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1 |  INTRODUCTION

The Extrastriate Body Area (EBA) is a functional region lo-
cated in the lateral occipito-temporal cortex (Downing et al., 
2001). In functional MRI studies, viewing body representa-
tions elicits higher responses in EBA than other stimuli, sug-
gesting a specific role in the visual perception of bodies. EBA 
has also been investigated using transcranial magnetic stim-
ulation (TMS), which provides a complementary approach 
by producing transient and reversible interference with the 
activity of the targeted region. Early studies confirmed the 

implication of EBA in body perception, showing that repet-
itive TMS (rTMS) over EBA disrupted performance in the 
visual processing of non-facial body parts, while leaving un-
changed visual processing of face parts and non-corporeal 
stimuli (Pitcher et al., 2009; Urgesi et al., 2004). In addition, 
TMS interfered with the processing of inverted but not up-
right bodies (Urgesi et al., 2007), suggesting that EBA pro-
cesses isolated body parts rather than whole bodies.

Beyond the visual perception of bodies and body parts, 
several lines of evidence suggest that EBA represents the 
body in a multisensory and dynamic manner (Jeannerod, 
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Abstract
The extrastriate body area (EBA) is a body-selective focal region located in the lat-
eral occipito-temporal cortex that responds strongly to images of human bodies and 
body parts in comparison with other classes of stimuli. Whether EBA contributes 
also to the body recognition of self versus others remains in debate. We investigated 
whether EBA contributes to self-other distinction and whether there might be a hem-
ispheric-side specificity to that contribution using double-pulse transcranial magnetic 
stimulation (TMS) in right-handed participants. Prior to the TMS experiment, all par-
ticipants underwent an fMRI localizer task to determine individual EBA location. 
TMS was then applied over either right EBA, left EBA or vertex, while participants 
performed an identification task in which images of self or others' right, or left hands 
were presented. TMS over both EBAs slowed responses, with no identity-specific 
effect. However, TMS applied over right EBA induced significantly more errors on 
other's hands than noTMS, TMS over left EBA or over the Vertex, when applied at 
100–110 ms after image onset. The last three conditions did not differ, nor was there 
any difference for self-hands. These findings suggest that EBA participates in self/
other discrimination.
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2004). For instance, fMRI studies have found a significant 
activation of EBA while viewing moving bodies (Di Vita 
et al., 2016; Downing et al., 2006; Felician et al., 2009), 
but also during pointing movements performed without the 
vision of the acting body part (Astafiev et al., 2004) and 
preparation of manual action (Kühn et al., 2011), suggest-
ing that EBA receives visual and sensory-motor signals of 
the acting body.

In addition to the visual perception of bodies and the 
control of voluntary actions, the possibility that EBA could 
play a role in processing identity has also been raised. In 
an fMRI adaptation study, Myers and Sowden (2008) found 
a greater adaptation in blocks only comprising views of 
other hands, as compared to blocks comprising views of 
both self and other hands. This adaptation effect was more 
pronounced in the right hemisphere. Right EBA also re-
sponded higher when participants looked at their own body 
than at another body (Vocks et al., 2010). In contrast, rEBA 
activation was found stronger in response to images of 
body parts presented from an allocentric rather than from 
an egocentric perspective, while no viewpoint-dependent 
difference was observed in the lEBA (Saxe et al., 2006). 
These findings were also consistent with a role of rEBA in 
body identity, but more pronounced when processing oth-
er's body parts than one's own. However, Chan et al. (2004) 
tested whether EBA distinguished between egocentric and 
allocentric views of the self and other bodies. While they 
also found increased rEBA activity when viewing allocen-
tric relative to egocentric views, identity had no effect in 
either EBA. In addition, Hodzic, Kaas, et al. (2009) and 
Hodzic, Muckli, et al. (2009) found no modulation of rEBA 
activations in distinguishing self-body from the bodies of 
familiar others.

Diverging findings regarding left EBA (lEBA) have 
also been reported. Hodzic, Kaas, et al. (2009) and Hodzic, 
Muckli, et al. (2009) found a modulation of the lEBA when 
contrasting self and others' body images, with a stronger re-
sponse to self than to other bodies. However, these findings 
were recently challenged in a TMS experiment relying on the 
visual enhancement of touch paradigm (vision of the body 
enhances spatial tactile acuity on the seen body part even if 
the tactile stimulation is invisible; Beck et al., 2015). TMS 
over lEBA attenuated the visual enhancement of touch both 
when participants observed their own hand and another per-
son's hand, suggesting that lEBA participates in a common 
visual representation of the human body with no regard to 
ownership or identity.

Taken together, studies focusing on the role of EBA in 
discriminating one's own body parts from others have yielded 
conflicting results, leaving this issue unresolved. In a previ-
ous paper, we speculated that both right and left EBA provide 
input into the motor system, although with distinct roles in 
action representation. Left EBA would be part of a network 

involved in action understanding, while right EBA would be 
part of a network involved in the processing of actions with 
the aim to disentangle those produced by oneself from oth-
ers and experience the sense of agency (Romaiguère et al., 
2014). This entails that right EBA would be involved in self/
other discrimination, but not left EBA. The aim of the present 
study is to test this hypothesis.

EBA involvement in identity processing may be ad-
dressed through implicit or explicit recognition tasks. Here 
an explicit recognition task was used in order to focus partic-
ipants' attention on identity. Participants were thus requested 
to view photographs of right and left hands and determine 
whether the hand belonged to them or not. While they were 
performing the task, we applied paired-pulse TMS over ei-
ther left or right EBA, or over the vertex as a control site for 
TMS effects. Another crucial parameter for TMS is the time 
of application relative to the task. We referred to a study by 
Pitcher et al. (2012) who documented two distinct time win-
dows of EBA activity, an early non-category-specific stage, 
occurring at 40/50 ms following stimulus onset, and a later 
category-specific (i.e., specific to the body part processing) 
stage, occurring at 100/110 ms after stimulus onset. Based 
on their results, one could expect identity specificity to be 
more likely to occur during the body part specific stage, but 
as self-attribution is a very important process, one cannot 
rule out that self-specificity could occur during the earlier 
stage. Both delays were, therefore, tested. According to our 
hypothesis, we expected TMS over right EBA to impair self-
other discrimination, but not TMS over left EBA. It has to be 
noted that the delay of TMS application is irrelevant for that 
main hypothesis.

2 |  MATERIALS AND METHODS

2.1 | Participants

Based on a study of functional accuracy of TMS in cognitive 
studies, (Sack et al., 2009), and on the literature, sixteen par-
ticipants were recruited and entered the TMS sessions. They 
were healthy and right-handed (mean age 31 ± 6.3 years; 4 
males, 12 females). They gave their written informed con-
sent to participate in the study, completed a safety screen-
ing questionnaire for fMRI and TMS and were financially 
compensated. All of them were neurologically healthy, had 
normal or corrected-to-normal vision, were informed about 
the procedure, and were naïve to the purpose of the experi-
ment. Participants first completed the fMRI session, then re-
ceived on a different day the TMS session, that is, three runs 
targeting the three different sites and the no-TMS run. The 
procedure was approved by the local ethics committee (CPP 
Sud-Méditerranée I) and was in accordance with the declara-
tion of Helsinki.
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2.2 | fMRI localizer acquisition

2.2.1 | MRI scanner and scanning parameters

Each participant underwent an fMRI localizer to iden-
tify functional regions of interest with respect to individ-
ual brain anatomy. Scanning was performed using a 3T 
whole-body imager MEDSPEC 30/80 AVANCE (Bruker, 
Ettlingen, Germany) equipped with a circularly polarized 
head coil. High-resolution structural T1-weighted images 
were acquired from all participants for anatomical locali-
zation. The anatomical slices covered the whole brain and 
were acquired parallel to the sagittal plane. The functional 
images were acquired using a T2*-weighted echo-planar 
sequence with 36 axial slices (repetition time  =  2.4  s, 
interleaved acquisition, slice thickness: 3  mm, field of 
view  =  19.2  ×  19.2  cm, 64  ×  64 matrix of 3  ×  3  mm 
voxels. The slices were parallel to the AC–PC plane and 
covered the whole brain. Participants were studied in 
one functional run of 247 scans, with a total duration of 
9.9 min. For each run, the scanner was in the acquisition 
mode for 12 s before the experiment to achieve the steady-
state transverse magnetization.

2.2.2 | Experimental design

We were interested in EBA's function, we, therefore, 
performed a classical EBA localizing contrast: headless 
bodies versus chairs. Moreover, it was essential not to in-
clude hands in the localizer because there is an area in 
the left lateral occipito-temporal cortex that specifically 
responds to hands (Bracci et al., 2010). However, this area 
has been shown to be anatomically different from EBA, 
and it seems to respond to hands more as functional ef-
fectors rather than as anatomical body parts (Bracci et al., 
2010). As shown in Figure 1, stimuli consisted of black 
and white photographs (640 × 480 pixels of size). They 
were delivered to a high luminance LCD projector, back-
projected onto a frosted screen positioned at the back end 
of the MRI tunnel, and viewed by the participants through 
a mirror.

The EBA localizer consisted of 12s blocks of images of 
human bodies (without heads) in different poses, 12s blocks 
of images of chairs in different positions, and 12s resting 
blocks with a fixation cross. The three conditions were pre-
sented in a pseudo-random order, with each condition never 
presented more than twice consecutively. The bodies and 
chairs conditions were presented 18 times each during the 
scan, while the fixation condition was presented nine times, 
resulting in 247 fMRI volumes. In each bodies or chair block, 
12 images from one category were presented 800  ms and 
segregated by a 200 ms black screen. All images appeared 

against a white background. Once or twice during each stim-
ulus block, the same pose/position was presented twice in 
succession. Participants were instructed to detect these imme-
diate repetitions and report them with a button press (1-back 
task). Stimulus presentation was controlled by the LabVIEW 
software package (National Instruments Corporation, Austin, 
TX, USA).

2.2.3 | Image preprocessing and first level 
statistical analysis

Standard data preprocessing and statistical analysis were 
performed using the Statistical Parametric Mapping 
package (SPM12, Wellcome Department of Cognitive 
Neurology, London). Preprocessing steps consisted of 
slice timing correction, realignment to the mean of the 
images to correct for motion, coregistration of anatomi-
cal images to the functional images, and subsequent res-
licing. The functional data were then spatially smoothed 
(6  ×  6  ×  6  mm). For each participant, a general linear 
model was applied to the time course of the functional 
signal at each voxel. Each condition was modeled by a 
12s box-car function synchronized with the individual 
trials of this condition and convolved with a canonical 
hemodynamic response function. In each participant, 

F I G U R E  1  Blocks of images (640 × 480 pixels of size) of 
human bodies versus chairs, in different positions, used for the fMRI 
localizer. The Bodies and Chairs condition were presented in 12 s 
blocks. In each bodies or chair block, 12 images from one category 
were presented 800 ms and segregated by a 200 ms black screen. 
Once or twice during each stimulus block, the same pose/position was 
presented twice in succession. Participants were instructed to detect 
these immediate repetitions and report them with a button press (1-
back task).
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statistic parametric maps were calculated for individual 
T-contrasts Bodies versus Chairs. The results were re-
viewed with the threshold of significance for active voxel 
set at p < 0.001 uncorrected.

2.2.4 | ROI definition

Regions of interest (ROIs) were defined in individual partici-
pants using the data acquired from the EBA localizer scan. 
Left and right EBA were localized in each participant by a 
body minus chair contrast. The most significant voxel in the 
occipital-temporal region (peak EBA voxel) was identified in 
each hemisphere. The EBA ROIs were established by setting 
a 1 cm diameter sphere centered on the peak EBA voxel to 
ensure that an area of maximal response to body images was 
localized while minimizing the inclusion of other functional 
areas (Figure 2a).

2.3 | TMS session

2.3.1 | Materials and stimulation procedures

Participants were comfortably seated in an armchair, facing 
the computer screen (Figure 3). The coil was firmly held in 
place with mechanical arms and its location relative to the 
EBA target was continuously monitored with neuronavi-
gation (Navigation Brain System, Nexstim 2.3, Helsinki, 
Finland); it was adjusted when needed by the experimenter. 
The neuronavigation system allowed to accurately and repro-
ducibly maintain stimulation targets (Figure 2c). During the 
TMS session, stereotaxic coordinates for the localization of 
the successive TMS stimulations were recorded (Figure 3).

Stimulation was performed using two Magstim 200 stim-
ulators coupled with a bi-stim module (Magstim, Whitland, 
UK) and a coplanar figure-of-eight coil with an external loop 
diameter of 9 cm. The stimulation intensity was adjusted for 

F I G U R E  2  Top row: Region of interest identified for this subject in both left and right hemispheres. Bottom row: 3D representation of the 
defined rEBA and lEBA targets represented by the white points on the anatomical image (left and right images) and superposition of the markers 
(yellow dots) placed by the neuronavigation software on the anatomical image at each TMS pulse for both rEBA and lEBA (central image). The 
superposition of all successive pulses shows the accuracy and reproducibility of TMS parameters. Regions of interest (ROIs) were defined in 
individual participants using the data acquired from the EBA localizer scan. The most significant voxel in the occipital-temporal region (peak EBA 
voxel) was identified in each hemisphere. The EBA ROIs were constructed by setting a 1 cm diameter sphere centered on the peak EBA voxel to 
ensure that an area of maximal response to body images was localized, while minimizing the inclusion of other functional areas.



   | 5 of 14PANN et Al.

each participant and for each ROI. For each participant, the 
hand area of the primary motor cortex in the left hemisphere 
(M1), was first identified anatomically according to the 
method of Yousry et al. (1997). It was then stimulated with 
increasing TMS intensity until a twitch of the right hand's fin-
gers was visible. This TMS intensity, necessary to evoke a 

peripheral motor response, corresponds to the resting motor 
threshold (RMT) and is variable across individuals. The value 
of the electric field evoked in M1 by TMS at 110% RMT, 
calculated by the neuronavigation software, was noted. Then 
for each ROI, we adjusted the stimulation intensity so that 
the electric field value in each ROI (left EBA, right EBA or 
Vertex) corresponded to the electric field value induced in M1 
by TMS at 110% RMT. Table 1 gives the stimulation intensity 
and the corresponding electric field values for each ROI (L-
EBA, R-EBA, Vertex) individually. Stimulation parameters 
were well within international safety guidelines (Rossi et al., 
2009; Wassermann, 1998).

We chose paired-pulse TMS because the summation prop-
erties of TMS pulses offer longer inactivation period than sin-
gle-pulse TMS but still allow good temporal resolution defined 
by the temporal distance between the two pulses (Silvanto et al., 
2005; Walsh & Pascual-Leone, 2003). According to Pitcher 
et al.'s (2012) results, we chose to deliver paired-pulse stimu-
lation during the task (image discrimination) at two time-win-
dows: 40 and 50 ms post-visual stimulus onset (40–50 ms), or 
100 and 110 post-visual stimulus onset (100–110 ms).

2.3.2 | Experimental design

There were two visual stimuli conditions: Self Hand and 
Other Hand. Each condition corresponded to 14 images: 
seven different positions each for the right hand and the 

F I G U R E  3  Participant's set-up, coil, and neuronavigation 
monitoring. Participants were comfortably seated in an armchair, 
facing the computer screen. The coil was firmly held in place with 
mechanical arms and its location relative to the EBA target was 
continuously monitored with neuronavigation. The neuronavigation 
system allowed to accurately and reproducibly maintain stimulation 
targets.

T A B L E  1  TMS specifications. Intensity: Magnetic stimulator output (% of the maximum output). EF: Electric field at target (V/m), x,y,z: 
Coordinates of the ROIs (MNI referential). ROIs were constructed in the subject's space (non-normalized data) to accurately guide the TMS. 
Left and right EBA coordinates were normalized into MNI referential for the publication only, to allow comparison with other studies. There 
are no MNI coordinates for the Vertex ROIs. The vertex was identified on the basis of cranial measures on each participant, not on the basis of a 
functional localizer like EBA.

LEBA REBA Vertex

x,y,z Intensity EF x,y,z Intensity EF Intensity EF

P1 −51, −72, 15 38 56.86 51, −66, 0 31 61.07 31 67.31

P2 −54, −69, 6 37 61.23 51, −66, 3 30 59.5 32 59.38

P3 −51, −72, 9 37 74.89 51, −69, 0 32 78.58 45 49.3

P4 −48, −75, 12 34 74.65 60, −48, −3 32 70.19 40 68.51

P5 −48, −81, 15 35 73.31 57, −66, 9 42 71.16 33 69.14

P6 −51, −75, 9 36 60.56 51, −72, 6 33 47.55 35 52.08

P8 −48, −72, 18 37 64.61 45, −72, 12 40 68.95 36 65.8

P9 −48, −75, 6 31 61.84 45,−72, 9 31 63.57 37 63.19

P12 −57, −63, 9 37 66.83 54, −60, 12 38 64.07 40 53.38

P13 −45, −69, 3 30 61.23 51, −63, 15 36 59.59 45 24.58

P14 −51, −72, 3 38 56.18 45, −72, 15 32 56.63 42 39.18

P16 −48, −75, −3 30 66.82 48, −66, 6 35 50.58 44 50.5

Mean 35 64.92 34.33 62.62 38.33 55.20

Std 3.05 6.53 3.89 8.83 5.05 13.40
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left hand (Figure 4). Photographs were taken above a black 
background after jewelry and/or nail polish were removed. 
Sleeves were pulled up so they would not show on the pho-
tographs. Participants were shown the position they had to 
produce before each photograph. The images were resized to 
480 × 640 pixels.

Each session contained a total of four acquisition runs 
corresponding to TMS over each of the two ROIs (right 
EBA, left EBA), the control site (Vertex), and a no-TMS 
run. Each run contained an identical number of Self Hand 
and Other Hand trials. To homogenize conditions, Other 
Hand trials contained images of the right and left hand of 
a single individual of the same gender than the participant. 
Stimuli were delivered during 200 ms, in a pseudo-ran-
dom order, with a 5000 ms inter-stimuli black screen and 
each stimulus was preceded by a 1000 ms fixation cross. 
When applied, double-pulse TMS occurred at either one of 
the two time-windows: 40 and 50 ms post-visual stimulus 
onset (40–50 ms), or 100 and 110 ms post-visual stimulus 
onset (100–110 ms). Presentation, timing, TMS triggering, 
and data collection were controlled by the LabVIEW soft-
ware package.

Participants performed a training run, consisting of 20 
trials to get acquainted with the images and with the re-
sponse pad. After that, the no-TMS run was always the first 
run, to serve as an initial control condition to observe the 
task performance independently of the application of nu-
merous TMS pulses, practice/learning effect, attentional 
fatigue throughout the experiment. Then, we had two runs 

corresponding to TMS over left or right EBA, our main re-
gions of interest), the order of which was counterbalanced 
across participants. Finally, we had the last run during which 
TMS was applied over the vertex (not involved in the dis-
crimination task), to serve as a final control condition to ver-
ify that the potentially observed effects in the EBA runs are 
specific to EBA stimulation and not to nonspecific effects 
due to the stimulation of any brain area. We did not coun-
terbalance the Vertex run with the EBA runs (which might 
have been a better control for the effect of TMS), indeed, 
by running the Vertex run last and comparing it with the 
No-TMS run, we could verify that there was no effect of 
practice/learning in the experimental runs. It also allowed to 
control for effects of successive TMS pulses, or attentional 
fatigue, on task performance throughout the experiment.

During each run, participants were required to focus their 
attention on the screen. They were instructed to respond as 
fast as possible by pressing one of the two pushbuttons of the 
response box (with their right index finger or with their right 
middle finger) to indicate whether the hands presented on the 
screen belonged to them or not. The association between re-
sponse and finger was counterbalanced across participants: 
for half of them the right push-button corresponded to the 
answer “this is mine,” while for the other half the right button 
corresponded to the answer “this is not mine.” Accuracy and 
reaction times (RTs) were recorded.

2.3.3 | Statistical analyses

There were two image types (Self Hand and Other Hand), 
four TMS settings (Right EBA, Left EBA, Vertex, and 
noTMS), and two TMS time windows (40–50  ms and 
100–110 ms), resulting in 14 conditions. Individual mean 
error rates and reaction times (RTs) were calculated for 
each condition independently and subjected to separate 
ANOVAs. We did not have a full cross-over design, 
as noTMS does not have time windows. We, therefore, 
ran separate ANOVAs for each delay (40–50  ms, 100–
110 ms), using the Statistica software (StatSoft Inc.). All 
four ANOVAs were repeated-measures 2-way ANOVAS 
with a factor Owner with two levels (Self or Other) and 
a factor TMS with four levels (Right EBA, Left EBA, 
Vertex, noTMS). The ANOVA plan was thus: TMS 
[rEBA, lEBA, Vertex, noTMS] x Owner [Self, Other]. 
Because we ran separate ANOVAs for the two time-win-
dows, we applied a Bonferroni correction for multiple 
comparisons. The significance level for the main effects 
and interactions of each ANOVA was thus set at 0.025. 
When needed, post hoc analyses were performed using 
Fisher's Least Square Difference method, with a signifi-
cance level set at 0.05, as these were performed within 
the ANOVAs.

F I G U R E  4  Examples of stimuli used in the TMS study, with the 
seven hand positions. There were two visual stimuli conditions: Self 
Hand and Other Hand. Each condition corresponded to 14 images: 
seven different positions each for the right hand and the left hand. 
Photographs were taken above a black background after jewelry and/
or nail polish were removed. Sleeves were pulled up so they would 
not show on the photographs. The images were resized to 480 × 640 
pixels.
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3 |  RESULTS

3.1 | fMRI localizer

EBA was identified in both hemispheres in all partici-
pants. For the TMS experiment, ROIs were built, for each 
participant around coordinates in the individual subject's 
space (non-normalized data), and cannot be compared with 
data available in the literature, that are normalized in either 
Talairach or Montreal Neurological Institute (MNI) space. 
Therefore, we also normalized the data and ran a random-
effects group analysis. Right EBA was found as a cluster of 
53 voxels (p < 0.001, FWE corrected at cluster level) with a 
peak voxel at 51 -63 12 (MNI referential; T value = 10.02), 
and left EBA was found as a cluster of 100 voxels (p < 0.001, 
FWE corrected at cluster level) with a peak voxel at -51 -69 
15 (T value = 8.39). Both clusters were localized at the junc-
tion between middle temporal and middle occipital gyri using 
the Anatomy toolbox (Eickhoff et al., 2005, 2006, 2007) 
and the Anatomical Automatic Labeling toolbox (Tzourio-
Mazoyer et al., 2002).

3.2 | TMS experiment

As our analysis relies on the comparison of responses for 
Self Hands and Other Hands, we computed error rates in-
dependently for each condition. Error rates were compared 
to chance (50%) using a binomial test, for the noTMS run 
only, as TMS could induce higher error rates. Data from 
four participants were discarded based on those tests. Three 
participants had error rates that were not different from 
chance for Self Hands or for Other Hands in the noTMS 
run, meaning they did not truly discriminate self from other 
hands, even without TMS. One participant had error rates 
significantly superior to 50% in the noTMS run, meaning 
they had a response bias, even before TMS. The results 
of the binomial tests are given in Table 2 for the four par-
ticipants excluded. For the remaining 12 participants, error 
rates in the noTMS condition were 17.38%  ±  3.63% for 
Other Hands and 14.67%  ±  3.46% for Self Hands, and 
mean error rates in the TMS runs were 21%  ±  3.3% for 
Other Hands and 13% ± 2.9% for Self Hands (mean ± SE). 
Results for those participants (mean age 29.9 ± 5.24 years; 
2 males, 10 females) are detailed below.

3.2.1 | Error rates

Error rates were calculated as nb of errors/number of trials 
for each condition.

When TMS was applied 40–50  ms after image onset, 
there were no significant main effects or interaction.

When TMS was applied 100–110  ms after image 
onset there was an interaction between the two factors 
(F3,33 = 3.659, p = 0.022, ηp

2 = 0.25). Post hoc analyses on 
the TMS x Owner interaction showed that TMS over Right 
EBA induced significantly more errors on Other Hands than 
all three other conditions (Figure 5). Moreover, error rates for 
Other Hand were not different between Left EBA, Vertex, 
and noTMS. Error rates for Self Hand were not different be-
tween the four conditions. However, TMS increased the dif-
ference in error rates between Self Hand and Other Hand on 
all three targets, resulting in an effect of the factor Owner 
(F1,11 = 6.689, p = 0.025, ηp

2 = 0.38), such that there were 
more errors for Other Hands than for Self Hands.

3.2.2 | Reaction times

When TMS was applied 40–50 ms after image onset, there 
was a main effect of the factor TMS (F3,33 = 6.43; p = 0.0015, 
ηp

2 = 0.37), and of the factor Owner (F1,11 = 6.67; p = 0.025, 
ηp

2 = 0.38), such that reaction times for Other Hands were 
longer than for Self Hands. There was no interaction between 
the factors (F3,33 = 1.97, NS, ηp

2 = 0.15).
Post hoc analyses on the TMS factor (Figure 6a) 

showed that TMS over Right EBA (889.41 ms ± 79.97 ms, 
mean  ±  SE) and Left EBA (933.18  ms  ±  99.29  ms) 
slowed reaction times compared to the noTMS condition 
(766.83 ms ± 59.42 ms, both p < 0.05) and the Vertex con-
dition (746.56 ms ± 53.78 ms, both p < 0.05). The Right and 

T A B L E  2  Results of the binomial test for the four participants 
excluded from the analyses. Error rates during the noTMS condition 
were compared to chance (50%) using a binomial test. Proper 
performance of the task corresponds to error rates significantly lower 
than 50%. P10, P11, and P15: performance non-significantly different 
from chance for Self Hand or Other Hand. P7: error rates for Other 
Hand significantly greater than 50% (response bias).

noTMS

Error rate Z p

P7

Self hand 1.79% −7.08 <0.0001

Other hand 80.36% 4.41 <0.001

P10

Self hand 35.71% −2.00 0.023

Other hand 42.86% −0.94 0.17

P11

Self hand 42.86% −0.94 0.17

Other hand 25.45% −3.51 0.00023

P15

Self hand 33.93% −2.27 0.012

Other hand 58.93% 1.20 0.11
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Left EBA conditions were not significantly different from 
each other (p = 0.40), neither were the Vertex and noTMS 
conditions (p = 0.69).

When TMS was applied 100–110 ms after image onset, 
there was also a main effect of the factor TMS (F3,33 = 6.21; 
p = 0.002, ηp

2 = 0.36), but no main effect of the factor Owner 
(F1,11 = 3.49; p = 0.089, ηp

2 = 0.24). There was no interac-
tion between the factors (F3,33 = 0.247, NS, ηp

2 = 0.02).

Post hoc analyses on the TMS factor (figure 6b) showed 
that TMS over Right EBA (910.41 ± 64.08) and Left EBA 
(930.62  ±  100.92) slowed reaction times compared to the 
noTMS condition (766.83 ± 59.42, both p < 0.05) and the 
Vertex condition (792.84 ± 61.57, both p < 0.05). The Right 
and Left EBA conditions were not significantly different from 
each other (p = 0.67), neither were the Vertex and noTMS 
conditions (p = 0.58).

F I G U R E  5  Error rate (nb of errors/number of trials) for other's hands (OH) and self hands (SH) when TMS pulses were targeted to rEBA, 
lEBA, Vertex, and during the noTMS condition at the 100–110 ms time-window. Values are mean ± SE, n = 12. For clarity, only significant 
differences are indicated with their respective p values. There was an interaction between the factors TMS and Owner (F3,33 = 3.659, p = 0.022). 
Post hoc analyses on the TMS x Owner interaction showed that TMS over Right EBA induced significantly more errors on Other Hands than all 
three other conditions (significance values are shown on the graph). Error rates for Other Hand were not different between Left EBA, Vertex, and 
noTMS. Error rates for Self Hand were not different between the four conditions.

F I G U R E  6  Reaction times for hand discrimination when TMS pulses were targeted to rEBA, lEBA, Vertex, and during the No-TMS condition 
at the 40–50 ms (a) and the 100–110 ms (b) time-windows. Values are mean ± SE, n = 12. NS: not significant, *: significant difference. There was 
no interaction between the factors TMS and Owner at either delay; therefore, Self Hands and Other Hands data could not be analyzed separately. 
There was a main effect of the factor TMS at both delays (F3,33 = 6.43; p = 0.0015, at 40–50 ms and F3,33 = 6.21; p = 0.002 at 100–110 ms). Post 
hoc analyses on the TMS factor showed similar results at both delays: TMS over Right EBA and Left EBA slowed reaction times compared to the 
noTMS condition and the Vertex condition. The Right and Left EBA conditions were not significantly different from each other (p = 0.40 at 40–50 
ms and p = 0.67 at 100–110 ms), neither were the Vertex and noTMS conditions (p = 0.69 at 40–50 ms and p = 0.58 at 100–110 ms).
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4 |  DISCUSSION

According to the literature, EBA is involved in the percep-
tion of bodies and non-facial body parts (Downing et al., 
2001; Pitcher et al., 2009; Taylor et al., 2007; Urgesi et al., 
2004, 2007), but its role in disentangling body identity 
remains unclear. Here we used double-pulse transcranial 
magnetic stimulation to test the role of EBA in self-other 
distinction and the possibility of the functional specializa-
tion of right and left EBA. Prior to the TMS experiment, all 
participants underwent an fMRI localizer task to determine 
targets' location precisely. Double-pulse TMS was then ap-
plied over either right EBA, left EBA or the vertex (control 
condition), while participants performed a discrimination 
task on a computer screen. They had to determine as soon 
as possible whether the hand presented was theirs or not. 
TMS applied over the vertex had no effect on error rates 
or RTs compared to the no-TMS condition at either TMS 
time window. TMS over either EBA slowed RTs at both 
time windows. Moreover, TMS over the right EBA at 100–
110 ms induced more errors on other hands than any other 
condition, including TMS over the left EBA. TMS over 
left EBA did not impact error rates, which does not totally 
exclude the possibility that left EBA is involved in iden-
tity processing. Indeed, our statistical analyses are based 
on a relatively low number of participants and might have 
lacked the power to evidence weak effects.

Past studies have suggested that some of the effects reported 
in TMS studies could be due to TMS side effects rather than to 
the disruption of cerebral function (Abler et al., 2005; Duecker 
et al., 2013; Holmes & Meteyard, 2018; Meteyard & Holmes, 
2018). These side effects include noise, cutaneous stimulation, 
and possible twitches in head/face muscles that cause subjec-
tive discomfort that has been shown to affect task performance 
(Meteyard & Holmes, 2018). These authors have found that 
subjective discomfort differs as a function of TMS target and 
possibly of TMS intensity. Importantly, TMS over the vertex 
elicited less discomfort than most other sites, leading the au-
thors to question the validity of the vertex as a control con-
dition. The question thus arises whether the different effects 
reported here could be explained by TMS side effects and/or 
subjective discomfort. While these effects could explain the 
differences observed between Vertex TMS and EBAs TMS, 
side effects and discomfort are less different between left and 
right EBA, thus less likely to explain the difference observed 
with TMS over the two sites. Also, these factors could explain 
an increased number of errors in the task but seem less likely 
to explain why only errors on Other hands increased, not er-
rors on Self hands that did not differ across all four conditions 
(noTMS, Vertex, Right EBA, Left EBA). Moreover, the inten-
sities used in the present studies were relatively low (between 
30 and 40% of the magnetic stimulator output), lower than in 
the studies of the effects of TMS side effects (Duecker et al., 

2013; Meteyard & Holmes, 2018). Meteyard and Holmes sug-
gested that TMS intensity could be of importance in subjective 
discomfort. From their supplementary data, there seems to be 
no to little discomfort for the intensities we used (Meteyard & 
Holmes, 2018). Finally, Duecker et al. showed that TMS tim-
ing was also of importance in the interference between TMS 
side effects and task performance. For delays between stim-
ulus onset and TMS comprised between 0 and 100  ms like 
ours, there was no effect on accuracy nor on reaction times for 
both tasks studied (Duecker et al., 2013). On the other hand, 
the slowing of reaction times when TMS is applied over either 
EBA is consistent with previous studies about the role of EBA 
as a specialized structure involved in human body and body 
part processing (Downing et al., 2001; Myers & Sowden, 2008; 
Saxe et al., 2006; Taylor et al., 2007; Urgesi, 2007). Indeed, the 
results of Downing et al. (2001) described EBA as a region of 
the human lateral occipitotemporal cortex selectively respond-
ing to visual images of human bodies and body parts, with 
the exception of faces. Following the lead of Downing et al. 
(2001), many other neuroimaging studies have found the same 
effect and support the notion that EBA is selective for images 
of the body and body parts relative to a variety of control im-
ages (Orlov et al., 2010; Peelen & Downing, 2007; Pinsk et al., 
2009; Schwarzlose et al., 2008; Spiridon et al., 2006). These 
results support the notion that TMS effects reported here can 
more readily be explained by cortical effects of TMS, rather 
than by TMS side effects and/or subjective discomfort.

That these effects are likely cortical in origin does not en-
tail that they are specific of body processing being disrupted 
by TMS. Indeed, we did not use an object control condition, 
so we cannot assert that we would not have found the same 
effects had we presented different types of stimuli. However, 
TMS over EBA has been shown to be specific to body stimuli. 
For example, TMS over EBA impairs the visual processing 
of non-facial body parts, but not that of faces or other objects 
(Pitcher et al., 2009; Urgesi et al., 2004). It also impairs the 
detection of people in natural scenes but not that of cars (van 
Koningsbruggen, 2013). Beyond being category-specific, all 
those effects are also specific to TMS over the EBA when 
compared with neighboring areas such as the primary visual 
cortex (V1, Urgesi et al., 2004), the Occipital Face Area, and 
the Lateral Occipital complex (Pitcher et al., 2009) and the 
Transverse Occipital Sulcus (van Koningsbruggen, 2013). 
Taken together, these results suggest that TMS effects re-
ported here are specific to body part images.

4.1 | TMS over right EBA impacts self/other 
discrimination

One surprising result of the present study is that participants 
displayed a self-advantage in the TMS runs, irrespective of 
the site, and delay of stimulation. This type of self-advantage 
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has been described with names (Alexopoulos et al., 2012), 
objects (Constable et al., 2018), faces (Keyes and Brady, 
2010; Ma and Han, 2010; Malaspina et al., 2019), and body 
parts (Ferri et al., 2011; Frassinetti et al., 2010; Conson et al., 
2015, 2017; Malaspina et al., 2019), in a number of different 
tasks. For body parts, it is less common in explicit recogni-
tion tasks (Ferri et al., 2011; Frassinetti et al., 2010; Conson 
et al., 2015), although it has been found when task demand 
increases (Conson et al., 2017). Here, although there are no 
significant differences between error rates between left EBA, 
Vertex, and noTMS, there is a non-significant increase in er-
rors for Other hands together with a non-significant decrease 
in errors for Self Hands when TMS is applied, leading to this 
Self/Other difference. One explanation is that TMS induces 
an attentional shift or an alertness that translates into a slight 
self-bias. Beyond this self-bias, the increase in errors for 
Other hands was only significant for TMS over right EBA 
at 100–110 ms, which induced significantly more errors on 
other hands than any other condition.

An effect of TMS over EBA in a self/other hand discrimi-
nation paradigm has also recently been reported by De Bellis 
et al. (2017). These authors used repetitive three-pulse TMS 
at 10 Hz, ie. 100 ms inter-pulse intervals, with the first pulse 
applied 150 ms after image onset, and with the TMS output 
set beneath the motor threshold. While most TMS studies in-
cluding ours report disruptive effects of TMS on EBA func-
tioning, De Bellis et al. demonstrated that rTMS over rEBA 
facilitates the identification of others' hands. To account for 
this facilitation effect, the authors advocated the possibility 
of local cortical facilitation (Luber & Lisanby, 2014) induced 
by high-frequency under-threshold rTMS, with trains ap-
plied, while the visual processing of stimulus was still oc-
curring. This apparent contradiction between disruptive and 
facilitating effects of TMS could be interpreted considering 
Romaiguère et al.'s results of 2005. These authors found that 
TMS over the sensorimotor cortex during ongoing tendon vi-
bration could facilitate or impair kinesthetic illusion depend-
ing on whether TMS was delivered below or above motor 
threshold (Romaiguère et al., 2005). It is, therefore, possible 
that TMS over EBA would facilitate or impair EBA function-
ing depending on whether TMS output is above motor thresh-
old as in the present study, or below the motor threshold as in 
De Bellis et al.'s study.

In addition, De Bellis et al.'s paradigm included both an 
explicit (visual recognition of self/others' hand images) and 
an implicit (laterality judgment on self and others' hand im-
ages) recognition tasks, with images being presented until 
participants responded (De Bellis et al., 2017). Interestingly, 
although TMS effects were evidenced in the implicit tasks, no 
difference was found in the explicit recognition task, which 
had a similar design to ours. One explanation for this differ-
ence is that De Bellis et al. used averaged coordinates from 
literature to guide TMS location, while we used individual 

fMRI maps which might have resulted in more precise tar-
gets. Another explanation for these divergent findings might 
be the difference in timing, as suggested by early works on 
the effects of TMS on visual processing. Indeed, pioneering 
works found a variety of timing relative to visual stimulus 
onset at which TMS over primary visual cortex was most ef-
fective at disrupting visual perception, ranging from 20 ms 
before to 150 ms after visual stimulus onset (Amassian et al., 
1989; Beckers & Zeki, 1995; Corthout et al., 2003; Hotson 
et al., 1994; Lamme & Roelfsema, 2000). Taken together, 
these studies have demonstrated several temporal windows 
at which TMS pulses can induce visual suppression, reflect-
ing perhaps multiple feedforward-feedback loops (Corthout 
et al., 2003; Juan & Walsh, 2003).

The last explanation of our divergent findings with De 
Bellis et al. (2017) is the mechanism by which TMS disrupts 
processing which competes or distracts from task perfor-
mance (Luber & Lisanby, 2014). In particular “addition by 
subtraction” mechanisms suggest a competition among the 
visual cortices which process different properties of incom-
ing stimuli in parallel. For example, Walsh et al. (1998) stim-
ulated visual motion area V5 during different visual search 
tasks and found that TMS could shorten or lengthen reac-
tion times depending on whether the movement was relevant 
for the task. Notably, the critical time for TMS-induced dis-
ruption varied for the different tasks between 0 and 250 ms 
(Walsh et al., 1998).

Taken together these results may explain why TMS ap-
plied during implicit and explicit recognition tasks has dis-
tinctive effects, yet both ours and De Bellis' studies highlight 
the importance of early activation in rEBA for body iden-
tification. TMS over the right EBA might disrupt the early 
processing of visual signals that would be important in an 
explicit recognition task such as ours, leading to decreased 
response speed and accuracy.

4.2 | TMS impacts hand recognition 
processing in early time windows

In our experiment, double-pulse TMS was applied 40/50 ms 
or 100/110 ms following stimulus presentation, according to 
a previous study evidencing two distinct time windows of 
EBA activity (Pitcher et al., 2012). These authors delivered 
double-pulse TMS over the rEBA and the right occipital face 
area (rOFA) at different latencies after stimulus onset, while 
participants performed delayed match-to-sample tasks on 
body and face stimuli and found that only TMS delivered 
at 100/110 ms had category-specific effects (bodies at rEBA 
and faces at rOFA) in contrast to TMS applied at 40/50 ms. 
It was suggested that the early and late windows could cor-
respond to the first sweep of information into the visual cor-
tex and to re-entrant feedback processing from remote higher 
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cortical areas that enhance this initial neural representation, 
respectively. This is compatible with our finding that TMS 
at both time windows delay responses, but that only TMS 
at 100–110 alters performance by increasing error rates on 
Other hands. In addition to Pitcher et al.'s (2012) work, cat-
egory-specific responses within the first 100 ms have been 
reported for different categories of stimuli (Liu & Ioannides, 
2010; Meeren et al., 2008). Meeren et al. found category-
specific responses to human faces and bodies between 70 
and 100 ms after stimulus onset (Meeren et al., 2008). Single 
neuron recordings in the inferior temporal cortex of monkeys 
have shown that the earliest part of the responses already car-
ried information about global category (human face, monkey 
face or geometric shape), while specific information about 
expressions or identity started on average 51 ms later (Sugase 
et al., 1999). It is thus possible that the first sweep of infor-
mation already carries information about the global category 
(i.e. Body or body parts) but fine-grained analysis that allows 
distinction between the different body parts (including faces) 
starts later. This would explain why TMS applied over the 
EBAs at 40–50 ms delays the response but does not alter it, 
while TMS applied over EBA at 100–110 ms both delays and 
alters the response.

4.3 | EBA is part of a network involved in 
self/other distinction

Although our findings suggest that rEBA contributes to 
identity processing, we provide no evidence that it directly 
processes self/other distinction. Indeed, Downing and Peelen 
(2011) advocated that EBA is not involved in any high-level 
functions such as distinguishing body identity, but only en-
code fine details about visually perceived bodies. They nev-
ertheless do not exclude the possibility that inputs from EBA 
to the putative higher-order areas, as well as feedback from 
the latter areas to the former, are essential for person identifi-
cation from bodily appearance and related cognitive abilities. 
They suggested that EBA provides specialized information 
about the form and configuration of bodies to other regions 
that extract and make explicit the meaningful signals of the 
body, making possible the identity discrimination (Downing 
& Peelen, 2011). Thus, EBA participates in the early phase 
of the visual processing of the presented body part but owner-
ship distinction is likely processed upstream, in remote high-
order cortical areas associated with self/other distinction. 
In support of this view, both functional MRI experiments 
(Ehrsson et al., 2004, 2005; Limanowski & Blankenburg, 
2016) and lesion network-symptom-mapping in brain-dam-
aged participants (Martinaud et al., 2017; Wawrzyniak et al., 
2018) have associated the rubber hand illusion (an experi-
mental protocol manipulating the sense of ownership with 
an artificial hand) with activity in a set of regions including 

the right temporoparietal junction, the right anterior insula, 
and right inferior frontal gyrus. Similarly, self-face recogni-
tion has been linked to a mostly right hemisphere network 
(Keenan et al., 2001; Sugiura et al., 2006, 2008), that has 
also been found to be active in self-body illusions leading 
to the proposition that it underlies self-body recognition as 
well (Morita et al., 2017, 2020). On the other hand, left EBA 
has been shown to be active in relation to action semantics 
(Romaiguère et al., 2014) or during body-part metaphor 
comprehension (Lacey et al., 2017). Both studies showed 
that the left occipito-temporal area responding to action or 
metaphor comprehension was functionally connected to lan-
guage processing areas in the left hemisphere known to pro-
cess semantics (Lacey et al., 2017; Romaiguère et al., 2014). 
Lacey et al., (2017) showed that during body-part metaphor 
comprehension, activity in left EBA was actually driven by 
that in Broca's area and in the left superior temporal gyrus. 
This suggests that lateralized activity in EBA could reflect 
the hemispheric lateralization of the brain processes involved 
in the task at hand. EBA would provide information about 
the form and configuration of bodies to higher order areas. 
These higher order areas would then send feedbacks to EBA. 
Depending on the task, these feedbacks might be strongly 
lateralized, and thus have a stronger modulating effect on ip-
silateral EBA.

In sum, that TMS over right EBA alters self/other dis-
crimination does not imply that right EBA has the intrinsic 
ability to discriminate between self and other bodies. EBA 
could act as an entry into larger networks underlying self/
other discrimination (Downing & Peelen, 2011; Jeannerod, 
2004; Kaneko et al., 2015). Disrupting EBA function during 
the early stage of visual discrimination would disrupt the 
whole network resulting in delayed/poorer discrimination.

4.4 | Limitations of the present study

A limitation of this study is that it included only 12 par-
ticipants. We acknowledge this number might seem low. 
However, in a study of functional accuracy of TMS in 
cognitive studies, Sack et al. (2009) showed that when 
using functional MRI guided neuronavigation five par-
ticipants were sufficient to reveal a significant effect, 
while other guidance technics required more participants 
(9 for structural MRI guided neuronavigation and 13 for 
group Talairach coordinates). Moreover, numerous stud-
ies of the effects of TMS over various cognitive processes 
have shown significant effects for participants numbers 
between 10 and 15 (for example, Gandolfo & Downing, 
2019; Luber et al., 2020; Pisoni et al., 2018; St Germain 
et al., 2020; van Koningsbruggen et al., 2013). We, there-
fore, feel that, although 12 participants is a lower number 
than we initially planned for, it is nonetheless enough to 
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support the findings in this study. For the sake of future 
studies, we performed a power analysis using the Statistica 
Power analysis toolbox. Given the effect sizes observed in 
the present study, future studies using the same design and 
tasks would require at least nine participants.

Another limitation is that we chose not to counterbalance 
all conditions. We cannot rule out that order effects (practice/
learning, high/low attention, fatigue…) might have occurred 
during the course of the experiment. It is, however, rather 
unlikely that order effects could account for the effects we re-
port here. Indeed, there was no statistical difference between 
TMS over the vertex (always last) and noTMS (always first), 
whether on reaction times or on error rates. More notably, 
order effects could not account for the different effects of 
TMS over right and left EBAs, as the order of these condi-
tions was counterbalanced.

Finally, we only tested right-handed participants. There 
is evidence that lateralization in the lateral occipito-temporal 
cortex depends on hand dominance (Willems et al., 2010), so 
the results reported here only pertain to right-handers.

5 |  CONCLUSIONS

This study emphasizes the usefulness of TMS to explore visual 
cognition, but also the importance to control the site of stimula-
tion using fMRI localizer, as well as the intensity and timing of 
stimulation. Indeed, the present study provides evidence that 
EBA in the right hemisphere participates in identity processing. 
In a previous paper, we proposed that both right and left EBA 
provide input into the motor system, although with distinct roles 
in action representation, right EBA providing input to a system 
involved in the processing of actions with the aim to disentan-
gling those produced by oneself from others and experience the 
sense of agency (Romaiguère et al., 2014). The present study 
partly supports this proposition by providing evidence that right 
EBA does participates in self/other discrimination.
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