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Recent research has shown that experiencing events that represent a significant threat to social bonds activates a network of brain areas associated
with the sensory-discriminative aspects of pain. In the present study, we investigated whether the same brain areas are involved when witnessing social
exclusion threats experienced by others. Using a within-subject design, we show that an ecologically valid experience of social exclusion recruits areas
coding the somatosensory components of physical pain (posterior insular cortex and secondary somatosensory cortex). Furthermore, we show that this
pattern of activation not only holds for directly experienced social pain, but also during empathy for social pain. Finally, we report that subgenual
cingulate cortex is the only brain area conjointly active during empathy for physical and social pain. This supports recent theories that affective
processing and homeostatic regulation are at the core of empathic responses.

Keywords: social exclusion; physical pain; empathy; fMRI; somatosensory cortex

INTRODUCTION

Two dimensions of pain

Pain is a fundamental sensory and affective state that informs us about

the relevance of incoming external/internal signals and guides our be-

havior toward the maintenance of our own welfare and survival (Perl,

2007). Evolutionarily speaking, an efficient detection system of this

state (for self and others) has developed in order to prioritize escape,

recovery and healing (Williams, 2002). It is well known that a noci-

ceptive stimulus applied to the body activates a broad network of brain

areas usually referred to as the ‘pain matrix’ (Iannetti and Mouraux,

2010), which consists of two distinct yet interacting parts: one coding

for the sensory-discriminate features of the stimulus (location, inten-

sity and duration) and the other coding for the affective-motivational

component of the painful experience (unpleasantness, negative affect;

Davis, 2000; Peyron et al., 2000). While the former involves mainly the

primary and secondary somatosensory cortex (SI, SII), and the poster-

ior insula (pINS), the latter is mainly represented in the anterior insula

(aINS) and the anterior-mid part of the cingulate cortex (aMCC/pACC

nomenclature according to Vogt, 2005).

Far from having only a ‘physical’ dimension, pain is also an experi-

ence that can occur without direct somatic stimulation. Probably we all

are familiar with unpleasant situations after which we feel ‘hurt’ or ‘in

pain’ even if we were not physically harmed. This kind of pain, which

in the field of social psychology has been referred to as ‘social pain’, is

instantiated by events that represent a threat to social relationships

(e.g. bereavement, relationship break-up, and exclusion from social

activities) and to the attachment system in general (Bowlby, 1999).

The use of ‘physical’ terms in everyday language to describe the feelings

related to painful experiences provides a clue of the strong similarities

between physical and social pain (see Eisenberger (2012) for a review).

In the case of social pain, which has mostly been studied by eliciting

feelings of exclusion during interactive games (Williams et al., 2000),

cerebral activations have been predominantly found in the affective

part of the pain matrix (aINS, aMCC, pACC, extending to the more

ventral section of the cingulate cortex; Eisenberger et al., 2003; Dewall

et al., 2010; Bolling et al., 2011). This suggests that the negative emo-

tional state induced by pain of a social nature does not necessarily

involve the activation of the sensory-discriminative part; therefore,

excluding one of the hallmarks of the neural response to physically

induced pain.

Common substrates for physical and social pain

However, the comparison of neural activations triggered by these two

types of pain has so far mainly been based on independent investiga-

tions, which either assessed physical or social pain. Therefore, it re-

mains an open question what neural mechanisms they share. One way

to overcome this limitation is to measure neuronal and behavioral

responses in the same individuals when undergoing the two types of

pain.

To date, only one study has addressed this issue by using a within-

subjects design. Kross et al. (2011) observed neural responses in par-

ticipants undergoing both physical painful stimulation and social

threat. In the social pain task, they were exposed to photos of ex-

partners with whom participants had recently experienced an un-

wanted breakup. Results showed that the neural activity related to

the two tasks overlapped not only in the part of the pain network

coding for the affective-motivational component of pain (i.e. aMCC

and aINS), but also in the dorsal part of the posterior insula (dpINS)

and in the parietal operculum (SII), which are areas associated with the

sensory-discriminative component of pain. The authors concluded

that when social pain is powerfully elicited, it is capable of activating

areas that so far were linked only to painful physical experiences.

However, the experience of an unwanted break-up is a rather sin-

gular and complex event carrying a multitude of emotional and cog-

nitive consequences. It thus remains to be shown whether everyday

experiences of social exclusion activate areas associated with the som-

atosensory component of physical pain as well. Notably, previous fMRI

studies on social exclusion have relied on the Cyberball task (Williams

et al., 2000), in which participants supposedly interact with other
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players in a virtual ball tossing game, indicated on screen by schematic

depictions of these players. It might be argued that this setup is not

naturalistic enough to induce strong and ecologically valid feelings of

exclusion, due to its computer-game-like appearance. Indeed, previous

studies have shown that distinct neural substrates are recruited for

perception and representation of real and virtual agents (e.g. cartoons),

with the former more capable of allowing mental inferences about

others’ states and intentions (Han et al., 2005; Mar et al., 2007).

These and other findings have recently called on researchers to shift

to more ecological paradigms to better approximate real-life social

interactions (Kingstone et al., 2008; Risko et al., 2012). In the present

study, we therefore developed a version of the Cyberball game by dis-

playing videos of real players tossing the ball to participants, or delib-

erately excluding them.

Empathy for physical pain and empathy for social pain

The experience of pain has a fundamental role not only for the pro-

tection and the survival of the organism, but also for the social rela-

tionship among human beings. In fact, part of the nervous system has

evolved to detect pain in other individuals, recognize their emotional

state and produce behavioral responses appropriate for the social con-

text (Decety, 2011). Given its relevance, in the past few years, func-

tional neuroimaging studies have been mainly focusing on the

observation of physical pain inflicted on others in order to provide

insights into the mechanisms by which empathy is implemented in the

nervous system (de Vignemont and Singer, 2006; Decety and Lamm,

2006; Bastiaansen et al., 2009; Singer and Lamm, 2009; Zaki and

Ochsner, 2012).

While the neural underpinnings of empathy for physical and social

pain have been extensively explored separately (Singer et al., 2004;

Jackson et al., 2005; Lamm et al., 2011, for physical pain, Beeney

et al., 2011; Masten et al., 2011b; Meyer et al., 2012, for social pain),

it remains unclear to which extent the two experiences share common

neural substrates. The most consistent finding of these studies is that

empathy for physical pain recruits a core network consisting of aINS

and aMCC (Lamm et al. (2011) for a recent meta-analysis). These

brain structures jointly seem to be engaged in the representation of

emotional states, and in the behavioral and autonomic nervous system

regulation required by these states. Hence, it has been suggested that

some sort of ‘embodied simulation’ lies at the root of empathizing with

the painful experiences of others, that mainly entail the reactivation of

the emotional aspects related to the painful experience (Singer and

Lamm, 2009), but under some specific circumstances also the sensorial

component (Avenanti et al., 2005; Hein and Singer, 2008; Keysers

et al., 2010).

Conversely, witnessing another person suffering from pain of a

social nature results in the activation of what has been referred to as

the ‘mentalizing network’ (Mitchell et al., 2005; Amodio and Frith,

2006; Frith and Frith, 2006), but not of the pain network�unless the

target of the social exclusion is a person affectively close to the obser-

ver, which has been shown to activate the affective-motivational com-

ponent of the pain network (i.e. MCC and mid-INS; Masten et al.,

2011b; Meyer et al., 2012).

One possible interpretation of this distinction between empathy for

physical vs social pain is that while the vicarious experience of physical

pain relies on low-level, automatic processes that are easily and auto-

matically activated by means of bottom-up processes such as percep-

tion-for-action coupling mechanisms (Preston and de Waal, 2002;

Decety and Lamm, 2006), witnessing another person suffering from

social pain may require more abstract types of reasoning due to the less

aversive and less directly perceivable nature of the social stimulus itself.

This will more likely require a deliberate effort of understanding the

mental state of the other person rather than triggering a direct affective

resonance with her (Eisenberger, 2012).

It is however also possible that the experimental paradigms that have

been used so far were not particularly effective in inducing sufficiently

strong empathic responses for social pain, and that the observed dif-

ferences between the vicarious experiences of physical and social pain

are due to differences in the intensity and ecological validity of em-

pathic experiences. In order to avoid this shortcoming, we developed a

more realistic and ecologically valid version of the classical social pain

paradigm (Cyberball), to address two main questions.

Aims of the study

First, in light of the results obtained by Kross and colleagues, we aimed

at exploring to what extent first person experiences of physical and

social pain overlap. Secondly, in addition to what has been reported by

Kross and colleagues, we explored commonalities and differences

related to the vicarious experience of physical and social pain.

To achieve these aims, we used a within-subjects design in which

brain and behavioral responses of female participants were observed

during a physical pain task and a social pain task, both including a

condition in which the participant was the target of the painful experi-

ence (hitherto ‘self’) and a condition in which she was witnessing

another person being in pain (hitherto ‘other’). We hypothesized

that the vicarious and first-hand experiences of social exclusion

share hemodynamic activity in regions of the brain devoted to the

processing of the affective-motivational aspects of pain and that it

could extend to the activation of somatosensory areas, usually asso-

ciated with processing of pain of physical nature, regardless the target

of the social exclusion.

METHODS

Subjects

A total of 23 female participants took part in the fMRI experiment.

Female participants of the same age range were recruited to act as

confederates in the experiment. Confederates were previously in-

formed about the study and instructed to act as real participants, out-

side the scanner room. The mean age of the participants was 22.4 years

(s.d.¼ 2.0, range¼ 20–28). All participants gave informed consent and

the study was approved by the Ethics Committee of ‘Santa Maria della

Misericordia’, Udine, Italy. Instructions about the experiment were

provided to the participant and the confederate simultaneously to

ensure that the participant believed that the confederate would also

partake in the experiment. General empathic traits and alexithymic

traits were measured with self-report questionnaires (the

Interpersonal Reactivity Index; Davis (1980) and the Bermond-Vorst

Alexithymia Questionnaire; Vorst and Bermond (2001)).

fMRI design

The study consisted of two sessions entailing two runs each, performed

on the same day. In one session, participants performed the physical

pain task and in the other session, the social pain task. Both sessions

included a ‘self’ and ‘other’ condition. The order of the two sessions

was counterbalanced across participants. Therefore, the tasks were

organized in a 2� 2� 2 within-subjects factorial design, with the fac-

tors TARGET (self and other), TYPE of pain (physical and social) and

INTENSITY of pain (pain and no-pain). In order to increase the eco-

logical validity of the empathy sessions, participants were paired with a

real person (confederate) as the target of the ‘other’ condition (see

Singer et al., 2004).
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Physical pain task

Stimulus set and apparatus

Electrical pain stimuli were delivered by a bipolar concentric surface

electrode (stimulation area: 20 mm2), which depolarizes predomin-

antly A�-fibers, applied on the back of the participants’ left hand.

We delivered a 100-Hz train of electrical pulses of 2 ms pulse duration

(square pulse waveform) for 1 s via a direct current stimulator

(Digitimer Electronics, model DS7, Hertfordshire, UK). Current amp-

litude was delivered in a range from 0.1 to 2.0 mA, with steps of

0.1 mA.

Experimental paradigm

The experimental paradigm (based on Singer et al., 2004) consisted of

two parts: in the first, participant’s and confederate’s pain thresholds

were determined and in the second, the participant entered the scanner

and the actual experiment took place. During the pain thresholds de-

termination, participant and confederate had to judge the painfulness

of each received stimulus, using a 10-point intensity ratings scale

(0¼ ‘don’t feel anything’, 1¼ ‘can feel something but not painful’,

2¼ ‘mildly painful’, 8¼ ‘maximum tolerable pain’, 10¼ ‘worst im-

aginable pain’). The intensities of the stimulations that the participant

and confederate rated as 1 and 8 were noted and then used as stimuli

for the ‘no-pain’ and ‘pain’ conditions, respectively.

During the fMRI experiment, visual stimuli were presented via gog-

gles connected to the workstation in the MRI console room. Visual

stimuli consisted of colored arrows pointing either to participant’s

hand or away from it. The color of the arrow was an indicator of

the target and intensity of the stimulation: dark blue and light blue

for, respectively, painful stimulation (self pain) and non-painful stimu-

lation (self no-pain), delivered to the participant in the scanner, while

dark pink and light pink for, respectively, painful stimulation (other

pain) and non-painful stimulation (other no-pain), delivered to the

confederate in the MRI console room. In reality, the confederate did

not receive any stimulation.

Each stimulation trial started with a fixation cross in the middle of

the screen. Then the arrow appeared and stayed on the screen for

2500 ms, before a circle of the same color appeared (1000 ms), repre-

senting the actual delivery of the stimulus. At the end of each stimulus,

the participant was asked to rate the valence of emotions felt on a

Likert-type rating scale with nine discrete values, from �4¼ ‘very

negative’ over 0 to þ4¼ ‘very positive’ (4000 ms). The response was

given by moving an asterisk from a random initial position toward the

chosen position using the left and right keys on a response pad that the

participant held in her right hand (Figure 1).

The session was divided in two separate runs of 40 randomized

stimulations each (10 self pain, 10 self no-pain, 10 other pain and 10

other no-pain).

Social pain task

The social pain task was designed on the basis of the well-

known Cyberball task (Williams et al., 2000), but using records of

real people playing the game instead of animated cartoons and

adopting the same manipulation of Singer et al. (2004) for the empathy

condition. In particular, by replacing cartoons with real people and

using a real confederate for the empathy part, we aimed to make the

task more ecological and realistic. Videos were recorded using a

Digital Video Camcorder (Canon Legria FS406, Tokyo, Japan) and

then edited with Final Cut X software (Apple, Cupertino, CA, USA)

in order to create black and white silhouettes (see Supplementary

Video).

Participants were told that they and the confederate, with whom

they were paired, would have been alternatively connected via

computer network to other participants controlling the decisions of

the other two players visible in the videos, located in adjacent rooms of

the building. Therefore, neither the participants nor the confederate

met the other players.

During the game, the participant was given the opportunity to

decide to whom to throw the ball every time she was in possession

of it by pressing either the left or the right keys on the pad that she held

in her right hand.

The session consisted of two runs: in the first one, the participant

herself was engaged in the game; in the second one, she watched the

game played by the confederate seated in the MRI console room (while

in reality the decisions of the confederate were computer controlled).

In both runs, 10 blocks with 12 passes each were performed. The

blocks were equally assigned to two conditions: ‘social inclusion’ and

‘social exclusion’. The five blocks that we regarded as ‘social inclusion’

were the blocks in which the player, either the participant or the con-

federate, received at least one-third of the total passes (four passes); the

remaining five, regarded as ‘social exclusion’, were the blocks in which

the player received less than one-third of the total passes (Figure 2).

The order of the blocks was fixed, with the first three and the last two

blocks belonging to the inclusion condition. The decision to add in-

clusion blocks at the end of the session (differently from previous

studies) was to minimize temporal order effects. Each block lasted

an average duration of 33.5 s (range 30–40 s). At the end of each

block, the participant was asked to rate the valence of the emotion

felt during the game on a Likert-type rating scale with nine discrete

values, from �4¼ ‘very negative’ over 0 to þ4¼ ‘very positive’

(4000 ms). The response was given using the same keys used for throw-

ing the ball.

At the end of the scanning session, participants were informally

asked about the credibility of the entire experiment and debriefed

about the deception involved in the Cyberball game. None of them

reported to have been suspicious about the setup of the experiment.

We acknowledge though that the use of an ad hoc questionnaire or a

structured funnel debriefing would have been a more suitable probe to

quantify their level of suspiciousness.

fMRI acquisition and pre-processing

A 3 Tesla Philips Achieva whole-body MR Scanner at the Hospital

‘Santa Maria della Misericordia’ (Udine, Italy), equipped with an 8-

channel head coil, was used for MRI scanning. Structural images were

acquired as 180 T1-weighted transverse images (0.75 mm slice thick-

ness). Functional images were acquired using a T2*-weighted echo-

planar imaging (EPI) sequence with 33 transverse slices covering the

whole brain (slice thickness 3.2 mm; interslice gap 0.3 mm; TR/

TE¼ 2000/35 ms; flip angle¼ 908, field of view¼ 230� 230 mm2;

matrix size¼ 128� 128, SENSE factor 2).

Data were analyzed with SPM8 (Wellcome Department of Imaging

Neuroscience, London, UK). All functional volumes were realigned to

the first volume, segmented in gray matter, white matter and cerebro-

spinal fluid tissues, spatially normalized to the standard EPI template,

and smoothed using a Gaussian kernel with full width at half max-

imum (FWHM) of 10 mm3 (6 mm smoothing at first, 8 mm at second

level). Following pre-processing, statistical analysis was carried out

using a general linear model approach. High-pass temporal filtering

with a cut-off of 128 s was used to remove low-frequency drifts.

Regressors of interest were convolved with the canonical hemodynamic

response function. The Anatomy Toolbox version 1.6 (Eickhoff et al.,

2005) was used for anatomical and cytoarchitectonic interpretation.

Whole-brain analyses were thresholded at P < 0.05, FWE corrected at

the cluster level.
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Fig. 1 fMRI design for the physical pain task. In each trial, participants were first presented with colored arrows as cues indicating the target, either the participant (self) or the confederate (other) and the
intensity (painful or non-painful) of the incoming stimulation. Specifically, dark colors indicated a painful stimulus, whereas light colors were paired with non-painful stimuli (in the figure only dark-colored cues
are shown). The actual delivery of the stimulus was signaled by a dot of the same color of the arrow, appearing after 2500 ms. Participants judged their own emotion on a 9-points Likert scale, displayed for
4000 ms, immediately after the stimulation period (1000 ms). Interstimulus interval was randomly jittered (1000–3000 ms).

Fig. 2 fMRI design for the social pain task. During each trial, participants could receive (or observe receiving for the ‘other’ condition) the ball from the other two players and decide to whom to throw the ball
by pressing the left or the right key on the pad. Each round ended after 12 throws of the ball. Immediately after, they were asked to judge their own emotion on a 9-points Likert scale, displayed for 4000 ms.
Interstimulus interval was randomly jittered (1000–3000 ms). On the right, the number of passes received by the player (either the participant or the confederate) in each of the 10 rounds is indicated. Inclusion
rounds are depicted in white, exclusion rounds in gray.
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fMRI analysis

Physical pain

In the first-level analysis data were analyzed, separately for each sub-

ject. Two separate regressors (stimulation period and rating) were

defined for each condition (‘self pain’, ‘self no-pain’, ‘other pain’

and ‘other no-pain’) for a total of eight regressors for each run.

Residual effects of head motion were corrected by including the six

estimated motion parameters of each participant as regressors of no

interest in the design matrix.

Neural activation related to conditions of interest was determined by

entering the parameter estimates for the stimulation period regressors

into a flexible factorial design ANOVA model (as implemented in

SPM8), for random effect inference at the group level (Penny and

Holmes, 2004). Linear contrasts of the repeated measure ANOVA

with two within-subjects factors: TARGET (self and other) and

INTENSITY (pain and no-pain) were used to assess main effects and

interactions. Conjunction analyses (Nichols et al., 2005) of the con-

trasts high vs low pain for the ‘self’ and ‘other’-related conditions were

used in order to identify brain regions commonly activated during the

direct and the vicarious experience of physical pain.

Social pain

In the first-level analysis, data were analyzed separately for each sub-

ject. Two separate first-level regressors (interaction period and rating)

were defined for each condition (‘inclusion’ and ‘exclusion’) for a total

of four regressors for each of the two runs (‘self’ and ‘other’). Residual

effects of head motion were corrected by including the six estimated

motion parameters of each participant as regressors of no interest in

the design matrix for each of the two runs (‘self’ and ‘other’).

Neural activation related to conditions of interest (split up by in-

tensity and target) was determined by entering the parameter estimates

for the stimulation period regressors into a flexible factorial design, for

random effect inference at the group level (Penny and Holmes, 2004).

Linear contrasts of the repeated measure ANOVA with two within-

subjects factors: TARGET (self and other) and INTENSITY (exclusion

and inclusion) were used to assess main effects and interactions.

Conjunction analyses (Nichols et al., 2005) of the contrasts exclusion

vs inclusion for the ‘self’ and ‘other’-related conditions were used in

order to identify brain regions commonly activated during the direct

and the vicarious experience of social pain.

Physical and social pain

Finally, in order to investigate neural responses shared by the two

kinds of pain, the overall contrast images resulting from the first-

level analyses of the two task were entered in a new flexible factorial

design ANOVA with the factors: TARGET (self and other),

INTENSITY (pain and no-pain) and TASK (physical and social).

Conjunction analyses (Nichols et al., 2005) of the contrasts exclusion

vs inclusion and pain vs no-pain for the ‘self’ and ‘other’-related con-

ditions were used in order to identify brain regions commonly repre-

senting the direct and the vicarious experience of both types of pain.

RESULTS

Behavioral results

Physical pain task

Participants were stimulated with current intensities ranging from 0.1

to 2.0 mA (overall mean of non-painful stimulations: 0.3 (s.d.¼ 0.2);

overall mean of painful stimulations: 0.9 (s.d.¼ 0.6)).

Emotional ratings given by the participants during the physical pain

task were analyzed through a repeated measure ANOVA with two

within-subjects factors: TARGET (self and other) and INTENSITY

(pain and no-pain) using SPSS 20 (IBM software).

The analysis showed that the task was able to induce clearly distinct

emotions according to the different conditions (Figure 3A). In par-

ticular, participants judged the stimuli applied to their own hands as

more unpleasant than the stimuli applied to the confederate (main

effect of TARGET, F(1,22)¼ 9.806, P¼ 0.005); furthermore, they

rated the painful stimulations compared with the non-painful ones

as more unpleasant (main effect of INTENSITY, F(1,22)¼ 36.661,

P < 0.001). A trend toward significance was observed for the inter-

action between TARGET and INTENSITY (F(1,22)¼ 4.027,

P¼ 0.057), indicating that painful trials generated more negative judg-

ments in the ‘self’ condition compared with the other condition

(paired-samples t-tests, t¼�3.255, df¼ 22, P¼ 0.004), while ratings

in the non-painful trials only showed a trend toward significance

(t¼�2.013, df¼ 22, P¼ 0.057) with the ‘other’ condition being

judged as more positive.

Notably, a correlational analysis showed that the difference between

non-painful and painful stimulation ratings for the ‘self’ condition

correlated with the same difference calculated for the ‘other’ condition

(r21¼ 0.594, P¼ 0.003, see Supplementary Figure S1), suggesting that

participants judged the direct experience of painful stimulations (com-

pared with non-painful stimulations) similarly to the experience of

witnessing the suffering of another person.

Social pain task

Emotional ratings given by the participants during the social pain task

were analyzed through a repeated measure ANOVA with two within-

subjects factors: TARGET (self and other) and INTENSITY (exclusion

and inclusion) (Figure 3B). The analysis showed that the task was

effective in eliciting negative affect following the exclusion from the

game. In particular, participants rated more negatively the exclusion

(painful) blocks compared with the inclusion (non-painful) ones

(main effect of INTENSITY, F(1,22)¼ 50.990, P < 0.001).

Furthermore, an interaction between TARGET and INTENSITY was

observed (F(1,22)¼ 18.353, P < 0.001), resulting from inclusion blocks

generating more positive judgments in the ‘self’ condition compared

with the other condition (paired-samples t-tests, t¼�1.318, df¼ 22,

P¼ 0.007). No difference was found between ratings in the exclusion

conditions (t¼ 2.950, df¼ 22, P¼ 0.201). Finally, no significant main

effect of TARGET was observed (F(1,22)¼ 1.037, P¼ 0.320).

An additional correlation was performed in order to investigate the

relationship of the two variables: number of received passes and emo-

tional ratings. The results show that the two variables are significantly

correlated in both the ‘self’ condition (r¼ 0.941, P < 0.001) and the

‘other’ condition (r¼ 0.959, P < 0.001) (see Supplementary Figure S2),

confirming the association between exclusion from the game and nega-

tive affect for both first person and vicarious experience of social pain.

Notably, similarly to the physical pain task, participants judged the

experience of being excluded (compared with being fairly treated in the

game) and the experience of witnessing another person being excluded

in a similar fashion (significant correlation between the difference be-

tween inclusion and exclusion ratings in the ‘self’ and in the ‘other’

condition, r¼ 0.533, P¼ 0.009, see Supplementary Figure S3).

Physical and social pain tasks

Emotional ratings given by the participants during the two pain tasks

were analyzed through a repeated measure ANOVA with three within-

subjects factors: TARGET (self and other), INTENSITY (pain and no-

pain) and TASK (physical and social).

On top of the main effects already reported in the previous sections,

the analysis showed that the two tasks were comparable in eliciting
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negative affect, as indicated by the non-significant two-way interaction

INTENSITY�TASK (F(1,22)¼ 0.267, P¼ 0.610) and non-significant

three-way interaction TARGET� INTENSITY�TASK

(F(1,22)¼ 1.438, P¼ 0.243), suggesting that the difference between

painful and not painful trials and between exclusion and inclusion

blocks was similar for both ‘self’ and the ‘other’ condition.

Furthermore, correlational analysis between ratings given during the

physical and social pain tasks for ‘self’ and ‘other’ conditions showed a

significant correlation between empathy for physical and social pain

(r¼ 0.571, P¼ 0.004, see Supplementary Figure S4). No significant

correlation between the two types of pain for the self (r¼ 0.107,

P¼ 0.623) was observed.

fMRI results

Physical pain task

Main effect of pain: self (pain > no-pain). Comparison of hemo-

dynamic responses associated with painful vs non-painful trials in

the ‘self’ condition revealed increased activity in the regions classically

associated with pain: anterior mid cingulate cortex (aMCC), posterior

mid cingulate cortex (pMCC), bilateral anterior, mid and posterior

insula (a, m, p -INS), bilateral postcentral gyrus (SI), thalamus and

cerebellum. Other brain areas activated were: left mid frontal gyrus,

right precentral gyrus, bilateral superior temporal gyrus, right superior

temporal pole, left cuneus (P < 0.05, cluster-level corrected, see

Supplementary Table S1 and Figure 4).

Conjunction: self
T

other (pain > no-pain). In order to test shared

activations between ‘self’ and ‘other’ for painful vs non-painful trials, a

conjunction analysis was performed. In line with previous findings,

perigenual anterior cingulate cortex (pACC) and bilateral aINS were

revealed, which are two key areas associated with pain shared between

self and other (e.g. Lamm et al., 2011). In addition to these areas of the

pain network, we observed significant clusters in right mid superior

frontal gyrus, left superior frontal gyrus, left gyrus rectus, right inferior

orbitofrontal gyrus, right mid temporal gyrus, right superior temporal

pole and right mid temporal pole (P < 0.05, cluster-level corrected, see

Supplementary Table S3 and Figure 5). Note that the main effect of

pain: other (pain > no-pain) is available in the supplementary materials

(Supplementary Table S2 and Supplementary Figure S5).

Social pain task

Main effect of pain: self (exclusion > inclusion). Comparison of

hemodynamic responses between exclusion vs inclusion trials in the

‘self’ condition revealed enhanced activity in the following regions: left

pINS extending to Rolandic Operculum (SII), right pINS, right sub-

genual anterior cingulate cortex (sACC), left mid orbitofrontal gyrus,

right superior temporal gyrus, left mid temporal gyrus, left calcarine

gyrus, caudate bilaterally (P < 0.05, cluster-level corrected, see

Supplementary Table S4 and Figure 4).

Conjunction: self
T

other (exclusion > inclusion). To test for shared

brain networks between the direct and vicarious experience of social

exclusion, a conjunction analysis was performed. Commonly activated

areas belonging to the pain network were: right sACC, bilateral pINS

and left Rolandic Operculum (SII). In addition, we observed left mid

superior frontal gyrus, right medial orbitofrontal gyrus, bilateral gyrus

rectus, bilateral superior temporal gyrus and left mid temporal gyrus

(P < 0.05, cluster-level corrected, see Supplementary Table S6 and

Figure S5). Note that the main effect of pain: other (exclusion > inclu-

sion) is available in the supplementary materials (Supplementary Table

S4 and Supplementary Figure S5).

Shared networks for physical and social pain

Conjunction: self (pain > no-pain)
T

self (exclusion > inclusion). In

order to test to which extent brain activity associated with physical and

social pain is shared, a conjunction analysis was performed between

areas recruited during the physical pain and the social exclusion task.

Commonly activated areas of the pain network were right sACC, bi-

lateral pINS and left Rolandic Operculum (SII). In addition, we

observed left mid orbitofrontal gyrus, right superior temporal gyrus,

left mid temporal gyrus, bilateral caudate (P < 0.05, cluster-level cor-

rected, see Supplementary Table S7 and Figure 6).

Fig. 3 Emotional ratings for the physical pain (A) and social pain (B) tasks. Graphs represent means and standard errors.
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Conjunction: self (pain > no-pain)
T

self (exclusion > inclusion)
T

other (pain > no-pain)
T

other (exclusion > inclusion). The question

about which brain areas commonly represent empathy for social and

physical pain was assessed by an overall conjunction analysis. This

revealed activation in right sACC and left mid orbitofrontal gyrus

(P < 0.001, uncorrected, see Supplementary Table S8 and Figure 6).

Difference between empathy for physical and social pain

In order to test which brain areas were selectively engaged in empathy

for physical and social pain, respectively, we formally compared the

two conditions.

Other (pain > no-pain) > other (exclusion > inclusion). Higher activ-

ity in empathy for physical compared with social pain was observed in

left mid superior frontal gyrus, right superior frontal gyrus, left inferior

temporal gyrus, left angular gyrus and left temporo-parietal junction

(P < 0.05, cluster-level corrected, see Supplementary Table S9 and

Figure 7).

Other (exclusion > inclusion) > other (pain > no-pain). Higher activ-

ity during empathy for social compared with physical pain was

observed in several regions, among them: left pMCC, left mINS, bilat-

eral Rolandic Operculum, right supramarginal gyrus, bilateral postcen-

tral gyrus, right superior temporal gyrus, left inferior parietal gyrus, left

Fig. 4 Top part: neural activations for the first person experience of physical pain (contrast: self (pain > no-pain)). Bottom part: neural activations for the first person experience of social exclusion (contrast: self
(exclusion > inclusion)). Statistical maps are superimposed on a standard inflated surface (medial and lateral views are showed for each hemisphere). Maps are thresholded at P < 0.005 uncorrected, for
illustrative purposes.

Fig. 5 Top part: neural activations for empathy for physical pain (contrast: self
T

other (pain > no-pain)). Bottom part: neural activations for empathy for social exclusion (contrast: Self
T

Other
(exclusion > inclusion)). Statistical maps are superimposed on a standard inflated surface (medial and lateral views are showed for each hemisphere). Maps are thresholded at P < 0.005 uncorrected, for
illustrative purposes.
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precuneus, bilateral fusiform gyrus, left mid occipital gyrus, right lin-

gual gyrus, left calcarine gyrus and cerebellum (P < 0.05, cluster-level

corrected, see Supplementary Table S10 and Figure 7).

DISCUSSION

The question to which extent physical and social pain rely on similar

neural mechanisms is of growing interest in social neuroscience. In

order to address the common and distinct neural substrates of social

and physical pain, it needs to be considered whether the subjective

experiences of physical and social pain are comparable. Previous studies

investigating the neural correlates of first-person experiences of social pain

have either used paradigms such as the exclusion from a virtual ball-

tossing game (Eisenberger et al., 2003; Masten et al., 2012), or strong

experiences of social loss like bereavement and romantic rejection

(Kersting et al., 2009; Fisher et al., 2010). While the former studies re-

vealed activation in the affective-motivational component of the pain

network (aMCC, pACC and aINS), the latter also observed the involve-

ment of somatosensory areas (pINS, PAG and thalamus, see Eisenberger

(2012) for a review). These inconsistencies might stem from a different

degree of emotional involvement and unpleasantness triggered by the

different scenarios. Hence, it might be that only bereavement and roman-

tic rejection are powerful enough to elicit feelings of distress that can

activate areas related to painful physical experiences.

Fig. 6 Top part: common neural activations for physical and social pain (contrast: self (pain > no-pain)
T

self (exclusion > inclusion)). Bottom part: common neural activations for empathy for physical and
social pain (contrast: self (main effect pain > no-pain and exclusion > inclusion)

T
other (main effect pain > no-pain and exclusion > inclusion)). Statistical maps are superimposed on a standard inflated surface

(medial and lateral views are showed for each hemisphere). Maps are thresholded at P < 0.005 uncorrected, for illustrative purposes.

Fig. 7 Difference in neural activation between physical and social pain for the empathy condition. Top part: brain areas more active during the witnessing of the other person suffering from physical pain than
from social pain (contrast: other (pain > no-pain) > other (exclusion > inclusion)). Bottom part: brain areas more active during the witnessing of the other person suffering from social pain than from physical
pain (contrast: other (exclusion > inclusion) > other (pain > no-pain)). Statistical maps are superimposed on a standard inflated surface (medial and lateral views are showed for each hemisphere). Maps are
thresholded at P < 0.005 uncorrected, for illustrative purposes.
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Apart from differences in emotion involvement, a further compli-

cation when trying to identify the shared neural substrates of physical

and social pain stems from the fact that these two types of pain have so

far mainly been investigated in independent samples. However, evi-

dence that social pain shares activation with the sensory-discriminative

part of physical pain has recently been strengthened by Kross et al.

(2011). Using a within-subject design, these authors observed that the

neural activity related to two tasks involving different types of pain

(physical and social) overlapped not only in the part of the pain net-

work coding for the affective-motivational component (i.e. aMCC and

aINS), but also in areas associated with the sensory-discriminative one

(dpINS and SII). The authors concluded that when social pain is

powerfully elicited, in this case by romantic rejection, it is capable of

activating areas that so far were linked only to painful physical

experiences.

However, as these findings differ from what has been reported in the

social rejection literature so far (Eisenberger et al., 2003; Krill and

Platek, 2009; Dewall et al., 2010; Masten et al., 2012), the involvement

of the somatosensory cortex during social rejection by Kross et al.

might relate to the intensity of the social pain experience (and not

only to the fact that their within-subject design might have been

more sensitive). Recalling the experience of being subjected to the

rejection of the partner is a very particular event and certainly more

powerful than being excluded from a virtual game. The question

whether everyday experiences of social exclusion activate areas asso-

ciated with the somatosensory component of physical pain as well

therefore remained unclear, so far.

Our study, however, using a within-subjects design as well, shows

that a modified version of the Cyberball social exclusion game reveals

similar findings as during romantic rejection in the involvement of the

somatosensory component of the experience. Cyberball is a success-

fully used approximation of real-life experiences of social exclusion

and causes negative affect, as shown by behavioral findings and the

consistent recruitment of affective areas such as aMCC, p- and s- ACC

and aINS in previous research (Eisenberger et al., 2003; Krill and

Platek, 2009; Dewall et al., 2010; Masten et al., 2012). Nevertheless,

the strength of the unpleasant experience might be dampened by its

computer-like appearance. The first aim of the present study was

therefore to test a new and more ecological paradigm for investigating

social pain, in order to elicit an aversive emotional response compar-

able to the one elicited by a physical threat.

The paradigm used video clips of people rather than cartoon mani-

kins, as in Cyberball. It was indeed able to induce aversive feelings

during exclusion trials of comparable size to the unpleasantness

induced by painful physical stimulation, as indicated by the similar

difference between high and low painful stimulation ratings for both

types of pain. At the neural level, the first-person experience of social

exclusion resulted in increased activity in the sACC, a region that has

been found in other Cyberball studies (Masten et al., 2009, 2011;

Bolling et al., 2011, 2012; Moor et al., 2012) as part of a pool of

areas (aMCC and pACC) involved in experiencing rejection

(Eisenberger, 2012; Premkumar, 2012) and that has been associated

to self-reported distress in response to social exclusion (Masten et al.,

2009; Onoda et al., 2009), although this correlation was not observed

in the present study.

sACC has been generally implicated in the processing of sadness

(Mayberg et al., 1999; Phan et al., 2002) and negative affect (Drevets

et al., 2008; Shackman et al., 2011).

Interestingly, in the specific case of the Cyberball task, sACC has

been mainly observed in studies targeting adolescents (Masten et al.,

2009; Masten et al., 2011a; Moor et al., 2012) or in paradigms where

the excluding players on the screen were represented with photos of

real people (Bolling et al., 2011, 2012), leading to the question of the

specific role of this structure in the processing of pain of a social

nature.

Besides sACC, the first-hand experience of social exclusion resulted

in increased activity also in regions coding for its somatosensory rep-

resentation, such as pINS and SII. It is crucial to note the use of a

within subject design allowed us to assess whether the overlap between

the first-hand experience of physical and social pain reflects the re-

cruitment of similar neural processes. This was the case, as shown by

the conjunction analysis, which revealed that largely overlapping areas

in the somatosensory areas were activated by the two types of pain.

Recent studies addressing the functional organization of the insular

cortex have shown that this region can be divided in two or three

subdivisions (anterior and mid-posterior, or anterior, mid and poster-

ior, respectively), each associated with different functions (Mutschler

et al., 2009; Kurth et al., 2010; Kelly et al., 2012). Specifically, the

anterior insula has been mainly linked to emotional-cognitive

processes, and the mid-posterior insula to sensorimotor processes,

involving the coding of the intensity and the localization of pain, as

well as primary interoceptive bodily representation (Craig, 2009).

Therefore, one possible interpretation of this pattern of results is

that the increased ecological validity of the present version of the

Cyberball task is associated to a more intense experience of social ex-

clusion. The negative emotional experience of being excluded by par-

ticipants represented on the screen as real people, with human motions

and gestures, might have exacerbated the painful consequences of the

social exclusion beyond the affective domain to the extent of being

perceived as physically painful. However, a rigorous comparison be-

tween different versions of the Cyberball task is still lacking. Further

studies are needed to clarify the impact of the presentation’s modality

on perceived negative affect and intensity of the emotion felt.

It is interesting to note, though, that our paradigm did not show the

classical affective regions observed in most of the social exclusion

studies, such as aINS and pACC/aMCC (Eisenberger, 2012). These

regions have been associated not only with painful or aversive

events, but in general with the processing of emotional stimuli and

cognitive control (Kelly et al., 2012; Shackmann et al., 2011). One

possible explanation could therefore be that similar activations

during inclusion and exclusion trials alike prevented us from observing

the classical affective network when formally comparing them. Indeed,

that interpretation was confirmed by our data: in the ‘self’ condition,

inclusion trials showed similar activation strength as exclusion trials in

both aINS and aMCC (see Supplementary Figure S6). It is also possible

that the order of the exclusion and inclusion blocks adopted in the

present study could have played a role. Differently from the majority of

previously published studies using the Cyberball paradigm, we decided

to minimize temporal order effects by splitting the inclusion blocks in

two parts, before and after the exclusion blocks, thus avoiding exclu-

sion blocks being always at the end. Indeed, a repeated measure

ANOVA on the emotional ratings of the inclusions trials, with the

within factors: TIME (pre-exclusion and post-exclusion) and

TARGET (self and other) show that ratings became less positive

during post-exclusion trials (main effect of TIME: F(1,22)¼ 8.587,

P¼ 0.008) for both ‘self’ and ‘other’ conditions (TARGET�TIME:

F(1,22)¼ 0.725, P¼ 0.404). The result suggests that exclusion trials

or habituation/fatigue could have dampened positive feelings asso-

ciated with the re-inclusion in the game. Interestingly, neurophysio-

logical data speak for the second hypothesis. In particular, if the last

two blocks are perceived more negatively because of the preceding

exclusion, we expect to observe increased activation in areas coding

for negative affect (such as aMCC and aINS) in the contrast post-

exclusion vs pre-exclusion. This in turn would explain why we failed

to observe these areas when contrasting exclusion vs inclusion. A post

hoc analysis indeed revealed that by comparing the last two blocks with
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the first three blocks of inclusion, no significant increased activation

was observed in any of the pain-network regions during the post-

exclusion trials, both for ‘self’ and ‘other’ conditions. On the contrary,

during pre-exclusion trials, increased activation was found in the right

pINS (44� 14 2) during the ‘self’ condition and in the aMCC (�6 14

28) and in the aINS (34 26 14) (P < 0.05, cluster-level corrected) for the

‘other’ condition (see Supplementary Figure S7). The data therefore

suggest that sequence order cannot explain why we did not observe the

affective regions classically found in most of the social exclusion stu-

dies. Conversely, a possible explanation of this pattern of results is that

inclusion shows a general decrease of activations with time, with gen-

eral arousal effects mainly at the beginning. This interpretation would

be in line with the proposed hypothesis of similar activation of the

affective network for inclusion and exclusion blocks. However, given

the low number of available trials, further clarification about the effect

of temporal presentation of stimuli on perceived social exclusion is

needed.

The second goal of our study was to address whether the vicarious

experience of social pain ‘equally hurts’. This was achieved by compar-

ing neural and behavioral responses when being socially excluded one-

self, and when witnessing the exclusion of another person. Our results

show that empathy for another person undergoing social discrimin-

ation elicits an aversive response that is subserved by the same som-

atosensory areas that are also involved in the first-hand experience of

social exclusion.

According to the few previous neuroscientific studies on empathy

for social exclusion, witnessing another person suffering from pain of a

social nature generally results in the activation of what has been

referred to as the ‘mentalizing network’ (Mitchell et al., 2005;

Amodio and Frith, 2006; Frith and Frith, 2006). In addition, the af-

fective-motivational component associated with pain (i.e. aMCC,

pACC and aINS) is activated only if the target of the social exclusion

is a person affectively close to the observer ( Meyer et al., 2012). Here,

we were able to show that the first-person and vicarious experience of

social exclusion not only overlaps in areas belonging to the ‘menta-

lizing’ network (like the vmPFC), but also in areas processing negative

affect (sACC) as well as, more interestingly, the sensori-discriminative

component of the painful experience, such as SII and pINS. These

findings suggest that some experiences of social exclusion can trigger

the same neural reaction for both self- and other-related experiences.

This extends models of empathy proposing that this social skill relies

on a partial sharing of the affective experiences of others, based on

one’s own emotional representations in similar experiences (Singer

et al., 2004; Bastiaansen et al., 2009). We believe that along with the

increased ecological value of our version of Cyberball, the presence of a

real confederate as excluded player might have played a role in the

emotional resonance process. A final intriguing question addressed in

the present work relates to the relationship between empathy for phys-

ical and social pain. The conjunction analysis revealed common acti-

vation only in one region: the sACC. This area has not been classically

associated with empathy for physical or social pain, but mainly with

the processing of sadness (Mayberg et al., 1999; Phan et al., 2002) and

negative emotions (Drevets et al., 2008; Shackman et al., 2011).

Nevertheless, the finding reinforces previous evidence suggesting that

the cingulate cortex, including its more rostral portions, plays a pivotal

role in the processing of vicarious negative affect. For instance, while

recent meta-analyses of empathy mainly stressed the role of medial

cingulate cortex, they also indicate engagement of more rostral and

subgenual cingulate areas in specific contrasts requiring cognitive skills

such as overt evaluation of other emotions (Fan et al., 2011; Lamm

et al., 2011; Shackman et al., 2011; Torta and Cauda, 2011). The idea of

a common underlying mechanism for empathic responses to any type

of pain receives additional supported by our finding of a significant

correlation between emotional ratings given by participants for vicari-

ous experiences of both types of pain.

In line with previous neuroscientific findings (Singer et al., 2004;

Jackson et al., 2005; Lamm et al., 2011; Fan et al., 2011), our study also

showed that witnessing another person suffering from physical pain

reactivates areas restricted to the affective part of the pain network

(aINS and pACC, in a portion slightly more anterior than the one

classically observed though), while the sensorimotor component is

not engaged. Conversely, empathy for pain of a social nature activated

a more posterior portion of insular cortex and SII. This difference

could be related to the different type of paradigm used to induce em-

pathic responses. In particular, while an abstract cue-based paradigm

(adapted from Singer et al., 2004) was used to indicate the painfulness

and the target of stimulation, during the physical pain task, the social

pain task involved the direct witnessing of the other’s exclusion. It has

recently been argued that cue-based paradigms engage top-down pro-

cesses for the representation and coding of other’s pain, rather than

bottom-up sensory-based processes engaged by explicit depictions of

painful situations and stimulations (picture-based), or their ensuing

bodily expressions (Keysers et al., 2010; Lamm et al., 2011). In fact,

when the somatic cause of the pain of the target is attended by the

observer (for instance, seeing others’ hands painfully stimulated), re-

gions of neural overlap between this experience and the first-person

experience are found also in the somatosensory cortices (see Keysers

et al. (2010) for a review). The difference between empathy for physical

and social pain with respect to somatosensory sharing could therefore

be explained with the different way of triggering the empathic re-

sponses in the two tasks we used. While in the former, empathy is

instantiated by semantic representations and abstract reasoning (top-

down processes, mapped to TPJ and dMPFC), the latter used direct

observations of the unpleasant event (bottom-up processes, mapped in

primary visual and sensorimotor cortex and mid-posterior INS).

Consequently, the more picture-based nature of the social pain task

could have disclosed the somatosensory resonance with the target, in

addition to the affective one. Further studies using comparable para-

digms for investigating empathy for painful events are needed to clarify

the actual differences between the different types of pain.

LIMITATIONS

The present study addresses important questions related to the neural

substrates of physical and social pain and of the empathic responses for

both the experiences. The within-subjects design was chosen in order

to see the extent of neural overlap between all the conditions, and

eventually it proved to convey interesting results.

On the other hand, the paradigm we use leads itself to the problem

of spurious generalizations. In fact, it is possible that responses to the

different types of pain are enhanced in a situation in which a combin-

ation of physical and social negative stimuli is delivered so closely in

time.1

Similarly, empathic responses, especially in the social pain task could

have been possibly increased by people facing that same situation first,

1 Interestingly that was the case: by comparing participants (labeled PS henceforth, N¼ 14) that underwent the

physical pain task first, and participants (labeled SP henceforth, N¼ 9) that performed the social pain task first, we

observed order effects. Specifically, we found higher activation for the social pain task in the PS group, in the sACC

[4 12 �6], caudate [14 20 �6], right medial orbitofrontal gyrus [6 46 �10], right superior orbitofrontal gyrus [12

66 �16], right inferior orbitofrontal gyrus [28 34 �16], right insula [40 24 �8] (P < 0.05, cluster-level corrected).

Interestingly, aMCC [16 24 28] was also found activated at threshold of P < 0.001, uncorrected. No evidence for

activation differences was observed when comparing the physical pain task. These findings could be interpreted as

a possible spillover effect of the unpleasant experience of physical pain to the unpleasantness of social exclusion. It

is also possible that the observed difference between the two groups in the social pain task is not related to the

nature of the preceding task (physical pain) but rather to the order of presentation of the task itself. Given the

small sample size and the impossibility to disentangle these two hypotheses, further experiments targeting these

issues are needed.
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since in the present study participants always witnessed the other par-

ticipant being excluded after experiencing exclusion at first hand.

Further studies should address these problems, investigating the

extent of vicarious responses without previous exposure to the same

type of experience and separating in time the different types of pain.

Another limitation of the current study lies in the generalization of

the results to the whole population. In fact, in order to increase stat-

istical homogeneity, the present study investigated only female partici-

pants. Further research is needed to extend the validity of results to the

male population.

CONCLUSIONS

In summary, our study provides evidence that experiences of social

rejection can activate regions of the brain so far observed during ex-

periences of physical pain and possibly responsible for coding the in-

tensity of the threatening event. Furthermore, for the first time, we

showed that this pattern of brain activation extends to the witnessing

of the same type of social pain in others. Our findings provide fresh

support to models of empathy proposing a partial sharing of the af-

fective experiences of others based on one’s own emotional represen-

tations in similar experiences. Finally, the version of the Cyberball task

developed in the present study represents a more ecological tool for the

investigation of social pain that could be used in settings and popula-

tions (e.g. in autism and childhood) where other ways of powerful

social exclusion such as romantic rejection or bereavement could not

be used.
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