyrus (Platglal., 2006), the
right medial frontal gyrus (Platek et al., 2006 teft middle temporal gyrus (Platek et al., 200i6¢ left
fusiform gyrus (Kircher et al., 2001) and the rigfferior parietal lobule (Platek et al., 2006; lirddt al.,
2005a).

In addition, Gillihan and Farah (2005) recentlyioed that there is a lack of studies of self-reétgm from the
body shape or body parts. Hence, the second aiheafurrent study was to investigate the corticatetates of
visual self-body recognition by assessing whetpecHic cortical regions underlie the own body rgaition
compared with the recognition of another familiargon's body. In a second event-related scannssijose we
asked participants to identify their real body-shappearance and that of their colleague amongtiated
altered pictures. The body alterations consistaddreasing or decreasing the waist-to-hip ratichgnging the
width of the hips. Again, the alterations wereadnluiced to increase the difficulty of the task amthtluce some
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variability in the stimuli. Due to the exploratimature of this comparison and to the lack of studigestigating
this specific topic, we tentatively reported reg@ttivated when comparisons between the proceséihg
self-body and the processing of another highly famperson's body were examined.

Importantly, the use of body shapes as stimuli aag motivated by the third aim of determining whaerebral
regions are selectively activated by self-processggardless of the domain of presented stimulady(lor
face). In some previous studies, the neural cdeelaf self-processing were explored using auditory
presentations of the own name (e. g., Holeckowd. ¢2006; Perrin et al., 1999, 2005). However ticaoy to the
self-face or body, the own name is not an excligiself-referential stimulus since it can be shanéth other
people. The self-voice is another type of audigelf-referential stimulus. It has the advantagaaifbeing
shared with other people. However, the use of sustfimulus may also be problematic. Indeed, hearimgwn
voice played back does not account for bone coadeetand therefore a recording of our voice raselynds
like our own voice heard from inside. Moreover, fpattating voices and faces is hardly comparabifence, in
addition to the self-face, the self-body was usestieiad of the own name or voice. Thus, for thappse, data
related to the self-face and data related to thidoeey were collapsed and compared with the del@ed to the
processing of the colleague's face and body. Tease the statistical power of our analysis ondbigrast, we
used a priori regions of interest found to be atéd in studies investigating different tasks aiséed with auto-
referential processing such as judgment of adjestsentences as self-descriptive or judgment arectas self
generated. These regions were the right/mediatqmefl cortex (Fossati et al., 2003; Kelley et 2002), the
right anteriorcingulate gyrus (Craik et al., 1999), the anteimsula (Farrer and Frith, 2002), the bilateral
precuneus (Kircher et al., 2000, 2002; Ruby andeBe®001), the left inferior frontal gyrus (Cragkal., 1999;
Kircher et al., 2002) and the left superior fromggitus (Ruby and Decety, 2001; Seger et al., 2004).

To summarize, in order to answer our three mairstiues, we used an event-related paradigm in wiieh
examined cerebral activity elicited by the presgoteof pictures depicting the face and the bodthef
participant and those of a close colleague. Theggaants' task was to discriminate between intanct altered
pictures of themselves and of another highly fanitierson. The alterations were used to prevesmdta f
habituation by inducing some variability among stienuli and also to increase the difficulty of tiask, the
main interest being the participant's ability tareatly identify intact bodies or faces. The intaetf minus intact
colleague contrasts presented below thus refleabe8OLD signal changes found when participantse@seed
their real physical appearance compared to thahother personally familiar individual.

Finally, as it has been suggested by several rgemtous studies (Downing et al., 2001, 2006; &eehd
Downing, 2005; Schwarzlose et al., 2005; see al#a &1d Dehaene-Lambertz, 2005 for an ERP stuub) t
faces and bodies are associated with distinct heareelates, we included two event-related corgasisions in
which participants passively viewed intact and sdyed pictures of their face (within one of thesatcol
sessions) or of their body (within the other cohsession). These two sessions would allow to deter the
cerebral areas associated respectively with geferaland body shape processing and would alsw &lo
compare the neural substrates associated withrtteegsing of these two kinds of stimuli. We usgxtiari
regions of interest found to be elicited in studiemparing object or face processing to other kofdstimuli
(i.e., tools, letters or textures, scrambled pEsliprocessing. Regarding face recognition, thegiems were the
bilateral fusiform gyrus (Peelen and Downing, 20@&¢e et al., 1996), the right ventral occipitaiter (Peelen
and Downing, 2005), the right occipito-temporaféiior occipital sulci (Puce et al., 1996) and tilateral
lateral neocortex (Puce et al., 1996). Regardirtylvecognition, these regions were the right fusifgyrus
(Peelen and Downing, 2005) and the bilateral infel@mporal sulcus (Peelen and Downing, 2005).

2. RESULTS
2. 1. Behavioral data

The data from one participant whose response acgwvare more than 2.5 SD under the mean of the lsamp
were discarded.

2.1.1. Accuracy

A 2 (Stimulus domain: face/body) x 2 (Identity:fsablleague) x 2 (Stimulus appearance: intact/atterepeated
measures ANOVA was carried out on proportions ofaxi responses and did not reveal any significaain
effect, allFs<2,p>0.05. In addition, no interaction was significartept the Stimulus domain x Stimulus
appearance interactiofR(l,18) = 13.16p<0.0l. HSD Tukey post hoc comparisons indicated ititact faces
were better recognized than intact bodjes0(05) and that altered bodies were better recedrtizan intact
bodies p<0.05). No other difference reached significances®iptive data are presented in Table 1.

1 We thank an anonymous reviewer for this suggestion.
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2. 1. 2. Reaction times

Reaction times below 300 ms were excluded fronattayses. A 2 (Stimulus domain: face/body) x 2 rftie:
self/colleague) x 2 (Stimulus appearance: intaetfatl) repeated measures ANOVA was performed oriamed
correct reaction times and showed a main effe&tiofiulus domaink(1,18) = 14.37p<0.0l, participants being
faster for faces (M = 840, SD = 240) than for bedi = 949, SD = 279), and a main effect of Idgnt(l,18)

= 9.84,p<0.0l, participants being faster for themselves{@79, SD = 230) than for their colleague (M = 910,
SD = 234). There was also a main effect of Stimalysearancd;(1,18) = 10.53p<0.0l, intact stimuli (M =
923, SD = 267) being recognized more slowly thaeratl ones (M = 866, SD = 211). No interaction was
significant (allps>0.05) except the Stimulus domain x Stimulus appez interactiorf:(1,18) = 14.67 p<0.0l.
Tukey post hoc comparisons indicated that intacgdavere identified faster than intact bodjes0(001),

altered faces were identified faster than alteradids £<0.001), altered bodies were identified faster timaamct
bodies p <0.00I) and finally intact faces were identifieasfer than altered bodigs<(.0l). No other comparison
reached significance (see Table 1 for descriptata)d

These results showed that processing faces was faan processing bodies, and that processingelelfant
stimuli was faster than processing stimuli depgtincolleague. However, Identity and Stimulus denagd not
significantly impact the proportions of accuratspenses. The effect of Stimulus appearance wasf ffiost
importance here since we were interested in thiysisaf BOLD signals elicited by intact pictures.

Table 1- Mean median reaction times in milliseconds am&mproportion of correct responses (in italics)eas
function of the Identity and of the Stimulus don{atandard deviations are between parentheses)

Identity Stimulus domain

Face Body

Self Colleague Self Colleague

Stimulusappearance

Intact 847 (152) 859 (137) 955 (167) 1031 (169)
0. 96 (0.04) 0. 94 (0.06) 0.91 (0.08) 0.89 (0.09)

Altered 816 (90) 838 (128) 897 (127) 911 (149)
0. 93 (0.08) 0. 92 (0.08) 0. 95 (0.04) 0. 95 (0.06)

The performance on altered items is given for imi@tion.

2. 2. Imaging data

First, intact faces and bodies were compared wégpectively, scrambled faces and bodies in omlehéck
whether the same cerebral areas associated resgbhgetith face and body processing as those regaéelier
(Downing et al., 2001, 2006; Peelen and Downin@52&chwarzlose et al., 2005) were activated. Fands
bodies elicited responses in close but segregatgdrs of the occipital cortex (Fig. 1). Perceptidifiaces was
associated with a bilateral cerebral activity ia thiddle occipital gyrus, extending to the fusifaggrus on the
right and to the cerebellum on the left, as wellvih activation of a large frontal area on thehtigide (middle
and inferior frontal gyrus, and medial/superiomtiad gyrus) (see Table 2). Perception of bodiesagasciated
with activity in the fusiform and lateral occipitabmplex bilaterally, and with activity in the laftiddle occipital
gyrus (see Table 2). These findings are consistihtprevious literature (Downing et al., 2001, 80Peelen
and Downing, 2005; Schwarzlose et al., 2005). Dicemparisons between faces and bodies are reparted
Table 2 (contrasts (3) and (4)).

After having identified the regions implicated hetprocessing of faces and bodies, we examinecbtfteasts
of central interest in this study, i.e., the cosisghat assessed which cortical areas are slgifimplicated in
the processing of self related pictures and imptieeessing of pictures depicting another highlyifemperson.

2. 2. 1. Intact own fac>intact colleague's face

A significant response was identified in the rigiferior frontal gyrus (Fig. 2), consistent witleliature
(Keenan et al., 2000c; Kircher et al., 2000, 2@®4tek et al., 2004a, 2006; Sugiura et al., 20@@ik/et al.,
2005a), as well as in the right insula. Contrarprtevious studies (Kircher et al., 2000, 2001; Stayket al.,
2000, 2005), no significant implication of the lafsiform was found.

2. 2. 2. Intact colleague's face>intact own face

The processing of the colleague's face elicitetvisicin the right superior temporal gyrus. Withpdori
locations of interest defined from studies thabrégd a contrast as close as possible as the paseifother
highly familiar face minus own face, Platek et 2DP6; Uddin et al., 2005a), a significant diffefehresponse
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was observed in the left precuneus and in thesigferior temporal gyrus. However, parameter eséismshowed
that these areas were actually differently deativéor the colleague's face and for the self-fasee Fig. 3 for
an example).

Fig. 1 - lllustration of brain activity observed when intaattures (faces and bodies) were compared to
scrambled pictures. Regions that showed activispeiated with the processing of faces are boxdadaok;
regions that showed activity associated with thecpssing of bodies are circled in white. (A) Regiaith
significant rCBF increase (corrected p value <0.@5¢ superimposed upon a Tl-weighted magnetic i@som
imaging slice normalized into the MNI space. Cooatés of all significant regions are given in TaBle
Coronal sections are shown respectively 80 and Bbposterior to the anterior commissure. (B) Mean
parameter estimates (arbitrary units) in the regiatetected in the contrast Face-Scrambled are alysul for,
from left to right, Intact own face, Scrambled diaoe, Intact own body and Scrambled own body. (€aiM
parameter estimates (arbitrary units) in the regiatetected in the contrast Body-Scrambled are aljsul for,
from left to right, Intact own face, Scrambled diaoe, Intact own body and Scrambled own body. Boars
represent SEM.
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Fig. 2 - lllustration of brain activation elicited in theght inferior frontal gyrus by the recognition oftintact
own face in comparison with the recognition of dweothighly familiar face. Coordinates of all sigodnt
regions are given in Table 2. (Left) Region windicant rCBF increase (corrected at p< 0.05 aftgaplying
small volume corrections) is superimposed uporradighted magnetic resonance imaging slice norradliz
into MNI. Coronal section is shown 32 mm anterimthe anterior commissure. (Right) Mean parameter
estimates (arbitrary units) in the right inferiaiohtal gyrus for Intact own face and Intact collees face.
Error bars represent SEM.
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Fig. 3 - lllustration of brain deactivation in the rightiperior temporal gyrus observed with the comparigba
familiar face to the own face. Coordinates of thgion are given in Table 2. (Left) Regions witm#igant
rCBF decrease (corrected at p< 0.05) are superinggosgpon a Tl-weighted magnetic resonance imaging sl
normalized into MNI. Coronal section is shown 28 pwosterior to the anterior commissure. (Right) Mean
parameter estimates (arbitrary units) in the rigigula for Intact own face and Intact colleaguelsd. Error
bars represent SEM.
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2.2.3. Intact own body>intact colleague'sipo

Significant responses were detected at a thresfqg corecter0.001 in the right superior frontal sulcus, right
cingulate cortex, left inferior frontal gyrus, aglas in the anterior insula bilaterally. Nonetlodése results
survived correction for multiple comparisons.
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2. 2. 4. Intact colleague's body>intact own body

Significant responses were detected at a thresiqgconecter0.001 in the left parietal opercule and in a right
medial temporal structure close of the lateral pathe hippocampus. None of these results survbegtection
for multiple comparisons.

Finally, we examined whether specific regions werglicated in the processing of self-related pietur
independently of the Stimulus domain.

2. 2. 5. Intact self>intact colleague

This analysis was based on a priori locations fppavious literature related to self-processinget@stingly,
when activation associated with seeing intact diidepicting the colleague (faces and bodies) wissacted
from activation due to seeing stimuli depicting gaeticipant herself, a significant response wamtbin the
right anterior insula, consistent with literatuFa(rer and Frith, 2002; Fink et al., 1996; Kirckéal., 2000,
2001). The response in the right dorsal anterioguate also tended to be significant (Z = 3178,0.058),
consistent with previous findings (Craik et al.999for a review, see Northoff and Bermpohl, 20@8e Fig.
4).

Fig. 4 - lllustration of brain (de)activation in the righbferior frontal gyrus (top) and right anterior cingate
(bottom) observed for the processing of onesetfdmyparison to the processing of another personndigas of
the Stimulus domain. Coordinates of the regionsgiven in Table 2. (Left) Regions with significea@BF
increase/decrease (corrected at p< 0.05 after ajpglysmall volume corrections) are superimposed ugpdi
weighted magnetic resonance imaging slice norm@lize® MNI. Coronal section is shown 32 mm antet@r
the anterior commissure. (Right) Mean parameteneges (arbitrary units) in the right inferior fraal gyrus
and in the right anterior cingulate for, from leét right, Intact own face, Intact colleague's fatréact own body
and Intact colleague's body. Error bars represeiVG
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Table 2 -Significant BOLD signal changes in relevant contisas

Anatomical region Hemisphere No. voxels x y z SPM {Z}-
value
1) Intact own face >Scrambled
Cerebellum/middle occipital gyrus L 1355 -42 -54 -26 5. 48*
-46  -80 -14 5.28*
Middle occipital gyrus/fusiform gyrus R 2282 40 -80 -16 5. 90*
42 52 22 5. 69*
Inferior frontal gyrus R 220 42 34 6 4.07*
44 24 0 3.23*
Middle frontal gyrus R 629 46 8 44 4. 49*
40 -2 52 3.77*
Medial/superior frontal gyrus R 313 10 16 50 4,13*
6 6 62 4.03*
2) Intact ownbody > Scrambled
Lateral occipital complex/middle occipital L 2304 -40 -72 -6 5. 21*
gyrus/fusiform gyrus
-48 76 2 5. 06*
-44  -68 -20 4. 85*
Lateral occipital complex R 3087 46 -78 -2 6. 15*
Fusiform gyrus 40 -54 -22 5. 69*
3) Intact faces3ntact bodies
Medial frontal gyrus R 28 8 26 -16 4. 74~
4) Intact bodies > Intactfaces
Inferior temporal gyrus/middle temporal gyrus R 1077 52 -70 -2 4.91*
42 -76 10 4. 50*
Middle temporal gyrus L 593 -42 -80 16 4.17*
Temporal lobe/fusiform gyrus R 57 34 54 -10 3.83#
Fusiform gyrus R 14 34 52 -12 3.67#
5) Intact own face > Intact colleague's face
Insula R 2 38 22 16 3. 21#
Inferior frontal gyrus R 5 48 32 14 3. 20#
6) Intact colleague'sface > Intact own face
Superior temporal gyrus R 730 48 -28 18 5. 06*
40 -30 18 4. 29*
68 -22 12 3. 96*
Superior temporal gyrus L 39 -56 -48 16 4. 04#
Precuneus L 61 -6 -42 56 4. 35#
7) Intact ownbody > Intact colleague's body
Superior frontal sulcus R 41 26 52 2 4. 01~
Anterior insula R 82 32 18 -16 3. 81~
Cingulate gyrus R 32 12 26 32 3. 69~
Inferior frontal gyrus L 39 -36 36 16 3.57~
Anterior insula L 27 36 12 -14 3.43~
8) Intact colleague's body > Intactbown body
Parietal opercule L 43 -48 -10 18 4.10~
48 22 10 24 3. 88~
Medial temporal structure R 16 40 -10 -30 3. 94~
9) Intact self > Intact colleague
Anterior cingulate cortex R 15 8 32 26 3. 78#
Anterior insula R 10 32 14 -12 3. 98#

Unless otherwise stated, all regions are signifiedp<0.05, after correction for multiple comparisongiothe whole brain volume (*) or
small volumes of interest (#). ~, Significanip&D.001, uncorrected.
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3. DISCUSSION

The present study had three main objectives. Rinsas aimed at clarifying the specific neuralretates
associated with the recognition of the self-facepared with the recognition of another highly faasiland
personally known person. Second, we wanted toatesther specific neural substrates are implicatetieé
recognition of the self-body in comparison with tieeognition of another highly familiar body. Filyalit was
tested whether there are specific regions implitateself-processing independently of the stimaamain. In
order to answer these three questions, we meaB@e® responses elicited while the participantktasas to
discriminate between intact and altered picturebefselves and of a close colleague. An additiobgctive
of that study was to verify, from our two contreksions, whether the areas of the cortex activatddces and
bodies were similar to those that have been recegplorted (Downing et al., 2001, 2006; Peelen@adning,
2005; Schwarzlose et al., 2005).

As far as the first objective was concerned, ota dtadicated that the processing of the own-fagelired
specific activation of the right inferior frontaygis and of the right insula in comparison with piiecessing of
another highly familiar person's face. This imglica of the right inferior frontal gyrus is consst with
previous studies reporting that this region is lagd in the distinction between self and othersdidcet al.,
2005a) or in the attentive processing of the owre-fgSugiura et al., 2000). The implication of thght (Kircher
et al., 2000, 2001) and the left insula (Sugiural 2000) in visual self-face recognition haodisen reported
earlier. This structure was also attributed a ioléne sustained attention to the representaticghebwn-face
(Sugiura et al., 2000). These results are congistith a right hemispheric dominance model of setfegnition
and self-awareness (Keenan et al., 2000c, 200aekét al., 20044a, 2006). We did not find any iogilon of
the left fusiform although it has occasionally b@eaviously reported. However, studies that regbaetivation
in this region compared the self-face with an unliamface (Kircher et al., 2000, 2001; Sugiuraakf 2005).
Hence results of these studies could reflect a fia@ndiarity effect instead of a genuine self-etfeéthe
processing of the colleague's face, compared Withdf the self-face, showed differential activatio the
superior temporal gyrus in both hemispheres anldareft precuneus. Activation was more reducedHerself-
face than for the other familiar face in these @agi This result is consistent with several previstudies
having reported that the activation is actually enaduced in the temporoparietal junction (Sugairal., 2005),
in the left superior temporal gyrus and precuné&ldd(n et al., 2005a) for the self-face than fortheo familiar
face. Sugiura and colleagues argued that thesen®gontain the representation of people's nants an
explained the greater deactivation in these regidren perceiving the self-face by covert naming ihanore
likely to occur when seeing familiar faces than wiseeing one's face.

As for the recognition of the familiar bodies, vemtatively reported activation in the right cingelgyrus and in
a large frontal area on the right side when peicgithe self-body. This is quite consistent withulks that we
reported here above and with previous findinggedl#o self-face processing (Keenan et al., 20B8lher et
al., 2000; Platek et al., 2004a, 2006; Sugiurd.e2@00; Uddin et al., 2005a). It is also inteiggthat, as it was
the case for faces, the insula was implicated lirbsly perception but on the left side. In ordeptevent an
identification based on other cues than the bodypslitself, our participants' garment was standacdand it
could be that the lack of strong activation fostbontrast was due to the fact that person ideatitin is less
easy or less reliable from bodies than from faeadihg to less sensible activation. Consistentti tiis
hypothesis, reaction times indicated that partitipavere faster for faces than for bodies. Howether fact that
our participants were all females may limit the gratization of our results. Indeed, a recent staygliKurosaki
et al. (2006) showed that some differences cambed between men and women when they are discriimina
altered from intact versions of their own body. ¥iskowed that, for women, the confrontation to kered
version of the own body elicited activity in prefital and limbic areas (a parallel can be done piigsent
observations) and for men, it rather elicited agtiin the right occipital cortex. For the authotfsis suggests
that women would perceive distorted images of tiewes by complex cognitivo-emotional processing iehe
for men a more visuo-spatial processing is invol\¢owever, contrary to us, these authors wereésted in
the processing of distorted images of oneself hayg tlid not report data related to intact itemss Tilakes
hazardous any comparison between their study andrsent one. Nevertheless, their findings reltegnder
differences should encourage further studies atamuiliar and self-body processing including malssell as
females.

The last aim of this study was to investigate whetterebral regions are activated by self-procgssin
independently of the stimulus domain, i.e., regessllof whether a face or a body was processednfyaason
of the processing of self-related pictures with fhecessing of pictures related to another higahyifiar person
revealed an implication of the right anterior irssahd of the right dorsal anterior cingulate. Tihiplication of
the anterior cingulate is in line with findings@fecent study by Platek et al. (2005). They shoivatthis
region is at play during processing of self faceemblance. Since this region is also implicatgihd the
processing of face familiarity or self-referentanhation, they suggested that this region mighgdagerally
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involved when making decisions about self-refeadritiformation. Our findings are also consistenthwi
Northoff and Bermpohl (2004)'s thesis that the alatg gyrus could play a role in abstract self-pssing, that
is, independent of the stimulus domain or of thesseal modality. The activity found in the righttarior insula
is also in line with previous studies investigatdifferent aspects of self-processing and indicativat this
structure is implicated in self-agency (Farrer &nith, 2002), autobiographical episodic memoryiestl (Fink
et al., 1996) and self-face recognition or selfetigsgive judgments (Kircher et al., 2000, 2001)eHpecific role
of this structure remains to be investigated basent results as well as those of previous stsiggest that,
like the anterior cingulate, the right anterioritescould play a general role in making decisionsus oneself.
The right hemispheric implication is also in agrestnwith patient studies showing that the conditbpersons
suffering from an alteration of the sense of selfiincipally underlain by brain damages localizethe right
frontal lobe (for a review see Feinberg and Kee2805).

A secondary aim of this study was to check whigjiaes are implicated during face or during bodycessing.
Comparisons of body shape or face processing witing a scrambled image indicated that faces adid®o0
seemed to recruit close but segregated areas otthgital cortex (see Fig. 1). This is in agreetneith
previous studies that identified distinct regiofshe extrastriate cortex that are specificallyated to faces
(ventral occipital face area, OFA, Puce et al.,6t%8eelen and Downing, 2005) and bodies (extrasthiady
area, EBA, Downing et al., 2001; Peelen and Dowr2@@5). Visual analysis of Fig. 1 also indicatecbaxmon
implication of the right fusiform gyrus for facesdabodies. This is also consistent with recentistu(Peelen
and Downing, 2005; Schwarzlose et al., 2005) wkicimd such overlapping although distinct regionghef
fusiform gyrus were associated with presentatiofacés and bodies. In addition, as it has alre@gyishown
previously (Spiridon et al., 2006), although lefdaight hemispheres showed a similar pattern tifaion with
faces and bodies (FFA and EBA), the implicated ass®med less extended on the left than on the righ
However, these results have to be taken cautidaestguse the two stimulus domains were presentsebin
different sessions which certainly gave rise t@margsensitivity.

From these results, it appears that after a psetlyegated structural processing of the shapece$fand bodies
in posterior areas, the distinction between self athers might be processed in more anterior ragidalf-
related stimuli were specifically processed mainlyhe right frontal gyrus and in the anterior illsscompared
with stimuli depicting another highly familiar pers. In agreement with previous studies (for a neygee
Northoff and Bermpohl, 2004), we found that specifieas in the right anterior insula and in thétriprsal
cingulate gyrus are also devoted to integrativemeicessing regardless of the stimulus domain.

Thus, our results suggest that posterior and amtexgions play different roles in person idengfion. Posterior
regions (i.e., occipito-temporal cortex) seem tarbvelved, at a first level of processing, in thstihction of
different aspects of persons (i.e., a rough clasdibn as face or body). Indeed, our results itdid that these
regions were differently recruited to process dédfe body parts (i.e., the face alone vs. the lesadbody). The
fusiform gyrus could then perform a more detailedctural encoding of stimuli (i.e., here the difat body
parts) and give a first assessment of the seenmefamiliarity (see Rossion et al., 2003) befoar¢her
processing. That could explain why we did not faadivity in this region when we compared the preaes of
two highly familiar persons (and corollary why otlstudies comparing self-face recognition with unifzr
face recognition did so). Regarding person ideg#tfon from faces, the present hypothesis represant
intermediate view (see also Grill-Spector et 0048 between the hypothesis that FFA simply alleowslassify
a stimulus as a face (detection hypothesis, sesvisher et al., 1997), and the other hypothesistttiatarea is
involved in individual identification of faces (s&authier et al., 2000; Haxby et al., 2000). Iniadd, our
results are in agreement with studies that showtieaFFA is involved in face processing but alsdr
identification/sub-categorization of different cdas of objects by experts (Xu, 2005; for reviews, arr and
Cheng, 2003; Tarr and Gauthier, 2000). Indeedfusiéorm gyrus was recruited during face as welbady
processing, i.e., two different classes of "objetttat humans process with a relative expertisea kiter level
of processing, anterior regions (i.e., mainly tftenfal and superior temporal cortices, the antaiigulate
cortex and the anterior insula) may serve to distish different persons from each other and tossco®re
abstract information about identity of familiar imdiuals (for instance people's names and semariticmation
about these persons). More specifically, the amtémisula and the anterior cingulate cortex wouddnpit to
distinguish oneself from others and give rise t@bstract representation of oneself that couldiplyss
participate in maintaining a sense of self.

To conclude, this study showed that specific cattiegions, mainly the right frontal cortex and thsula, are
implicated in visual self-recognition compared wiikual processing of highly familiar and persop&hown
persons. These results support the view (Keenah,&000c, 2001; Platek et al., 2004a) that tgetrirontal
cortex is preferentially recruited during self-rgadgion. In addition, our data indicated, in agrestwith the
findings of several new recent studies (Downinglgt2001, 2006; Peelen and Downing, 2005; Schwaezét
al., 2005), that the occipito-temporal cortex isrenor less recruited depending on whether a fagebardy is
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perceived. Finally, our study indicated that pastaregions would be involved in an increasinglyailed
structural representation of different aspects péi@on, whereas anterior regions within the rigdthisphere
(i.e., the anterior insula and the dorsal anteripgulate) would be implicated in distinguishingween the self
and others and in a more abstract representatitrecfelf.

4, EXPERIMENTAL PROCEDURE
4. 1. Participants

Twenty right-handed female students from the Umsitgiof Liege aged between 18 and 27 years (M £,23D
= 2.3) participated. Participants were recruitegobiys so that each participant served as a caleefay another
participant. Each participant had known her coliesafpr between 2 and 6.5 years (M = 4 years, SIB¥ They
had no history of psychological or neurologicalbdéers and had a normal or corrected-to-normah(adntact
lens) vision. The study was approved by the EtGBiosmittee of the Faculty of Medicine and of the licof
Psychology of the University of Liege, and was parfed in accordance with the ethical standardsritbestin
the Declaration of Helsinki (1964). All participangave their informed consent prior to their intuasn the
study.

4., 2. Materials

Each patrticipant's face was photographed, in adtqmosition, and with a neutral expression. Thauyses were
then cropped and resized to be 450 pixels widedx@xels high (10° x 13.4° at a viewing distance@6fcm)
with the image manipulation software Gimp 2. We maao alterations of the face of each participthe:eyes
were moved 16 pixels (0.35°) inwards or outwar@e (8ig. 5). These alterations were chosen to hesible but
easily detectable (Brédart and Devue, 2006). Wetalsk a picture of each participant's body weatiegsame
white T-shirt and a pair of blue jeans. Shoes wiég#ally re-colored in black. These pictures werepped and
resized to be 350 pixels wide x 600 pixels higlB{% 13.4°). The face was hidden by a 100 x 10@Ipiklack
square and the background wall was light grey. We @ade two alterations on the body of each ppatit
(using Morph Man 2000): the waist-to-hip ratio (WHRas decreased or increased of 10% respectively by
enlarging or reducing the width of the hips (seg B). These alterations were chosen to fit faterations (i.e.,
affecting the horizontal dimension of a relevant pé the stimulus and giving rise to easily detbd¢ but
plausible novel configuration). Such alterationseviius performed on female bodies exclusivelyeéut
men's WHR is typically between 0.85 and 0.95 (Sjri§®5) and increasing this ratio would have preduc
stimuli showing grotesque body shapes with a WHihéi than 1. Each participant was presented with th
mirror-reversed versions of her 6 pictures (onadhand two altered faces, one intact and twoedtbodies)
and the normal-oriented versions of the 6 pictofdser colleague. For each pair, the luminancéefi2
resulting pictures was equated with Matlab 6 tospne any low-level differences among these pictures
addition, the pictures of the intact face and boflgach participant were scrambled (with Matlake® Figs. 5d
and 6d).

Fig. 5 - Sample of face stimuli from one participant. Fridma original picture (b) the eyes were moved irdgar
to decrease the interocular distance of 16 pixejsof outwards to increase the interocular distanéd 6 pixels
(c). For one of the two control sessions, the inface was scrambled (d).

a. Interocular distance -16 pixels b. Intact face C. Interocular distance +16 pixels d. Scrambled intact face
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Fig. 6 - Sample of body stimuli from one participant. Frdra briginal picture (b) the hips were made thinteer
increase the WHR of 10% (a) or wider to decreasettHR of 10% (c). For one of the two control sessithe
intact body was scrambled (d).

a. Waist-hip ratio +10% b. Intact body C. Waist-hip ratio 10% d. Scrambled intact body
g TR e
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4. 3. Procedure

Before being installed in the scanner, participavése presented 12 pictures: 3 pictures of thein tage (the
original one and the two altered versions), 3 padwof their colleague's face, 3 pictures of tbein body and 3
pictures of their colleague's body. The experimeinigicated whether each stimulus was intact @reft. The
'Stimulus appearance’ factor hereafter refersdarttact vs. altered aspect of the stimulus wihike'Stimulus
domain' factor defines whether a face or a bodypvasented. A pre-training (16 trials with faced 46 trials
with bodies) was administrated to illustrate thektt be performed in the scanner. The participaete then
installed in the scanner. They hold a small keyBbaatheir right hand and stimuli were displayedaoblack
screen positioned at the back of the scanner, whilparticipant could comfortably see through eanifixed
on the standard head coil.

We used an event-related paradigm within four diffié sessions. The two first sessions were therempstal
sessions. Each one consisted of the presentatitne afitact and altered versions of the picturetheftwo
members of the pair. In one of them, only facessvwesented, and in the other, only bodies wersepted (the
presentation order of the two sessions being cooaienced across participants). Within one sessiach intact
picture was presented 40 times and each alteréar@iwas presented 20 times (for a total of 4@hase were
two alterations per original picture). An experirtadrsession was then composed of 160 trials predexit
random. Null events consisted in random presemtati@ white cross identical to the fixation cr¢46
occurrences) during the session. The participaate mstructed to press a key with their indexdinif the
picture was intact and another key with their medfithger if the picture was altered. Performingtsaa ‘intact-
altered’ judgment implied that participants hastfio identify the owner of the face/body to beedtbl give their
response. They were allowed 2000 ms to respondpithgre stimulus disappeared immediately aftesgire
the response key (allowing some random variatidwéen the successive presentation of two triaddlpvired
by the presentation of a fixation cross for 1500 Wiken they did not respond in the imparted 2000amw-
response was recorded. Before each of the two swaBassions started, participants were again predeavith
all the corresponding pictures and performed aitngiof 16 trials. In the two first sessions, weravinterested
in directly contrasting self-processing from thegessing of another highly familiar person. So tadritems
taking into account low level perceptual procegsash as scrambled figures) were not used, theséelel
processes being similar regardless of the kinteof$ presented.

The last two sessions were the control ones. Dwémd of these sessions, participants saw the jpittare (of
their own face in one session, of their own bodthanother one, the order being the same as thheof
experimental sessions) 40 times and the scramigiesion of this picture 40 times, in a random oréch
control session was thus composed of 80 trials.pitteres were presented for 2000 ms and were geelcky a
red fixation cross for 750 ms. The participantsktevas to attend to this fixation cross and to rean infrequent
color change (the cross was yellow in 12.5% ofcdmses) by pressing a key. This procedure was osed t
maintain the participants' attention while theygpaaly viewed the stimuli of interest. Here, safarential
items were compared with scrambled items in ordauppress low-level perceptual processes thataire
specific to face or body identification.
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4. 4. MRI acquisition

Data were acquired on a 3 Tesla scanner (Siemdlegyrd, Erlangen, Germany) using a T2* sensitivedggnt
echo EPI sequence (TR = 2130 ms, TE = 40 ms, FArBafrix size 64x64x32, voxel size 3.4x3.4x3.4m
Thirty-two 3-mm thick transverse slices (FOV 22x2#) were acquired, with a distance factor of 30%,
covering the whole brain. Structural images wergioled using a Tl-weighted 3D MP-RAGE sequence £€TR
1960 ms, TE = 4.4 ms, FOV 23x23 Lrmatrix size 256x256x176, voxel size 0.9x0.9x0r@)mn each
experimental session, between 177 and 292 fundtimhames were obtained. In each control sessietwéen
112 and 122 functional volumes were obtained. Trisethree volumes were discarded to account for Tl
saturation. Head movement was minimized by restrgithe participant's head using a vacuum cushion.

4. 5.fMRI analyses

Data were preprocessed and analyzed using SPM&asef(Wellcome Department of Imaging Neuroscience).
Preprocessing included motion correction, spataimalization in MNI space, and spatial smoothingpas
Gaussian kernel of 8 mm full width at half maximum.

For each participant, brain responses were estith@teach voxel, using a general linear modelatrhe
experimental session (face and body), events mddedasient responses to the two identities (salf a
colleague) and to the two stimulus appearanceactior altered). Only brain responses for corregponses
were entered in the matrix design.

In each control session (face and body), eventstaddransient cerebral responses to the selfitgdat intact
or scrambled items.

Delta functions representative of these trials $yyvere convolved with the canonical hemodynamipagase.
The design matrix also included the realignmenapeters to account for any residual movement-rtlefiect.
Two contrasts were performed in order to exploeertfain effect of the presented picture (intactsesambled)
in each of the two control sessions (face vs. bodgirasts 1 and 2). In experimental sessions, &re w
interested in cerebral areas involved in the prsiogsof original self-related pictures in companiseith that of
pictures depicting another highly familiar pers8even linear contrasts were performed by usingtiitems
only. These included two contrasts assessing feetadf the Stimulus domain (face vs. body): thstfexplored
the effect of intact face processing in comparistith the processing of intact bodies (contrast8y the
second contrast assessed the effect of intact ppatessing in comparison with intact face proceséiontrast
4). The next four contrasts were carried out togam (i) the effect of self-face processing rekativ the
processing of another highly familiar face (selhos other, contrast 5, and other minus self, ceng and (ii)
the effect of own body processing relative to thecpssing of another highly familiar body (self msrother,
contrast 7, and other minus self, contrast 8).Iinthe effect of self-processing regardless &f 8timulus
domain (face anblody) in comparison with another familiar persorswatermined (contrast 9). No statistical
inference was made at this level (fixed effectsinary statistic images were thresholdep<#t.9
(uncorrected) and these images were further smdd8xenm FWHM Gaussian kernel). They were then eter
in a second-level analysis, corresponding to aganeffects model, in order to account for interjeats
variance in each contrast of interest. One-samiglst$ assessed the significance of the effectsrddulting
SPM{T} maps were thresholded gt 0.001. Statistical inferences were performedhatvioxel or cluster level at
p<0.05 corrected for multiple comparisons (Bonfermarrections) across the entire brain volume.
Alternatively, when previous studies led us to etplkat changes in brain responses would occueritain
specified areas, a small volume correction (Worsl®®6) was computed on a 20 mm maximum radiusrephe
around the average coordinates published for thegponding relevant location. However, for corigabout
which there was no clear a priori hypothesis bezsadfis lack of previous literature (this is partaly true for
the visual recognition of familisbodies), we tentatively reported activation atreshold ofp<0.001,
uncorrected for multiple comparisons.

4. 6. A priori locations of interest

The following a priori locations of interest wereed for small volume corrections, based on pubtishe
coordinates in the literature about self-face redogn and self-processing (judgment of adjectisestences as
self-descriptive and judgment of actions as satiegated). Regarding the general self-processidgpendently
of the Stimulus domain, these regions concernedlyntie medial/right prefrontal cortex, the rigimterior
cingulate, the bilateral insula and the bilateralcpneus. As for self-face recognition, the a ptarations of
interest were chosen from literature using corgrastcomparable to ours as possible (own face roitnes
highly familiar face and conversely for the reversentrast). These regions concerned primarilyritite
inferior frontal cortex and the left fusiform gyruSoncerning the a priori locations of interesatetl to the
processing of faces and bodies during the congrgdien, they referred to studies comparing theqasing of
faces and bodies, respectively, to that of othed kif materials (i.e., tools, Peelen and Downingegiment 1,
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2005; scrambled controls, Peelen and Downing, éxget 2, 2005; letters or textures, Puce et aBg)9All
stereotactic coordinates refer to the MNI spaceeiMdnsingle coordinate refers to several studiesriesponds
to the centroid of all the coordinates reportethase studies. The a priori locations of interestenthe
following ones:

4. 6. 1. General effect of self-processing

Right/medial prefrontal cortex [10, 50, 20; 10, 5B(Fossati et al., 2003; Kelley et al., 2002yhtianterior
cingulate gyrus [6, 35, 6] (Craik et al., 1999)taaior insula [-36, -2, 2; 40, 8, 3] (Farrer andtir2002),
precuneus [-4, -56, 34; 6, -3, 36] (Kircher et 2000, 2002; Ruby and Decety, 2001), left infefiontal gyrus
[-39, 9, 16] (Craik et al., 1999; Kircher et al0Q2), left superior frontal gyrus [-11, 21, 59] Ruand Decety,
2001; Seger et al., 2004).

4. 6. 2. Effect of self-face recognition (self-fat@us other familiar face processing)

Right inferior frontal gyrus [45, 25, 14] (Plateka., 2004a; Uddin et al., 2005a), left inferioorital gyrus [-38,
25, 23] (Kircher et al., 2000), right superior ftaihgyrus [26, 34, 34; 20, 16, 56] (Platek et 2006), right
middle frontal gyrus [26, -12, 46] (Platek et 2006), right medial frontal gyrus [6, 48, -12] (felaet al.,
2006), left middle temporal gyrus [-52, 4, -168, 56, -4] (Platek et al., 2006), left fusiform ggr[-14, -83, -18]
(Kircher et al., 2001), right inferior parietal lale [50, -62, 40; 64, -24, 50; 42, -34, 38] (Plattlal., 2006;
Uddin et al., 2005a).

4. 6. 3. Effect of other familiar face recognitif@ther familiar face minus self-face processing)

Left anterior cingulate [-2, 24, -2] (Platek et, &006), left superior temporal gyrus [-54, -42] @2ddin et al.,
2005a), right middle temporal gyrus [70, -12, -18Hdin et al., 2005a), precuneus [0, -48, 38] (Wdstial.,
2005a).

4. 6. 4. General effect of face recognition (fadeus other material processing)

Right fusiform gyrus [39, -44, -22; 30, -55, -24;,355, -24] (Peelen and Downing, 2005, Puce e18P6), left
fusiform gyrus [-38, -60, -26; -39, -54, -28] (Pusteal., 1996), right ventral occipital cortex [365, -25]
(Peelen and Downing, 2005), right occipito-templamédrior occipital sulci [36, -67, -22; 38, -623] (Puce et
al., 1996), bilateral lateral neocortex [47, -68,43, -67, -8; -40, -76, -7] (Puce et al., 1996).

4. 6. 5. General effect of body recognition (bodiyus other material processing)

Right fusiform gyrus [40, -43, -21; 41, -38, -2Bjdelen and Downing, 2005), bilateral inferior tenaghsulcus
[45, -67, -1; 47, -64, 3; -49, -77, 6] (Peelen &mvning, 2005).
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