doi:10.1093/scan/nsl003

rTMS to the right inferior parietal lobule disrupts
self-other discrimination
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Self-other discrimination is fundamental to social interaction, however, little is known about the neural systems underlying this
ability. In a previous functional magnetic resonance imaging study, we demonstrated that a right fronto-parietal network is
activated during viewing of self-faces as compared with the faces of familiar others. Here we used image-guided repetitive
transcranial magnetic stimulation (rTMS) to create a 'virtual lesion' over the parietal component of this network to test whether
this region is necessary for discriminating self-faces from other familiar faces. The current results indeed show that 1 Hz rTMS to
the right inferior parietal lobule (IPL) selectively disrupts performance on a self-other discrimination task. Applying 1 Hz rTMS to
the left IPL had no effect. It appears that activity in the right IPL is essential to the task, thus providing for the first time evidence

for a causal relation between a human brain area and this high-level cognitive capacity.
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Abbreviation: FDI =first dorsal interosseous; fMRI = functional magnetic resonance imaging; IPL = inferior parietal lobule;
LH =left hemisphere; MEP = motor-evoked potential; MT = motor threshold; RH =right hemisphere;

rTMS = repetitive transcranial magnetic stimulation

INTRODUCTION

Distinguishing the self from others is a key aspect of social
behaviour. During development, the ability to discriminate
self from others appears to emerge earlier than the ability to
explicitly self-recognize. Infants as young as 4 months of age
show signs of discriminating between self and others (Rochat
and Striano, 2002), whereas the ability to recognize oneself
in front of a mirror typically emerges around 2 years of age
(Amsterdam, 1972), coinciding with the onset of the use
of self-referential pronouns (‘I" and ‘me’) (Preyer, 1889).
This evidence suggests a developmental progression from a
differentiation of the self from others to explicit identifica-
tion of the self-image as self-awareness emerges over the first
few years of life. It appears that understanding of one’s body
as differentiated from the bodies of others develops into the
conceptual understanding that images of the self are also
representations of one’s body (Rochat and Striano, 2002).
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Only recently cognitive and social neuroscientists have
begun to explore the topic of the self using functional
imaging methods. The emerging picture from the current
literature seems to suggest a special role of the right
hemisphere (RH) in self-related cognition (Decety and
Chaminade, 2003; Platek et al., 2004), own-body perception
(Blanke et al, 2002, 2005), self-awareness (Stuss, 1991;
Andelman et al., 2004; Barnacz et al., 2004) and autobio-
graphical memory (Fink et al, 1996; Levine et al., 1998;
Greenberg et al., 2005). Additional support for a role of
the RH in various aspects of self-representation comes
from studies of neuropsychological patients (Devinsky,
2000; Breen et al., 2001), behavioural studies (Keenan et al.,
2000; Platek and Gallup, 2002) and transcranial magnetic
stimulation (TMS) studies (Theoret et al., 2004; Molnar-
Szakacs et al., 2005a).

In particular, a right fronto-parietal network in the human
brain seems critical for distinguishing the self from others
(Decety and Sommerville, 2003). Within this network, the
right inferior parietal lobule (IPL) has long been linked with
own-body perception; indeed, lesions in this area often
lead to disruption of body schema and corporeal awareness,
such as that seen in anosognosia (Berlucchi and Aglioti,
1997). Likewise, direct cortical stimulation of the right
IPL has been associated with the phenomenon of out-
of-body experience (Blanke et al., 2002). Recent functional
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neuroimaging studies have also implicated the right IPL in
self-face recognition (Uddin et al, 2005b; Sugiura et al,
2005; Platek et al., 2006).

Although these recent studies have attempted to reveal the
neural bases of self-processing, there is still much debate in
the literature regarding whether, and to what extent, these
processes are lateralized, and their precise anatomical
localizations (Gillihan and Farah, 2005). While there is
considerable evidence that self-face recognition involves
largely RH processes and neural networks (Keenan et al.,
2001; Uddin et al., 2005b; Sugiura et al, 2005), there
have also been some reports of left hemisphere (LH)
bias related to viewing of self-faces in commissurotomy
patients (Turk et al, 2002) (but see Keenan et al, 2003;
Uddin et al, 2005a). Likewise, there some
imaging evidence for involvement of bilateral networks
during similar tasks (Sugiura et al., 2000; Kircher et al.,
2001).

A limitation of some of the previous neuroimaging work
is that functional magnetic resonance imaging (fMRI)
provides only correlational information about the relation-
ship between a given brain area and a particular cognitive
task. Causal relationships between brain and behaviour can
be tested with TMS, a technique involving transient
disruption of normal brain activity using focal magnetic
pulses that target specific brain areas. Low-frequency (1 Hz
or less) repetitive TMS (rTMS) over a particular cortical
region may produce a ‘virtual lesion’ that results in reduced
performance, if this region is essential to the performance of
the task (Pascual-Leone et al, 2000). In this study, we used
the fMRI data acquired from our previous study to guide the
TMS coil over the parietal site of the network activated by a
self-recognition task. We performed low-frequency rTMS to
determine if the functional mechanisms implemented by the
inferior parietal area previously reported (Uddin et al.,
2005b) are indeed necessary for successful self-other
discrimination.

exists

MATERIALS AND METHODS

Subjects

Eight healthy volunteers (2 males, 6 females, mean age: 26.6)
who were also subjects in our previous fMRI experiment
(Uddin et al., 2005b) were recruited for this TMS study. All
were right-handed, as assessed by a modified version of the
Oldfield Handedness Questionnaire (Oldfield, 1971).
Participants were screened for neurological, psychiatric and
medical problems, drug use and contraindications to TMS.
Written informed consent was obtained prior to the
experiment, approved by the UCLA
Institutional Review Board, and conformed to The Code of
Ethics of the World Medical Association (Declaration of
Helsinki).

which  was
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Stimuli and Task

Each subject participated in two TMS sessions, occurring on
separate days to avoid residual effects of TMS between
sessions. During each session, subjects performed a beha-
vioural task consisting of watching static morphed images of
themselves and a highly familiar other and indicating by a
button press whether the image they saw looked more like
‘self” or ‘other’. Stimuli were individually tailored to each
subject, and consisted of a series of static colour images
constructed from pictures of the subjects’ own face and the
face of a gender-matched highly familiar ‘other’, to control
for familiarity of the self-face. Images were constructed from
digital pictures of subjects’ and control faces acquired with a
Kodak 3400C digital camera. Subjects chose a personal
friend or colleague they encountered on a daily, or almost
daily, basis to be used as a familiar control. MorphEditor
(SoftKey Corporation, Cambridge, MA) was used to create
digital morphs between the subjects and the familiar face,
resulting in six unique faces, each morphed to a varying
extent (0, 20, 40, 60, 80 and 100%). Images were edited using
Adobe Photoshop 7.0 to remove external features (hair, ears)
and to create a uniform gray background. The software
package Presentation (Neurobehavioral Systems Inc., http://
www.neuro-bs.com/) was used to present stimuli and record
responses.

During four 2 min runs, each of six morphed faces was
presented ten times in a random sequence. Each of the four
runs consisted of a different random sequence. Each
stimulus was presented for 1s, with a 1s inter-stimulus
interval. Subjects were asked to press a button with their
index finger if the image presented looked like ‘self’, and
another button with their middle finger if it looked like an
‘other’ face. This task was followed by 20 min of rTMS at
1Hz either over the LH or RH. Subsequently, subjects
completed the behavioural task again, such that performance
before and after TMS could be compared. Each subject
switched response hand midway through behavioural
testing, and starting hand order and stimulation site
(LH, RH) was counterbalanced between subjects.
Counterbalancing procedures are outlined in Table 1.

Figure 1 shows examples of stimuli presented during the
task (1A), and depicts the cortical region (IPL) individually
targeted for each subject (1B).

TMS Protocol

For each subject, resting motor threshold (MT) of the LH
was determined according to conventional criteria [minimal
stimulator output that induced motor-evoked potentials
(MEPs) from the contralateral first dorsal interosseous (FDI)
hand muscle of at least 50 WV in five out of ten trials (Rossini
et al, 1994)]. The average MT for the subjects was 61.6%
maximal stimulator output. Recordings from hand muscles
were made with surface Ag/AgCl electrodes, and a Magstim
Rapid stimulator (Magstim Company Ltd, Whitland, UK)
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powered by two booster modules connected to a vacuum-
cooled figure-eight coil was used to deliver pulses.
Subsequently, all subjects were stimulated at 100% MT
(except one, stimulated at 90% MT due to facial muscle
twitch). As we had previously used fMRI to reveal cortical
activations associated with self-face recognition, we were
able to superimpose each subjects’ functional activation
during the self-other discrimination task on their own high-
resolution structural brain image (magnetization-prepared
rapid acquisition gradient echo, MP-RAGE). Stimulation sites
for each subject were targeted using BrainSight, a system for
frameless stereotaxy (Rogue Research Inc., Montreal, Canada).
Landmarks on the subject’s head (nose tip, nose bridge, left
ear, right ear) were co-registered with landmarks on each
subject’s structural MRI to allow tracking of the TMS coil
position with respect to the underlying cortex. The
coordinates of activity in the regions of interest (right IPL)
obtained from functional MRI sessions were marked on the
structural MRI of each subject. We chose the left IPL as a
control site, as it was not activated during self-other discri-
mination in our previous study (Uddin et al, 2005b). As a
result, we used anatomical landmarks (approximated by the
location of the intraparietal sulcus) to localize this region.

Table 1 Subject counterbalancing

Subject Session 1 (Starting hand, Session 2 (Starting hand,
stimulation location) stimulation location)

S1 Right hand, right IPL Right hand, left IPL

S2 Right hand, reft IPL Right hand, right IPL

S3 Left hand, right IPL Left hand, left IPL

S4 Left hand, left IPL Left hand, right IPL

S5 Right hand, right IPL Right hand, left IPL

S6 Right hand, left IPL Right hand, right IPL

S7 Left hand, right IPL Left hand, left IPL

S8 Left hand, left IPL Left hand, right IPL

(@) .
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RESULTS

As expected, subjects had little difficulty completing the task,
and the number of ‘self’ responses decreased as the images
morphed increasingly into ‘other’ (Figure 2A). We used
signal detection methods to compute d’ as a measure of
sensitivity to detect ‘self’ stimuli. Images morphed <50%
were designated as ‘self’ trials, and those morphed >50%
towards ‘other’ were designated as ‘other’. Hits were defined
as ‘self’ responses to trials where the image contained mostly
‘self’ (0, 20 and 40% morphs). False alarms were defined as
‘self” responses to trials where the image contained mostly
‘other’ (60, 80 and 100% morphs). Thus, a response was
considered a hit if the subject identified a <50% morph as
‘self’. The proportion of hits was defined as the proportion
of <50% morph stimuli responded to as ‘self’. We found no
significant difference in d’ between response hands, therefore
we collapsed data across response hand in the final analysis.
The values for hits and false alarms for each condition are
presented in Table 2.

Based on our a priori hypothesis regarding laterality from
our imaging data (Uddin et al., 2005b), we conducted #-tests
on the d’ values. Paired one-tailed #-tests (comparing pre-
and post-TMS scores) revealed that rTMS over the right IPL
produced a significant decrease in sensitivity to detect self-
faces (P=0.02). Stimulation of the left IPL produced no
effect (P=0.45) (Figure 2B). Similar one-tailed #tests
between B values revealed a marginally significant bias due
to r'TMS over the right IPL (P=0.08) and no bias due to
rTMS over the left IPL (P=0.43).

DISCUSSION

In the present study, we found that rTMS over the right IPL
significantly impaired the subjects’ performance on discri-
minating self-faces from other-faces. Subjects’ responses
included more false alarms (identifying an image containing

(b)

Fig. 1 (a) Subjects viewed morphed self-images presented at random for 1s each and used a button-box to indicate whether the image presented was ‘self or ‘other’.
Zero% indicates no morphing (i.e. all ‘self’). (b) The right inferior parietal lobule was targeted for TMS in each individual subject by superimposing previously acquired functional

imaging data at the individual subject level onto high-resolution structural images.
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Fig. 2 (a) Subjects responded ‘self more when the stimulus contained mostly the self-face (b) Stimulation over the right IPL significantly impaired performance on the
self—other discrimination task (P=0.02). Subjects’ performance was not affected by TMS over the left IPL (P = 0.45).

Table 2 Hits and false alarms used to compute d’

Pre-rTMS, Post-rTMS, Pre-rTMS, Post-rTMS,

Left IPL Left IPL Right IPL Right IPL
Hits 0.772 0.757 0.774 0.773
False alarms 0.019 0.018 0.020 0.029

mostly ‘other’ as ‘self’) after right IPL stimulation.
Stimulation of a control site, the anatomically homologous
region in the LH, produced no significant difference in
performance. Thus, the right IPL appears to be an essential
component of the neural network for visual self-other
discrimination. The exact nature of the impairment, as seen
in a heightened false alarm rate, can be interpreted either as

subjects’ overinclusion of stimuli containing any elements
of ‘self” (i.e. less conservative ‘self’ criteria) or a more
conservative strategy when responding to ‘other’. This
finding is also in line with neuropsychological evidence for
right parietal involvement in own-body awareness (Berlucchi
and Aglioti, 1997; Blanke et al., 2002) and agency (Farrer and
Frith, 2002; Chaminade and Decety, 2002).

We propose that self-recognition is one component of a
system representing the self, and specialized in the RH. This
system has two complementary roles. First, it may use a
mirror neuron mechanism to establish shared representa-
tions between self and others to enable social communi-
cation and intersubjectivity (Gallese, 2003). Second, it
implements a mechanism to distinguish representation of
the self from that of others, which is critical for maintaining
an individual sense of unity and agency. The mirror neuron
system occupies the IPL and inferior frontal cortex
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(Rizzolatti et al., 1996; Gallese et al, 1996; Fogassi et al.,
2005) and similar fronto-parietal networks are implicated in
self-other discrimination (Decety and Sommerville, 2003).
Indeed, in our previous fMRI study, we reported that activity
in a fronto-parietal network in the RH increases the more
a face resembles the self (Uddin et al, 2005b). This RH
network overlapped with mirror neuron areas previously
identified by separate experiments in our lab (Iacoboni et al.,
2005). In line with this suggestion, a recent fMRI study
shows that a dysfunction of the mirror neuron system may
account for some of the social deficits in children with
autism spectrum disorder (ASD) (Dapretto et al., 2006).
Indeed, the failure to develop a ‘theory of mind is
prominent in autism (Frith and Happe, 1999), i.e. a separate
representation of self and others.

In humans, the mirror neuron system has been shown to
be involved in action observation and imitation (Iacoboni
et al., 1999; Rizzolatti and Craighero, 2004; Molnar-Szakacs
et al., 2005b). It has also been found that children who have
developed the ability to self-recognize are more likely to
engage in synchronic imitation with other children
(Asendorpf and Baudonniere, 1993). Thus, it appears that
there is a developmental link between self-recognition and
imitation, which may in part be supported by the mirror
neuron system. Furthermore, this link between self-
recognition and social engagement through imitation may
indicate that indeed the neural mechanisms of self-other
discrimination and social interaction are at least in
part overlapping. Although the present study cannot
provide definitive proof that the behavioural effect
reported here is due to a disruption of mirror neurons
in the right IPL, we believe that this is a plausible
explanation of our findings, as the previous imaging data
that guided our stimulation site (Uddin et al, 2005b)
overlap quite well with the inferior parietal mirror neuron
area identified in previous experiments in our lab (Iacoboni
et al., 2005).

Mirror neurons are typically associated with action
observation and dynamic visual stimuli, whereas subjects
in our experiment watched static images of neutral faces.
However, the activation of mirror neuron areas in response
to static biological stimuli has been previously observed
(Johnson-Frey et al., 2003; Carr et al., 2003; Dapretto et al.,
2006). Thus, a mirror neuron response to our stimuli is
probable.

It is unlikely that a disruption in the neuronal pool of
inferior parietal mirror neurons can account for the whole
effect reported here. In fact, mirror neuron areas identified
by previous fMRI studies tend to be quite bilateral (Iacoboni
et al., 2005; Molnar-Szakacs et al, 2005b), whereas the
effect reported here is clearly lateralized to the RH.
As discussed, the right IPL has often been associated with
the implementation of self-awareness (Spence et al, 1997)
and body schema (Berlucchi and Aglioti, 1997). It is likely
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that the essential role of the right IPL in self-other
discrimination revealed by rTMS results from a combination
of bilateral functional mechanisms implemented by mirror
neurons and lateralized functional mechanisms associated
with more general aspects of self-representation and body
schema.

A possible concern is that the effect we report may not be
specific to self-recognition, and may reflect disruption of
processing in more general face discrimination tasks. Due to
practical constraints in stimulation procedures that make it
difficult to run multiple tasks in multiple cortical areas, we
did not run a control task condition in which subjects had
to discriminate other non-self familiar faces. However, we
believe it highly unlikely that our result would be seen for a
general face discrimination task, as most neuroimaging
studies of general face discrimination show activity in
superior temporal gyrus and fusiform gyrus (Andrews and
Ewbank, 2004; Grill-Spector et al., 2004). Conversely, our
stimulation site was guided by previous imaging data that
demonstrated right IPL activation during self-face recogni-
tion (Uddin et al., 2005b).

It is known that rTMS stimulation to a given brain region
has both local and potentially interhemispheric effects. For
this reason, we included as a control stimulation condition
the homologous cortical region of the LH (left IPL). Though
it is possible that some of the effects on behaviour we see
after right IPL stimulation may result from alteration of
activity in regions highly interconnected to this area, the
effect of stimulation should be strongest on the targeted site
and relatively much weaker at transcallosal sites. One target
of particular interest to this study is the right inferior frontal
gyrus, the other component of the fronto-parietal system
responsive to self-faces. Assessing the effects on behaviour of
targeting this region with rTMS is a direction for future
research.

Another possible control condition is that of sham TMS.
Though sham stimulation may be used as a possible control,
there is still much unresolved debate about the validity of
sham stimulation. In a systematic study designed to assess
the validity of sham stimulation, Loo and colleagues (2000)
found that ‘none of the coil positions studies met the criteria
for an ideal sham’. Furthermore, Lisanby and colleagues
(2001) found that some sham TMS conditions produce
substantial cortical stimulation, casting further doubt on the
validity of this control. Additionally, it is often obvious to
the subject that he/she is receiving no actual stimulation.
Therefore, we chose an active stimulation condition as a
control by using the anatomically homologous site in
the LH.

In conclusion, we show for the first time that disruption of
processing in the right IPL is sufficient to degrade self-face
recognition performance, suggesting a causal role for this
region in self-other discrimination. This is the first evidence
demonstrating that a human brain area is necessary for the
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discrimination of the self-face from other familiar faces,
a correlate of maintaining a distinct representation of self
while engaging with others.
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