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ation about bodies and faces is processed in specialized cortical regions named
EBA and FBA (extrastriate and fusiform body area) and OFA and FFA (occipital and fusiform face area),
respectively. Here we investigate with functional magnetic resonance imaging (fMRI) the cortical areas
responsible for the identification of individual bodies and the distinction between ‘self’ and ‘others’. To this
end we presented subjects with images of unfamiliar and familiar bodies and their own body. We identified
separate coactivation networks for body-detection (processing body related information), body-identifica-
tion (processing of information relating to individual bodies) and self-identification (distinction of self from
others). Body detection involves the EBA in both hemispheres, and in the right hemisphere: the FBA and
areas in the IPL (inferior parietal lobe). Body identification involves areas in the inferior frontal gyrus (IFG) of
both hemispheres and in the right hemisphere areas in the medial frontal gyrus (MFG), in the cingulate gyrus
(CG), in the central (CS) and the post-central sulcus (PCS), in the inferior parietal lobe (IPL) and the FBA.
When the recognition of one's own body is contrasted to the identification of familiar bodies, differential
activation is observed in areas of the inferior parietal lobe (IPL) and inferior parietal sulcus (IPS) of the right
hemisphere, and in the posterior orbital gyrus (pOrbG) and in the lateral occipital gyrus (LOG) of the left
hemisphere. Thus, identification of individual bodies and self-other distinction involve in addition to the
classical occipito-parietal network a parieto-frontal network. Interestingly, the EBA shows no differential
activation for distinctions between familiar or unfamiliar bodies or recognition of one's own body.

© 2009 Elsevier Inc. All rights reserved.
Introduction

Identification and recognition of individuals rely to a large extent
on visual information about features of faces and bodies and so do
judgments on the emotional state and intentions of the respective
others. Accordingly, it is argued that there are areas of the cerebral
cortex specialized for the processing of body and face related
information. These are the EBA and FBA (extrastriate and fusiform
body area) and OFA and FFA (occipital and fusiform face area),
respectively (Puce et al., 1996, Kanwisher et al., 1997, Downing et al.,
2001, Peelen and Downing 2005, Schwarzlose et al., 2005, Downing
et al., 2006, Peelen et al., 2006). These are the EBA and FBA
(extrastriate and fusiform body area) and OFA and FFA (occipital and
fusiform face area), respectively (Puce et al., 1996, Kanwisher et al.,
1997, Downing et al., 2001, Peelen and Downing 2005, Schwarzlose
et al., 2005, Downing et al., 2006, Peelen et al., 2006).
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The first localizations of areas in the human visual cortex
responding selectively to images of bodies and body parts have
been performed with functional Magnetic Resonance Imaging (fMRI)
in humans (Downing et al., 2001) and in monkeys (Pinsk et al., 2005,
Tsao et al., 2003), and confirmed with additional methods such as
Evoked Potentials (EP) (Kovacs et al., 2005, Thierry et al., 2006),
Intracranial Recordings (Pourtois et al., 2007) and Transcranial
Magnetic Stimulation (TMS) (Urgesi et al., 2004, Urgesi et al.,
2007a,b). Single-cell recordings in non-human primates also point
to a remarkable functional selectivity of neurons for shapes of bodies
and body parts in the inferior temporal cortex (Gross et al., 1972,
DeSimone et al., 1984, Wachsmuth et al., 1994, Tsao et al., 2006, Kiani
et al., 2007).

However, the notion of distinct, category specific cortical regions is
still a matter of debate. There is also evidence that the representations
of faces and objects in ventral temporal cortex are widely distributed
and overlapping (Haxby et al., 2001, Ishai et al., 2000, O'Toole et al.,
2005) and that the specialization of the face selective area is
dependent on expertise (Gauthier et al., 1999). Thus, local specializa-
tion and distributedness coexist and further investigations are needed
to unveil the nature of cortical representations.

mailto:hodzic@mpih-frankfurt.mpg.de
http://dx.doi.org/10.1016/j.neuroimage.2009.01.027
http://www.sciencedirect.com/science/journal/10538119
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Faces and bodies constitute a unique object category because they
can be further classified according to identity and ownership. Together
with gait, gesture and prosody faces and bodies are crucial for the
assessment of a person's identity. Visual information extractable from
faces and bodies allows for judgments on gender, age, and ethnicity
and ultimately the identity of a person. This includes as special case
the identification of a body or a face as belonging to oneself or
someone else.

The distinction between self and other and the representation of
the self rely on numerous sources of information. Proprioceptive and
visual signals contribute to the representation of the dynamic body
scheme and the awareness of ownership of the body (Jackson and
Decety 2004, Uher et al., 2005, Pellijeff et al., 2006, Shimada et al.,
2005, Vogeley et al., 2001). Furthermore, investigations of the sense of
agency revealed differential cortical activation patterns for the
anticipation, visualization, and observation of one's own movement
versus that of others (Chaminade and Decety 2002, Cunnington et al.,
2006, Grezes et al., 2004, Ramnani and Miall 2004). Because of the
prominent role of facial cues for the discrimination of an person's
identity the studies on self-representation and self vs. others
distinction are based on the distinction between one's own face and
that of others (Platek et al., 2006, Uddin et al., 2005, 2006). In the
present study we investigated networks involved in self-other
distinction that rely on non-facial cues. To this end we presented
images of headless bodies and examined whether self-body-identifi-
cation is reflected in the differential activation of the cortical areas
involved in the encoding of bodies or body parts (EBA and FBA) or
whether it involves in addition specific networks devoted to the
distinction between self and other in a more general sense.

We examined subjects with event related fMRI while they
performed two explicit two-alternative, forced-choice identification
tasks: 1. distinction of one's own body from other unfamiliar
bodies and 2. distinction of a familiar body from other unfamiliar
bodies. This paradigm was used in order to dissociate ‘familiarity’
from the distinction between ‘self’ and ‘other’. In a previous study,
based on a block design and passive viewing conditions, we found
that cortical areas responding to bodies and self-other distinctions
were not restricted to the extrastriate visual cortex (Hodzic et al.,
2008). In the current study, we applied a block design to identify
body related areas and an event related design for the segregation
of areas involved in the self-other distinction, manipulating the
identity, familiarity and the viewpoint of the presented body
images.

Methods

Ten human volunteers (mean age 27 years, 5 females) with
normal or corrected-to-normal vision took part in this study. All
participants gave their informed written consent to the procedure
in accordance with institutional guidelines and the Helsinki
declaration (www.wma.net/e/ethicsunit/helsinki.htm).

For the compilation of the stimulus material subjects wearing
dark blue bikinis or swimming suits were photographed in neutral,
frontal, upright posture against a non-reflecting gray background.
The photographs were taken with a digital camera Canon EOS-30D,
(3.1 million effective pixels) and edited with PHOTO-PAINT X3
graphic suite in order to obtain gray-scale images of headless
bodies against a uniform gray background (400×400). A mirrored
version was also produced for each body picture.

In the scanner stimuli were back-projected onto a frosted screen
with a liquid-crystal-display projector (VPL PX 20, Sony, Tokyo,
Japan) and a custom-made lens. Subjects were viewing the screen
through a mirror fixed onto the head coil. Stimulus sequences were
generated with Presentation 9.90 software (http://nbs.neuro-bs.
com). We performed two types of fMRI experiments, in the first,
we used a block design to map body selective areas, in the second,
we applied a rapid event related design, to assess cortical activity
related to body identification and self versus other distinctions.

Even though the localization of functional regions of interest
(fROIs) can lead to a biased and inappropriately constrained cha-
racterization of functional anatomy (Friston et al., 2006), we used this
approach for two reasons. First, this procedure identifies fROIs that are
anatomically more consistent and second, it constrains the number of
fROIs, and thereby increases statistical power (Saxe et al., 2006a,b).

Mapping of body selective regions

Each subject took part in two runs of the mapping experiment.
Subjects were asked to fixate a cross that was continuously present in
the center of the screen. Stimuli consisted of blocks of images of
bodies, images of neutral objects, and blanks with only the fixation
cross present. In each run, the first block was repeated five times and
the other four times, compensating for the fact that the initial four
scan volumes were discarded to avoid T1 saturation effects. One run
lasted 4.43 min during which 266 volumes were recorded. Each block
lasted 16 s and comprised 16 volumes. Within a block, 16 pictures of
one category were presented. One picture was shown for 600 ms
followed by a 400 ms blank interval. The pictures were randomized
within and between blocks, and the blocks' order was counter-
balanced within and between subjects usingMATLAB (6.5). In order to
maintain a constant level of vigilance, subjects performed a ‘one back
repetition task’, indicating the repetition of an image by pressing a
button.

Body identification tasks

To examine cortical activity related to the distinction between self
and other, subjects were asked to recognize their own body, the bodies
of unknown others and the bodies of familiar other. The concept of
‘familiarity’ was introduced to separate identification of familiar
bodies from the identification of the own body.

For familiarizationwe selected two pictures from our databank and
named them ‘Elli’ (female body) and ‘Egon’ (male body). Each subject
was familiarized with another body of the same sex. The subjects
could take as much time as they needed (average 4 min) to familiarize
themselves with the body images (camera and mirror version) on a
computer monitor before going into the scanner. In the scanner, and
prior to the measurements we confirmed that subjects were able to
recognize ‘Egon’ or ‘Elli’ in images presented four times for 1 s.

For the ‘unknown other’ category two images of unknown body
(each from 2 perspectives) were chosen, the images differed across
subjects and runs. Four experimental runs (2× ‘self’ vs. ‘unknown
other’ distinction, 2× ‘familiar other’ vs. ‘unknown other’ distinction)
were performed in randomized order across and within subjects.
Subjects were asked to respond by a button press with the right or left
hand when they recognized shown body as being familiar (‘self’ or
‘familiar other’) or unfamiliar (‘unknown other’). Assignment of the
left and right hand was randomized across subjects. Subjects were
instructed prior to each run whether they would have to perform the
‘self’ vs. ‘unknown other’ or the ‘familiar other’ vs. ‘unknown other’
distinction. Overall, the images of ‘familiar other’, ‘self’ and two sets of
‘unfamiliar body’ were presented 46 times (23 times per perspective)
during the experiment. The reaction times and the accuracy of each
response were recorded.

We used a rapid event related design where each run consisted
of 46 trials per condition (including fixation). The conditions were:
fixation, ‘unknown other body’, ‘self’ and ‘familiar other’. Within
each condition (except fixation) equal numbers of mirror and
camera images were presented. One trial lasted 3000 ms with
800 ms of image presentation and 2200 ms of interstimulus interval
(only fixation cross). Each run began and ended with a fixation
period of 6000 ms. In sum, one run consisted of 184 trials or 552

http://dx.doi.org/doi:10.1002/hbm.20558
http://dx.doi.org/doi:10.1002/hbm.20558
http://www.wma.net/e/ethicsunit/helsinki.htm
http://nbs.neuro-bs.com
http://nbs.neuro-bs.com
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fMRI volumes (9.2 min). Trial order was randomized across
conditions in such a way that trials from each condition (fixation
included) were preceded equally often by trials from all four
conditions (two-back randomization).

fMRI measurement

Scanning was performed with a 3T MR scanner (Siemens Allegra,
Erlangen, Germany). A gradient-recalled echo-planar-imaging
sequence (EPI) was applied with the following parameters: 18 slices
oriented approximately parallel to the anterior–posterior commissure
plane; TR 1000 ms; TE 30 ms; FA 77°; FOV 210 mm; in-plane
resolution 3.14×3.14 mm; slice thickness 5 mm and gap size 0.5 mm.
In addition, a T1-weighted anatomical scan was acquired with a
magnetization-prepared rapid-acquisition gradient-echo (MPRAGE).
In all subjects, functional EPI scans were automatically corrected for
geometric distortions by the reconstruction PSF (Point Spread
Function) algorithm. PSF is an algorithm that enables reliable and
fully automated distortion correction of EPI scans at high field
strength (Zaitsev et al., 2004).

Data analysis

Data analysis and visualization were performed using the
BrainVoyager QX software package (Brain Innovation, Maastricht,
The Netherlands). The first four volumes of each runwere discarded to
preclude T1 saturation effects. Pre-processing of the functional data
included motion correction, linear trend removal and temporal
highpass filtering at 0.01 Hz, slice-scan-time correction and spatial
smoothing using an 8 mm kernel. For each subject the functional and
structural 3D data sets were transformed into Talairach coordinate
space (Talairach and Tournoux, 1988).

For the mapping experiment statistical examination was based on
the general linear model (GLM) employing a boxcar function for the
stimulation and fixation conditions, convolvedwith a gamma function
to account for the shape and delay of the hemodynamic response.
Initially, we performed an explorative whole brain single-subject
analysis to identify body selective regions in the left and right
hemisphere. Body selective ROIs were defined in each individual by a
whole brain GLM contrast for bodies versus objects (bodiesNobjects).
ROIs were selected as clusters of voxels (N20 neighbouring voxels)
that exceeded the specified threshold. In order tomatch the number of
selected voxels per ROI across subjects the thresholds were adjusted
for each subject individually, ranging between tN1.76 and tN6.64, or
pb0.01 to pb0.000 (see the Table 1 for exact values). Subsequently,
we carried out explorative whole brain multi-subject analysis for the
contrast bodiesNobjects after individual Talairach transformation. The
contrast was calculated using GLM random effect (RFX) analyses at the
threshold tN3 and pb0.05 corrected for multiple comparisons. As a
result we defined specific cortical areas involved in general processing
of body related information irrespective of identity or familiarity.
Thus, we named these body-processing areas the “body-detection
network”. We used the term ‘network’ to highlight that not a single
cortical area but several distant regions are responding to the same
contrast. We did not attempt to make any claim whether these areas
Table 1
Responses to multi-subject GLM analysis for the body selective ROIs revealed after the who

ROI Contrasts

BodiesNobjects FamiliarNothers

t se p t se p

FBA_RH N2.71 0.09 b0.006 N2.99 0.20 b0.00
EBA_RH N5.93 0.08 b0.000 N0.43 0.21 b0.67
IPL_RH N3.35 0.07 b0.000 N3.51 0.19 b0.00
EBA_LH N4.27 0.07 b0.000 N0.94 0.20 b0.34
are directly or indirectly interconnected with one another at the
functional or anatomical level.

The rapid event-related identification experiments used closely
spaced trials, leading to a substantial overlap in the resulting
hemodynamic responses. Nevertheless, with a balanced randomiza-
tion (two-back randomization, see above), the underlying hemody-
namic responses can be assessed by deconvolution (Dale and Buckner
1997). A deconvolution analysis estimates the hemodynamic response
function for each trial on the basis of a general linear model (GLM).
Twenty predictors (20 s or 20 fMRI volumes) were defined to cover the
temporal extent of a typical hemodynamic response.

We conducted a whole brain multi-subject RFX GLM analysis
(t(9)N3; pb0.05 uncorrected) to investigate which brain regions were
influenced by the perspective manipulation (camera or mirror image)
using the contrast ([mirrorNcamera] and [cameraNmirror]). Simi-
larly, using RFX GLM analysis we assessed potential effects of a
different “task set” in the ‘self’ vs. ‘unknown other’ and ‘familiar
other’ vs. ‘unknown other’ runs. Here we compared the response to
the unknown other body during different runs ([other 1 (‘self’ run)N
other 2 (‘familiar other’ run)] and ([other 2Nother 1].

In addition, in order to segregate cortical responses devoted to
the identification of bodies we conducted a whole brain multi-
subject FE GLM conjunction analysis for the contrast ([selfNothers]
and [familiar otherNothers]). The corresponding map was Bonferoni
corrected at the pb0.05 criterion. Examining responses to these
contrasts we could identify the areas that encode information related
to individual bodies, the ‘body-identification network’. Here we refer
to ‘network’ as described above. Subsequently, we performed multi-
subject random effect (RFX) GLM analysis to examine contrast
[selfN familiar other] and define brain regions involved in the dis-
tinction of self from others, the ‘self-identification network’. The
selfN familiar other cortical map was corrected for multiple compar-
isons using the “Cluster threshold estimator plug-in” (BV QX, F. d’
Esposito), setting a minimum cluster size corresponding to the 0.05
threshold in a permutation test based null distribution of cluster
sizes (Forman et al., 1995). This procedure resulted in a spatial extent
threshold of 104 contiguous functional voxels.

Finally, we conducted a multi-subject ROI based analysis of the
fROIs of the body detection network.We tested all contrasts of interest
([selfNothers], [familiar otherNothers] and [selfN familiar others]).
Also, we tested whether the pattern of activation for the conditions
differed across the fROIs, performing a 4 by 3 repeated measures
ANOVA with ROI (right EBA, right FBA, left EBA and right PL) and
Condition (‘other’, ‘familiar other’, and ‘self’) as within-subjects
factors. For the comparisonwe took the sum of 5 beta weights around
the peak of the deconvolution time course for each condition and
individual subject.

We assessed reaction time and accuracy of the subjects’ responses
in the body identification tasks. The mean reaction times and
percentage of correct responses across categories (‘self’, ‘familiar
other’, other_1 (other in ‘self’ run) and other_2 (other in ‘familiar
other’ run)), perspective (camera or mirror image) and the different
body identification tasks (‘self’ vs ‘unknown other’ and ‘familiar other’
vs ‘unknown other’) were calculated and compared using repeated
measure ANOVA statistical tests. The reaction times and accuracy of
le brain analysis at: t(9)N3; pb0.05 (corrected for multiple comparisons)

SelfNothers SelfN familiar

t se p t se p

3 N3.99 0.21 b0.000 N−0.93 0.25 b0.35
N1.46 0.28 b0.16 N0.21 0.26 b0.83

0 N6.17 0.20 b0.000 N1.45 0.25 b0.02
N3.15 0.20 b0.001 N0.33 0.25 b0.74
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responses to the ‘others 1’ and ‘others 2’ categories were included as
separate categories to evaluate the effect of ‘task set’, since the two
body identification tasks were performed in different runs.

Results

Behavioural measures

The reaction times (RT) and accuracy of the responses during the
identification experiments were as follows: condition ‘self’;
RT=1027 ms, 98% correct, condition ‘familiar other’; RT=1029 ms,
95% correct, condition ‘other 1’ (other in ‘self’ run); RT=1032 ms, 98%
correct, and condition ‘other 2’ (other in ‘familiar other’ run);
RT=1030 ms, 99% correct (Fig. 1).

Repeated measures ANOVA revealed that the accuracy for the
condition ‘familiar other’ was significantly lower than for the condi-
tion ‘other 1’ and ‘other 2’ (pb0.005, Bonferroni corrected), while the
accuracy for ‘self’was significantly higher than that for ‘familiar other’
(pb0.02 Bonferroni corrected). There was no significant difference
between other_1 and other_2 (pb0.05 Bonferroni corrected).

Subsequently we split conditions ‘self’ and ‘familiar other’ into
mirror and camera categories. The corresponding values were: mirror
‘self’, RT=1026 ms, 97% correct; camera ‘self’, RT=1026 ms, 98%
correct; mirror ‘familiar other’, RT=1026 ms, 93% correct and camera
Fig. 1. (A) Accuracy of responses shown in percentage (%) across conditions: self [red],
familiar other [green], other 1 (other body contrasted to self; [dark blue]) and other 2
(other body contrasted to familiar other; [light blue]). Error bars represent standard
error of the mean. (B) Means of the reaction times (RT) in ms across conditions: self,
familiar other, other 1 and other 2. Error bars represent standard error of the mean.
‘familiar other’, RT=1030 ms, 96% correct. The mean RTs and percen-
tage correct did not differ significantly between categories (repeated
measures ANOVA).

Body-identification network

The GLM RFX multi-subject analysis (t(9)N3, pb0.05 uncorrected)
did not reveal any specific brain region activated by the contrast
[mirrorNcamera] or [cameraNmirror] within ‘self’ or ‘familiar other’
category, therefore this factor was left out of further analyses. To rule
out the possible effect of ‘task set’ at the brain level a RFX GLM whole
brain analysis (t(9)N3, pb0.05 uncorrected) was performed for the
contrasts [‘others 1’ (others from the ‘self’ task)N ‘others 2’ (others
from the ‘familiar other’ task) and [‘others 2’N ’others 1’], which did
not yield any significant effect.

To investigate the cortical areas involved in body identification, we
conducted a whole brain multi-subject GLM conjunction analysis for
the contrasts [selfNother] and [familiar otherNother]. This should
disclose all areas exhibiting responses to both contrasts of interest.
The analysis revealed a network of the co-activated brain areas in the
right fronto-parietal cortex. As explained above, we use the term
‘network’ to refer to the fact that more than two cortical regions
functionally responded to a certain condition. We do not mean to
imply anatomical or functional interconnectedness. BOLD signal
modulation for the conjunction [selfNother and familiar otherNother]
was observed in the inferior frontal gyrus bilaterally (IFG; Tal. x=32,
y=20, z=3, and x=−28, y=20, z=6), in the anterior and posterior bank
of the medial frontal gyrus (MFG; Tal. x=41, y=31, z=16 and Tal. x=50,
y=7, z=26), in the cingulate gyrus (CG; Tal. x=3, y=14, z=38), in the
central and post-central sulci (CS; Tal. x=38, y=−30, z=46; PCS; Tal.
x=34, y=−52, z=39), in the inferior parietal lobe (IPL; Tal. x=27, y=−73,
z=30) and in the fusiform body area (FBA; Tal. x=38, y=−46, z=−13),
all in the right hemisphere (Fig. 2).

Investigating the effect of body ownership we contrasted the
activation induced by ‘self’ and ‘familiar other’. At the level of single-
subject analysis this contrast revealed a consistent activation in the right
parietal lobe. The GLM RFXmulti-subject analysis disclosed specific ROIs
for the contrast [selfN familiar other] in the inferior parietal lobe (IPL Tal.
x=22, y=−71, z=35, 468 active voxels) and in the inferior parietal sulcus
(IPS; Tal. x=32, y=−71, z=10, 834 active voxels) of the right hemisphere,
and further in the posterior orbital gyrus (pOrbG; Tal. x=−32, y=30, z=
−5, 398 active voxels) and in the lateral occipital gyrus (LOG; Tal. x=−44,
y=−68, z=−15, 158 active voxels) in the left hemisphere (Fig. 3). This
‘self’ specific activation remained significant after correction formultiple
comparisons; t(9)N2.5; pb0.05. The deconvolution time course graphs
show the shape of the estimated BOLD response across conditions
indicating that themain effects were not generated by noise or negative
BOLD signal. (Fig. 3B).

To examine whether these ‘self’ specific regions correspond to the
regions activated in the body detection tasks we compared the
respective maps. Unexpectedly, there was no overlap, suggesting
different networks for the discrimination between self and familiar
body (self-identification) and the processing of general body related
information (body-detection).

Mapping of the body selective areas

To investigate whether body selective areas are modulated by
identity or ownership we defined body selective regions of interest
(ROIs) based on the mapping experiment, and subsequently tested
whether these ROIs were modulated by the following contrasts
[familiar otherNother], [selfNother] and [selfN familiar other] (Fig. 4).

We performed an explorative whole brain multi-subject RFX GLM
analysis for the contrast [bodiesNobjects] at t(9)N3; pb0.05 (corrected
formultiple comparisons) and identifiedbodyselectiveROIs in rightEBA
(Tal. x=42, y=−63, z=10), right FBA (Tal. x=38, y=−65, z=−15), left EBA



Fig. 2. Fronto-parietal body recognition network aftermulti-subject GLM conjunction analysis for the contrasts: selfNother and familiar otherNother shown on one individual surface.
(A) Right hemisphere lateral viewwith the patches of activity in the inferior frontal gyrus (IFG), anterior and posterior bank of the medial frontal gyrus (MFG), in the right central and
post-central sulci, in the inferior-parietal lobe (CS, PCS, IPL), and in the fusiform body area (FBA). (B) Medial view of the right hemisphere showing increased neural activity in the
cingulate gyrus (CG). (C) Lateral view of the left hemisphere with the body-identification activity in the inferior frontal gyrus (IFG) Abbreviations: RH right hemisphere, LH left
hemisphere, A anterior, P posterior. (D) The z-transformed beta weights for each condition of interest [self, familiar other, others (the responses to other bodies contrasted to self and
other bodies contrasted to familiar other are pooled together for the purpose of illustration)] across subjects for each individual ROI identified in the conjunction analysis. The graphs
illustrate that the main conjunction effects were not generated by noise or negative BOLD accross subjects and ROIs.
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(Tal. x=−43, y=−73, z=−7) and in right inferior parietal lobe IPL (x=30,
y=−52, z=33).

At the level of single subject analyses right EBA ROI was identified in
all 10 subjects, FBA in 8, right IPL in 9 and left EBA in 8 subjects [see
Supplementary data; Table 1 (A–D)].

We then tested whether these body selective ROIs are modulated
by the contrasts [familiar otherNother], [selfNother] and [self -
familiar other]. The right EBA activity was not significantly modu-
lated with any of these contrasts even though a sporadic modulation
was observed at the level of single-subjects [Supplementary data;
Table 1 (A)]. Right FBAwas significantly modulated with the contrasts
[selfNother] and [familiar otherNother]. Left EBA was modulated by
the contrast [selfNother]. Only the area in the right inferior parietal
lobe showed a significant modulation with all contrasts of interest
(Table 1).

In a further analysis, we found a significant interaction between
condition and ROI in the activation patterns. This was due to a
difference between the pattern of beta values in right FBA compared to
all other body selective ROIs (left EBA, right EBA and right IPL) in
response to familiar versus unfamiliar bodies. The rm ANOVA based
on the sum of 5 beta weights around the peak of the deconvolution
time course for each condition and individual subject demonstrated a
significant interaction between condition and ROI (F(6,54)=3.379,
p=0.007) (repeated measure ANOVA test) as well as a main effect of
ROI (F(3,27)=5.481, p=0.004). Planned comparisons (Helmert con-
trasts) revealed that the main effect of ROI was due to greater beta
values in right FBA compared to all other ROIs (F(1, 9)=11.243,
p=0.008) as well as greater beta values in right IPL as compared to the
right EBA (F(1, 9)=6.220, p=0.0342). The interaction between
condition and ROI was due to a greater difference between ‘self’
compared to the average of ‘familiar other’ and ‘other’ in the right IPL
(F(1,9)=9.006, p=0.015) than in the right EBA, and a greater difference
between ‘familiar other’ and ‘other’ in the right FBA compared to the
average of this difference in all other ROIs (F(1,9)=5.212, p=0.048).

Discussion

The goal of this study was to differentiate between cortical areas
devoted to the analysis of body related information: 1.) the processing
of visual, body specific features (body-detection), 2.) the distinction



Fig. 3.Map of BOLD signal change for the contrast bodiesNobjects [green] and selfN familiar other [red] aftermulti-subject RFX GLM analysis. Panels A and B display lateral views of the
right and left hemisphere respectively. Panel C displays event-related deconvolved and time resolved BOLD responses (beta weights, averaged across subjects) plotted against data
points which were recorded each second, the first starting at stimulus onset. The regions of interest are: IPL [the inferior parietal lobe (1)], IPS [the inferior parietal sulcus (2)] in the
right hemisphere, pOrbG [the posterior orbital gyrus (3)] and LOG [the lateral occipital gyrus (4)] in the left hemisphere. The experimental conditions are: self [red], familiar other
[green] and others [blue]. The responses to other bodies contrasted to self and other bodies contrasted to familiar other are pooled together for the purpose of illustration. Time point
1=trial onset. Error bars correspond to standard errors of the mean. The graphs show a shape of the estimated BOLD signal indicating that the main effects were not generated by
noise or negative BOLD. Abbreviations: RH right hemisphere, LH left hemisphere, A anterior, P posterior.
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between familiar and unfamiliar bodies (body-identification) and 3.)
the distinction of one's own body (self-identification).

Behavioral results

In the behavioral part of our research repeated measure ANOVA
revealed that the accuracy of responses to the images of ‘others’ was
significantly higher than to the images of ‘familiar other’, which might
be due to the fact that the familiarization with the ‘familiar other’
image was either too brief or too close to the scanning. However, this
effect was not shown in the RTs. The accuracy for ‘self’ was
Fig. 4. Map of BOLD signal change for the contrast bodiesNobjects after multi-subject RFX GL
Right hemisphere lateral view with the patches of activity in the inferior parietal lobe (1) in
related deconvolved and time resolved BOLD responses (betaweights, averaged across subjec
second, the first starting at stimulus onset. The experimental conditions are: self [red], famil
other bodies contrasted to familiar other are pooled together for the purpose of illustrat
Abbreviations: RH right hemisphere, LH left hemisphere, A anterior, P posterior.
significantly higher than that for ‘familiar other’, reflecting the high
degree of familiarity with one's own body and the limited time
allowed for the familiarization with one of the other bodies. Finally,
there was no significant difference in responses to mirror versus
camera images, which suggests that subjects did not perform mental
inversions for classifications.

Body-detection network

Our mapping results confirm the existence of brain areas
specialized in the processing of visual features of bodies, the ‘body-
M analysis shown on one individual surface and corrected for multiple comparisons. A:
the EBA (2) and in the FBA (3). B: EBA in the left hemisphere (4). Panel C displays event-
ts) from the four reported regions plotted against data points which were recorded each
iar other [green] and others [blue]. The responses to other bodies contrasted to self and
ion. Time point 1=trial onset. Error bars correspond to standard errors of the mean.
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detection network’. This network of functionally co-activated brain
areas comprised the EBA, the FBA and the IPL in the right hemisphere
and the EBA in the left hemisphere (Fig. 4). The network showed
significant activation both in the group and in the single subject
analyses [see Supplementary data; Table 1 (A–D)].

Thus, in addition to the well established EBA and FBA (Downing
et al., 2001, Peelen and Downing 2005, Schwarzlose et al., 2005,
Downing et al., 2006, Peelen et al., 2006) the present study disclosed
a third body specific area in the right IPL that we have already
identified in a previous study (Hodzic et al., 2008). This agrees with
the notion that the parietal lobe plays an important role in the
representation of body related information (Ehrsson et al., 2005,
Pellijeff et al., 2006, Shimada et al., 2005). The IPL has been suggested
to be involved in the processing of proprioceptive and visual signals
relevant for body scheme representation (Jackson and Decety 2004,
Uher et al., 2005) and in the feeling of the sense of agency of the
observed limb movement (Chaminade and Decety 2002). In addition,
lesions in the IPL have been shown to interfere with the ability to
imitate gestures (Chaminade et al., 2005).

Electrophysiological recordings from a putative homologue of this
area in non human primates revealed neurons monitoring limb
positions (Sakata et al., 1973, Mountcastle et al., 1975, Graziano et al.,
2000). The data are compatible with the present result showing that
this parietal area is not only involved in the identification of bodies
and their parts but also in the distinction of familiarity and ownership.

Taylor et al., (2007) suggested that the FBA is responsible for the
integration of body parts into representations of whole bodies while
EBA is confined to the analysis of body parts. Thus, the FBA might
accomplish similar functions in body perception as the FFA in face
perception (Loffler et al., 2005). In a recent review, Peelen and
Downing (2007) proposed that the FBA might play a role in encoding
not only bodies but also their identity. The present data provide
evidence that FBA participates in assigning identities to the images of
bodies and that the pattern of responses related to the body images
clearly differ between FBA and EBA.

Body-identification network

Recognition of one's own face involves specific cortical areas that
differ from the areas involved in general processing of faces (Platek
et al., 2006, Sugiura et al., 2005, Uddin et al., 2005). Our data suggest a
similar segregation for the processing of body related information. The
network concerned with the identity of bodies (contrasts [familiar
otherNother]+[selfNother]) comprised in addition to the FBA also the
areas in the right inferior parietal lobe and frontal cortical regions.

The FBA but not the EBA exhibited differential responses to familiar
and unfamiliar bodies and the areas in the IPL responded differentially
not only to familiar and unfamiliar bodies but distinguished also
between ‘self’ and ‘familiar other’ (see Table 1 and the Supplementary
data). In addition to the body specific areas, distinction between
familiar and unfamiliar bodies involved further areas in the frontal
lobe (IFG and MFG) (Fig. 2). The recognition of one's own body
involved the IPL (inferior parietal lobe) and the IPS (inferior parietal
sulcus) in the right hemisphere, and pOrbG (posterior orbital gyrus)
and LOG (lateral occipital gyrus) in the left hemisphere (Fig. 3).

Comparison of the responses to self versus familiar other revealed
self-specific responses in the IPL, IPS of the right hemisphere but not
in the FBA. However, the FBA showed a clear response in the
conjunction analysis for the contrasts [selfNother] and [familiar
otherNother] (Fig. 2), indicating that FBA is involved in the encoding
of the identity of bodies but not in the representation of self. EBA, in
contrast, seems to be involved neither in the identification of
individual bodies nor in the attribution of self or ownership. These
findings differ from the data showing that EBA sorts body part images
by identity (Myers and Sowden 2008). The dissimilarity in results
might be due to different experimental paradigms (body parts vs.
whole [headless] bodies). As our data show involvement of FBA in
body identification, we propose that the initial processing of whole
body image is performed in the EBAwhere bodies are processed at the
level of parts. The next level of processing, the assignment of body
identity, is performed in the FBA of the right hemisphere. These results
are in line with the findings that EBA analyses bodies at the level of
parts being the analog of the OFA (occipital face area) and that FBA
processes bodies as the whole, being the analog of the FFA (fusiform
face area) (Taylor et al., 2007).

The involvement of the IFG in body identification is in line with the
findings about the role of frontal regions in face identification and self
attribution of faces and voices (Nakamura et al., 2001, Platek et al.,
2004, Platek et al., 2006, Sugiura et al., 2006, Sui and Han 2007, Uddin
et al., 2005, Uddin et al., 2006). The association of body identification
with frontal activation is also in agreement with the evidence that
patients exhibiting a delusional misidentification syndrome (DMS)
exhibit lesions in the right frontal lobe (Feinberg and Keenan, 2005).

The inferior parietal lobe (IPL) is another region where self
specificity was observed. This region is involved in the processing of
body related information and sense of agency (see above) and it also
plays a role in the distinction between one's own face and that of
familiar others (Platek et al., 2006, Uddin et al., 2005). A TMS study by
Uddin et al., (2006) has indicated a causal relationship between this
region and self-identification.

Although our data do not allow us to exclude attention-related
effects as causes of the enhanced responses to the images of the
subjects' own and familiar body, we believe that the enhancement is
more specifically related to the activation of a network encoding
identity and ownership. If attentionwould have been a major cause of
the effects, we would have expected differential activations of
networks involving further frontal cortices and/or limbic structures
and we would have predicted more symmetric bilateral activation
patterns. Yet another argument against an influence of attention on
our data is the lack of identity-related BOLD signal modulation in the
classical EBAs of the left and right hemisphere.

Furthermore, studying neural correlates of the assignment of the
ownership to the seenbody imagewedirectly contrasted conditions from
separate runs; namely selfN familiar other (Fig. 3), opening up the
possibility of the influence of ‘task set’ or instruction on our data. Since
cortical areas involved in the assignment of ownership were in close
proximity to parietal “body” and “self-selective” regions found in a
previous study without any instruction related to body recognition
(Hodzic et al., 2008) we interpret our data as being mainly stimulus and
not instructiondriven. Independentof the exact contributionof top-down
and bottom-up influences in IPL and IPS, we propose that the activated
areas are possible substrates of the ‘abstract concept of bodily self’.

In sum, our data indicate segregation between fronto-parietal body-
identification network and the parieto-occipital body-detection net-
work, suggesting that processing of body images involves several
subprocesses: 1. the encoding of body parts (EBA), 2. the integration of
body parts into whole bodies and the identification of individual bodies
(FBA), 3. the identification of one's own body (IPL) and finally, 4. the
activation of a fronto-parietal network that encodes in a more abstract
way the concept of self, which is activated not only by body related cues.

At the behavioral level we did not find significant differences in the
reaction times or accuracy of responses when the viewpoints or
perspectives of the body images are manipulated (mirror vs. camera
images). Similarly, at the cortical level, the present event related
approach confirmed that the BOLD signal in EBA is not influenced by
manipulations of perspective, identity or ownership of the body
related cues confirming our previous findings (Hodzic et al., 2008), as
well as those of other authors (Chan et al., 2004, Saxe et al., 2006a,b).
However, this is at variance with claims that EBA might be crucial for
the assessment of body identity (Urgesi et al., 2007b) and recent
findings that the EBA actively discriminates body parts' identity
(Myers and Sowden 2008).

http://dx.doi.org/doi:10.1002/hbm.20558
http://dx.doi.org/doi:10.1016/j.neuroimage.2008.05.045
http://dx.doi.org/doi:10.1002/hbm.20558
http://dx.doi.org/doi:10.1002/hbm.20558
http://dx.doi.org/doi:10.1016/j.neuroimage.2008.05.045
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The areas identified in this study have been activated by images of
static, headless bodies in upright position. Thus, further subsystems
are likely to be involved when movement and posture are provided as
additional cues for detection and identification of bodies.
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