
r Human Brain Mapping 34:1882–1895 (2013) r

Judging Roughness by Sight—A 7-Tesla fMRI Study
on Responsivity of the Primary Somatosensory

Cortex During Observed Touch of Self and Others

Esther Kuehn*, Robert Trampel, Karsten Mueller,
Robert Turner, and Simone Schütz-Bosbach
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Abstract: Observing another person being touched activates our own somatosensory system. Whether
the primary somatosensory cortex (S1) is also activated during the observation of passive touch, and
which subregions of S1 are responsible for self- and other-related observed touch is currently unclear.
In our study, we first aimed to clarify whether observing passive touch without any action component
can robustly increase activity in S1. Secondly, we investigated whether S1 activity only increases when
touch of others is observed, or also when touch of one’s own body is observed. We were particularly
interested in which subregions of S1 are responsible for either process. We used functional magnetic
resonance imaging at 7 Tesla to measure S1 activity changes when participants observed videos of
their own or another’s hand in either egocentric or allocentric perspective being touched by different
pieces of sandpaper. Participants were required to judge the roughness of the different sandpaper
surfaces. Our results clearly show that S1 activity does increase in response to observing passive touch,
and that activity changes are localized in posterior but not in anterior parts of S1. Importantly, activity
increases in S1 were particularly related to observing another person being touched. Self-related
observed touch, in contrast, caused no significant activity changes within S1. We therefore assume that
posterior but not anterior S1 is part of a system for sharing tactile experiences with others. Hum Brain
Mapp 34:1882–1895, 2013. VC 2012 WileyPeriodicals, Inc.
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INTRODUCTION

Observing a spider crawling over the hand of another
person may instantaneously evoke a shiver running down
your spine. Likewise, seeing somebody being hurt may
affect you in the same way as if you experienced the pain
yourself. Such anecdotal reports [Bradshaw and Matting-
ley, 2001; Keysers et al., 2004; Morrison et al., 2004] illus-
trate that we not only react towards direct tactile or
painful stimulation, but also show similar bodily responses
when such events are only observed. A number of func-
tional magnetic resonance imaging (fMRI) studies have
focused on the question of whether observed painful [Ave-
nanti et al., 2005, 2006; Botvinick et al., 2005; Bufalari et al.,
2007; Morrison et al., 2004; Singer et al., 2004, 2006] or
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tactile [Blakemore et al., 2005; Ebisch et al., 2008; Keysers
et al., 2004; Schaefer et al., 2009] stimulation triggers activ-
ity in the same brain areas as when such events are
directly experienced. For the domain of pain, such shared
neuronal representations were localized in the bilateral an-
terior insula, the rostral anterior cingulate cortex, the
brainstem, and the cerebellum [Botvinick et al., 2005; Mor-
rison et al., 2004; Singer et al., 2004, 2006]. For the domain
of touch, overlapping activity for both felt touch and
observed touch was mainly found in voxels of the second-
ary somatosensory cortex (S2) [Ebisch et al., 2008; Schaefer
et al., 2009] and the inferior parietal cortex (IPC) [Ebisch
et al., 2008]. Importantly, whereas fMRI studies only offer
information about shared brain activations in the order of
millimeters, a recent single-unit recording study provided
the first clear evidence of the existence of visuotactile bi-
modal neurons in the monkey IPC that discharge both
when the monkey perceives a tactile stimulation and when
he observes it at or near the equivalent body part of the
experimenter [Ishida et al., 2010].

Recent research indicates that the primary somatosen-
sory cortex (S1) may also be part of a system that inter-
nally represents observed touch of others. Traditionally, S1
has been assigned the role of a sensory input area that is
inherently private in nature [Bufalari et al., 2007] and
shows increased neuronal firing rates only when a tactile
event is directly experienced [Kaas, 1983] and not when it
is merely observed. Evidence for this interpretation is pro-
vided by studies that report significant increases in S1 ac-
tivity only for experienced pain [Morrison et al., 2004;
Singer et al., 2004, 2006] and touch [Keysers et al., 2004;
Morrison et al., 2004], but not for the mere observation of
such events [Jackson et al., 2005; Keysers et al., 2004; Mor-
rison et al., 2004; Singer et al., 2004, 2006]. It is therefore
often assumed that only higher order features of observed
pain and touch, i.e., affective [Singer et al., 2004] or con-
ceptual [Keysers et al., 2004] components, are corepre-
sented in the observer, but that basic somatosensory
features are not commonly shared.

However, this role of S1 has lately been challenged.
Recent neuroimaging studies indicate that neuronal activity
in S1 can be modulated by the mere observation of touch
[Bufalari et al., 2007], and that such activity changes involve
areas within S1 that are also active during experienced
touch [Blakemore et al., 2005; Ebisch et al., 2008; Pihko et al.,
2010; Schaefer et al., 2009]. This suggests a role of S1 in
social situations not directly associated with real touch. For
instance, in an fMRI study conducted by Blakemore et al.
(2005), participants either received tactile stimulation on
their own necks and faces while lying in the scanner, or
observed objects and humans being touched at correspond-
ing sites. Their task when observing the video sequences
was to decide whether the intensity of the observed touch
events was ‘‘hard,’’ ‘‘medium,’’ or ‘‘soft.’’ Voxels in contra-
lateral S1 showed overlapping activity for both experienced
touch and observed human touch, but not for experienced
touch and observed object touch. Such results [see also

Ebisch et al., 2008; Pihko et al., 2010; Schaefer et al., 2009]
indicate that S1 might be particularly responsive to the
active observation of tactile events that occur to a human
counterpart, but not to objects, and indicate the existence of
an area extracting primary sensory features of observed
touch events. This redefines the role of S1 as only being a
sensory input area but also an area which potentially has
social properties.

However, with regard to the nature of S1 activity during
observed touch, two main questions remain unanswered.
Firstly, it is still a matter of debate whether increases in S1
activity during observed touch can really be related to
observing a tactile event per se [Schaefer et al., 2009], or
whether they only occur when observed touch is combined
with observed action [Keysers et al., 2010]. The latter
account questions the involvement of S1 in a system to spe-
cifically represent observed touch and is grounded in a
number of studies that indeed showed increased S1 activity
in response to observed movement [Avikainen et al., 2002;
Dinstein et al., 2007; Filimon et al., 2007; Gazzola and Key-
sers, 2009; Gazzola et al., 2007; Grezes et al., 2003; Turella
et al., 2009] and therefore included S1 within a system for
representing observed action. Furthermore, in some previ-
ous studies on observed touch, reaching movements of the
experimenter were shown [Blakemore et al., 2005; Ebisch
et al., 2008; Pihko et al., 2010], which might have triggered
the reported S1 activity during observation. In addition, S1
activity has often not been found in fMRI studies on
observed passive touch [Keysers et al., 2004; Morrison et al.,
2004]. However, one recent study conducted by Schaefer
et al. (2009) provides contradictory evidence. In this study,
participants made judgments on video sequences of static
hands that were either touched or not touched by a paint-
brush. They were required to count the number of strokes
applied to the hand or to the floor, respectively, and to
decide whether this number was equal or unequal to 25.
Comparing the touch with the no-touch conditions, seeing a
static hand being touched significantly increased activity in
S1, thus providing a clear indication that observing action
might not be a mandatory component to find increased S1
activity during observed touch.

Secondly, it is still unclear which subregions of S1 are
activated when touch is observed, and whether these are
different for self- compared to other-related observed
touch. The precise characterization of the activations of S1
subregions during observed touch is decisive to fully
understand how observed touch is represented in the
observer’s somatosensory system. More precisely, it is a
matter of current debate whether only higher order (poste-
rior) parts of S1 (i.e., Area 1 and 2) are recruited during
observed human touch [Keysers et al., 2010], or whether
the most primary (anterior) areas of S1 (i.e., Area 3a and
3b) are also activated when touch is observed [Schaefer
et al., 2009]. The former account is supported by a number
of studies that report activity peaks for observed touch
solely in posterior S1 [Blakemore et al., 2005; Ebisch et al.,
2008; Schaefer et al., 2009]. However, a recent fMRI study
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indicated that anterior S1 is also activated during observed
touch, but only when activity changes during observed
touch of egocentrically presented hands were directly com-
pared to those occurring during observed touch of allocen-
trically presented hands [Schaefer et al., 2009]. Because of
the well-known influence of body perspective on self-refer-
ential processing [Chan et al., 2004; Costantini and Hag-
gard, 2007; Saxe et al., 2006; van den Bos and Jeannerod,
2002], it can be argued that in this study, anterior S1
showed selective activity when observed touch was more
related to the self than to others.

However, this hypothesis needs additional exploration
because it is currently unclear whether this effect would
also generalize to a situation where participants really see
their own hand versus another’s hand being touched. This
modulation is important particularly because of the unique
effect seeing one’s own hand has on behavioral [Frassinetti
et al., 2008, 2010] and neuronal responses [Devue et al.,
2007; Hodzic et al., 2009a,b; Myers and Sowden, 2008].
What makes current results additionally difficult to inter-
pret is the fact that fMRI designs at 3 Tesla (T) offer well-
known limitations with regard to spatial specificity and
signal detection power [Gati et al., 1997; Sanchez-Pan-
chuelo et al., 2010; Scouten et al., 2006; Stringer et al., 2011;
Yacoub et al., 2003]. With S1 as region of interest, these
restrictions are particularly critical due to the high likeli-
hood of partial volume effects [Fischl and Dale, 2000; San-
chez-Panchuelo et al., 2010; Scouten et al., 2006; Stringer
et al., 2011] and the rather subtle activity changes of S1 in
response to observed touch [Blakemore et al., 2005; Key-
sers et al., 2004; Schaefer et al., 2009]. It is therefore not
clear whether the shift in S1 activity to anterior sites when
touch is more related to the self would be reproducible
with the use of ultra-high field fMRI at 7T, which provides
advances with respect to the aforementioned limitations
[Bandettini, 2009; Stringer et al., 2011; van der Zwaag
et al., 2009].

To clarify these issues, we conducted an fMRI study at 7T
to investigate (I) whether increases in S1 activity can be
related to observed passive touch, (II) to what extent this
effect can be modulated by self- and other-related observed
touch, and (III) which subregions of S1 display increased ac-
tivity levels for self- and other-related observed touch,
respectively. Similar to the study conducted by Schaefer
et al. (2009), we recorded video sequences while we applied
touch to participants’ passively lying hands without the ex-
perimenter being visible. Here, touch was applied via sand-
paper samples with different levels of roughness. When
watching the video sequences in the scanner participants
were required to decide which of two sandpaper samples
had the rougher surface.

To directly test for the effect of self- and other-related
observed touch on S1 activity changes, we included not
only the factor of hand perspective but also that of hand
identity, resulting in experimental conditions where partic-
ipants observed videos of their own or another person’s
hand being touched either from egocentric or allocentric

perspectives. It was expected that any neuronal differentia-
tion in S1 during self- versus other-related observed touch
should be clearly detectable with the inclusion of both ex-
perimental factors. Importantly, we were able to circum-
vent the well-known limitations of 3T fMRI designs
regarding spatial specificity and signal detection power
[Gati et al., 1997; Sanchez-Panchuelo et al., 2010; Scouten
et al., 2006; Stringer et al., 2011; Yacoub et al., 2003] by
using fMRI at 7T, which provides better spatial resolution,
spatial specificity and detection sensitivity as compared
with standard 3T imaging [Bandettini, 2009; Stringer et al.,
2011; van der Zwaag et al., 2009].

MATERIALS AND METHODS

Participants

Seventeen healthy volunteers (7 men, 10 women; mean
age 24.9 years, age range 20–31 years) participated in our
study. All were right-handed (mean handedness score
Edinburgh inventory: 93.4, Oldfield, 1971), had normal or
corrected-to-normal vision and had no reported history of
neurological, major medical or psychiatric disorders. The
study was approved by the ethics committee of the Uni-
versity of Leipzig and informed consent was obtained
from every subject.

Materials and Design

During scanning, participants observed short video
sequences of right hands, which were either touched or
not touched by a rectangular piece of aluminum oxide
sandpaper (3 cm in width). The content of the video
sequences (each 6 s in length) was varied in a 2 � 2 � 2
factorial design, using the factors of touch (observed
touch, no-touch), hand identity (self, other), and hand per-
spective (egocentric, allocentric) (see Fig. 1A). These video
sequences were recorded before the fMRI experiments
using the same participants. In the observed touch condi-
tions, the video sequences showed a right hand being pas-
sively stroked by a piece of sandpaper, vertically moving
up and down along the underside of the index finger (one
vertical movement/2 s). The contact between the sandpa-
per and the hand was clearly visible because of slow skin
shifts of the index finger when the sandpaper was moved
along the finger. In the no-touch conditions, a piece of
sandpaper was seen also moving in the same temporal
sequence and direction as in the observed touch videos,
but here, it did not touch the hand. Instead, it was moved
in close proximity to the index finger. Importantly,
because both the hand and the piece of sandpaper were
observed in reference to a static (white) background in the
videos, it was obvious that only the sandpaper, and not
the hand, was moving. In the self conditions, the video
sequences showed the participant’s own hand, whereas in
the other conditions, another person’s hand was seen.
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Self/other-pairs were previously matched in terms of gen-
der, approximate hand size, finger shape, brightness and
color. In the egocentric conditions, hands were presented
in a self-referenced (1st person) perspective, whereas in
the allocentric conditions, hands were presented in an
other-referenced (3rd person) perspective. This resulted in
eight different conditions (i.e., self egocentric observed
touch, self allocentric observed touch, other egocentric
observed touch, other allocentric observed touch, self ego-
centric no-touch, self allocentric no-touch, other egocentric
no-touch, and other allocentric no-touch).

When they were videotaped, participants were naive to
the purpose of the video, and could see neither their own
nor the experimenter’s hand. Participants were instructed
to completely relax their hands and fingers and not to put
force on the sandpaper or on the tabletop. All videos were
recorded using the same distance and angle between the
camera, the piece of sandpaper, and the participant’s
hand, and a constant illumination level was provided.
Video sequences in which the experimenter’s hand was
visible or sandpaper motion caused overt movements of
the participant’s finger were not used for the experiment.

Importantly, the pieces of sandpaper depicted varied in
their grit values (i.e., P40, P60, P80, P120, P150, and P220)
and thus in their individual level of roughness. Sandpa-

pers with higher grit values are generally perceived as
smoother, whereas sandpapers with lower grit values are
perceived as rougher [Heller, 1982]. In each experimental
condition (see later), six different pairs of sandpaper grit
values were shown to participants (i.e., P40/P60, P40/P80,
P60/P120, P80/P150, P120/P220, and P150/P220), who
were required to distinguish between the roughness levels
of the sandpaper pairs by sight.

PROCEDURE

Hand Recognition Task (Before Scanning)

Before scanning, all participants performed a hand rec-
ognition task. In this task, they were tested as to whether
they could reliably differentiate between their own hand
and another person’s hand presented on the screen. In this
test, participants were shown pictures of their own hand
and another person’s hand, either in an egocentric or an
allocentric viewing perspective, in a randomized sequence.
Each hand picture was shown for 2 seconds, followed by a
2-second fixation until the next picture was presented. Par-
ticipants were asked to decide whose hand they saw on
the screen as quickly and as accurately as possible.
Responses were given via right hand button presses: Half
of the participants answered with their right middle finger
for their own hand and with their right index finger for
the other hand, and the other half responded using the op-
posite finger to button pairing. Each condition was
repeated five times, resulting in 20 trials altogether.

Roughness Estimation Task (Scanning Session)

After completion of the hand recognition task, partici-
pants were prepared for the roughness estimation task to
be subsequently performed in the scanner. For this pur-
pose, they practiced this task with example stimuli for 3
minutes outside of the scanner room. Example stimuli
were composed of the same videos as subsequently used
in the scanning session, but were combined differently so
that the sequence of videos seen in the training phase did
not occur during the scanning session. During this train-
ing, participants answered in the same response mode and
with the same response device as they did in the subse-
quent scanning session.

Figure 1.

(A) Video stimuli of an example pair. Different types of video

sequences were varied in a 2 � 2 � 2 factorial design with the

factors Touch (Observed Touch, No-Touch), Hand Identity (Self,

Other), and Viewing Perspective (Ego ¼ Egocentric, Allo ¼
Allocentric); (B) Activity changes in S1 for the contrast

Observed Touch > No-Touch across experimental conditions

superimposed on the MNI reference brain (visualized at P <
0.005 (uncorrected) and masked with left S1).

Figure 2.

Trial structure of scanning session.
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The scanning session consisted of one long run lasting
45 minutes that included all experimental conditions. A
block design was applied, and each of the eight experi-
mental conditions was presented 12 times, resulting in 96
trials in total. Each trial started with the same instruction
screen (‘‘Which surface is rougher?’’) to remind partici-
pants about the goal of the task and to inform them about
the onset of a new trial. After 1–2 seconds, participants
were shown two video sequences in direct succession that
were always from the same experimental condition but
presented two different sandpaper samples (for sandpaper
combinations, see earlier). After 1–2 seconds, participants
were then asked to answer via button press which of the
two different sandpaper samples had the rougher surface
(see Fig. 2). Participants had to respond within a comforta-
ble 2-seconds time window (forced choice), and no
speeded responses were required. Half of the participants
responded with their left index finger when they thought
the first surface was rougher and with their left middle
finger when they thought the second surface was rougher;
the other half responded in the opposite manner. Half of
the video sequences in each condition started with the
rougher surface, the other half started with the smoother
surface. To control for the influence of preceding trials on
following trials, the time interval between trials was 6 sec-
onds for three out of four trials, and 20 seconds for the
rest of the trials; this was randomized between trials and
counterbalanced across conditions. Trials were presented
in a pseudorandomized order, and in such a way that tri-
als of each condition added up to the same relative time
point within the experiment.

MRI DATA ACQUISITION

Functional and anatomical MRI data were acquired with
a 7T MRI Scanner (Magnetom 7T, Siemens Healthcare Sec-
tor, Erlangen, Germany) with a 24-channel NOVA head coil
(Nova Medical, Wilmington, MA). Before functional scan-
ning, high-resolution 3D anatomical T1-weighted scans
were acquired (MP2RAGE, TR ¼ 5.0 s, TE ¼ 2.43 ms, TI1=2 ¼
900 ms/2750 ms, flip angle 1=2 ¼ 7�/5�) with a voxel resolu-
tion of (0.7 mm)3 isotropic [Marques et al., 2010]. T1-
weighted scans were subsequently used for selecting 30
axial slices (interleaved slice acquisition, slice thickness ¼
1.5 mm, no gap) covering the region of interest (ROI), i.e.,
bilateral S1 and adjacent areas, relevant for the functional
scans. It was important that participants did not perform
any significant head movements from this point on, to
ensure slice selection would cover our ROI during the entire
experiment. Therefore, to prevent head movements occur-
ring during breaks in the experiment, functional data for
each participant were acquired in one scan run. Functional
T�
2-weighted gradient-echo echo-planar images of our ROI

were then acquired using GRAPPA acceleration (iPAT ¼ 3)
[Griswold et al., 2002]. A field of view of 192 3 192 mm2

and an imaging matrix of 128 3 128 were used. The func-

tional images had isotropic voxels with an edge length of
1.5 mm. The other sequence parameters were: TR ¼ 1.5 s,
TE ¼ 20 ms, flip angle ¼ 90�. For the visual task, participants
viewed a projector screen mounted on the receiving coil by
means of a small moveable mirror adjusted to give best visi-
bility for each participant. The middle and index fingers of
the participant’s left hand were placed on the two buttons
of a response box. To attenuate scanner noise, participants
were provided with earplugs and defenders.

fMRI Group Analyses

Data preprocessing and statistical analyses were carried
out using SPM8 (Statistic Parametric Mapping, Wellcome
Department of Imaging Neuroscience, University College
London, London, UK). A slice timing correction was
applied to correct for differences in image acquisition time
between slices, and realignment was performed to minimize
movement artifacts in the time series [Unser et al., 1993a,b].
Normalization to standard MNI space was done using the
unified segmentation approach based on image registration
and tissue classification [Ashburner and Friston, 2005]. The
original isotropic voxel resolution of 1.5 mm3 was preserved
during this procedure. Data were then smoothed with a
Gaussian kernel of 4 mm full-width half-maximum
(FWHM), and filtered with a high-pass filter of 0.01 Hz to
eliminate slow signal drifts. A general linear model (GLM)
was fitted to the data and t-maps were created on the indi-
vidual subject level via a fixed-effect model. The observa-
tion times of the two video sequences in each trial (12
seconds altogether) were modeled as a block and used to
compute contrast images by linear combination of parame-
ter estimates. We used t-tests to calculate the main effect of
observed touch by contrasting grouped observed touch con-
ditions against grouped no-touch conditions (observed
touch [self egocentric þ other egocentric þ self allocentric þ
other allocentric] > no touch [self egocentric þ other ego-
centric þ self allocentric þ other allocentric]). Furthermore,
we investigated the effect of observed touch individually
for all four single conditions (observed touch self egocentric
> no-touch self egocentric, observed touch other egocentric
> no-touch other egocentric, observed touch self allocentric
> no-touch self allocentric, observed touch other allocentric
> no-touch other allocentric). We also calculated the main
effects of perspective on the observed touch versus no-touch
contrast (observed touch > no touch [self egocentric þ other
egocentric] < > observed touch > no touch [self allocentric
þ other allocentric]), and the main effect of identity on the
touch versus no-touch contrast (observed touch > no-touch
[self egocentric þ self allocentric] < > observed touch > no-
touch [other egocentric þ other allocentric]). We also calcu-
lated the interaction effects between perspective and iden-
tity on the observed touch versus no-touch contrasts.

Functional images were masked with anatomical ROIs
encompassing the left and right S1. Since we specifically
wished to compare activity changes between anterior S1
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(i.e., Areas 3a and 3b) and posterior S1 (i.e., Areas 1 and
2), we also created anatomical masks of anterior and pos-
terior S1, respectively. These were used for small volume
corrections, and for estimating contrast estimates of the
observed touch versus no-touch contrasts in both subre-
gions. All mask images were defined a priori using the
Anatomy Toolbox implemented in SPM [Eickhoff et al.,
2005, 2006, 2007; Geyer et al., 1999, 2000; Grefkes et al.,
2001]. The threshold for significant clusters and voxels
was defined at P < 0.05 (FWE-corrected) with a minimal
cluster size of five voxels. Observed touch versus no-touch
contrast estimates of the anterior and posterior S1 were
compared to one another by performing Bonferroni-cor-
rected paired-sample t-tests (two-sided), and were tested
against zero by performing one-sample t-tests (two-sided).

fMRI Single Subject Analyses

In addition to group analyses, functional and anatomical
data of all participants were also separately evaluated in
single subject analyses. As for the group analyses, slice
timing correction, realignment, and normalization were
performed using SPM 8. In contrast to our group analyses,
to preserve the high spatial resolution (1.5 mm3 isotropic),
smoothing was not applied to the functional scans. The
unsmoothed data were used to precisely localize the clus-
ters significantly activated in response to observed touch
(main effect and single effects) in each individual subject.
To quantify the consistency of activations in response to
the main effect of observed touch across subjects, we addi-
tionally summed the 14 contrasts (observed touch > no-
touch) of all subjects and calculated a spatial consistency
map. This map contained values ranging from 0 to 14 and
quantified the number of subjects for which a particular
voxel was active.

Furthermore, we performed a second analysis on the
single subject level, using preprocessing identical to the
first analysis, except that functional data were not normal-
ized into stereotactic space. Here, the high-resolution T1
images of each participant were taken to define the hand
area of S1 and S1 subregions anatomically for each indi-
vidual subject [Stringer et al., 2011]. The defined subre-
gions could subsequently be used to identify the location
of S1 activity changes based on individual brain anatomy.
To identify the hand area in S1, we took advantage of the
fact that this can easily be localized in anatomical scans.
The ‘‘hand-knob’’ area, that is, the inverted-omega-shaped
gyrus, is a reliable anatomical marker for the hand area in
S1, and is clearly identifiable in coronal and sagittal T1
images [Moore et al., 2000, Sastre-Janer et al., 1998, White
et al., 1997, Yousry et al., 1997]. We specified S1 subre-
gions anatomically by using guidelines that linked
cytoarchitectonic labeling with anatomical descriptions of
subregions [Geyer et al., 1999, 2000; Grefkes et al., 2001;
White et al., 1997]. According to these specifications, Areas
3a and 3b are found in the deep valley of the central sul-
cus and in the anterior wall of the postcentral gyrus,

respectively, whereas Areas 1 and 2 are located at the
crown of the postcentral gyrus and at the posterior wall of
the postcentral gyrus, respectively. The border between
anterior and posterior S1 (i.e., between Areas 3a/3b and
1/2) is thus located at the posterior lip of the central sul-
cus. Importantly, this border shows high consistency
across and within subjects [White et al., 1997] and there-
fore allowed us a relatively specific distinction between
anterior and posterior S1, although it is important to note
that no clear anatomical landmark exists for the exact tran-
sition zone between regions [Geyer et al., 1999]. In both
single subject analyses, we report significant voxels at P <
0.001 (uncorrected) that belong to a cluster with the mini-
mum size of 5 voxels. Further, we only included peak vox-
els that were located within the hand area of participants
(z > 40 for normalized data).

RESULTS

Hand Recognition Task (Before Scanning)

Before scanning, we assessed participants’ ability to cor-
rectly distinguish their own from another individual’s
hand via a speeded hand recognition task. We calculated a
repeated measures ANOVA with the within-subject factors
identity (self, other) and perspective (egocentric, allocen-
tric), which was applied for percentage correct responses
(% accuracy) and reaction times (RT). We only included
participants in further analyses if they could differentiate
their own hand from another’s hand in both egocentric
and allocentric perspectives in at least 85% of the cases
[n ¼ 14, mean % accuracy egocentric: 99.23% � 2.7% (SD),
mean % accuracy allocentric: 99.23% � 2.7% (SD)]. Per-
centage accuracies did not differ between conditions, but
there was a significant effect of perspective on partici-
pants’ reaction times. Participants took longer to differenti-
ate self from other in the allocentric compared to the
egocentric conditions [mean RT egocentric: 864.3 � 279.6
(SD), mean RT allocentric: 926.7 � 267.5 (SD), F(1,13) ¼
12.1, P < 0.005]. Furthermore, there was a significant inter-
action effect between perspective and identity [F(1,13) ¼
8.1, P < 0.05], indicating that seeing hands in the allocen-
tric perspective caused a particular slowing of responses
when the participant’s own hand was seen compared to
when another person’s hand was seen (see Supporting
Information Table S1).

Roughness Estimation Task (Scanning Session)

While watching the observed touch and no-touch videos
in the scanner, participants had to decide which of two
sandpaper pieces displayed in subsequent video sequences
had the rougher surface. Our inclusion criterion was a
minimum of 75% accuracy in this task to ensure each par-
ticipant paid careful attention to the observed touch and
no-touch videos [n ¼ 14, mean % accuracy: 88.9% � 6.8%
(SD)]. A repeated measures ANOVA with the within-sub-
ject factors touch (observed touch, no touch), identity (self,
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other), and perspective (egocentric, allocentric) on % accu-
racy was performed to assess differences and interaction
effects between conditions. There were no significant dif-
ferences or interaction effects with regard to accuracy in
the task [F(1,13) ¼ 1.6, P ¼ 0.23 for the factor perspective,
F(1,13) ¼ 4.0, P ¼ 0.07 for the interaction between touch
and perspective].

fMRI Group Results

fMRI group level statistics were performed with func-
tional data from 14 participants (4 men, 10 women). We
first compared activation levels during no-touch conditions
to baseline activation levels. Observing no-touch videos
(compared to baseline) activated significant clusters in left
posterior S1 as a main effect. Single contrasts (self egocen-
tric > baseline, self allocentric > baseline, other egocentric
> baseline, other allocentic > baseline) revealed increased
activity within bilateral posterior S1 (see Table I). When
compared directly, there were no significant differences in
activation levels between the different no-touch versus
baseline conditions. We therefore used all four no-touch
conditions as control conditions to pursue the main aim of
our study; to specifically investigate the effect of observed
touch on brain activity changes in S1.

We first compared grouped activity levels of the
observed touch conditions to grouped activity levels of the
no-touch conditions. As a main effect, we found two clus-
ters of significantly higher activity during the observed
touch conditions compared to the no-touch conditions,
both located in left posterior S1 (see Fig. 1 and Table I).
There were no significant activity changes in left anterior

S1 or in right anterior or posterior S1. In an exploratory
analysis (see discussion), we examined whether this main
effect of observed touch would also survive significance
thresholds when functional data were not small volume
corrected. Our results showed that the main effect of
observed touch versus no-touch indeed also survived sig-
nificance thresholds when results were not small volume
corrected [x ¼ �54, y ¼ �26, z ¼ 41, k ¼ 126, t ¼ 4.97, P <
0.05 (FWE-corrected)]. We then specifically characterized
the effect of observed touch versus no-touch in the four
different experimental conditions. That is, we calculated
the contrast observed touch versus no-touch separately for
each of the four experimental conditions, self egocentric,
self allocentric, other egocentric, and other allocentric. Sig-
nificantly greater activity for observed touch versus no-
touch was detected in the allocentric conditions only: For
the other allocentric observed touch versus no-touch con-
trast, two significant clusters in left posterior S1 showed
higher levels of activity, and for the self allocentric
observed touch versus no-touch contrast, we found one
cluster in posterior left S1 with significantly higher activity
(see Fig. 3 and Table I). Notably, in the contrast self allo-
centric observed touch versus no-touch, activity changes
were significant only on a peak-voxel level, but not on a
cluster level, whereas in the contrast other allocentric
observed touch versus no-touch, activity changes were
also significant at a cluster level. No effect of observed
touch versus no-touch in S1 was detected for the egocen-
tric conditions. When testing the observed touch versus
no-touch contrast estimates against zero, we found simi-
larly that only contrast estimates of posterior S1, but not of
anterior S1, were significantly different from zero. More

TABLE I. Neuronal responses in S1 for Observed Touch > No-Touch and No-Touch > Baseline in different

experimental conditions

Contrast Brain region MNI location (x, y, z) Peak t-value No of voxels

Observed touch > Main effect L Area 2 �54, �26, 41 4.97 53
No-touch L Area 2 �34, �42, 50 6.26 52

Self egocentric —
Self allocentric L Area 1 �62, �20, 40 5.74 27*
Other egocentric —
Other allocentric L Area 2 �44, �44, 62 5.66 79

L Area 2 �24, �50, 58 5.06 70
No-touch > baseline Main effect L Area 2 �28, �48, 50 5.77 83

L Area 2 �44, �36, 42 5.15 73
Self egocentric R Area 2 36, �43, 47 7.01 136

L Area 2 �27, �49, 52 5.92 58
Self allocentric R Area 2 39, �43, 53 5.68 43
Other egocentric L Area 2 �46, �40, 48 7.87 79

L Area 2 �28, �48, 50 7.78 63
R Area 2 38, �42, 46 6.91 46

Other allocentric R Area 2 46, �36, 48 6.56 46
R Area 2 32, �46, 53 5.84 87
L Area 2 �45, �36, 44 5.51 76

P < 0.05 (FWE-corrected) at cluster level, small volume corrected, k > 5; *only significant at peak voxel level.
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precisely, for posterior S1, only the contrast estimates for
the main effect of observed touch versus no-touch and for
the effect of other allocentric observed touch versus no-
touch were significantly different from zero (main effect
posterior: mean: 0.90 � 1.26 (SD), t(13) ¼ 2.689, P < 0.05;
other allocentric posterior: mean: 0.36 � 0.51 (SD), t(13) ¼
2.681, P < 0.05), with an additional trend towards signifi-
cance for the contrast estimate self allocentric observed
touch versus no-touch (self allocentric posterior: mean:
0.37 � 0.73 (SD), t(13) ¼ 1.927, P ¼ 0.076, see Fig. 4).

We were further interested in whether S1 activity
changes in response to observed touch as reported above
would significantly differ between experimental conditions
when compared directly. Here, we did not find any signif-
icant differences between conditions for either the main
effects (i.e., perspective and identity) or single effects.
Likewise, the interaction effect (touch � identity � per-
spective) did not reveal any significant activity changes.
We also compared the contrast estimates of the observed
touch versus no-touch contrasts between anterior and pos-
terior S1. We found that contrast estimates were signifi-
cantly higher for posterior S1 than for anterior S1 for the
main effect of observed touch, and for other allocentric
observed touch (main effect: mean anterior: 0.11 � 0.56
(SD), mean posterior 0.90 � 1.26 (SD), t(13) ¼ �3.050, P <
0.05; other allocentric: mean anterior 0.09 � 0.41 (SD),
mean posterior 0.36 � 0.51 (SD), t(13) ¼ �4.285, P < 0.005,
Bonferroni-corrected). There were no significant differen-
ces in the observed touch versus no-touch contrast esti-
mates for anterior versus posterior S1 for the self

egocentric, self allocentric, and other egocentric conditions
(see Fig. 4).

fMRI Single Subject Analyses

The analyses of single subject data fulfilled two pur-
poses. First, we aimed to use unsmoothed functional data
to track functional activity specifically related to observed
touch versus no-touch in each single participant using
automated labeling tools as well as anatomical landmarks.
Second, we wished to avoid the misinterpretation of group
level statistics resulting from a lack of overlap between
single subject activity clusters, which can be due to small
cluster size or high individual variability in cluster loca-
tion. Because we observed a strong left lateralization in
the observed touch versus no-touch contrast in the group
level statistics, and to keep analyses within reasonable lim-
its, the single subject analyses were restricted to each indi-
vidual’s left S1 activity changes.

Our analyses demonstrated that 12 out of 14 partici-
pants showed a main effect of observed touch in left S1,
and that in all except two participants, this effect peaked
in posterior parts of S1 (see Fig. 5 and Supporting Infor-
mation Table S2). The spatial consistency map obtained
similar results, in that highest values (i.e., voxels activated
by a high number of participants) were found in left pos-
terior S1 (see Fig. 5). We were further interested in
whether the clear dominance of the observed touch effect
to allocentrically observed touch and to posterior sites of
S1 would also be present looking at single subject data.
For the self allocentric observed touch versus no-touch
contrast, 11 out of 14 participants showed increased

Figure 4.

Contrast estimates extracted from left posterior (Area 1þ2)

and left anterior (Area 3aþ3b) S1 for the contrast Observed

Touch > No-Touch in different experimental conditions, i.e., for

the main effect (ME), and for the self egocentric (SE), self allo-

centric (SA), other egocentric (OE), and other allocentric (OA)

conditions.

Figure 3.

Activity changes in S1 for the contrasts Self Allo (¼Allocentric)

Observed Touch > No-Touch and Other Allo Observed Touch

> No-Touch superimposed on coronal and axial slices of an

individual’s normalized T1-image (visualized at P < 0.005 (uncor-

rected) and masked with left S1).
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activity in left S1, and 10 out of 14 participants showed
this effect for the other allocentric observed touch versus
no-touch contrast; in all except one participant, peak val-
ues of these activations were located in left posterior S1.
One participant showed peak voxel values in left anterior
S1 for the self allocentric observed touch versus no-touch
comparison. For the egocentric conditions, 8 out of 14 par-
ticipants showed significant increases during observed
touch versus no-touch in the self egocentric condition, and
8 out of 14 participants also showed this effect during the
other egocentric observed touch versus no-touch condi-
tion. All except one of these activity peaks were again
localized in left posterior S1. One participant showed peak
voxel values in anterior S1 for the self allocentric observed
touch versus no-touch comparison. These analyses con-
firmed that almost all main activity peaks in S1 during
observed touch were located in posterior parts of S1, and
that more participants showed an effect for allocentrically
observed touch than for egocentrically observed touch.
Although main peaks of activity were located in posterior
S1, we investigated whether any significant activity
changes in anterior S1 would occur at all when observed
touch conditions were compared to no-touch conditions.
The results showed that only a minority of our partici-
pants showed any significant activity changes in left
anterior S1 in response to observed touch versus no-touch
(n ¼ 3 for self egocentric observed touch versus no-touch,
n ¼ 2 for self allocentric observed touch versus no-touch,
n ¼ 7 for other egocentric observed touch versus no-touch,
and n ¼ 4 for other allocentric observed touch versus
no-touch).

DISCUSSION

Our study offers two main findings that are novel with
respect to the current literature. Firstly, we provide clear
evidence that observed passive touch distinctively acti-
vates posterior parts of S1, but not anterior parts. Sec-
ondly, we demonstrate that increases in S1 activity in
response to observed touch versus no-touch occur specifi-
cally during other-related observed touch, but do not
show significant levels of activity during self-related
observed touch. Importantly, we did not detect any sys-
tematic shifts from posterior to anterior sites when
observed touch was more clearly related to the self. We
therefore conclude that posterior but not anterior S1 may
be part of a system for sharing tactile experiences with
others.

Methodologically, our approach represents important
advances as compared with standard 3T fMRI designs that
suffer from well-known limitations in terms of spatial
specificity and sensitivity [Bandettini, 2009; Gati et al.,
1997; Scouten et al., 2006; Yacoub et al., 2003]. Since S1 is
markedly susceptible to partial volume effects [Scouten
et al., 2006; Stringer et al., 2011] and offers low degrees of
activity changes in response to observed touch [Blakemore
et al., 2005; Fitzgibbon et al., 2010; Keysers et al., 2004;
Schaefer et al., 2009], such limitations are particularly criti-
cal in the framework investigated. Ultra-high field fMRI at
7T offers high resolution images of both functional and an-
atomical scans, combined with high sensitivity without
compromising temporal resolution (by the use of parallel
imaging), and therefore offers an optimized approach to

Figure 5.

Individual activity profiles of all participants’ (n ¼ 14)

unsmoothed functional data for the main effect of Observed

Touch > No-Touch superimposed on coronal and axial slices of

an individual’s normalized T1 image (visualized at P � 0.001

(uncorrected) and masked with left S1); (A) Spatial consistency

map of individual participants, bright yellow colors represent

areas of high overlap, dark orange colors areas of low overlap

between participants; (B) Individual participants’ activity profiles

are shown separately, each color represents active voxels of an

individual subject.
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investigate activity changes in S1 subregions in response
to observed touch [Bandettini, 2009; Gati et al., 1997; San-
chez-Panchuelo et al., 2010; Scouten et al., 2006; Stringer
et al., 2011].

Main Effect of Observed Touch

In our study, participants observed pairs of short video
sequences that showed a static hand being either touched
or not touched by different pieces of sandpaper while
scanning took place. Their task was always to decide
which of the two sandpaper samples had the rougher sur-
face. Our results show that observing hand touch com-
pared with observing the same hand not being touched is
related to increased activity in left S1, that is, contralateral
to the observed hand that was touched. In comparison to
other fMRI studies that also reported increased contralat-
eral S1 activity during observed touch [Blakemore et al.,
2005; Schaefer et al., 2009], our results reached significance
even without applying small volume corrections to the
functional data. This strengthens existing evidence that
even the most primary sensory areas, such as S1, are re-
sponsive when touch is actively observed. An early indica-
tion that S1 plays a role during the encoding of observed
touch was provided by a study by Zhou and Fuster in
1997. In this study, discharge rates of single neurons in the
anterior parietal cortex of monkeys, roughly corresponding
to the human S1, were recorded during a visuo-haptic
delayed matching-to-sample task. Units in the anterior pa-
rietal cortex of monkeys increased their discharge rates
during haptic exploration, but also when surface patterns
were only passively observed. Recent evidence that such
findings can be generalized to the human population was
provided by an fMRI study by Blakemore et al. (2005). In
this study, participants rated the intensity of tactile stimu-
lation of human necks and faces as shown on video, as
well as touching of nonbody objects. Increased activity in
contralateral S1 was observed when human touch condi-
tions were contrasted with object touch conditions, thus
specifying the responsivity of S1 to the observation of
human touch. In a similar vein, Schaefer et al. (2009) dem-
onstrated that increases in S1 activity can be specifically
related to seeing a hand being touched versus seeing the
same hand not being touched [Schaefer et al., 2009].

However, there are also fMRI studies which did not
find any significant increases in S1 activity in response to
observed touch [Keysers et al., 2004; Morrison et al., 2004].
In one study, participants observed tactile stimulation of
legs while lying in the scanner, which was compared to
brain activity changes when nontouched legs were
observed [Keysers et al., 2004]. Here, only a trend towards
significantly increased S1 activity was detected. In another
study, participants observed hands being either touched
with a cotton bud or pricked with a needle [Morrison
et al., 2004]. Likewise, in this case, no increase in S1 activ-
ity in response to observed touch was detected.

We hypothesize that the main reason that these studies
did not detect an effect in S1 in response to observed

touch is offered by the limited sensitivity provided by the
methods used [Sanchez-Panchuelo et al., 2010; Scouten
et al., 2006; van der Zwaag et al., 2009]. The effect of
observed touch on S1 activity might be subtle enough to
escape common detection thresholds using standard fMRI
3T designs [Fitzgibbon et al., 2010]. This is particularly
plausible given that most studies which found increased
activity in S1 during observed touch applied small volume
corrections of very narrow width to the functional data
[Blakemore et al., 2005; Schaefer et al., 2009]. Since sensi-
tivity increases with increasing field strength [Bandettini,
2009; van der Zwaag et al., 2009], this clearly highlights
the advantages of fMRI at ultra-high fields. Indeed, the
main effect of observed touch was highly significant in
our study. As previously noted [Schaefer et al., 2009], it is,
however, also possible that the neural representation of
the human leg, used to detect responses to observed touch
in one study [Keysers et al., 2004], might be less easily de-
tectable with fMRI than that of the human hand or face
[Blakemore et al., 2005; Schaefer et al., 2009] given the
much larger cortical territory in S1 representing the latter
compared with the former. A third explanation for the di-
vergent findings may be the fact that in both studies giv-
ing negative findings, participants were not provided with
a particular task during scanning, but merely looked pas-
sively at the video projection screen. In studies that found
increased S1 activity during observed touch, such as the
present one, however, participants were asked to engage
with the video sequences by counting the number of
strokes [Schaefer et al., 2009], the number of videos where
no touch occurred [Ebisch et al., 2008], by rating the inten-
sity [Blakemore et al., 2005] or roughness (this study) lev-
els of the touch applied. It has been argued previously
that the level of task activity can affect brain responses to
observed tactile events [Gu and Han, 2007; Singer and
Frith, 2005]. It may also be noted that in three out of the
four listed articles that found S1 activity during observed
touch [Blakemore et al., 2005, Schaefer et al., 2009, current
study] a judgment task was solved when the video
sequences were observed, which could possibly also influ-
ence the degree to which S1 activity was detected. How-
ever, the degree to which the task applied alters S1
activity changes during observed touch is currently
unclear and certainly needs further exploration by future
studies.

Another theory proposes that the failure to find
increased S1 activity during observed touch has a more
qualitative explanation referring to the observed event per
se. It was argued that whenever S1 activity in response to
observed touch is detected, this merely represents
observed hand movement or haptic exploration rather
than the mirroring of passive touch [Keysers et al., 2010].
In other words, the effect reflects processing of the action
rather than the sensation. However, in our study, we care-
fully controlled for possible confounding factors such as
action components included in the video sequences [Blake-
more et al., 2005; Ebisch et al., 2008; Pihko et al., 2010],
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and only showed videos of a static hand being passively
touched by a piece of sandpaper. The experimenter was
not visible in any of our video sequences. Also, when vid-
eotaped before the actual experiment, participants saw nei-
ther their own arm nor the arm of the experimenter, were
instructed to relax their hands and fingers as much as pos-
sible, and were required to not actively press on the tab-
letop or on the sandpaper. Therefore, it is highly unlikely
that participants associated the video stimuli directly with
human movement [Yoo et al., 2003; Zhou and Fuster,
1997] or active haptic exploration. Nevertheless, we found
a clear activity increase in contralateral S1 when compar-
ing observed touch to no-touch conditions. We therefore
conclude that contralateral primary somatosensory cortical
areas are selectively responsive to the observation of pas-
sive hand touch compared with observing the same hand
not being touched. Our study hence adds to the growing
evidence, as for example also provided in the motor do-
main [Caetano et al., 2007; Dushanova and Donoghue,
2010], indicating that the interplay between different
senses not only affects established multisensory conver-
gence zones, such as the posterior and inferior parietal
cortices, but may also include brain regions previously
considered to be specific to sensation. Such findings have
lately been termed the ‘‘revolution in multisensory
research’’ [Driver and Noesselt, 2008], and indeed chal-
lenge our common-sense view that self- and other-related
(i.e., experienced and observed) events are fundamentally
different in nature.

Posterior S1 is Active in Response

to Observed Touch

One main rationale for the present study was to pre-
cisely localize activity changes in S1 in response to
observed touch. On the group level, all activity peaks in
response to observed touch were clearly assignable to pos-
terior S1, and there were no significant effects at all in an-
terior S1. Contrast estimates in response to observed touch
were also significantly higher in posterior compared to an-
terior S1. Consistent with this, at the single subject level,
almost all activity peaks in S1 during observed touch were
located in posterior S1, and there were only few significant
changes in anterior S1 during observed touch. These
results confirm the recently formulated hypothesis by Key-
sers et al. (2010), which argues that during observed touch,
only posterior and not anterior parts of S1 are recruited.
They hypothesized that this is due to a strong link
between neurons in posterior S1 and visual input areas
that activate those neurons via backprojections. Our results
confirm this hypothesis in providing clear evidence that
activity changes during observed touch are maximal in
posterior S1, and are almost absent in anterior S1. Previous
studies already indicated a particularly strong response of
posterior S1 during observed touch [Blakemore et al., 2005;
Ebisch et al., 2008; Schaefer et al., 2009]. However, we are
the first to validate these assumptions by using both auto-

mated labeling tools and anatomical definitions on the
group and single-subject level in an ultra-high resolution
fMRI study.

We can thus be confident that S1 activity during
observed touch occurs mainly in posterior parts of S1 and
that experienced touch is represented both in posterior
and anterior parts of S1 [Schaefer et al., 2009]. With these
findings, one puzzling question seems to be answered,
namely, how one could resolve the confusion regarding
who is being touched if the same neuronal substrate was
active for observed touch and felt touch. It seems that an-
terior parts of S1 are mostly private in nature, and show
increased activity for experienced touch (see, for example,
Keysers et al., 2004; Schaefer et al., 2009; Stringer et al.,
2011), whereas posterior parts of S1 respond both when
touch is received [Schaefer et al., 2009; Stringer et al., 2011]
and when touch of another person is observed, building
an ideal basis for shared representations in the tactile
domain.

Reduced Activity during Self-Related

Observed Touch

The second main aim of the present study was to com-
pare S1 activity changes between conditions where self-
related touch was observed to those where other-related
touch was observed. To this end, we included conditions
not only where other individuals’ hands were observed in
egocentric and allocentric perspectives as in a previous
study [Schaefer et al., 2009], but also investigated whether
any differences would occur between conditions where
participants actually saw their own hand or another’s
hand being touched. Our functional results generally indi-
cate a strong influence of perspective on S1 activity
changes. S1 activity reached significant levels in response
to observed touch only when allocentric touch was
observed, whereas significance completely vanished at the
group level when touch of their own and another’s hand
was observed in an egocentric perspective. Furthermore,
we found a small effect of hand identity, in that a strong
effect of observed touch on S1 activity was only seen
when participants observed another person’s hand, but
not their own hand, being touched in an allocentric per-
spective. Additionally, a significant difference between an-
terior and posterior S1 activity was only found for the
other allocentric observed touch condition, but not for the
self allocentric observed touch condition. We therefore
find a clear preference of S1 activity changes towards
other-related observed touch, whereas lower activity levels
were observed when touch was more self-related. Impor-
tantly, neither the group-level nor the single-subject level
analyses provide any indication that S1 activity shifts to
more anterior sites when touch is more related to the self.

Although our study is the first fMRI study showing that
reduced activity levels in S1 occur when touch of one’s
own hand is observed, a number of earlier studies using
other methods also support this. One such study used
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somatosensory evoked potentials (SEPs) to investigate the
influence of observed pain and (harmless) touch on neuro-
nal activity changes in S1 [Bufalari et al., 2007]. It was
shown that the amplitude of the P45 component, suppos-
edly originating in S1, was increased during the observa-
tion of pain, but decreased during the observation of
touch relative to baseline. Importantly, observed stimula-
tion was shown in a self-referenced (egocentric) perspec-
tive, and thus the decrease of the P45 component was
interpreted as a sensory gating effect for self-related
observed touch. In a recent study, Longo et al. (2011)
found a similar attenuation of SEPs originating in S1 when
participants were looking at their own hands in an egocen-
tric perspective within breaks during a tactile discrimina-
tion task [Longo et al., 2011].

Sensory gating mechanisms for observed self-related
events have also been proposed to occur in the motor do-
main. Using transcranial magnetic stimulation, Schütz-Bos-
bach et al. (2006) demonstrated that motor evoked
potentials (MEPs) of subjects’ hand muscles are slightly
attenuated during observation of self-related actions, but
are increased during observation of other-related actions
[Schütz-Bosbach et al., 2009; Schütz-Bosbach et al., 2006].
This dichotomy in MEPs between observing the self and
observing others strongly resembles our present results,
and was interpreted as evidence that the neural mecha-
nisms underlying action observation are intrinsically social
in nature, because they represent observed action in an
agent-specific rather than an agent-neutral way [Schütz-
Bosbach et al., 2006]. This is in line with theoretical frame-
works which assume that the action mirror neuron system,
that is, the system that shows shared activity for experi-
enced and observed action, mainly fulfills social purposes
by supporting action understanding, imitation [Gallese
et al., 2004; Rizzolatti et al., 2001], and empathic concern
[Kaplan and Iacoboni, 2006]. Our results assign similar
properties to a system for representing observed touch,
and lead to the suggestion that within a human popula-
tion, higher activity in posterior S1 during observed touch
is related to higher reactivity when others are observed.
This suggestion, which undoubtedly needs further empiri-
cal exploration, gains additional support from a study by
Blakemore et al. (2005), which showed that people who
have a strong tendency to map observed touch to their
own body (i.e., vision-touch synesthesia) show higher ac-
tivity than control participants in posterior S1 during
observed human touch. Interestingly, vision-touch synes-
thesia is also related to high degrees of empathy [Banissy
and Ward, 2007; Fitzgibbon et al., 2010]. One might there-
fore speculate that higher than normal levels of S1 activity
are even related to an increased affective response to
observed touch of another person, while implicit knowl-
edge of self/other difference is preserved, as traditionally
assumed for empathic reactions [Batson et al., 1997; Decety
and Jackson, 2004].

However, the study by Schaefer et al. (2009) provides
evidence which at first sight seems to be contradictory to

our findings. In their study, participants observed short
video sequences of self-referenced (egocentric) and other-
referenced (allocentric) touch while being scanned [Schae-
fer et al., 2009]. In contrast to our results, their study
reported increased S1 activity in response to both observed
allocentric and egocentric touch. Furthermore, greater ac-
tivity changes in anterior S1 were observed when egocen-
tric observed touch was compared to allocentric observed
touch conditions, whereas greater changes in posterior S1
were seen for the reverse contrast. This is at odds with our
conclusion that activity levels in posterior S1, but not shifts
between anterior and posterior S1, are responsible for rep-
resenting observed touch, and that the effect of observed
touch is specifically related to observing another person
being touched. In their study, it is however notable that
the main peaks of activity for egocentrically observed
touch versus no-touch were also located in posterior S1.
The fact that we did not find such topographic activity
changes can perhaps be explained by different statistical
corrections applied to the functional data. Whereas Schae-
fer et al. applied post hoc small volume corrections of 5
mm diameter to the functional data, we used a priori ana-
tomical definitions to restrict statistical tests to anterior
and posterior parts of S1. Since our search volumes were
thus considerably larger, it is not surprising that signifi-
cance thresholds for the contrast egocentric observed touch
versus no-touch were not reached in our case. Indeed,
applying the same statistical correction to the functional
data as used by Schaefer et al., we also find significant ac-
tivity for the egocentric observed touch versus no-touch
contrast in left posterior S1 (x ¼ �51, y ¼ �26, z ¼ 40, k ¼
27, t ¼ 4.01). This illustrates that activation levels in
response to self-related observed touch, and thus the sen-
sory gating effects possibly at work, are relative rather
than absolute, and that specific care has to be taken with
the statistical tests applied.

Whereas the different statistical tests applied in both
studies can thus explain why our results differ with
respect to activity changes in response to egocentrically
observed touch, in contrast, our results are not at all in
line with the assumption that a directed spatial shift of ac-
tivity occurs towards anterior S1 when touch is more
related to the self. We do not find increased activity in an-
terior S1 in response self- versus other-related observed
touch even when we lower significance thresholds consid-
erably. In this case, we hypothesize that this is probably
due to the lower spatial specificity offered by standard
fMRI designs at 3T compared to those at 7T, as discussed
above [Scouten et al., 2006; Stringer et al., 2011], that might
have resulted in a more imprecise characterization of
where exactly significant activity changes were located.
However, given that two individuals in our participant
group did actually show main activity peaks in anterior S1
in response to observed touch, although not particularly
during self-related observed touch, conclusions cannot yet
be drawn as to when exactly anterior S1 might be
recruited during observed touch. Our results nevertheless
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do not support the assumption that activity changes in
this region can specifically be related to self-related
observed touch.

In conclusion, our study utilizes important advances in
methodology, design and analysis to characterize S1 activ-
ity in response to observed touch. We demonstrate that
the use of fMRI at 7 Tesla offers important advantages
when the spatial details of subtle activity changes are the
major focus of interest. By applying these novel methods,
we were able to characterize activity changes precisely in
S1 resulting from observation of passive touch, clearly
locate them in posterior S1, and show that they are smaller
but do not spatially shift whenever observed touch was
self-related. We therefore hypothesize that a similar mech-
anism as for observed action also exists for observed
touch, and that these mechanisms are specifically active
when others are observed.
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