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“...human hands

INTRODUCTION

are much more than
manipulation — indeed, they are caressing organs. The fingers
of the human hand can be extended fully as well as delicately flexed,
allowing the hand as a totality to accommodate to any curved
surface of the body in a caressing touch, more or less in the same
manner that the tongue of other animals does. In modern human
beings, hand caresses occupy the whole hand with the fingers flexing
adequately to fit the caressed surface in a gentle holding touch.”
(Maturana and Verden-Zoller, 2008)

It is assumed that social bonds in humans have consequences for virtually all aspects of
behavior. Social touch-based contact, particularly hand caressing, plays an important role
in social bonding. Pre-programmed neural circuits likely support actions (or predispositions
to act) toward caressing contacts. We searched for pre-set motor substrates toward
caressing by exposing volunteers to bonding cues and having them gently stroke
a very soft cloth, a caress-like movement. The bonding cues were pictures with
interacting dyads and the control pictures presented non-interacting dyads. We focused
on the readiness potential, an electroencephalographic marker of motor preparation
that precedes movement execution. The amplitude of the readiness potential preceding
the grasping of pleasant emotional-laden stimuli was previously shown to be reduced
compared with neutral ones. Fingers flexor electromyography measured action output.
The rationale here is that stroking the soft cloth when previously exposed to bonding
cues, a compatible context, would result in smaller amplitudes of readiness potentials, as
compared to the context with no such cues. Exposure to the bonding pictures increased
subjective feelings of sociability and decreased feelings of isolation. Participants who more
frequently engage in mutual caress/groom a “significant other” in daily life initiated the
motor preparation earlier, reinforcing the caress-like nature of the task. As hypothesized,
readiness potentials preceding the caressing of the soft cloth were significantly reduced
under exposure to bonding as compared to control pictures. Furthermore, an increased
fingers flexor electromyographic activity was identified under exposure to the former as
compared to the latter pictures. The facilitatory effects are likely due to the recruitment
of pre-set cortical motor repertoires related to caress-like movements, emphasizing the
distinctiveness of neural signatures for caress-like movements.

Keywords: social bonding, caress, affiliative behavior, readiness potential, EEG/ERP, motor planning, active touch,
grooming

receptors in the skin to the brain (Loken et al., 2009; Morrison
et al., 2010; Gazzola et al., 2012; Lloyd et al.,, 2013; Ackerley
et al., 2014). Equally important but less explored is the investi-
gation of the action of caressing (Ebisch et al., 2014). Given the
adaptive relevance of interpersonal social touch, the existence of
pre-set motor neural circuits associated with caress actions is very
likely.

Preset motor repertoires for ethologically relevant actions in
the monkey cortex were shown by Graziano (2006) through
mapping studies with microstimulation of motor cortical areas
In that study, behaviorally useful actions included withdrawal

instruments  for

In social mammals, including humans, it has been proposed that
predisposition to actions of parental care, as well as to actions
of formation and maintenance of social bonds, constitutes an
essential feature for preserving survival. Body nearness and inter-
personal social touch is a prominent component of social bonding
in humans (Carter et al., 2005; Nelson and Geher, 2007; Dunbar,
2010; Gallace and Spence, 2010). Caressing and seeking caresses
are essential motivational drives. Studies have addressed the neu-
ral underpinnings of receiving pleasant touch, from peripheral

movements, such as defensive maneuvers to protect the body
surface, and approach movements, such as reaching, grasping,
and manipulation motions. Ethologically relevant hand/mouth
representations were shown recently in the human precentral
gyrus, through intra-cortical stimulation and recordings in per-
operative settings (Desmurget et al,, 2014). A pioneer study
(Oliveira et al., 2012) brought evidence in humans for preset
representations in the motor cortex associated with grasping
pleasant objects. The authors worked with the readiness potential
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(Bereitschaftspotential), a slow negative electroencephalographic
activity preceding a self-initiated movement (Deecke et al., 1969)
which reflects motor preparation involving the supplementary,
premotor and primary motor areas (Ikeda et al., 1992; Yazawa
et al., 2000; Shibasaki and Hallett, 2006). The work by Oliveira
et al. (2012) analyzed the amplitude of the readiness potential
preceding the interaction with emotional-laden stimuli presented
in transparent cylinders, balanced in weight between the emo-
tional categories. For each trial, upon stimulus presentation,
participants waited a few seconds and grasped the cylinder and
brought it close to one’s body. Compared with neutral stimuli,
the grasping of pleasant stimuli was preceded by a readiness
potential of lower amplitude. On the other hand, grasping and
bringing unpleasant stimuli close to one’s body was associated
with larger readiness potentials compared to neutral and pleasant
stimuli. Smaller readiness potential amplitudes found for pleasant
stimuli could imply the recruitment of pre-set motor repertoires
directed to a compatible movement, that is, approach pleasant
items; whereas higher amplitudes found for unpleasant stim-
uli would emerge from an incompatibility between the required
action (approach) and the preset networks to repel the unpleasant
stimuli. That is, approaching unpleasant stimuli would mobilize
more resources to comply with the instructions, while approach-
ing pleasant stimuli would be preset and easier to recruit. This is
in line with evidence from slow wave potentials studies showing
that higher amplitudes are associated with movement complexity
(Shibasaki and Hallett, 2006) and possibly more sensory-motor
resource mobilization (McCallum, 1993).

Interestingly and of relevance to the present work, Graziano’s
(2006) work showed that stimulation sites over a large region
of the monkey motor cortex caused the hand to move into a
restricted region of central space and the fingers to shape in a
specific manner including an apparent precision grip (thumb
against forefinger) or a power grip (fist), bearing resemblance
with the movements when grooming the fur of another monkey.
In humans, Souza et al. (2012) conducted a behavioral study that
suggested an imprinted predisposition to grooming-like move-
ment. The authors showed that exposure to affiliative pictures
facilitated a simple detection task, e.g., yielded faster reaction
times, if performed with index finger flexion (compatible with
grooming); but imposed costs to the task, e.g., yielded slower
reaction times, if performed with finger extension (incompatible
with grooming).

Infants of 18 months old are already able to perceive sub-
tle bonding cues in the environment and engage in connected
behavior (Over and Carpenter, 2009). Adult observers can extract
bonding information from minimalistic moving point-light dis-
plays depicting two interacting individuals (Centelles et al., 2011).
In that study, among other regions, the premotor and supple-
mentary motor cortices were modulated during the observa-
tion of interacting scenes. Further, modulation of motor areas
was reported by Caria et al. (2012) when participants passively
observed pictures of babies’ faces. This was interpreted as reflect-
ing an implicit preparation to interact with babies. In a posturo-
graphic study, exposure to affiliative pictures induced significant
motor modulation in the observer, interpreted as a tendency to
favor social bonds (Facchinetti et al., 2006).

To provide evidence of imprinted dispositions to caress in the
human brain, we designed a task resembling a caress-like move-
ment and probed the readiness potential, as a brain marker of
motor preparation for this movement. We investigate the readi-
ness potential that precedes the stroking of a soft cloth under
exposure to pictures depicting either scenes of socially interact-
ing dyads or scenes of non-interacting dyads. The rationale is that
stroking the soft cloth when previously exposed to bonding cues,
would recruit pre-set cortical motor repertoires related to caress-
like movements. Under no such cues, the motor preparation
would be much less tuned, or not tuned at all, to caressing circuits.
Based on the study of Oliveira et al. (2012), we expected smaller
amplitudes of readiness potentials in the presence of bonding
cues (interacting dyads), a compatible context, as compared to
the context with no such cues.

METHODS

ETHICS STATEMENT

This study was approved by the local institutional Ethics Review
Board. All participants provided informed consent prior to the
assessment.

PARTICIPANTS

A total of 21 right-handed students (11 women, M = 22.6 years
old; SD = 2.84) participated in this study. None reported any psy-
chiatric or neurological disease or use of any medication acting
on the central nervous system. Handedness was assessed using
the Edinburgh inventory (Oldfield, 1971). The participants were
naive with respect to the purpose of the experiment.

VISUAL STIMULI

All pictures displayed two people. The dyads were either an
adult and a child or two children presenting cues of kinship.
Some of the pictures used were purchased from Getty Images®
(www.gettyimages.com), and others were provided by members
of the laboratory. Two stimulus conditions (30 pictures each) were
selected: with and without social interaction. For the “bonding”
condition; the dyad was embracing each other, and/or kissing,
and/or engaging in eye contact. For the “control” condition,
the individuals were directing their gaze, face, and body any-
where except toward each other. Examples of each condition are
presented in Supplementary Material.

ELECTROPHYSIOLOGICAL RECORDINGS
Surface electromyographic (EMG) activity was recorded from the
flexor digitorum superficialis muscle of the left arm, a flexor
muscle of the fingers, as a marker of the initiation of fingers
movements. EMG activity was also recorded from the extensor
digitorum muscle of the left arm as a control. Four Ag/AgCl
electrodes (diameter: 8 mm; inter-electrode distance: 2 cm) con-
nected to an MP150 amplifier (BIOPAC Systems Inc.) were used.
A reference electrode was affixed to the left lateral epicondylus.
The EMG signal was acquired at a sampling rate of 1000 Hz
with a gain of 1000 and analogically filtered online (band-pass:
10-500 Hz).

The electroencephalographic (EEG) signal was recorded from
23 plumb electrodes (EMSAMED, Rio de Janeiro, BRAZIL)
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placed according to the international 10-20 system. All elec-
trodes were referenced to channel Cz during the recording ses-
sion and re-referenced to the averaged mastoids. The electrodes
were affixed using conductive paste. Impedances were maintained
below 5 k2. The EEG signal was sampled at 400 Hz, and data were
filtered during acquisition using a 0.1-Hz high-pass filter.

SELF-REPORTED MOOD: HOPE FOR CLOSENESS AND FEAR OF
REJECTION

A list of 27 adjectives derived from the work of Wirth and
Schultheiss (2006) were presented in random order. Participants
were instructed to report how much each adjective reflected
their present mood out of four options (definitely not, slightly
not, slightly, or definitely). Unsuspected by the participants,
the list contained two measures of moods, (a) “hope for
closeness” (sociable, affectionate, gregarious, warm, loving,
compassionate—positively keyed items; cold, aloof, distant,
remote, detached, unfriendly, independent—negatively keyed
items); and (b) “fear of rejection” (lost, forlorn, isolated, aban-
doned, panicky, lonely, rejected—positively keyed items; safe,
secure, protected, accepted, attached, loved, trusting—negatively
keyed items). This list was applied twice during the experiment,
once after exposure to each condition.

MEASURE OF MUTUAL GROOMING

The participants were asked to complete the Mutual Grooming
Scale (version two) (Nelson and Geher, 2007) at the end of
the experimental session. The Mutual Grooming Scale is a self-
reported 28-item scale (14 items on the frequency of giving
grooming and 14 items on the frequency of receiving grooming).
The items reflect a wide variety of the forms that grooming takes
in humans. The scale measures the frequency of social touches
with a “significant other.” Items are scored as follows: 1 (never), 2
(1-6 times per year), 3 (7—12 times per year), 4 (1-3 times per
month), 5 (1-3 times per week), 6 (4—6 times per week), or 7
(1 or more times per day). One of the forms proposed by Nelson
and Geher (2007) for measuring grooming styles is aggregat-
ing the scores from “giving grooming” and “receiving grooming”
sub-scales. Herein we adopted this form.

TASK

Participants were tested in a sound-attenuated room under dim
ambient light. They were asked to sit with both arms comfort-
ably placed over a table. The left wrist and hand rested on a
very soft cloth. As Dirnberger et al. (2011) reported the readi-
ness potential to be of higher amplitudes for movements with
the non-dominant hand, the task was performed using the non-
dominant left hand. The task consisted of a paced single flexion
of fingers over the soft cloth (Figure 1). After performing the task,
the participant returned the left hand to the resting position.

To compute the readiness potential, paradigms usually employ
protocols where participants move in a self-paced rate (with tem-
poral constraints for the rhythm to allow the computation of
the readiness potential). Alternatively, as will be described here,
participants are asked to perform a voluntary movement at a
time of their own choosing, following a trial start cue. Note that
this is different from paradigms testing the “contingent negative

el

FIGURE 1 | Task. The sequential photographs illustrate the paced fingers
flexion over the soft cloth, resembling a caress-like movement.

variation,” an expectancy-related negative wave in anticipation of
a mandatory cue (Walter et al., 1964).

PROCEDURE

Participants rested their head on a forehead/chin supporter (to
stabilize EEG recordings) facing a monitor 57 cm ahead. A micro-
computer running E-Prime v2.0 software (Psychology Software
Tools, Inc.) (Schneider et al., 2002) timed the presentation of the
pictures and delivered the triggers. Each trial began with the pre-
sentation of a picture on the computer monitor and the delivery
of a synchronizing pulse to the electrophysiological recording
systems.
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A white dot was presented at the center of the screen for the
entire session. The height of the pictures on the monitor com-
prised 15 degrees of visual angle, and the width ranged from
10 to 20 degrees. Picture presentation lasted for 8s, and inter-
picture intervals varied from 10.5 to 11s. To ensure attention
engagement, the participants were instructed to maintain fixa-
tion at the central dot and observe each picture carefully. Upon
presentation, the participants were instructed to wait for a few
seconds and perform the fingers flexion movements with their
left hand (Figure 1). This is important to allow the build-up of
the readiness potential associated with the self-volition to move
the fingers. Herein a training session, with pictures of objects,
ensured that the participants waited approximately 5 s to initiate
the task. This was accomplished by giving verbal feedback during
the training without explicit information about the desired 5-s
interval.

The stimuli were presented in a block design; each block
consisted of either the 30 “bonding” pictures or the 30
“control” pictures. Each presentation utilized a different ran-
domized sequence within the block. The block with the
“bonding” pictures and the block with the “control” pictures
were each presented twice during the experimental session
(for the second presentation, a newly randomized sequence
within the block was applied), resulting in a total of 120
trials. Half of the participants were exposed to the series
“bonding”/“control”/“bonding”/“control,” while the others were
exposed to the series “control”/“bonding”/“control”/“bonding.”
Between the blocks, the participants were instructed to gently free
their head from the supporter and complete the list of mood state
adjectives or rest for a period. The next block began when the
participant resumed his/her position on the supporter. Each par-
ticipant completed the self-reported mood survey once after the
first presentation of the block with the “bonding” pictures and
once after the first presentation of the block with the “control”
pictures.

At the end of the session, the electrodes were removed, and
the participants completed the mutual grooming scale. The total
duration of the experiment was approximately 2 h.

DATA ANALYSIS

Electromyographic signals of the flexor digitorum superficialis
muscle were epoched from 1s before picture presentation to
10 s after picture presentation and rectified. The 200-ms inter-
val preceding stimulus presentation served as the baseline. For
each segment, the onset of movement after picture presentation
was attributed to the time of increased EMG activity above basal
levels, which was determined by visual inspection. As raised by
Hasbroucq et al. (1999) and Van Boxtel et al. (1993), we also
observed that this method allows an even more precise detection
of the EMG onset than when we applied an automated method.
The time intervals between the picture presentation and the onset
of movement were averaged separately across the trials for each
condition. Average intervals in seconds for the “bonding” and
“control” conditions were respectively M = 5.0 (SD = 0.99) and
M = 5.1 (SD = 0.78); showing that participants implicitly com-
plied with our experimental strategy to allow the recording of the
readiness potential.

For each trial, a window of interest covering 2000 ms was set
after the onset of movement to estimate the mean amplitude of
the EMG for each condition. Before evaluation, we confirmed
that peak amplitudes for all participants fell within this win-
dow by inspecting mean amplitude values every 500 ms until
3500 ms.

The EEG data were filtered offline using a 30-Hz low-pass dig-
ital filter. The readiness potential was described in frontal, central
and parietal electrode sites (Shibasaki and Hallett, 2006). Thus,
analysis was performed in frontal (Fz, F3, and F4), central (Cz,
C3, and C4) and parietal (Pz, P3, and P4) channels. Offline anal-
ysis of the data was performed using the EEGLAB version 7.2.9
toolbox (Delorme and Makeig, 2004) with MATLAB 7.0 soft-
ware (MathWorks, Natick, MA, USA). Eye movement artifacts
were removed from the data using the independent component
analysis (ICA) tool available in EEGLAB. ICA algorithms are
effective for isolating components corresponding to eye blinks
(Jung et al., 2000). These components were excluded from data
only after visual inspection of the topographic maps demonstrat-
ing their proximity to the ocular area and established waveform
characteristics.

The negative rise of the readiness potential was described as
starting at about 1.5s before the onset of the muscular activity
(Jahanshahi and Hallett, 2003). For each trial, the epoch for EEG
analysis was defined as the signal segment from 3000 ms prior to
the onset of EMG activity (time zero) until 1000 ms afterwards.
The baseline corresponded to the first 500 ms of the epoch, that
is, from —3000 to —2500 ms. Epochs in which the EEG signal
exceeded £100 WV were excluded from further analysis. The sig-
nal segments for each participant were averaged separately for the
trials in the “bonding” condition and the trials in the “control”
condition.

A window of interest was set between —1500 and —100 ms
to estimate the mean amplitude of the readiness potential.
Studies refer to a great inter-individual variability of the
Bereitschaftspotential, including its absence in some individuals
(Dick et al., 1987; Colebatch, 2007). Data from six partic-
ipants not exhibiting the readiness potential in the “con-
trol” and/or “bonding” condition were not further analyzed.
Fifteen participants remained for the analysis of readiness
potential.

Picture-to-readiness latency was determined by the difference
“a—b,” where “a” is the time interval from the picture presentation
to the onset of movement (estimated from the EMG record-
ings), and “b” is the time interval from the onset of readiness
to the onset of movement (estimated from the EEG record-
ings). We estimated the onset of the readiness potential (start
of a negative slope) by visual inspection of the averaged signal
recorded from channel C4, contralateral to the movement perfor-
mance. Estimations were undertaken separately for the “bonding”
and the “control” conditions. Three experimenters inspected the
averaged signals to reach a consensus definition of the onset of
readiness.

STATISTICAL ANALYSIS
To assess the differential impact of the stimulus conditions,
the scores for the self-reported “hope for closeness” mood
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after exposure to the “bonding” and to the “control” condi-
tions were compared using the paired two-tailed Student’s ¢-test.
Similarly, we compared the scores for the self-reported “fear
of rejection” mood after exposure to the “bonding” and to
the “control” conditions using the paired two-tailed Student’s
t-test.

The amplitudes of the readiness potential were analyzed using
repeated measures ANOVA with condition (bonding/control)
and channel (F3, Fz, F4, C3, Cz, C4, P3, Pz, and P4) as within-
subject factors. To account for data sphericity, we used the
Greenhouse-Geisser correction. Fischer post-hoc analysis was per-
formed when significant differences were detected.

EMG mean amplitudes were compared between “bonding”
and “control” conditions using the paired two-tailed Student’s
t-test.

Picture-to-readiness latencies were compared between “bond-
ing” and “control” conditions using the paired two-tailed
Student’s t-test. Scores on the grooming scale and values of
picture-to-readiness latencies were compared using Spearman’s
correlation, separately for each condition.

In all analyses, p-values <0.05 were considered statistically
significant.

RESULTS

SELF-REPORTED MOOD

Exposure to bonding pictures increased subjective feelings of
sociability. The scores for the self-reported “hope for close-
ness” mood were higher after exposure to the “bonding”
condition compared to the “control” condition [t(zg) = 2.98,
p =0.007]. Feelings of isolation decreased; the scores for
the self-reported “fear of rejection” mood were lower after
exposure to the “bonding” condition compared to the “con-
trol” condition [t(0) = —2.94, p = 0.008]. Whether the dyads
in the pictures showed signs of social interaction critically
impacted the participants’ feelings related to sociability or
loneliness.

ELECTROPHYSIOLOGY

There was a main effect of channel [F(s, 112) = 6.21, p < 0.001,
¢ = 0.46]. Post-hoc analysis revealed that the mean amplitude in
C4 was significantly higher than the mean amplitudes in F3, Fz,
C3, P3, Pz, and P4. Highest amplitude in central contralateral
channel C4 (see Table 1) ratifies that the readiness potential is

Table 1| Mean amplitudes of readiness potentials (V) per channel.

Channel Mean amplitude
F3 —2.59
Fz —2.53
F4 —-4.07
C3 -1.72
Cz -2.89
C4 —4.44
P3 —0.36
Pz —-0.41
P4 —0.95

related, as expected, to the movement of the left hand (Shibasaki
and Hallett, 2006; Fabiani et al., 2007).

Most importantly, there was a main effect of condi-
tion [F(;, 14) = 11.86, p = 0.004, nf, = 0.459, power = 0.892].
Performing the caressing movement under the “bonding” con-
dition resulted in lower mean amplitudes of readiness potential
than were observed under the “control” condition. There was
no significant interaction between condition and channel (p =
0.114). Figure2 presents the grand averages of the readiness
potentials in the “bonding” and “control” conditions for all chan-
nels. Table2 depicts the mean amplitudes values of readiness
potentials in each condition averaged across participants.

The mean amplitude of the electromyographic activity of fin-
gers flexor performing the caress movement was significantly
higher for the “bonding” condition compared to the “control”
condition [f(29) = 2.25, p = 0.036]. Averaged electromyographic
activity from the participants in the two conditions is shown in
Figure 3.

The rising of the negative slope of the readiness potential
took place on average M = 4.08s (SD = 1.02) and M = 4.05s
(SD = 0.80) after pictures’ onset, respectively for the bonding and
control conditions. Interestingly, although movement prepara-
tion was self-volitional, grooming styles modulated the latencies
to initiate the readiness potentials. Habitual “groomers” initi-
ated the motor preparation earlier than infrequent groomers,
so that latencies correlated negatively with grooming scores in
either conditions (“bonding”: rho = —0.63, p = 0.011; “control”:
rho = —0.77, p = 0.001).

DISCUSSION

We employed exposure to bonding cues and electrophysiologi-
cal (brain and muscles) recordings related to a task consisting
of a caress-like movement. The choice of paradigm relied on (i)
the human capacity to perceive subtle cues of social interactions
(Over and Carpenter, 2009; Centelles et al., 2011), and (ii) the rec-
ognized predisposition to caress: human beings enjoy body near-
ness and contact and are especially motivated toward caressing
each other (Carter et al., 2005; Guest et al., 2009; Morrison et al.,
2010). Exposure to the bonding pictures compared to the control
pictures increased subjective feelings of sociability and decreased
feelings of isolation. Caressing the soft cloth seemed related to
mutual grooming, since individual variability in grooming styles
modulated the latencies to initiate the readiness potentials. Taken
together, the experimental paradigm was well adapted to test for
the presence of pre-set neural circuits associated with caress-like
actions. As hypothesized, under the exposure to bonding pic-
tures the readiness potential preceding caressing of the soft cloth
showed lower amplitudes, and the muscles enrolled in the caress
movement showed higher electromyographic activity, compared
to performing the same movement under exposure to control
pictures.

It is assumed that social bonds have consequences for virtually
all aspects of behavior and that the motivational and behavioral
systems underlying them are evolutionarily ancient traits (Carter
et al.,, 2005; Decety et al., 2012). The perception of actual or
potential psychological distance from close others is alarming,
distressing, and painful (Eisenberger and Lieberman, 2004; Kross
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FIGURE 2 | Attenuation of the readiness potential by previous exposure to bonding pictures. Grand averages for the nine electrodes in the “bonding”
(blue) and “control” (red) conditions are depicted. Vertical lines represent movement onset.
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Table 2 | Mean amplitudes of readiness potentials (j.V) for “Bonding” and “Control” conditions.

Frontal channels

Central channels Parietal channels

F3 Fz F4 C3 Cz Ca4 P3 Pz P4
Control —3.85 —3.58 —4.85 —2.88 —-2.77 —5.46 —0.561 -1.03 —1.98
Bonding —1.34 —1.49 -3.29 —0.55 —3.02 —3.42 —0.20 0.21 0.08

et al., 2011). Automatic motivation to seek companionship pro-
vides, among other roles, an effective protection against preda-
tion; being alone is a condition that stimulates fear, while being
with a companion is highly rewarding and greatly reduces fear
(Bowlby, 1973). As many studies have shown, social bonding is
not only rewarding but also necessary for our health and well-
being (Feldman et al., 2010; Field, 2010; Cacioppo and Cacioppo,
2012; Decety and Svetlova, 2012). Epidemiological studies sug-
gest that the presence of social bonds are important predictors

of speed of recovery and subsequent longevity following illnesses
(Carter et al., 2005). Also, Luo et al. (2012), among others,
indicated that loneliness is a risk factor for morbidity and mor-
tality. Further, there is evidence in humans that impairments of
affiliative behaviors are associated with maladaptive interpersonal
patterns and psychiatric disorders (Bora et al., 2009).

Social touch is very important for non-verbal communication,
environmental adaptability, good health and attachment bonds
(for a review, see Gallace and Spence, 2010). Allo-grooming
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M control

Averaged EMG

1s 2s
Onset

FIGURE 3 | Averaged and smoothed electromyographic activity
(potentials in 1V) of fingers flexor during the caressing of the soft
cloth. In the “bonding” (blue) condition activity is higher than in the
“control” (red) condition. Zero in the abscissa represents movement onset.

(the grooming of others), which is considered a special kind of
social touch, assumes in primates (including humans) a particu-
larly important and prominent role in social bonding (Dunbar
and Shultz, 2007; Dunbar, 2010). Although mutual grooming
in humans has received much less attention from researchers
than in other primates, the assessment of mutual grooming in
human dyadic relationships through a scale revealed that allo-
grooming is quite frequent in humans (Nelson and Geher, 2007).
Indeed, caressing another person’s skin is fairly pleasant for the
toucher (Guest et al., 2009; Morrison et al., 2010). Actively touch-
ing something soft seems to be comforting since infancy. Classic
studies by Harlow (e.g., Harlow, 1958) showed that infant mon-
keys sought to touch and cling on a surrogate “mother” covered
with soft cloth in clear preference to a wire-framed surrogate.
Contact comfort with the soft surrogate was preferred even
when the wire surrogate was the one that provided nutrition.
In adult monkeys, giving grooming is stress-reducing and this
effect can be even stronger than receiving grooming (Shutt et al.,
2007).

It has been proposed that viewing pictures of newborns elic-
its a phylogenetically based readiness for response preparation
which would involve protect, embrace, hold close and groom
the baby (Brosch et al., 2007). A recent functional neuroimaging
study showed that activity in the premotor cortex was modu-
lated by passive exposure to pictures of infant faces compared
to adult faces (Caria et al., 2012). The authors speculated that
viewing infant faces might prompt cortical motor predispositions
to interact with them. Our study allowed a deeper insight and
a workable test of existing motor predispositions toward social
interaction and physical contact. We induced affiliation mood
with pictures of infant-infant or adult-infant interacting dyads.
It is worth noting that in our study, infants were equally present
in both the “bonding” and the “control” conditions, so that

the social interaction is, per se, salient enough to modulate the
excitability of circuits associated with a “compatible” action, that
is, caress-like movement.

Direct cortical micro-stimulation studies in monkeys
(Graziano, 2006) and humans (Desmurget et al., 2014) revealed
the representation of motor repertoires for ethologically relevant
actions. In monkeys, Graziano (2006) observed that some
stimulation sites evoked hand movements possibly associated
with allo-grooming. Our data bring support to the cortical
representation of caressing movements in humans. The contrast
between the compatible “bonding” condition and the “control”
condition showed that the former significantly affected the motor
planning in the brain (reduced readiness potential) and the
movement execution of caressing the soft cloth (increased fingers
flexor electromyography). Many other cortical and subcortical
regions, for example the several nuclei of the basal ganglia
(Hikosaka et al., 2014), are implicated in intricate inhibitory
and disinhibitory mechanisms that enable a subject to perform
value-laden actions. The present work was not aimed to tackle
intrinsic mechanisms of neural circuits, and hypotheses on
the neural basis underlying the results are speculative at most.
Our conjecture is that exposure to bonding scenes pre-activates
the circuits for caressing movements which would turn them
into a “ready-to-go” state. In contrast, no such pre-activation
occurs in the absence of bonding cues. When the action planning
starts to build up triggered by the participant’s decision to
move, there will be a facilitation for the compatible condition.
Activation of motor circuits by cues compatible with a given
movement has already been shown in the monkey pre-motor
cortex. Kohler et al. (2002) recorded from such neurons that
discharged when the animal performed a specific action, and
also when the monkey was exposed to compatible visual and/or
auditory stimuli (e.g., neurons that discharged similarly when the
monkey broke a peanut as well as when it heard a peanut being
broken).

Social touch is a very important component of social bond-
ing. Previous neurophysiological studies of social touch have
emphasized the perspective of the touch’s recipient (e.g., Loken
et al., 2009; Gordon et al., 2013). The present work contributed
data from the perspective of basic implicit predispositions to act
toward social engagement through hand movements resembling
caressing.

AUTHOR CONTRIBUTIONS

Rafaela R. Campagnoli, Leticia Oliveira, Mirtes G. Pereira, Isabel
A. David, Claudia D. Vargas and Eliane Volchan designed
research; Rafaela R. Campagnoli, Laura Krutman and Isabela
Lobo performed research; Rafaela R. Campagnoli, José M.
Oliveira, Isabel A. David, Laura Krutman and Eliane Volchan
analyzed data; Rafaela R. Campagnoli, Isabel A. David, José M.
Oliveira and Eliane Volchan wrote the paper.

ACKNOWLEDGMENTS

We thank Dr. Sonia Gleiser for technical assistance. This work
was supported by the National Council for Scientific and
Technological Development (CNPq), the Carlos Chagas Filho
Foundation for Research Support in Rio de Janeiro (FAPER]),

www.frontiersin.org

January 2015 | Volume 6 | Article 16 | 7


http://www.frontiersin.org
http://www.frontiersin.org/Emotion_Science/archive

Campagnoli et al.

Neural signature of social bonding

and the Coordination for the Improvement of Higher Education
Personnel (CAPES).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: http://www.frontiersin.org/journal/10.3389/fpsyg.
2015.00016/abstract

REFERENCES

Ackerley, R., Carlsson, L., Wester, H., Olausson, H., and Backlund Wasling, H.
(2014). Touch perceptions across skin sites: differences between sensitivity,
direction discrimination and pleasantness. Front. Behav. Neurosci. 8:54. doi:
10.3389/fnbeh.2014.00054

Bora, E., Yucel, M., and Allen, N. B. (2009). Neurobiology of human affiliative
behaviour: implications for psychiatric disorders. Curr. Opin. Psychiatry 22,
320-325. doi: 10.1097/YCO.0b013e328329¢970

Bowlby, J. (1973). Attachment and Loss, Vol. 2: Separation. New York, NY: Basic
Books.

Brosch, T., Sander, D., and Scherer, K. R. (2007). That baby caught my eye...
attention capture by infant faces. Emotion 7, 685-689. doi: 10.1037/1528-
3542.7.3.685

Cacioppo, S., and Cacioppo, J. T. (2012). Decoding the invisible forces of social
connections. Front. Integr. Neurosci. 6:51. doi: 10.3389/fnint.2012.00051

Caria, A., Falco, S. De., Venuti, P, Lee, S., Esposito, G., Rigo, P. et al. (2012). Species-
specific response to human infant faces in the premotor cortex. Neuroimage 60,
884-893. doi: 10.1016/j.neuroimage.2011.12.068

Carter, C. S., Ahnert, L., Grossmann, K. E., Hrdy, S. B., Lamb, M. E., Porges, S. W.,
et al. (2005). Attachment and Bonding: A New Synthesis. Cambridge, MA: MIT
Press.

Centelles, L., Assaiante, C., Nazarian, B., Anton, J.-L., and Schmitz, C. (2011).
Recruitment of both the mirror and the mentalizing networks when observing
social interactions depicted by point-lights: a neuroimaging study. PLoS ONE
6:¢15749. doi: 10.1371/journal.pone.0015749

Colebatch, J. G. (2007). Bereitschaftspotential and movement-related potentials:
origin, significance, and application in disorders of human movement. Mov.
Disord. 22, 601-610. doi: 10.1002/mds.21323

Decety, J., Norman, G. J., Berntson, G. G., and Cacioppo, J. T. (2012). A neurobe-
havioral evolutionary perspective on the mechanisms underlying empathy. Prog.
Neurobiol. 98, 38—48. doi: 10.1016/j.pneurobio.2012.05.001

Decety, J., and Svetlova, M. (2012). Putting together phylogenetic and onto-
genetic perspectives on empathy. Dev. Cogn. Neurosci. 2, 1-24. doi:
10.1016/j.den.2011.05.003

Deecke, L., Scheid, P., and Kornhuber, H. H. (1969). Distribution of readiness
potential, pre-motion positivity, and motor potential of the human cerebral
cortex preceding voluntary finger movements. Exp. Brain Res. 7, 158-168. doi:
10.1007/BF00235441

Delorme, A., and Makeig, S. (2004). EEGLAB: an open source toolbox
for analysis of single-trial EEG dynamics including independent compo-
nent analysis. J. Neurosci. Methods 134, 9-21. doi: 10.1016/j.jneumeth.2003.
10.009

Desmurget, M., Richard, N., Harquel, S., Baraduc, P., Szathmari, A., Mottolese,
C., et al. (2014). Neural representations of ethologically relevant hand/mouth
synergies in the human precentral gyrus. Proc. Natl. Acad. Sci. US.A. 111,
5718-5722. doi: 10.1073/pnas.1321909111

Dick, J. P, Cantello, R., Buruma, O., Gioux, M., Benecke, R., Day, B,
et al. (1987). The Bereitschaftspotential, I-DOPA and parkinson’s disease.
Electroencephalogr. Clin. Neurophysiol. 66, 263—-274. doi: 10.1016/0013-4694(87)
90075-7

Dirnberger, G., Duregger, C., Lindinger, G., and Lang, W. (2011). On the regularity
of preparatory activity preceding movements with the dominant and non-
dominant hand: a readiness potential study. Int. J. Psychophysiol. 81, 127-131.
doi: 10.1016/j.ijpsycho.2011.04.008

Dunbar, R. I. M. (2010). The social role of touch in humans and primates:
behavioural function and neurobiological mechanisms. Neurosci. Biobehav. Rev.
34, 260-268. doi: 10.1016/j.neubiorev.2008.07.001

Dunbar, R. I. M., and Shultz, S. (2007). Evolution in the social brain. Science 317,
1344-1347. doi: 10.1126/science.1145463

Ebisch, S. J., Ferri, F, and Gallese, V. (2014). Touching moments: desire modulates
the neural anticipation of active romantic caress. Front. Behav. Neurosci. 8:60.
doi: 10.3389/fnbeh.2014.00060

Eisenberger, N. I., and Lieberman, M. D. (2004). Why rejection hurts: a common
neural alarm system for physical and social pain. Trends Cogn. Sci. 8, 294-300.
doi: 10.1016/j.tics.2004.05.010

Fabiani, M., Gratton, G., and Federmeie, K. D. (2007). “Event-related brain poten-
tials: methods, theory, and applications,” in Handbook of Psychophysiology, eds.
J. T. Cacioppo, L. G. Tassinary, and G. Berntson (New York, NY: Cambridge
University Press), 85-119.

Facchinetti, L. D., Imbiriba, L. A., Azevedo, T. M., Vargas, C. D., and Volchan, E.
(2006). Postural modulation induced by pictures depicting prosocial or danger-
ous contexts. Neurosci. Lett. 410, 52-56. doi: 10.1016/j.neulet.2006.09.063

Feldman, R., Singer, M., and Zagoory, O. (2010). Touch attenuates infants’
physiological reactivity to stress. Dev. Sci. 13, 271-278. doi: 10.1111/j.1467-
7687.2009.00890.x

Field, T. (2010). Touch for socioemotional and physical well-being: a review. Dev.
Rev. 30, 367-383. doi: 10.1016/j.dr.2011.01.001

Gallace, A., and Spence, C. (2010). The science of interpersonal touch: an
overview. Neurosci. Biobehav. Rev. 34, 246-259. doi: 10.1016/j.neubiorev.2008.
10.004

Gazzola, V., Spezio, M. L., Etzel, J. A., Castelli, E, Adolphs, R., and Keysers,
C. (2012). Primary somatosensory cortex discriminates affective signifi-
cance in social touch. Proc. Natl. Acad. Sci. U.S.A. 109, E1657-E1666. doi:
10.1073/pnas.1113211109

Gordon, I., Voos, A. C., Bennett, R. H., Bolling, D. Z., Pelphrey, K. A., and Kaiser, M.
D. (2013). Brain mechanisms for processing affective touch. Hum. Brain Mapp.
34, 914-922. doi: 10.1002/hbm.21480

Graziano, M. (2006). The organization of behavioral repertoire in motor cor-
tex. Annu. Rev. Neurosci. 29, 105-134. doi: 10.1146/annurev.neuro.29.051605.
112924

Guest, S., Essick, G., Dessirier, J. M., Blot, K., Lopetcharat, K., and McGlone, E
(2009). Sensory and affective judgments of skin during inter- and intrapersonal
touch. Acta Psychol. (Amst.) 130, 115-126. doi: 10.1016/j.actpsy.2008.10.007

Harlow, H. (1958). The nature of love. Am. Psychol. 13, 673-685. doi:
10.1037/h0047884

Hasbroucq, T., Possamai, C.-A., Bonnet, M., and Vidal, FE (1999). Effect of
the irrelevant location of the response signal on choice reaction time:
an electromyographic study in humans. Psychophysiology 36, 522-526. doi:
10.1017/50048577299001602

Hikosaka, O., Kim, H. E, Yasuda, M., and Yamamoto, S. (2014). Basal ganglia cir-
cuits for reward value-guided behavior. Annu. Rev. Neurosci. 37, 289-306. doi:
10.1146/annurev-neuro-071013-013924

Tkeda, A., Liiders, H. O., Burgess, R. C., and Shibasaki, H. (1992). Movement-
related potentials recorded from supplementary motor area and primary motor
area. Brain 115, 1017-1043. doi: 10.1093/brain/115.4.1017

Jahanshahi, M., and Hallett, M. (2003). The Bereitschaftspotential: Movement-
Related Cortical Potentials. New York, NY: Kluwer Academic/Plenum Publishers.
doi: 10.1007/978-1-4615-0189-3

Jung, T. P, Makeig, S., Humphries, C., Lee, T. W., McKeown, M. J., Iragui, V., et al.
(2000). Removing electroencephalographic artifacts by blind source separation.
Psychophysiology 37, 163—178. doi: 10.1111/1469-8986.3720163

Kohler, E., Keysers, C., Umilta, M. A., Fogassi, L., Gallese, V., and Rizzolatti, G.
(2002). Hearing sounds, understanding actions: action representation in mirror
neurons. Science 297, 846-848. doi: 10.1126/science.1070311

Kross, E., Berman, M. G., Mischel, W., Smith, E. E., and Wager, T. D. (2011). Social
rejection shares somatosensory representations with physical pain. Proc. Natl.
Acad. Sci. U.S.A. 108, 6270-6275. doi: 10.1073/pnas.1102693108

Lloyd, D. M., Gillis, V., Lewis, E., Farrell, M. J., and Morrison, I. (2013). Pleasant
touch moderates the subjective but not objective aspects of body perception.
Front. Behav. Neurosci. 7:207. doi: 10.3389/fnbeh.2013.00207

Loken, L. S., Wessberg, J., Morrison, 1., McGlone, E, and Olausson, H. (2009).
Coding of pleasant touch by unmyelinated afferents in humans. Nat. Neurosci.
12, 547-548. doi: 10.1038/nn.2312

Luo, Y., Hawkley, L. C., Waite, L. J., and Cacioppo, J. T. (2012). Loneliness, health,
and mortality in old age: a national longitudinal study. Soc. Sci. Med. 74,
907-914. doi: 10.1016/j.socscimed.2011.11.028

Maturana, H., and Verden-Zoller, G. (2008). The Origins of Humanness in the
Biology of Love. Exeter: Imprint Academic.

Frontiers in Psychology | Emotion Science

January 2015 | Volume 6 | Article 16 | 8


http://www.frontiersin.org/journal/10.3389/fpsyg.2015.00016/abstract
http://www.frontiersin.org/journal/10.3389/fpsyg.2015.00016/abstract
http://www.frontiersin.org/Emotion_Science
http://www.frontiersin.org/Emotion_Science
http://www.frontiersin.org/Emotion_Science/archive

Campagnoli et al.

Neural signature of social bonding

McCallum, W. (1993). “Human slow potential research: A review,” in Slow Potential
Changes in the Human Brain, eds W. McCallum and S. H. Curry (New York, NY:
Springer), 1-12.

Morrison, I, Loken, L. S., and Olausson, H. (2010). The skin as a social organ. Exp.
Brain Res. 204, 305-314. doi: 10.1007/s00221-009-2007-y

Nelson, H., and Geher, G. (2007). Mutual grooming in human dyadic relationships:
an ethological perspective. Curr. Psychol. 26, 121-140. doi: 10.1007/s12144-007-
9009-3

Oldfield, R. C. (1971). The assessment and analysis of handedness: the
Edinburgh inventory. Neuropsychologia 9, 97-113. doi: 10.1016/0028-3932(71)
90067-4

Oliveira, L. A. S., Imbiriba, L. A., Russo, M. M., Nogueira-Campos, A. A.,
Rodrigues, E. C., Pereira, M. G., et al. (2012). Preparing to grasp emotionally
laden stimuli. PLoS ONE 7:e45235. doi: 10.1371/journal.pone.0045235

Over, H., and Carpenter, M. (2009). Eighteen-month-old infants show increased
helping following priming with affiliation. Psychol. Sci. 20, 1189-1193. doi:
10.1111/}.1467-9280.2009.02419.x

Schneider, W., Eschman, A., and Zuccolotto, A. (2002). E-prime User’s Guide.
Pittsburgh, PA: Psychology Software Tools Inc.

Shibasaki, H., and Hallett, M. (2006). What is the Bereitschaftspotential? Clin.
Neurophysiol. 117, 2341-2356. doi: 10.1016/j.clinph.2006.04.025

Shutt, K., MacLarnon, A., Heistermann, M., and Semple, S. (2007). Grooming in
Barbary macaques: better to give than to receive? Biol. Lett. 3, 231-233. doi:
10.1098/rsb1.2007.0052

Souza, G. G. L., Pereira, M. G., Vila, J., Oliveira, L., and Volchan, E. (2012).
Affiliative stimuli as primers to prosocial predispositions. Span. J. Psychol. 15,
237-43. doi: 10.5209/rev_SJOP.2012.v15.n1.37315

Van Boxtel, G. J. M., Geraats, L. H. D., Berg-Lenssen, M. M. C., and Brunia, C.
H. M. (1993). Detection of EMG onset in ERP research. Psychophysiology 30,
405—412. doi: 10.1111/j.1469-8986.1993.tb02062.x

Walter, W. G., Cooper, R., Aldridge, V. J., McCallum, W. C., and Winter, A.
L. (1964). Contingent negative variation: an electric sign of sensori-motor
association and expectancy in the human brain. Nature 203, 380-384. doi:
10.1038/203380a0

Wirth, M. M., and Schultheiss, O. C. (2006). Effects of affiliation arousal (hope of
closeness) and affiliation stress (fear of rejection) on progesterone and cortisol.
Horm. Behav. 50, 786-795. doi: 10.1016/j.yhbeh.2006.08.003

Yazawa, S., Tkeda, A., Kunieda, T., Ohara, S., Mima, T., Nagamine, T., et al. (2000).
Human presupplementary motor area is active before voluntary movement:
subdural recording of Bereitschaftspotential from medial frontal cortex. Exp.
Brain Res. 131, 165-177. doi: 10.1007/s002219900311

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Received: 23 October 2014; accepted: 06 January 2015; published online: 28 January
2015.

Citation: Campagnoli RR, Krutman L, Vargas CD, Lobo I, Oliveira JM, Oliveira L,
Pereira MG, David IA and Volchan E (2015) Preparing to caress: a neural signature of
social bonding. Front. Psychol. 6:16. doi: 10.3389/fpsyg.2015.00016

This article was submitted to Emotion Science, a section of the journal Frontiers in
Psychology.

Copyright © 2015 Campagnoli, Krutman, Vargas, Lobo, Oliveira, Oliveira, Pereira,
David and Volchan. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (CC BY). The use, distribution or reproduction
in other forums is permitted, provided the original author(s) or licensor are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

www.frontiersin.org

January 2015 | Volume 6 | Article 16 | 9


http://dx.doi.org/10.3389/fpsyg.2015.00016
http://dx.doi.org/10.3389/fpsyg.2015.00016
http://dx.doi.org/10.3389/fpsyg.2015.00016
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org
http://www.frontiersin.org/Emotion_Science/archive

	Preparing to caress: a neural signature of social bonding
	Introduction
	Methods
	Ethics Statement
	Participants
	Visual Stimuli
	Electrophysiological Recordings
	Self-Reported Mood: Hope for Closeness and Fear of Rejection
	Measure of Mutual Grooming
	Task
	Procedure
	Data Analysis
	Statistical Analysis

	Results
	Self-Reported Mood
	Electrophysiology

	Discussion
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


