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ABSTRACT

Across different cultures, social touch is used to alleviate distress. Here we adopt a dual-
brain approach with fMRI to examine whether social touch involves similar activations
between the suffering ‘target’ and the empathizer in brain regions related to emotional
sharing such as the observation-execution (mirror) network. To inspect the neural un-
derpinnings of the effects of social touch on pain, we scanned romantic couples during a
task that required one partner (the empathizer) to hold the target’s hand as the latter
experienced painful thermal stimulation. Empathizers and target participants were scan-
ned sequentially, in two counterbalanced phases. Results revealed that hand-holding
reduced the pain of the target participant, compared to the severity of pain in a control
condition (holding a rubber ball). Importantly, during social touch we found striking shared
activations between the target and empathizer in the inferior parietal lobule (IPL), a region
related to the observation-execution network. The brain-to-brain analysis further revealed
a positive correlation of IPL activation levels between the target and the empathizer.
Finally, psychophysiological interaction (PPI) analysis in the target showed that the IPL
activity during social touch was positively coupled with activity in the dorsomedial pre-
frontal cortex, a region that has been implicated in emotion regulation, suggesting that the
interaction between the observation-execution network and emotion regulation network
may contribute to pain reduction during social touch.

© 2020 Elsevier Ltd. All rights reserved.

Abbreviations: IPL, inferior parietal lobule; IFG, inferior frontal gyrus; ACC, anterior cingulate cortex; Al, anterior insula; OE, obser-
vation-execution; dmPFC, dorsomedial prefrontal cortex; fMRI, functional magnetic resonance imaging; PPI, psychophysiological

interaction.
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1. Introduction

In humans, across radically different cultures, social touch is
observed in kin and non-kin alike and involves similar be-
haviors, including soothing touch, hand-holding and skin-to-
skin contact (Dibiase & Gunnoe, 2004; Jones & Yarbrough,
1985; Suvilehto, Glerean, Dunbar, Hari, & Nummenmaa,
2015). It has been shown that social touch elevates romantic
satisfaction (Gallace & Spence, 2010) and reduces negative
feelings (Coan, Schaefer, & Davidson, 2006; Ditzen et al., 2007;
Grewen, Anderson, Girdler, & Light, 2003). Jakubiak et al. (2016)
demonstrated that merely imagining social touch from a sig-
nificant other reduces the subjective level of pain even more
than verbal support. Specifically, it has been shown that hand-
holding can diminish emotional distress as well as physical
pain (Coan et al., 2006; Goldstein, Weissman-Fogel, Dumas, &
Shamay-Tsoory, 2018; Kawamichi, Kitada, Yoshihara, Taka-
hashi, & Sadato, 2015; Master et al., 2009; von Mohr, Krahé,
Beck, & Fotopoulou, 2018).

Given that touch has been repeatedly found to reduce
distress, an increasing amount of research has explored the
neural underpinnings of social touch in humans. In general,
these studies have followed one of two different directions.
The first direction focused on the ‘target’ of pain, exploring
why social touch reduces pain and distress. These studies
have shown that while nociceptive stimuli commonly elicit
activity in a wide array of subcortical and cortical brain
structures that includes the somatosensory cortices, the
thalamus, anterior cingulate cortex (ACC) and the insula
(Apkarian, Bushnell, Treede, & Zubieta, 2005; Garcia-Larrea,
Frot, & Valeriani, 2003; Treede, Kenshalo, Gracely, & Jones,
1999), social touch attenuates activation in these regions
(Coan et al.,, 2006). In addition, electrophysiological studies
show that touch can modulate pain in early (N1) and late
(N2—P2) processing stages (Krahé, Drabek, Paloyelis, &
Fotopoulou, 2016; von Mohr et al., 2018).

The second line of research has examined the behavioral
and neural underpinnings of the empathizer’'s behavior.
These studies have shown that social touch is an other-
directed prosocial behavior driven by empathy, the ability to
understand and/or feel other people’s emotions (Batson, 2009;
Peled-Avron, Goldstein, Yellinek, Weissman-Fogel, &
Shamay-Tsoory, 2018; ‘de Waal & Aureli, 1996). Indeed, neu-
roimaging studies have shown that comforting others in
distress activates empathy related regions, such as the medial
prefrontal cortex, the insula and the ACC (Goldstein et al.,
2018; Masten, Morelli, & Eisenberger, 2011; Mathur, Harada,
Lipke, & Chiao, 2010) as well as reward related regions such
as the ventral and dorsal striatum (Harbaugh, Mayr, &
Burghart, 2007; Telzer, Masten, Berkman, Lieberman, &
Fuligni, 2010, 2011). It was also reported that holding the
hand of a partner in distress can modulate one’s reward and
maternal-behaviors related neural regions (Inagaki &
Eisenberger, 2012).

However, which neural systems underlie the effect of
touch on pain remains unknown because traditional imaging
single brain approaches are unable to assess both sides of the

1 de Waal & Aureli, 1996.

interaction. Indeed, a new approach in neuroscience holds
that social interactions by their nature entail active partici-
pation in an interactive social exchange with social agents
(Schilbach et al., 2013; Shamay-Tsoory & Mendelsohn, 2019).
Therefore, understanding the mechanism underlying the
comforting effect of social touch requires developing a
methodology that allows drawing direct links between brain
activity of the empathizer and the target during real-life in-
teractions. Previous human imaging studies focusing on
empathy for another’s pain have shown activations in re-
gions involved in the direct experience of pain (Decety &
Lamm, 2006; Jackson & Decety, 2004; Singer et al., 2004). In
their comprehensive meta-analysis, Lamm, Decety, and
Singer (2011) showed that during empathy for pain, there is
consistent activation in both the dorsal ACC and anterior
insula (Al), regions often associated with the affective or
unpleasant component of physical pain (Tolle et al., 1999), as
well as the inferior frontal gyrus (IFG) and inferior parietal
lobule (IPL) which relate to observation-execution (OE) pro-
cesses — the ability to observe specific actions and execute
those actions in the same manner (also known as the mirror
neuron system, see Rizzolatti & Craighero, 2004). This over-
lap between regions activated during vicarious pain and self-
experienced pain implies that in addition to shared brain
responses of pain, empathy for pain may involve mecha-
nisms that underlie observation-execution. The OE system
may be activated in both the empathizer and the target,
suggesting that shared activations in the OE system between
the empathizer and the target may contribute to the effec-
tiveness of social touch. This hypothesis is in line with a
recent EEG hyperscanning study, reporting that brain-to-
brain coupling in the alpha/mu band in romantic couples
during hand-holding predicts analgesia magnitude
(Goldstein et al., 2018).

The current study was a functional imaging study aimed at
examining the neural underpinnings of the comforting effect
of social touch, by directly probing the neural correlates of
social touch in the empathizer and the target. This allowed us
to examine the effect of touch using paradigm with high
ecological validity. Romantic couples were scanned during a
social touch paradigm in which one of them (‘the target’)
received high or low heat stimulation (‘pain’ and ‘no pain’
conditions, respectively), while the other partner (‘the
empathizer’) held their hand (‘human touch’) or both partners
held a rubber ball (‘non-human touch’). We selected hand-
holding as the type of touch based on recent studies
showing that this type of touch is very common across
different types of social bonds (Suvilehto et al., 2015) and it is
one of the preferable types of touch for pain reduction
(Goldstein et al., 2018). Two counterbalanced scans were
conducted one after the other in order to allow scanning of
both the empathizer and the target (see Fig. 1). It was hy-
pothesized that across all conditions hand-holding would lead
to pain relief in the target. We also predicted that social touch
would involve shared activity in the OE system between the
empathizer and the target. Building on recent studies showing
that prefrontal regions including the medial and inferior
frontal gyrus participate in self-regulation of pain (Diano et al.,
2016; Ong, Stohler, & Herr, 2019; Petrovic & Ingvar, 2002;
Seminowicz & Moayedi, 2017; Woo, Roy, Buhle, & Wager,
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Fig. 1 — Illustration of the experimental procedure. The
roles of the partners were consistent throughout the whole
experiment: in one scan, the target lies inside the scanner,
and in the other-the empathizer. In both scans subjects
experienced all four conditions. For example, in both A1
and B1 partners experienced ‘pain + human touch’ while
in A2 and B2 ‘pain + non-human touch’.

2015), we predicted that shared activation between the target
and the empathizer in the OE system would be coupled with
activity of self-regulation of pain regions in the target and that
this activity would predict the level of pain reduction.

2. Materials and methods
2.1. Participants

Twenty-two couples who have been in romantic relation-
ships for at least one year were recruited for the study. Two
couples were later removed from analysis due to malfunc-
tion of the MRI scanner. Thus, the final sample included 40
participants.

All participant were at least 18 years old (male mean age:
26.05y, SD = 2.13, female mean age: 24.4 y, SD = 2.2). Partic-
ipants were recruited from the University of Haifa via adver-
tisements, and respondents were included if they met the
following inclusion criteria: (i) fluency in Hebrew; (ii) right-
hand dominance (iii) no chronic or acute pain of any type;
(iv) no medication use (except for oral contraceptives); (v) no
history of neurological disorders, psychiatric problems, or
other problems relevant to the study; (vi) no conditions that
prevented scanning (e.g., a pacemaker, claustrophobia); (vii)
normal or corrected-to-normal vision. Participants were
screened via telephone and eligible participants were told
they were participating in a study on physical pain.

No part of the study procedures or analyses was pre-
registered prior to the research being conducted.

2.2. Procedure

We report how we determined our sample size, all data ex-
clusions, all inclusion/exclusion criteria, whether inclusion/
exclusion criteria were established prior to data analysis, all
manipulations, and all measures in the study. All data, code
and digital materials that are necessary to replicate this study
are available at:  https:/github.com/SANS-Lab-Haifa/
Comforting-Effects-of-Social-Touch.

At the beginning of the experiment, when the couple
arrived at the lab, the partners were randomly assigned to one
of two roles: empathizer and target. This division was
consistent throughout the whole experiment. In ten couples
the female was the empathizer and the male was the target
and in the other ten couples the roles were reversed.

The experiment consisted of two main conditions in a
factorial design: (1) pain (pain/no-pain) and (2) touch (human
touch/non-human touch) producing four condition:
“pain + human touch” (referred to as the “social touch con-
dition”), “pain + non-human touch”, “no-pain + human
touch” and “no-pain + non-human touch”. Specifically, the
target partner was inflicted with either low (‘no-pain’) or high
(‘pain’) intensity heat stimuli while the empathizer partner
held his/her hand (‘human touch’) or they both squeezed a
rubber ball (‘non-human touch’). Participants were instructed
to hold their hands and hold the rubber ball similarly. They
were asked to wrap their hand around the hand/rubber-ball
until they are instructed to let go. We also asked them to try
and activate the same force in both touch conditions. Pain
stimuli were applied to the anterior surface of the target’s
right calf using the 30 mm x 30 mm Peltier surface stimulator
of the Thermal Sensory Analyzer 2001 (TSA) system (TSA-
2001, Medoc, Ramat-Yishai, Israel) and the intensity of pain
was calibrated based on the individual’s perceived pain level
(see Section 2.3). Before the scanning sessions a short version
of the experiment was conducted to acquaint the participants
with the experimental design and the heat stimuli. Following
the practice experiment, two succeeding sessions were con-
ducted in two separate fMRI scans. In one session the task was
performed while the target was inside the scanner and the
empathizer sat outside the scanner, and in the other the
empathizer was inside and the target was outside. The order
of the scans was randomized and the two scans were con-
ducted successively.

2.3.  Calibration of pain stimulus intensity

Before the scanning sessions, the target partner underwent a
brief test which was designed to determine the temperature of
the pain stimulus to be used in the pain condition. 10-sec heat
stimuli were administered to the anterior surface of the right
leg, using the 30 mm x 30 mm Peltier surface stimulator. The
no-pain temperature was set at 41 °C, building on studies
indicating that this level is detectable but not painful (Granot
& Ferber, 2005; Neziri, Curatolo, et al., 2011; Neziri,
Scaramozzino, et al., 2011). The ‘pain’ condition intensities
were calibrated for each subject to evoke a peak pain magni-
tude of approximately 60/100 (‘pain 60’). The pain 60 proced-
ure is a very common measurement in pain perception
studies and can therefore be considered as a standard
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measurement. The purpose of the pain calibration was to
make sure that the targets felt similar levels of pain. Finding
pain 60 for each target was the way to normalize the experi-
ence between participants as much as possible. To do this, a
series of 12 heat stimuli were administered in a pseudo-
random order (three temperatures of 46 °C 47 °C and 48 °C;
four repetitions per temperature). Following each stimulus,
subjects were asked to numerically rate the pain intensity (“0”
— no pain at all, “100” — maximum pain imaginable). After
identifying the target’s pain level of 60, we delivered a 41 °C
stimulus three times in order to ensure that the participants
did indeed rate this temperature as not painful at all. All
participants rated this temperature as less than a pain in-
tensity of 10, confirming that this heat level can be used as the
no-pain condition. For each couple, the empathizer was then
exposed to the pain stimulus selected for their partner to
introduce them to the level of pain the target would experi-
ence throughout the scanning sessions. In order to create a
relatively gradual experience when the participant is inflicted
with pain, a relatively slow ramping period was selected
(4 sec).

2.4. Scanning sessions

Before the beginning of the scanning, a training session was
conducted outside the scanner. Training included a short
version of the task, 8 trials only, in which the participants
practiced all the conditions mentioned above (Fig. 2).
Scanning consisted of two identical sessions. The order of
the sessions was counterbalanced across the couples. During
scanning, one of the participants was lying in the scanner while
his/her partner sat near the scanner (See Fig. 1). The hand-
holding/ball squeezing was carried out using the left hand of
the participant sitting outside the scanner and the right hand of
the participant inside the scanner. Each participant completed
three functional runs, each consisting of the following condi-
tions: pain + human touch, pain + non-human touch, no
pain + human touch, no pain + non-human touch, in a coun-
terbalanced order. As illustrated in Fig. 2, each trial consisted of
the following: (1) Instructions indicating whether the target
would receive a high or low pain stimulus and instructions
asking the participants either to hold their partner’s hand or to
squeeze a ball (6 sec); (2) Administration of the pain stimulus to
the right calf (total of 26 sec; 4 sec of gradual increase in

The heat stimulus will be

delivered now.

temperature from baseline to the target temperature, 20 sec of
stable stimulation, and 2 sec to return to baseline); (3) A visual
analogue scale (VAS). The target was asked to rate the
perceived level of pain unpleasantness while, simultaneously,
the empathizer was asked to rate his/her level of empathic
support. For both partners the scale ranged from 0, denoting no
pain unpleasantness/minimal assistance, to 100, the worst
pain imaginable/maximal assistance (8 sec); (4) Instructions
asking the couple to release their partner’s hand/the ball (4 sec);
(5) a rest period (50 sec). Both of the subjects were exposed to
the instructions and thus both of them knew the intensity of
the stimulus about to be delivered. Each run was composed of
eight trials, such that each condition was repeated twice in a
mixed event-related paradigm. The experiment lasted almost
5 h (including 30 min break between scanning sessions) and
each couple was paid a total of $150.

2.5. Data analysis

2.5.1. Image acquisition

Participants were scanned using a 3T GE scanner at the
Rambam Medical Center in Haifa, Israel. Functional magnetic
resonance imaging (fMRI) was carried out with a gradient
echo-planar imaging (EPI) sequence of functional T2*-
weighted images (TR/TE/flip angle: 2000/30/80; FOV: 217 mm,;
matrix size: 64 x 64) divided into 43 axial slices (thickness:
3.4 mm; gap: 0 mm) covering the whole cerebrum. Anatomical
3D sequence spoiled gradient echo (SPGR) sequences were
obtained at high-resolution 1-mm slice thickness (matrix:
256 x 256; TR/TE: 8/3.1 msec).

2.5.2. fMRI data analysis
fMRI data were analyzed using the Statistical Parametric
Mapping toolbox for Matlab (SPM8: Wellcome Trust Center for
Neuroimaging, University College London, www.fil.ion.ucl.ac.
uk/spm). Since interpolation was used to minimize timing
errors between slices in the functional images (Henson,
Biichel, Josephs, & Friston, 1998), which were then spatially
realigned to the mean, coregistered with the anatomical
image, normalized to the standard T1 template volume (MNI),
and smoothed using an isotropic 5 mm FWHM Gaussian
kernel.

The effects of pain and social touch on each participant’s
brain activity were estimated using an event-related design.

You may release
your partner’s hand/

rubber ball.
High/low stimulus will
be delivered. please hold
your partner’s hand/ VAS +
rubber ball.

l v l v
Timein
seconds

6 High/low stimulus 32 40 44 94

Fig. 2 — Schematic illustration of one trial.
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Each phase of the trials (i.e., instructions, stimuli, responses,
and fixation) was modeled separately. Stimuli in each of the
experimental conditions (no pain + non-human touch; no-
pain + human touch; pain + non-human touch;
pain + human-touch) were modeled separately, so as to
enable comparisons of the effects of pain and social touch at
the group (“2nd”) level (see below). Hemodynamic responses
to stimuli were estimated for epochs beginning with the onset
of stimulation (i.e., the beginning of the rise in temperature),
and lasting till stimulation was turned off, and temperatures
began to decrease. A high-pass filter with a cutoff frequency of
1/128 Hz was applied to the time series from each voxel. He-
modynamic responses to stimuli in each of the four experi-
mental conditions were compared with hemodynamic
responses during fixation, and maps of these comparisons,
obtained from each of the participants, were entered into 2 x 2
(“pain”/“no pain” x “human touch”/“no human touch”) model
at the group level. Separate models were defined for
empathizers and for target participants. All results reported
here were significant both at the voxel level (corrected for
multiple comparisons, i.e., pFWE <.05), and at the cluster
level.

2.6. Statistical analysis

2.6.1. Behavioral analysis

Pain ratings provided by target participants were entered into
a repeated measures ANOVA. Two within-subject factors
defined the experimental condition presented in each trial,
and were referred to as “type of touch” (a variable dis-
tinguishing between trials in which target participants held
their partner’s hand, and trials in which they squeezed a ball),
and “pain” (a variable distinguishing between exposure to
high and low temperatures).

2.6.2. Imaging analysis

The data analysis included four phases. First we carried out an
initial contrast between pain versus no-pain. Activations
during pain versus no-pain trials were examined by
comparing trials in which target participants were exposed to
high painful temperatures (pain trials) compared to trials in
which they were exposed to low temperatures (no-pain trials).
This phase was carried out to confirm that we replicate pre-
vious findings on pain related activation in our complex
experimental design. In the second phase we explored touch
related activations by comparing trials in which the empath-
izer and target participants held hands (human touch) with
trials in which they held a ball (non-human touch). This phase
included extracting the beta values derived from clusters of
voxels activated in Human-touch > non-human touch
contrast and carrying out follow-up t-tests to compare the
beta weights in these clusters in the pain versus no pain
condition both in the targets and the empathizers. In the third
phase, we compared of social touch (pain + human-touch)
condition to all other condition. This analysis was similar to
the analysis reported recently in a paper from our lab which
also examined the influences of touch on pain and neural
activity (Goldstein et al., 2018). This comparison allows us to
highlight the unique effect of touch on pain. We first con-
trasted “pain + human touch” condition with each of the other

three conditions separately. A similar analysis included a
contrast of “pain + non-human touch” with all other three
condition. Finally, we carried out a pain x touch interaction
analysis. All results reported were significant both at the voxel
level (corrected for multiple comparisons, i.e., pFWE <.05), and
at the cluster level).

2.6.3. Functional connectivity

In order to examine the self-regulatory mechanisms under-
lying the effects of pain relief in the target, we applied psy-
chophysiological interaction (PPI) analysis to examine
connectivity between the brain regions in the target’s brain
which were found to be activated in the social touch
condition.

2.6.4. Analysis of brain-behavior correlations

To identify the relationship between social touch related ac-
tivity and pain ratings we examined the correlation between
neural activity found in the interaction analysis and the PPI
analysis described above and the target’s pain ratings. We
focused on two behavioral measurements: (1) Social touch
index that represents the difference between experiencing
pain with or without human touch (pain + human touch
subtracted from pain + non-human touch); (2) Pain index that
represents the difference between experiencing touch with or
without pain (no-pain + human touch subtracted from
pain + human touch). This measure represents pain rating
after controlling for ratings during touch in general (baseline
response for touch). Both of these indices were calculated
from the mean target ratings in both scans.

3. Results
3.1. Behavioral findings

The 2*2 (pain/no-pain*human-touch/non-human touch)
ANOVA analysis of the target’s pain rating scores revealed a
significant main effect for both the touch (hand-holding/rub-
ber-ball) and pain conditions (pain/no-pain) (type of touch:
F1,109) = 20.54, p < .001, n,2 = .52; pain: Fy 10 = 551.86, p < .001,
np = .97). As predicted, participants reported lower unpleas-
antness for ‘human-touch’ trials condition and for ‘no-pain’
trials. The two-way pain*touch interaction was also signifi-
cant (F1,19) = 7.27, p < .05, Tlp2 = .28). Follow-up t-test, with
Bonferroni correction for multiple comparisons, revealed
significant differences between human-touch and non-
human touch in both pain and no-pain trials (F 19 = 16.46,
p < .005, n,> = .46; F(119) = 9.38, p < .01, n,” = .34, respectively),
with larger differences in the pain trials, See Fig. 3.

3.2. Whole-brain analysis

3.2.1. Main effect of pain

In the target participants, pain > no-pain contrast yielded
significant activations in several regions, including the insula
and operculum bilaterally, the right IFG pars opercularis, and
the left thalamus, pallidum, and putamen. In the empathizers,
this contrast revealed no significant activations (Fig. 5 and
Table 2).


https://doi.org/10.1016/j.cortex.2020.01.028
https://doi.org/10.1016/j.cortex.2020.01.028

338

CORTEX 127 (2020) 333—346

80

® Human Touch Non-Human Touch

70

60

50

40

30

Pain-unpleasantness rates

20

, st
0
* P< .01

**p< 005 Ne-Palky

%* %k

Pain

Fig. 3 — Rating of pain unpleasantness by the target partner. Vertical lines indicate standart error.

Fig. 4 — Regions more strongly activated during pain trials
compared to no-pain trials among target participants.

3.2.2.  Main effect of human touch

In the target participants, activation in left pericentral regions
as well as left postcentral and precentral gyri and in the left IPL
was stronger during human-touch, compared to non-human
touch contrast. In the empathizers, this contrast yielded
higher activations in the left postcentral and precentral gyri,
and in the left IPL, the left supramarginal gyrus and superior
temporal gyrus (Fig. 4 and Table 1).

To further investigate the effects of hand-holding in the
target and empathizers we extracted the beta values derived
from clusters of voxels activated in Human-touch > non-
human touch contrast (IPL, postcentral gyrus, precentral
gyrus). Follow-up t-tests revealed higher beta weights in these
clusters in the pain versus no pain condition both in the tar-
gets (t(19) = 2.98, p = .008) and the empathizers (t(19) = 2.17,
p = .043). These findings point that these regions were highly
active in the pain condition in both partners.

3.2.3. The comforting effect of social touch

In order to identify regions that responded specifically to so-
cial touch during pain we compared the social touch
(pain + human-touch) condition to all other condition, and the
“non-human touch + pain” condition to all other conditions.

The comparison of social touch condition (human
touch + pain) to all other conditions revealed significant
activation in both the target and the emphasizer. Interest-
ingly, in both partners, significant activation was observed in
the left IPL and pericentral regions. In the empathizers this
activation was more widespread (Fig. 6 and Table 3).

Notably, there was an overlap of 99 voxels between the
clusters obtained for target participants and empathizers,
which constitutes over one half of the voxels in the cluster
obtained for target participants, and over one quarter of the
voxels in the cluster obtained for empathizers. The analysis
which examined the pain + non-human touch compared to all
other conditions (in the target), revealed significant activa-
tions in the bilateral insula and the midbrain (see Table 4).
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Fig. 5 — Regions more strongly activated during human
touch trials compared to non-human touch trials. Red —
Regions exhibiting an effect of touch among target
participants; Green — regions exhibiting an effect of social
touch among empathizers.

Table 1 — Anatomical location of regions more strongly
activated during human touch trials compared to non-
human touch trials.

Anatomical location (AAL) XY;2 VA K

Empathizer, human touch > non-human touch
Left postcentral gyrus —40;—-26;54 5.91 1011
Left precentral gyrus —38;—20;68 5.75

Left IPL —58;-28;48 5.75

Left supramarginal gyrus —50;—24;18 5.67 197
Left STG ~58;-30;22 5.32

Target, human touch > non-human touch

Left IPL —54;-26;48 5.66 267

Left postcentral gyrus —52;-28;58 5.56

Table 2 — Anatomical location of regions more strongly
activated during pain trials compared to no-pain trials
among target participants.

Anatomical location (AAL) X2 Z K

Target, pain > no-pain

Right insula 36;6;12 5.56 134
Right IFG pars opercularis 46;10;4 4.92

Left insula —34;4;10 5.54 108
Left rolandic operculum —52;2;6 5.36 36
Left pallidum 20;,—6;—2 5.33 189
Left cerebellum —4;-42;-28 5.25 233
Left thalamus —18;-20;14 5.16 310
Left parahippocampal gyrus —8;,-24;—-12 5.19 46
Right rolandic operculum 36;—20;20 5.12 90
Left putamen —32;-10;6 4.77

Finally, we conducted a two-way pain x touch interaction
and found no significant cluster that reached the significance
threshold.

3.3. ROI analyses

Regions of interest (ROIs) were defined in the IPL and peri-
central clusters obtained from the “social-touch
(pain + human-touch) > all” contrast described above, for both
target participants and empathizers. This was done in order to
enable the examination of correlations between activation
measured among target participants and activation measured
among their partners. This correlation was significant in the
social touch condition (r = .51, p < .001, see Fig. 7).

3.3.1. Brain-behavior correlations
The correlations between beta values extracted from the IPL
and the pain and social touch indices were not significant.

3.4. PPI analysis

PPI analysis with the left IPL (obtained from the “social
touch > all” contrast) as the seed region, was conducted for the
target participants. This was done in order to identify regions
that might have been involved in the mitigating effect of social
touch on the perceived pain of the target participant. When an
uncorrected threshold of punc. <.001 was applied, this analysis
yielded a significant cluster in the right superior dorsomedial
prefrontal cortex (dmPFC, [x,y,z: 8,50,42]) with positive con-
nectivity pattern (see Fig. 8).

Correlations between activation in the dmPFC and pain
indices were examined in order to determine the contribution
of this region to pain alleviation. These analyses revealed a
significant negative correlation (r = —.47 p = .038, see Fig. 9)
between activity in the dmPFC and the pain index (after
omission of one participant with extreme activation in the
dmPFC — 2.5 SD above the mean), suggesting that, during so-
cial touch, higher activations in the dmPFC predicts less pain.
To ensure that this correlation was specific to the social touch
condition we further carried out a similar analysis in the other
conditions and found no significant correlations (p > .05).

No significant correlation was found between dmPFC
activation and the social touch index.
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Fig. 6 — Regions more strongly activated during
pain + human touch trials, compared to all other trials, in
both the target (A) and the empathizer (B).

Table 3 — Anatomical location of regions more strongly
activated during pain+human touch trials, compared to all
other trials.

Anatomical location (AAL) X2 Z K

Empathizers, pain + human-touch > all

Left postcentral gyrus —40;—-28;54 5.55 394
Left precentral gyrus —38;—-20;68 5.01
Left postcentral gyrus —44,-26;46 4.99
Left precentral gyrus —30;-16;68 4.95

Left IPL
Left precentral gyrus
Target, pain + human-touch > all

—58;—28;50 4.90
—38;—-18;60 4.70

Left IPL _46;-26:46 5.39 180
Table 4

Anatomical location (AAL) X552 z K

Target, pain + non-human touch > all

Left insula —34;4;12 5.38 44

Right insula 38;6;14 5.38 39

Midbrain 10;-26;—14 5.00 49

4, Discussion

Interpersonal touch is a common behavior, often used to
reduce distress in others (de Waal & Aureli, 1996). However,
the mechanisms that contribute to the pain relief induced by
touch have not been fully explored before. We show that
hand-holding diminishes pain, and, importantly, we demon-
strate shared neural activation between the target and the
empathizer in the IPL, a region that was found to be activated
during tasks that require imitation, coordination and syn-
chronizing between the participants’ responses.

Analysis of the reported pain ratings indicates that hand-
holding has an alleviating effect on pain ratings during ther-
mal stimulation. Our results also indicate that social touch in
the form of hand-holding is more effective than merely
holding an object, confirming that human touch and not any
type of touch reduces pain. Accumulating evidence suggests
that different types of social touch reduce stress and anxiety
(Coan et al., 2006; Ditzen et al., 2007; Grewen et al., 2003;
Kawamichi et al., 2015), physical pain (Goldstein et al., 2018;
Krahé et al., 2014; Liljencrantz et al., 2017; Master et al., 2009)
and even feelings of social exclusion (Von Mohr, Kirsch, &
Fotopoulou, 2017). The current findings are in line with these
studies and stress the contribution of hand-holding to the
relief of physical pain. In contrast with theories that empha-
size the role of the mechanical component of touch in pain
reduction (Melzack & Wall, 1965), our study highlights the
specific effect of skin-to-skin touch delivered by a significant
other in pain alleviation. Notably, most of the research that
studied the effect of pain alleviation caused by a significant
other focused mainly on visual input, using the presence of
the romantic partner, pictures or direct visual input of him/
her (Eisenberger et al., 2011; Krahé et al., 2014; Younger, Aron,
Parke, Chatterjee, & Mackey, 2010). In our study, the effect of
pain relief was achieved using only touch and was significant
despite the fact that the target partner could not see the
empathizer. Moreover, human touch was also effective in
reduction unpleasantness during neutral stimuli. These find-
ings together imply that, like visual input, touch can also be a
main component in of social comforting. Given that touchis a
channel for communicating emotions including love and
sympathy (Hertenstein et al., 2006; Kirsch et al., 2018). It is
thus possible that one mechanism by which touch diminishes
pain is by communicating emotions. The empathizer com-
municates positive emotions such as warmth, love and sym-
pathy while the target communicates her/his distress. This
emotional sharing is a form of co-regulation, as the target
experiences the empathy felt by the empathizer and which
allows increasing sense of connectedness and may result in
pain regulation.

To explore specific social touch-related activity we
compared the brain activity during the social touch condition
(pain + human-touch) to all the other control conditions. This
analysis allowed us to examine the brain activation in the
condition of interest while controlling for the effects of non-
human touch and pain. The results revealed that in both the
target and the empathizer the IPL was active during the social
touch condition. Furthermore, the activity of the IPL of the
empathizer and the target participants was significantly
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Fig. 7 — Correlation between the targets’ and the empathizers’ clusters activations obtained from “pain + human touch”

condition.

Fig. 8 — Cluster found in the PPI analysis with the left IPL
and pericentral regions as seed region in the target’s brain.

correlated. The literature links IPL activity to sensory pro-
cessing and evaluation of thermal noxious stimuli (Duerden &
Albanese, 2013). Interestingly, the IPL has a crucial role not
only in evaluation of felt pain but also in the evaluation of
observed pain. Previous studies that focus on neural activa-
tion while observing others’ pain, have consistently shown
activations of the IPL in the observer’s brain. These studies
attribute this activation to empathy of the observer towards
the person experiencing pain and regard it as a plausible
trigger for prosocial behaviors (Decety & Lamm, 2006; Jackson
& Decety, 2004; Singer et al., 2004). According to the
perception-action model of empathy (Preston and De Waal,
2007), during the perception of vicarious pain, a shared neu-
ral representation which relies on the IPL and the IFG is acti-
vated, allowing the observer sharing the pain experience of

the target through the mirroring of such pain in his/her own
system.

Research demonstrates increased activity in the IPL during
both motor (Cacioppo et al, 2014) and emotional
(Nummenmaa, Hirvonen, Parkkola, & Hietanen, 2008) syn-
chronization. Importantly, activation in the IPL is reported in
tasks that require communication of social information. For
example, Schippers, Roebroeck, Renken, Nanetti, and Keysers
(2010) highlighted the importance of the IPL in decoding social
information flow during a game of charades. The authors
demonstrated that during trials of interpretation only, the
guesser’s IPL was synchronized with the gesturer’s brain ac-
tivity. In line with this, Anders, Heinzle, Weiskopf, Ethofer,
and Haynes (2011) have demonstrated that during an
ongoing simultaneous facial communication task, a ‘shared
social network’ is activated in both the perceiver’s and the
sender’s brain.

Taking into account the mentioned role of the IPL in pain
perception, empathy for pain and mirroring, it is reasonable to
assume that the observed shared activation in the IPL enables
shared experience of the painful sensation in both the target
and the empathizer.

Notably, Kilner, Friston, and Frith (2007) suggested that
using predictive coding, the IPL is involved in inferring other’s
intentions and thought from their observed action (i.e., the
‘inverse model’). This theoretical framework has been
expanded to include the idea that shared experience and so-
cial interactions can influence our predictions regarding the
other (Fotopoulou & Tsakiris, 2017; Ishida, Suzuki, & Grandi,
2015). Moreover, recent studies suggest that not only can so-
cial interaction modulate our predictions relating to the
environment, but it also enables pain relief by using the oth-
er’s reactions as a predictive signal that allows reevaluation of
the current aversive stimulus (see Fauchon et al., 2019 and von
Mohr et al, 2018, and Krahé, Springer, Weinman, &
Fotopoulou, 2013 for a comprehensive review). These
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Fig. 9 — Correlation between target’s beta values, extracted from the dorsomedial prefrontal cortex and pain index.

findings, together with evidence pointing that the IPL is a
central in the attentional network (Chambers, Payne, Stokes,
& Mattingley, 2004; Hopfinger, Buonocore, & Mangun, 2000;
Shapiro & Hillstrom, 2002), suggest that the observed shared
activation in both the target’s and emphasizer’s IPL represents
a shift of attention toward each other, which enhances the
predictions regarding the other’s acts and intention. Notably,
the complementary analysis of non-human touch + pain in
the target revealed significant activation in the midbrain and
bilateral insula, regions that are repeatedly found to be acti-
vated during physical pain (Almeida, Roizenblatt, & Tufik,
2004; Millan, 1999). Collectively, it may be argued that non-
human touch does not reduce pain or activation in pain
related regions. On the other hand, human touch during pain
is associated with activation in regions related to shared
emotions and prediction regarding others.

It is important to note that the pain*Touch interaction
analysis did not reveal significant activations. One possible
explanation may be related to the difference in brain activity
associated with pain versus touch. While the pain conditions
were associated with strong brain activations, the brain acti-
vations during the touch condition were more subtle. Thus,
carrying out this type of contrast may eliminate activations
that are specific to the social touch condition.

The results of the PPI analysis in the target participants
demonstrate significant interaction between the IPL and the
dmPFC. In their comprehensive review on pain and social
support, Krahé et al. (2013) suggest that social support during
pain encourages reassessment of the threat stimuli and the
environment and thus influences the salience of the stimulus.
According to this view, external support motivates a new
evaluation of the pain and may influence the pain perception
and related action plans. Building on this framework, it is
possible that the coupling between the IPL and the dmPFC
observed in the current study represents an interpersonal
process of emotion regulation. Importantly, activity in the
dmPFC predicted lower levels of pain in the target, suggesting,

this region contributes to regulating the level of pain of the
target. The superior dmPFC is generally considered to
encompass the lateral and the superior portions of Brodmann
area 9, the whole of area 8 or only its superior portion
(Brodmann, 1910). Several functional studies have indicated
that this region is activated in emotion regulation paradigms
(Frank et al., 2014). Previous studies have highlighted the
importance of this region in emotion regulation and in the
ability to confront negative and aversive situations (Eippert
et al., 2007; Etkin, Blichel, & Gross, 2015; Ochsner & Barrett,
2001). One major strategy to cope with aversive stimuli is
reappraisal, a high-level cognitive strategy that influences
negative emotion by reformulating the meaning of the
observed stimulus. This process involves working memory,
goal representation and selective attention and was associ-
ated with activity in the dmPFC (Beauregard, Lévesque, &
Bourgouin, 2001; Buhle et al., 2014; Eippert et al., 2007; Frank
et al., 2014; Ochsner & Barrett, 2001; Ochsner & Gross, 2004,

Fig. 10 — Proposed mechanism of the effect of touch on
pain reduction. During pain, a shared interbrain network
between the empathizer and the target up-regulates
emotion regulation processing in the target and down-
regulates her/his pain.
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2008). Taken together with the aforementioned correlation
between activation in the target participants and their part-
ners, our results provide support for the hypothesis of Krahé
et al. (2013) that social touch may cause reduction of pain
through active reappraisal of the painful situation (See our
suggested model in Fig. 10).

Considering that the dmPFC has also been associated with
mental state attribution, another possibility is that the dmPFC
activity is evident during social touch because the target at-
tempts to take the perspective of the empathizer. Indeed,
recent studies demonstrate that the effectiveness of support
correlates with the perceived empathic abilities of the
empathizer ( Goldstein, Shamay-Tsoory, Yellinek &
Weissman-Fogel, 2016; Hurter, Paloyelis, Amanda, &
Fotopoulou, 2014; Sambo, Howard, Kopelman, Williams, &
Fotopoulou, 2010) and with her/his expectation of upcoming
social support (Krahé et al., 2014, 2016). Thus, it is plausible
that the dmPFC activation also represents the attempt of the
target to appreciate the empathizer’s ability to provide
support.

Notably, while no correlation was found between the re-
ported pain relief and the IPL activation, a negative correlation
was found between the dmPFC activation and the pain index.
This correlation was specific to the social touch condition,
further confirming that dmPFC activity correlates with levels
of pain only during social touch. These results emphasize that
the correlated activation in the IPL of both partners does not
directly generate pain relief, rather the involvement of the
dmPFC is required for diminishing the levels of pain.

It should be noted that in contrast to these results, Coan
et al. (2006), found that hand-holding during threat attenu-
ated threat-related neural activation in areas implicated in the
regulation of emotion (right dorsolateral prefrontal cortex) in
the target. It is possible that the differences between the re-
sults found in these studies are related to the type of the
paradigms in each study. Whereas in Coan et al.’s study social
touch was provided during the expectation of a painful shock,
in the current study the human touch was given during actual
physical thermal pain. In other words, while Coan’s study
focused more on the effects of touch on the expectation of
pain, highlighting components such as stress, arousal and the
ability to predict future pain, our study examined the in-
fluences of social touch on coping with actual painful. It may
be speculated that in the initial phase of social touch, when
expecting pain, there is decrease in frontal activity, while
during pain itself there is increase in frontal activity.

Given the complexity of the dual-brain design used in the
current study, we also examined basic activity in touch and
pain networks in the target and the empathizer. In line with
previous studies, our results indicate that both human touch
(as compared to non-human touch) and pain stimuli (as
compared to no-pain stimuli) activate the expected neural
regions in both the target and the empathizer. Human touch
was associated with activations in pericentral regions which
relate to skin-to-skin touch, grasping and skin-to-skin
sensation (see Castiello, 2005 and Keysers, Kaas, & Gazzola,
2010 reviews on these regions) in both partners, while the
infliction of pain activated pain related regions including the

insula, thalamus and inferior frontal gyrus in the target
participant (Derbyshire & Jones, 1998; Hsieh et al., 1996;
Ploghaus, 1999). In contrast with previous studies that show
pain related activity (ACC, Al) during the observation of pain of
the other (e.g., Singer et al., 2004), the contrast of pain > no
pain in the empathizers revealed no significant activations. It
should be noted that in our study the empathizer was not a
passive observer of the situation but played an active role in
relieving pain. The “second-person” neuroscience approach
suggested by Schilbach et al. (2013) holds that social behavior
may involve different processes when one interacts with
others rather than merely observes them. Indeed, most par-
adigms in social neuroscience are based on computerized
tasks where participants passively observe decontextualized
social stimuli such as still pictures of facial expressions or an
isolated scene depicting a social interaction (Shamay-Tsoory
and Mendelsohn, 2019). Thus, it is possible that the activity
in the ACC and Al reported in previous studies is related to
designs that involve passive viewing of the other pain.

The current study used a new approach for understanding
social interactions that involve real physical interaction.
Despite our attempt to create a controlled design with
balanced conditions there are some limitations that need to
acknowledge. First, we did not measure the force of the hand-
holding. This is important because the IPL is also involved in
self generating movement such as grasping (Castiello, 2005;
Castiello et al., 2000). Although we instructed the subject to
use the same force in both touch conditions one may argue
that the reported activity in the IPL is explained by mere
mutual grasping. Nonetheless, considering that this region
was active in the contrast that compared social touch to all
other conditions (grasping a hand or grasping a ball), it is
highly unlikely that the observed activity in the IPL could be
explained by grasping alone. A second limitation relates to the
essence of dual brain analysis as compared to synchroniza-
tion. Unlike hyperscanning studies that use simultaneous
scans of pairs, in the current study participants were scanned
serially. Although this design does not allow measuring inter-
brain synchrony in real-time, it allows revealing brain acti-
vations associated with the comforting effect of human touch
in both the target and the empathizer.

Taking into account these limitation, our study shows that
skin-to-skin touch of a significant other, in the form of hand-
holding, can reduce the intensity of perceived pain. In contrast
to previous studies on social touch, we examined real-life
social touch in both the target and the empathizer, a para-
digm that allowed us to investigate the interactions between
both partners. We suggest that the analgesic effect of human
touch relies on the correlated brain activity of the target and
the empathizer during social touch. We also propose that the
observed activity in the medial frontal gyrus of the target
partner, which is positively coupled with activation in the IPL
(which itself is correlated with activation in the empathizer),
suggests that interpersonal touch can aid the target partici-
pant engage in emotion regulation. These findings challenge
the traditional models of empathy and suggest that applying
interactive paradigms may allow developing models that take
into account both the empathizer and the target of pain.
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