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In this issue, Fabbro and Crescentini [1] provide an integrative review of neuroscientific, psychological, cultural
and philosophical aspects of pain experience and discuss some critical examples of its regulation. Here we focus on
the two main social phenomena that are addressed in the review, namely the ‘pain of separation’ and ‘empathy for
pain’ and further support the idea that these phenomena are intrinsically linked to physical pain, which may provide
a ‘proximal’ physiological base to further understand them. In addition, we discuss the evolutionary ‘ultimate’ bases
of such phenomena and suggest that they are linked to the evolution of parental care in social animals and as such
support the development of social bonds. We conclude by considering the effect that positive social relationships and
empathy have on the experience of pain.
The distinction between proximate and ultimate causes of behavior is widely accepted in biology and refers to the
distinction between questions concerning the ‘how’ an organism implements a target behavior and ‘why’ evolution
has selected that behavior. According to Mayr “proximate causes govern the responses of the individual (and his organs) to immediate factors of the environment while ultimate causes are responsible for the evolution of the particular
DNA code of information with which every individual of every species is endowed” [2]. Emerging neuroscientific
evidence suggests that the pain of separation relies on some of the same neurochemical (e.g. opioid system) and neural substrates (e.g. anterior insular and cingulate cortices) that underlie the experiences of physical pain [3,4]. It has
been suggested that such an overlap would be evolutionarily adaptive. Feeling the pain of separation is thought to
support attachment and parental care during early development of social animals. As Fabbro and Crescentini point out
in their review [1], attachment systems exploit the well-developed physical pain systems to maintain proximity and
avoid separation, borrowing the aversive signals associated with noxious stimuli to indicate when relationships are
threatened, like in the case of early separations of baby mammals from caregivers [5–7]. Similar aversive signals are
thought to underlie other forms of social pain – which can be defined as the unpleasant experience that is associated
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with actual or potential damage to one’s sense of social connection or social value (owing to social rejection, exclusion, negative social evaluation or loss) – in later phases of development [4,5]. Just as the physical pain system alerts
an individual to the presence of a potential threat to the body and triggers physiological and behavioral reactions to
cope with physical threats [8–11], social pain system alerts the individual to potential threats in social environment
and recruits coping resources to minimize such a threat [3,4]. In baby mammals, separation triggers a series of signals
(e.g. distress vocalizations) that can be quickly detected by the caregiver through empathic abilities (or their precursors). Sensing offspring distress in turn promotes parental care, including nurturing and comforting, consolidation of
attachment, and ultimately increases the offspring’s chance of survival and successful reproduction [3,12].
Thus, feeling and communication of physical and social pain are also intrinsically intertwined with empathic
abilities. Empathy may have a phylogenetic and ontogenetic basis in the emotional linkage between offspring and
caregivers, but it is then exercised across the entire lifespan of many mammals [6,12]. Whereas full blown empathic
abilities in human primates (and possibly in apes) allow cognitive and emotional understanding of others, empathy
also has evolutionary precursors that enable animals to share emotional states, even in the absence of understanding
the source and causality of the aroused emotion in the other or the ability to distinguish between self and other (socalled ‘emotional contagion’) [6,12]. Empathy for pain entails the vicarious activation of pain signals in oneself when
seeing others in pain. A large body of research indicates that watching conspecifics in a physically painful condition
represents an emotionally distressing experience which is typically associated with the activation of several brain regions including the emotional [13,14], motor [15,16] and somatosensory [17,18] areas involved in the affective and
sensorimotor components of physical pain. In a similar vein, perceiving others experiencing social pain can also activate physical pain circuits in the perceiver [19,20]. These findings have led to the proposal that the perception of
others in pain automatically triggers the sharing of bodily and emotional pain representations between the self and
other [12,21–25]. This recruitment of pain systems during the vicarious experience of others’ pain is reminiscent of
the ‘resonant’ (mirror-like) activation of motor and emotional areas during observation of others’ actions and emotions
[21–24,26–31]. The resonant activation of first-hand pain representations may provide a neural mechanism for empathy, at least for its ‘bottom-up’, automatic and rudimentary ‘experience sharing’ components that can also be found in
non-human mammals [12,21–25,32]. Moreover, it can in part explain why others’ pain and distress can trigger in the
empathizer the prosocial motivation of alleviating that pain (called sympathy) [12,25,33].
From an evolutionary perspective, there is a tendency (over evolutionary time) towards more complex forms of
parental care that are predominantly noticeable in mammals and to a lesser extent in birds [33]. Scholars have proposed that social pain and empathy-related phenomena have evolved in combination with parental care in social
animals [6,12,33]. In this vein, motivational systems driving the pain of separation and empathic abilities were selected as tools to increase offspring survival in species that provide extensive parental care. It is important to consider
that parental empathic behavior prepares offspring for their role as parents allowing the development of parenting
skills [33,34]. Moreover, beyond these skills, early experiences also shape the way adult individuals interact with others emotionally. The transfer of empathic behavior to non-kin relationships may also have reproductive advantages,
if one cares for non-related in-group members as if they were kin [35]. Thus, the mechanisms underlying social pain
and empathy evolved in conjunction with parental care and were co-opted and used in the service of facilitating cooperation, cohesion and positive relationships between unrelated members of close-knit social groups, and ultimately
to increase survival and reproduction of in-group members [6,12]. This also implies a bias in empathic reactivity towards members of one’s own in-group relative to out-group members [36–38], although at least in humans, cultural
influences, familiarization and cognitive flexibility allows this bias to be overcome [39,40].
In their review, Fabbro and Crescentini suggest that expectation and extensive training associated with mindfulness
meditation may help in dealing with pain [1]. While we recognize that perception of pain and other negative feelings
can be reduced through the engagement of various regulatory processes (ranging from behavioral avoidance or escape,
to attentional distraction, cognitive reappraisal and attempts to inhibit overt responses) [41,42] and that meditation
practice may promote the mindful acceptance of one’s own pain and reduce its perception [1,43,44], here we also
propose the role of social bonds in pain regulation. We lend further support to our focus on the social dimensions of
pain by highlighting one implication of the conspicuous overlaps between physical pain, social pain and empathy:
i.e., the latter phenomena can affect the former. For example, experiences of failure and social exclusion are related
with increased physical pain sensitivity [4,45], but most importantly, perception of social support and empathy in
significant others is associated with feeling less pain across a number of different conditions [46] and studies have
begun to provide causal evidence of social support on experimental pain [47]. Interestingly, one key component of
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psychological wellbeing in these conditions appears to be the mindful acceptance of pain both in the person in pain and
his/her spouse [43,48]. Thus, although a well-known aphorism of Paul MacLean suggests that “a sense of separation
is a condition that makes being a mammal so painful” [49] appears to be grounded in the architecture and evolution
of the mammalian brain, we note that empathy and interpersonal relationships with significant others have the power
to alleviate the social and physical pain of being a mammal.
Acknowledgements
This work was supported by grants from Cogito Foundation (Project 2013, research grant R-117/13), Ministero
Istruzione, Università e Ricerca (Futuro in Ricerca 2012, RBFR12F0BD) and Ministero della Salute (Bando Ricerca
Finalizzata Giovani Ricercatori 2010, GR-2010-2319335) awarded to A.A. The authors are grateful to Therese Gilligan for her comments on an early version of the manuscript.
References
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]

Fabbro F, Crescentini C. Facing the experience of pain: a neuropsychological perspective. Phys Life Rev 2014;11:540–52 [in this issue].
Mayr E. Cause and effect in biology. Science 1961;134:1501–6.
Panksepp J. Affective neuroscience: the foundations of human and animal emotions. London: Oxford University Press; 1998.
Eisenberger NI. The pain of social disconnection: examining the shared neural underpinnings of physical and social pain. Nat Rev Neurosci
2012;13:421–34.
Panksepp J, Nelson E, Bekkedal M. Brain systems for the mediation of social separation-distress and social-reward. Evolutionary antecedents
and neuropeptide intermediaries. Ann NY Acad Sci 1997;807:78–100.
Decety J, Norman GJ, Berntson GG, Cacioppo JT. A neurobehavioral evolutionary perspective on the mechanisms underlying empathy. Prog
Neurobiol 2012;98:38–48.
Macdonald G, Leary MR. Why does social exclusion hurt? The relationship between social and physical pain. Psychol Bull 2005;131:202–23.
Craig AD. A new view of pain as a homeostatic emotion. Trends Neurosci 2003;26:303–7.
Iannetti GD, Mouraux A. From the neuromatrix to the pain matrix (and back). Exp Brain Res 2010;205:1–12.
Serino A, Annella L, Avenanti A. Motor properties of peripersonal space in humans. PLoS ONE 2009;4:e6582.
Borgomaneri S, Gazzola V, Avenanti A. Temporal dynamics of motor cortex excitability during perception of natural emotional scenes. Soc
Cogn Affect Neurosci 2013. http://dx.doi.org/10.1093/scan/nst139 [first published online: August 14, 2013].
Preston SD, de Waal FB. Empathy: its ultimate and proximate bases. Behav Brain Sci 2002;25:1–20.
Singer T, Seymour B, O’Doherty J, Kaube H, Dolan RJ, Frith CD. Empathy for pain involves the affective but not sensory components of
pain. Science 2004;303:1157–62.
Lamm C, Decety J, Singer T. Meta-analytic evidence for common and distinct neural networks associated with directly experienced pain and
empathy for pain. NeuroImage 2011;54:2492–502.
Avenanti A, Minio-Paluello I, Bufalari I, Aglioti SM. Stimulus-driven modulation of motor-evoked potentials during observation of others’
pain. NeuroImage 2006;32:316–24.
Avenanti A, Minio-Paluello I, Sforza A, Aglioti SM. Freezing or escaping? Opposite modulations of empathic reactivity to the pain of others.
Cortex 2009;45:1072–7.
Bufalari I, Aprile T, Avenanti A, Di Russo F, Aglioti SM. Empathy for pain and touch in the human somatosensory cortex. Cereb Cortex
2007;17:2553–61.
Valeriani M, Betti V, Le Pera D, De Armas L, Miliucci R, Restuccia D, et al. Seeing the pain of others while being in pain: a laser-evoked
potentials study. NeuroImage 2008;40:1419–28.
Masten CL, Morelli SA, Eisenberger NI. An fMRI investigation of empathy for ‘social pain’ and subsequent prosocial behavior. NeuroImage
2011;55:381–8.
Novembre G, Zanon M, Silani G. Empathy for social exclusion involves the sensory-discriminative component of pain: a within-subject fMRI
study. Soc Cogn Affect Neurosci 2014 [Epub ahead of print].
Avenanti A, Aglioti S. The sensorimotor side of empathy for pain. In: Mancia M, editor. Psychoanalysis and neuroscience. Milan, Italia:
Springer-Verlag; 2006. p. 235–56.
Gallese V. The roots of empathy: the shared manifold hypothesis and the neural basis of intersubjectivity. Psychopathology 2003;36:171–80.
Keysers C, Kaas JH, Gazzola V. Somatosensation in social perception. Nat Rev Neurosci 2010;11:417–28.
Iacoboni M. Imitation, empathy, and mirror neurons. Annu Rev Psychol 2009;60:653–70.
Zaki J, Ochsner KN. The neuroscience of empathy: progress, pitfalls and promise. Nat Neurosci 2012;15:675–80.
Rizzolatti G, Cattaneo L, Fabbri-Destro M, Rozzi S. Cortical mechanisms underlying the organization of goal-directed actions and mirror
neuron-based action understanding. Physiol Rev 2014;94(2):655–706.
Borgomaneri S, Gazzola V, Avenanti A. Motor mapping of implied actions during perception of emotional body language. Brain Stimul
2012;5:70–6.
Tidoni E, Borgomaneri S, di Pellegrino G, Avenanti A. Action simulation plays a critical role in deceptive action recognition. J Neurosci
2013;33:611–23.

A. Avenanti et al. / Physics of Life Reviews 11 (2014) 558–561

561

[29] Avenanti A, Candidi M, Urgesi C. Vicarious motor activation during action perception: beyond correlational evidence. Front Human Neurosci
2013;7:185.
[30] Jacquet PO, Avenanti A. Perturbing the action observation network during perception and categorization of actions’ goals and grips: statedependency and virtual lesion TMS effects. Cereb Cortex 2013. http://dx.doi.org/10.1093/cercor/bht242 [first published online: October 1,
2013].
[31] Avenanti A, Urgesi C. Understanding ‘what’ others do: mirror mechanisms play a crucial role in action perception. Soc Cogn Affect Neurosci
2011;6:257–9.
[32] Langford DJ, Crager SE, Shehzad Z, Smith SB, Sotocinal SG, Levenstadt JS, et al. Social modulation of pain as evidence for empathy in mice.
Science 2006;312:1967–70.
[33] Gonzalez-Liencres C, Shamay-Tsoory SG, Brüne M. Towards a neuroscience of empathy: ontogeny, phylogeny, brain mechanisms, context
and psychopathology. Neurosci Biobehav Rev 2013;37:1537–48.
[34] Barrett J, Fleming AS. Annual research review: all mothers are not created equal: neural and psychobiological perspectives on mothering and
the importance of individual differences. J Child Psychol Psychiatry 2011;52:368–97.
[35] Trivers RL. The evolution of reciprocal altruism. Q Rev Biol 1971;46:35–57.
[36] Xu X, Zuo X, Wang X, Han S. Do you feel my pain? Racial group membership modulates empathic neural responses. J Neurosci
2009;29:8525–9.
[37] Avenanti A, Sirigu A, Aglioti SM. Racial bias reduces empathic sensorimotor resonance with other-race pain. Curr Biol 2010;20:1018–22.
[38] Azevedo RT, Macaluso E, Avenanti A, Santangelo V, Cazzato V, Aglioti SM. Their pain is not our pain: brain and autonomic correlates of
empathic resonance with the pain of same and different race individuals. Hum Brain Mapp 2013;34:3168–81.
[39] Galinsky AD, Moskowitz GB. Perspective-taking: decreasing stereotype expression, stereotype accessibility, and in-group favoritism. J Pers
Soc Psychol 2000;78:708–24.
[40] Peck TC, Seinfeld S, Aglioti SM, Slater M. Putting yourself in the skin of a black avatar reduces implicit racial bias. Conscious Cogn
2013;22:779–87.
[41] Gross JJ, Thompson RA. Handbook of emotion regulation. New York: Guilford Press; 2007.
[42] Ochsner KN, Silvers JA, Buhle JT. Functional imaging studies of emotion regulation: a synthetic review and evolving model of the cognitive
control of emotion. Ann NY Acad Sci 2012;1251:E1–24.
[43] Bushnell MC, Ceko M, Low LA. Cognitive and emotional control of pain and its disruption in chronic pain. Nat Rev Neurosci 2013;14:502–11.
[44] Keefe FJ, Porter L, Somers T, Shelby R, Wren AV. Psychosocial interventions for managing pain in older adults: outcomes and clinical
implications. Br J Anaesth 2013;111:89–94.
[45] Bernstein MJ, Claypool HM. Social exclusion and pain sensitivity: why exclusion sometimes hurts and sometimes numbs. Pers Soc Psychol
Bull 2012;38:185–96.
[46] Cano A, Williams AC. Social interaction in pain: reinforcing pain behaviors or building intimacy? Pain 2010;149:9–11.
[47] Krahé C, Springer A, Weinman JA, Fotopoulou A. The social modulation of pain: others as predictive signals of salience – a systematic review.
Front Human Neurosci 2013;7:386.
[48] Williams AM, Cano A. Spousal mindfulness and social support in couples with chronic pain. Clin J Pain 2014;30:528–35.
[49] MacLean PD. Perspectives on cingulate cortex in the limbic system. In: Vogt BA, Gabriel M, editors. Neurobiology of cingulate cortex and
limbic thalamus: a comprehensive handbook. Boston: Birkhäuser; 1993. p. 1–15.

