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A B S T R A C T   

Comforting touch involves contact distress-alleviating behaviors of an observer towards the suffering of a target. 
A growing number of studies have investigated the effects of touch on pain attenuation, focusing on the 
(toucher), the target (comforted) or both. Here we synthesize findings of brain mechanisms underlying com
forting touch in the target and toucher to propose an integrative brain model for understanding how touch at
tenuates distress. Building on evidence from the pain and distress literatures, our model applies interchangeably 
to pain and distress regulation. We describe comforting touch as a feedback-loop that begins with distress 
experienced by the target, triggering an empathic response in the toucher which in turn reduces distress in the 
target. This cycle is mediated by interactions between the neural circuits associated with touch perception, 
shared distress, emotion regulation and reward as well as brain-to-brain coupling in the observation-execution 
system. We conclude that formulating a model of comforting touch offers a mechanistic framework for under
standing the effects of touch as well as other social interactions involving social support.   

1. Comforting touch 

The skin is the largest sensory organ covering the whole body, 
allowing perception and exploration of our surrounding. The sense of 
touch is believed to be one of the first senses to develop in a human 
embryo (Gottlieb, 1971). In recent years, it is increasingly acknowl
edged that beyond the role of touch in perceiving the external world, it is 
a mediator of several affective and social functions (Cascio et al., 2019). 
An abundance of adaptive affiliative behaviors including grooming, play 
and sexual behavior involve touch between individuals, indicating that 
social touch may have survival advantages (Dunbar and Dunbar, 1998; 
Panksepp, 1998; Suvilehto et al., 2015). Touch between interacting 
partners has been shown to affect emotional well-being (Gallace and 
Spence, 2010) and to regulate stress responses (Grewen et al., 2003), 
suggesting that certain types of touch serve to relieve distress. While it is 
known that social mammals demonstrate better recovery from experi
ences of distress when they are in proximity to a conspecific, a phe
nomenon termed ‘social buffering’ (Kikusui et al., 2006), it was 
suggested that touch is comforting above and beyond mere physical 
proximity between the target and observer (Nelson and Panksepp, 
1998). 

Comforting touch may be defined as distress-alleviating contact 

between an observer and a suffering target. In situations involving 
suffering, touch may provide physical and emotional relief of distress, 
beyond what individuals could achieve alone. Comforting touch is not 
unique to humans. It is a prevalent strategy for distress attenuation 
across the animal kingdom (Romero et al., 2011), further attesting to its 
evolutionary role. Consoling behaviors that entail touch were reported 
in apes (Cordoni et al., 2006; de Waal and van Roosmalen, 1979; Fraser 
and Aureli, 2008, 2008; Mallavarapu et al., 2006; Romero et al., 2010), 
large-brained birds (Seed et al., 2007) and dogs (Cools et al., 2008). 

A growing body of literature acknowledges the role of social regu
lation beginning at childhood throughout the life span. These studies 
highlight the importance of early social interactions in the regulation of 
the infant’s homeostasis, contributing to the basic formation of the self 
(Fotopoulou and Tsakiris, 2017). Early in their development, humans 
rely on their social environment to regulate their basic needs (Atzil et al., 
2018). The Social Baseline Theory argues that given that self-regulation 
is metabolically costly, social regulation including comforting touch 
may diminish the level of effort needed to attenuate distress (Coan and 
Maresh, 2014). Touch was suggested to play a role in keeping a stable 
balance among the body’s multiple interacting physiological systems 
during stress (Morrison, 2016). Indeed, various types of comforting 
touch, including hugging, massage, handholding, or stroking have been 
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shown to diminish physical and emotional distress in various social 
contexts (Coan et al., 2006; Goldstein et al., 2018; Grewen et al., 2003; 
Kawamichi et al., 2015; Master et al., 2009; von Mohr et al., 2018). 
Touch was found to attenuate reactivity to stress in infants (Feldman 
et al., 2010) and the provision of maternal touch in the newborn was 
shown to enhance social synchrony up until adulthood, contributing to 
the individual’s social skills (Yaniv et al., 2021). Notably, compared to 
verbal support, comforting touch was found to be more efficient for 
stress reduction (Ditzen et al., 2007) and the attenuation of social 
exclusion distress (Morese et al., 2019), demonstrating that it is a 
powerful strategy for social support. 

Despite ample evidence for the beneficial effects of comforting touch, 
the neural mechanisms that underlie the effects of touch on distress have 
been examined only in recent years. Neuroimaging studies that have 
focused on the target of pain demonstrated that social touch is associ
ated with the attenuation of activation in neural networks supporting 
threat responses (e.g. Coan et al., 2006). On the other hand, studies that 
focused on the toucher have generally argued that comforting touch 
represents a basic empathic response of an observer, to the distress of a 
target (Peled-Avron et al., 2018). While most studies on comforting 
touch have focused on characterizing either the toucher or the target of 
distress, emerging studies apply a two-brains approach to examine the 
effects of touch in interactions consisting of both the target and the 
toucher. 

Here we synthesize disparate findings on touch, empathy and pain, 
to propose a two-brain model of comforting touch. We argue that 
comforting touch may be viewed as a feedback loop consisting of a 
suffering target and an observer/toucher. This feedback loop contains 
core elements of a regulatory mechanism: an external event, someone 
else’s distress, signals of departure from homeostasis; an empathic 
response of an observer that triggers touch; regulation of distress 
through perceiving touch by the target, who returns to homeostasis 
(Fig. 1). The proposed two-brains neural model explains how various 
types of touch contribute to distress attenuation. By adopting frame
works from research in the fields of learning and control (Lockwood and 

Klein-Flügge, 2020) we characterize the way in which feedback from a 
distressed target can cause the toucher to adapt their touch during 
comforting touch. The two-brains feedback loop model proposed here 
may offer a mechanistic framework for understanding the comforting 
touch as well as other forms of social support, as it allows understanding 
of both interaction partners as well as providing testable hypotheses 
regarding the neural underpinnings underlying their behavior. 

2. What triggers comforting touch? 

Behavioral observations demonstrate that comforting touch occurs 
when the target experiences physical or emotional pain. For example, 
studies on consolation in apes show that the initial trigger of consoling 
touch results from a third party’s aggressive acts toward the victim, 
including physical harm as well as nonphysical acts such as threat (e.g. 
Romero et al., 2010). Likewise, in humans, it has been shown that 
comforting touch is used during various types of distress caused by 
emotional (Cekaite and Kvist Holm, 2017), social (Ditzen et al., 2007) 
and physical (Coan et al., 2006) insults. 

Interestingly, a large body of literature suggests a possible overlap in 
the neural circuitry underlying physical and social pain (Eisenberger, 
2012), indicating that comforting touch may affect the activity of shared 
neurobiological substrates that underlie both the experiences of physical 
pain and emotional pain. Neuroimaging studies consistently show that 
nociceptive stimuli commonly elicit activity in a neural network termed 
the Pain Matrix (Geha and Waxman, 2016; Ploghaus et al., 1999), a 
system which involves a very wide array of subcortical and cortical brain 
structures (Apkarian et al., 2005; Garcia-Larrea et al., 2003), that in
cludes the primary (S1) and secondary (S2) somatosensory cortices, the 
thalamus, anterior cingulate cortex (ACC) and the insula. Although 
recent studies have questioned the unitary view of the pain matrix (e.g. 
Geuter et al., 2020), it is largely agreed that nociceptive stimuli involve a 
range of networks that could be divided into sensory and affective di
mensions, such that the sensory regions (S1 and S2) mediate sensory 
aspects of pain (e.g. location of pain) while the dorsal ACC (dACC) and 

Fig. 1. Comforting touch occurs when the target experiences physical or social pain which triggers empathy for pain in the toucher. The activation of empathy 
circuits in the toucher may initiate touch which leads to touch perception in the target. Pleasant touch may diminish levels of pain in the target. 
(+) represents activation; (-) represents inhibition; solid lines represent unidirectional effects; dashed lines represent possible bidirectional effects. 
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anterior insula (AI) mediate the affective aspects of pain (Wager et al., 
2013). Given the significance of the affective component of pain for 
signaling unpleasantness and potential harm, it has been hypothesized 
that social distress (e.g., exclusion) relies on brain regions associated 
with the affective component of pain (Eisenberger, 2012). Indeed, 
similar to physical pain, social and emotional pain (e.g. social rejection) 
has been associated with activity in the dACC (Cacioppo et al., 2013; 
Eisenberger, 2015; Hsu et al., 2015; Meerwijk et al., 2013; Wager et al., 
2009). Notably, beyond shared brain networks there is evidence for 
dynamic interactions between pain and stress at both the acute and 
chronic level (Vachon-Presseau, 2018). Furthermore, both stress and 
pain are jointly modulated by psychosocial factors such as fears, beliefs, 
goals, and the social context (Karos et al., 2018). 

Since comforting touch aims at diminishing distress, it is not sur
prising that it was found to directly regulate physical and social distress 
as well as decrease activity in regions related to affective aspects of pain 
such as the dACC and AI. For example, Coan et al. (2006) found that 
handholding attenuates activation in the neural systems supporting 
threat responses. Similarly, in a recent study, López-Solà et al. (2019) 
found that handholding reduced pain as well as activity in the AI and 
dACC. These studies indicate that comforting touch may be triggered by 
pain or pain-related distress occurring to the target. Touch appears to 
directly affect the activity of core brain regions that contribute to pain 
and pain-related-affective distress. 

3. Comforting touch as an expression of empathy 

From the point of view of the toucher, providing comforting touch is 
a prosocial response driven by empathy, directed towards another per
son (Romero et al., 2010). Empathy refers to the cognitive and the 
emotional reactions of an observer towards the distress of the target 
(Decety and Jackson, 2004; Shamay-Tsoory, 2011). Accumulative evi
dence suggests that empathy plays an important role in contributing to 
distress regulation (Decety and Fotopoulou, 2015). 

The question remains, how does empathy contribute to attenuating 
pain? Detecting distress in others does not necessarily lead to action. 
Empathic responses can be covert and consist of internal emotional 
changes or inner thoughts that are not communicated back to the target. 
However, empathic responses are often overt and include detectable 
facial or body expression, verbal responses or touch. These overt re
actions may be communicated back to the target and directly affect her/ 
his emotional state. Given that touching is also rewarding for the 
toucher (Gentsch et al., 2015), it is not surprising that touch is frequently 
selected as an empathic response. In line with this, Romero et al. (2010) 
have suggested that consoling touch in chimpanzees represents an 
empathic response. Indeed, different variables known to affect empathy, 
such as social closeness and kinship, affect comforting touch in primates 
(Fraser and Aureli, 2008). It has been suggested that empathy has a key 
role in social touch in human as well (Bufalari and Ionta, 2013). Gold
stein et al. (2016) found that during handholding, the toucher’s level of 
trait empathy (as measured by the interpersonal reactivity index [IRI]) 
predicted the level of pain experienced by the target, indicating that 
highly empathic touchers are better at comforting their partners. This 
suggests that the effectiveness of touch is moderated by the levels of 
empathy experienced by the target and that individual differences in the 
touchers’ empathy contribute to the level of pain attenuation. 

One possible explanation for these findings is that highly empathic 
individuals are better at adapting their responses to the target, based on 
the feedback they receive from the target. It was recently suggested that 
adaptive empathy, a term that denotes the capacity to adapt one’s 
empathic responses to the target, is a central aspect of empathic skills 
(Hertz and Shamay-Tsoory, 2021). By synthesizing models of empathy 
with models of learning, the adaptive empathy approach frames 
empathy as a process that involves a feedback loop, where the likelihood 
of providing a specific empathic reaction changes during and across 
interactions, based on feedback from the target (Main et al., 2017; Tamir 

and Thornton, 2018; Zaki et al., 2008). In line with the adaptive 
empathy framework, participants with high empathic traits (scoring 
high on a cognitive empathy scale) were reported to be better at learning 
about the preferred emotion regulation strategies of different suffering 
targets, as compared to low empathic participants (Kozakevich-Arbel 
et al., 2021). Given that emotions are identifiable via touch (Hertenstein 
et al., 2006), it is likely that highly empathic touchers are capable of 
identifying the levels of pain communicated by the target and adapt 
their touch accordingly. 

Sharing the pain of a target activates the affective component of the 
pain network, including the dACC and the AI. On the other hand, the 
need to align in movement, emotion or cognition during empathy trig
gers activity in a neural network responsible for observation-execution 
(mirror) network, including the inferior frontal gyrus (IFG) and infe
rior parietal lobule (IPL) (Lamm et al., 2011). The activation of this 
parietofrontal circuit indicates that action representations that are pri
marily involved in experiencing distress are also recruited during the 
observation of distress (Rizzolatti and Sinigaglia, 2016). The participa
tion of the shared pain and observation-execution networks in empathy 
for pain implies that in addition to sharing the distress of the target, 
empathy entails a matching system that synchronizes the response of the 
observer to that of the target. In line with this, Korisky et al. (2020) 
scanned couples during comforting touch and found shared activations 
between the target and toucher in the IPL. Interestingly, there was a 
correlation between the IPL activity of the toucher and the target during 
handholding, pointing to possible coupled activity in the IPL between 
partners. Likewise, comforting a loved one experiencing pain resulted in 
changes of physiological rhythms - EEG mu/alpha band (8–12 Hz) 
suppression - associated with observation-execution: (Peled-Avron et al., 
2018). Moreover, in a dual-EEG study, it was found that handholding of 
romantic couples during pain administration increased brain-to-brain 
coupling in the alpha-mu band in a network that mainly involves the 
central regions of the pain in the target, and the right hemisphere of the 
pain observer (Goldstein et al., 2018). Importantly, the extent of 
brain-to-brain coupling was found to correlate with the toucher’s state 
empathy. In line with this, in a recent physiological study, Reddan et al. 
(2020) reported that trait empathy predicted levels of synchrony in skin 
conductance response in couples during handholding. 

Taken together, these studies indicate that comforting touch repre
sents an empathic response of an observer towards the suffering of a 
target. By means of coupling in the observation-execution systems of the 
target and the toucher, the toucher may take advantage of their own 
representations of distress to understand the targets’ physical or 
emotional distress and provide a touch that is attuned to the targets’ 
needs. 

4. Types of comforting touch 

Touch information is conveyed from the skin to the brain via afferent 
fibers that innervate distinct classes of mechanoreceptors. It was sug
gested that the functional division in the neural organization of touch 
may resemble that of pain, possessing the dissociable sensory and af
fective dimensions (e.g. Auvray et al., 2010; McGlone et al., 2007). 
Neuroimaging studies show that affective touch activates the classical 
somatosensory areas S1 and S2 as well as affective regions, including the 
posterior contralateral insular cortex and the dACC (e.g. Gordon et al., 
2013). Notably, Scalabrini et al. (2019) have shown that touch of 
animate compared to an inanimate protagonist is perceived as more 
synchronous with the self and that the spontaneous brain activity in the 
pregenual ACC (pgACC) can predict the response to animate touch, 
indicating that the brain is wired to become aligned with touching 
agents. Indeed, a burgeoning literature has demonstrated that merely 
observing others’ touch involves regions related to direct experienced 
touch (e.g Gazzola et al., 2012; Sharma et al., 2018). 

Still, the activation of touch-related networks largely depends on the 
type of touch provided. It is well established that large myelinated 
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afferents (Aβ-fibers) convey tactile sensation from both glabrous and 
hairy skin and are activated by all types of mechanical events, reflecting 
their importance in discriminative touch (Kandel et al., 2013). Acti
vating Aβ-fibers projects information to the spinal cord and then to the 
thalamus, which conveys touch signaling to the somatosensory cortex 
and other multimodal regions. Aβ afferents have fast conductance ve
locity allowing rapid detection of spatial and temporal tactile informa
tion (Vallbo and Johansson, 1984). On the other hand, C-Tactile (CT) 
afferents in the hairy skin are considered as slow afferents that convey 
the affective aspects of touch (Olausson et al., 2010). Gentle stroking 
stimulates the unmyelinated CT afferents that convey tactile sensation 
(Löken et al., 2009). Neuroimaging findings reveal that CT fibers project 
to the posterior insular cortex (PI) and the orbitofrontal cortex (OFC) 
(Björnsdotter and Olausson, 2011; Mcglone et al., 2012). The stimula
tion of CT afferents was suggested to trigger the release of oxytocin 
(Walker et al., 2017). Notably, it was recently reported that touch 
signaling may rely on a population of parvocellular oxytocin neurons in 
the rat PVN, selective for of affiliative touch (Tang et al., 2020). 

Both gentle stroking on hairy skin and handholding were previously 
associated with comforting responses (Table 1). Considering that the CT 
afferent system is widely believed to be specialized for affective touch 
(McGlone et al., 2007), it was proposed to serve as a key mechanism for 
pain regulation. CT touch was found to be already developed in infancy 
(Fairhurst et al., 2014), to affect the activity of the autonomic nervous 
system in infants (Bytomski et al., 2020; Croy et al., 2016; Manzotti 
et al., 2019; Van Puyvelde et al., 2019), and to attenuate noxious-evoked 
brain activity in infants (Gursul et al., 2018). von Mohr et al. (2018), 
found that slow stroking reduced the amplitude of early and late ERPs as 
well as subjective pain. Likewise, Liljencrantz et al. (2017), reported that 
slow brushing – optimal for CT activation – is effective in reducing pain 
from cutaneous heating. Slow stroking was also found to decrease heart 
rate in adults (Triscoli et al., 2017) and to diminish emotional distress 
such as feelings of exclusion (von Mohr et al. (2018). Furthermore, in
dividuals with social difficulties (e.g. individuals diagnosed with autism 
spectrum condition) show attenuation in brain response to CT touch 
(Kaiser et al., 2016; Silva and Schalock, 2016), further attesting to the 
social and affective role of this type of touch. 

Nonetheless, touch induced-analgesia has also been reported in the 
context of handholding in several studies (e.g. Goldstein et al., 2016, 
2018; Reddan et al., 2020; Che et al., 2018). Graff et al. (2019) reported 
that participants assigned to a handholding condition compared to the 
control group showed accelerated habituation to stress and decreased 
pupil reactivity. Handholding was also found to be effective in reducing 
distress related to various medical procedures including surgery (Moon 
and Cho (2001), cystoscopy (Kwon et al. (2018) and cancer treatments 
(Weekes et al., 1993). It was suggested that the stimulation of Aβ af
ferents by touching the palm is also pleasurable (Krämer et al., 2007; 
Mcglone et al., 2012) and similarly activates insular and OFC regions 
(Rolls et al., 2003). In addition to the OFC and insula, the pgACC has also 
been found to respond to pleasant touch both in palm touch (Rolls et al., 
2003) and during human touch massage (Lindgren et al., 2012). 
López-Solà et al. (2019) found that handholding reduced pain, attenu
ated the activity of pain related regions and increased connectivity be
tween the pain networks and both somatosensory and “default mode” 
regions. In line with this, Kreuder et al. (2018) found that handholding 
was most effective in reducing the unpleasantness of electric shocks, and 
intranasal administration of the oxytocin was associated with stronger 
decrease of neural responses to shocks in the AI and stronger activity in 
prefrontal regions. 

However, the ability of handholding to reduce pain may also depend 
on the situation in which the pain is experienced. For instance, in a study 
examining how handholding affected the experience of emotional pain 
while one member of a romantic couple shared a past emotionally 
painful experience (Sahi et al., 2021), results showed that handholding 
increased feelings of comfort in the individual reliving the past 
emotionally painful experience, but did not specifically reduce 
emotional pain levels. Instead, the pain-reducing effects of handholding 
emerged later on. Painful memories recounted while handholding were 
(weeks to months) later reported to be less painful than painful mem
ories recounted without handholding. Thus, while handholding had a 
delayed effect on reducing emotional pain, it did not have an immediate 
effect. One possible explanation for this is that there are some situations 
in which experiencing pain may be more adaptive. Thus, while fully 
experiencing an experimental physical pain stimulus is likely not 

Table 1 
Comparison between handholding and gentle stroking.   

Type of 
skin 

Receptor Fiber 
group 

Conduction velocity (ms-1, appr. mean 
values) 

Comforting effect 

Handholding glabrous Low threshold mechanoreceptors-codes all aspects of 
mechanostimulation 

Aβ 60 Physical pain     

High temporal and spatial resolution Coan et al. (2006)      
Goldstein et al. (2018)      
Goldstein et al. (2016)      
Reddan et al. (2020)      
López-Solà et al. (2019)      
Kreuder et al. (2018)      
Che et al. (2018)      
Emotional distress      
Graff et al. (2019)      
Moon and Cho (2001)      
Kwon et al. (2018)      
Weekes et al. (1993)      
Sahi et al. (2021) 

Slow stroking Hairy Low-threshold mechanoreceptors (CT) C <2 Physical pain   
Codes specific forces and velocities  Poor temporal and spatial resolution Gursul et al. (2018)      

Liljencrantz et al. 
(2017)      
von Mohr et al. (2018),      
Reddan et al. (2020)      
Emotional distress      
Van Puyvelde et al. 
(2019)      
von Mohr et al. (2018),      
Van Puyvelde et al. 
(2019)      
von Mohr et al. (2018)  
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helpful, it might be useful to fully experience a past emotionally painful 
experience in order to process it more fully and learn from it. Hence, 
there may be some situations in which certain kinds of emotionally 
painful experiences are not immediately reduced by handholding. 

As shown in Table 1, there is strong evidence supporting the effec
tiveness of both handholding and slow stroking in pain and distress 
reduction. While both types of touch are effective strategies for comfort, 
it is possible that there are individual differences in touch preference. 
Krahé et al. (2016) have shown that the effects of touch interact with the 
attachment style of the participant, such that the effects of touch depend 
on the expectations of the target from social support. Moreover, indi
vidual differences in narcissism have also been shown to mediate the 
correlation between spontaneous and task-induced activity in AI during 
touch (Scalabrini et al., 2017). Given that the effects of touch largely 
depend on culture and types of relationships (Sorokowska et al., 2021), 
it may be suggested that both external and internal context may mediate 
the effect of touch. 

5. Closing the loop: when pain and touch interact 

The evidence reported above indicates that the neural mechanisms 
underlying the effects of touch on distress may be related to several 
mechanisms by which touch-related neural activity interacts with pain/ 
distress networks. Given that pain is multidimensional and includes 
physical, emotional and interpersonal aspects (Hadjistavropoulos et al., 
2004), the question remains which aspect of pain signaling interacts 
with touch. Early studies have proposed that touch-induced analgesia, 
attributed to A-beta activation, is mediated by the gating of nociceptive 
input at the spinal level whereby touch closes the spinal nerve "gates" to 
painful input, preventing pain signaling traveling to the brain (Melzack, 
1996). Yet it is increasingly acknowledged that touch-pain interactions 
also take place at cortical-subcortical networks (Mancini et al., 2015), 
suggesting that the analgesic effects attributed to touch are based on the 
inhibitory effect that somatosensory fibers (A-beta and CT) have on pain 
fibers, in addition to the impact of affective processes. Given that touch 
also affects emotional and social distress, it is possible that mechanisms 
underlying the effects of touch on distress may be related to several 
mechanisms by which touch-related neural activity interacts with the 
affective dimension of pain. 

The prominent findings of coupling of autonomic (Goldstein et al., 
2018; Reddan et al., 2020) and brain (Goldstein et al., 2018; Korisky 
et al., 2020) activity between the toucher and the target indicate that 
bidirectional information flow between interaction partners is essential 
for pain attenuation. Coupled brain activity between the target and the 
toucher during comforting touch was mainly found in regions related to 
the observation-execution system. As described above, Korisky et al. 
(2020) reported similar activity in the IPL between the target and the 
toucher during handholding. Notably, evidence from hyper-scanning 
fNIRS studies points to brain-to-brain coupling in 
observation-execution related regions such as the inferior frontal gyrus 
(IFG) and IPL during various types of social interactions (Nguyen et al., 
2020; Osaka et al., 2015; Nguyen et al., 2020). Specifically, the IPL was 
reported to be coupled between participants during social interactions 
that involve cooperation (e.g. Miller et al., 2019) and joint action (Chen 
et al., 2020). Furthermore, coupling between IPL of interaction partners 
was found to predict better connectedness between them, including 
working alliance in psychotherapy (Zhang et al., 2018) and increased 
affiliation between strangers (Kinreich et al., 2017). Importantly, 
coupling in the observation-execution system was found to be a core 
component of social alignment (Shamay-Tsoory et al., 2019). 

Considering that during comforting touch, brain-to-brain coupling in 
the observation-execution system increases, it is possible that touch may 
serve as a channel for the generation of alignment between the toucher 
and target at multiple levels. Alignment in emotion, cognition and mo
tion may allow better information transfer between partners and thus 
reduce distress. In line with this, synchronized body motion during 

psychotherapy was demonstrated to predict better outcome of treatment 
(Ramseyer and Tschacher, 2011). In the case of touch, the information 
transferred between partners may include level of distress (target) or 
empathy (toucher). Notably, Hertenstein et al. (2006) found that in
formation regarding emotions is transferred via touch. Specifically, it 
was reported that participants were able identify various emotions 
including love and sympathy from the experience of being touched on 
the arm (without seeing the toucher). This indicates that touch can 
reliably communicate emotions and that the receiver is able to recognize 
the emotion communicated by the toucher (Hertenstein, 2002; Herten
stein et al., 2006). If indeed touch increases social alignment, it is 
possible that both the toucher and the target are able to share their 
emotions during touch. 

Moreover, the mutual alignment that develops during handholding 
may also signal to the target that the toucher understands their distress 
and may consequently help them. Feeling understood is known to alle
viate negative affect (Seehausen et al., 2012). Morelli et al. (2014) have 
reported that understanding feelings may activate parts of the reward 
circuitry including the ventral striatum (VS). In line with this, Reddan 
et al. (2020) have recently reported that higher levels of activation in the 
striatum predicted lower levels of pain during handholding. Lindgren 
et al. (2012) reported that pleasurable touch massage most strongly 
activates part of the reward circuitry including the pgACC. Interestingly, 
it has been shown that parts of the reward system (e.g. OFC) are not only 
active during first-hand experience of touch but also during vicarious 
touch (Lamm et al., 2015). Likewise, findings on resting-state connec
tivity shows shared activity in the ventromedial prefrontal cortex 
(VMPFC) during self and other representation (Murray et al., 2015), 
indicating that both the target and the toucher share the rewarding 
experience of touch. It is thus possible that this shared experience helps 
the target to feel understood and this may interact with the pain rep
resentation in a way that alleviates the threat associated with the painful 
stimulus. 

Yet, the question remains: how does reward attenuate distress? One 
possibility is that reward may affect pain through mutually inhibitory 
effects of pain and pleasure processing. Pleasure-related analgesia is 
reported in various situations including sexual behaviour (Forsberg 
et al., 1987), viewing pictures of loved ones (Master et al., 2009) and 
pleasurable music (Roy et al., 2008). Ecological studies on facial 
expression show that people experiencing intense negative or positive 
affect—for example, pain or orgasm—spontaneously produce facial 
expressions that are undistinguishable (Aviezer et al., 2012). Notably, it 
has been suggested that pleasure and pain share similar mechanisms, 
pointing to potentially reciprocal inhibitory mechanisms which may 
take place in brain areas in which adjacent subregions encode aversive 
and appetitive processing (Leknes and Tracey, 2008). For example, it has 
been suggested that different OFC subregions represent pleasant touch 
and pain (Rolls et al., 2003). Similarly, it has been reported that the 
pgACC is activated by positive rewards while dACC responds to pun
ishment (Liu et al., 2011). Indeed, Vogt (2005), suggested that while 
both the pgACC and dACC mediate pain, the pgACC is more related to 
pleasure, indicating that pain attenuation might be resolved in the 
context of the cingulate subregions. Accordingly, functional interactions 
between pain and pleasure subregions within the ACC and the OFC may 
serve as a potential mechanism by which touch mitigates pain. Notably 
it was reported that CT touch activates parts of the reward circuitry 
including the striatum and OFC (Sailer et al., 2016). In line with this, it 
was demonstrated that optimal C-touch (slow, gentle touch on the 
forearm) is more likely than other types of touch to convey arousal, lust 
or desire (Kirsch et al., 2018), indicating that stroking may attenuate 
pain by enhancing pleasure. 

The reward account of comforting touch is also supported by findings 
showing that people’s feelings towards the person that touches them 
plays an important role in mediating the effects of touch (Coan et al., 
2006; Goldstein et al., 2016). Several brain regions, including S1 and the 
ACC (Gazzola et al., 2012) and the OFC (McCabe et al., 2008) were 
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found to react differently, depending on the protagonist that touches the 
subject. This suggests that the attitudes and feelings towards the toucher 
may increase activity in the pleasant touch network. In fact, it was re
ported that the mere representation of a loved one may attenuate pain 
ratings as compared to experiencing the pain alone (Master et al., 2009). 
Furthermore, it was suggested that touch serves as a safety signal and 
that even touch provided by a machine or an animal is comforting 
(Eckstein et al., 2020), indicating that beyond the fiber stimulated, 
stimuli associated with touch may be comforting. 

These findings are in line with studies demonstrating that reward 
circuitry plays a key role in placebo analgesia (Scott et al., 2008). It is 
thus possible that comforting touch diminishes levels of distress by 
modifying one’s expectations about pain. This view is consistent with 
studies showing that touch provided by a romantic partner increases the 
availability of μ-opioid receptors in reward-related neural regions 
(Nummenmaa et al., 2016). 

Yet another possibility is that the rewarding effects of touch may 
interfere with pain processing by distracting the target’s attention from 
the pain. Distraction is an emotion regulation strategy that involves 
deploying attention away from the emotionally salient aspects of an 
emotion-eliciting event (Urry, 2010). Emotion regulation refers to how 
individuals attempt to influence the way they experience emotions 
(Gross, 2008). According to the distraction explanation, distress is 
reduced during touch because the target’s attention shifts from the 
distress stimuli to the rewarding touch stimuli. The dACC-AI involve
ment in both social pain and physical pain may underlie this effect. The 
overlap in dACC-AI activity in both pain and pleasure may represent the 
role of this system in signaling salient events (Iannetti et al., 2013). In 
line with this, Dalgleish et al. (2017) showed that the dACC and AI are 
commonly activated by feedback from negative and positive cues. Thus, 
activation of this network in the context of touch may compete with the 
activation of this system generated by pain, thus attenuating pain. 

Beyond brain-to-brain coupling and reward, it is possible that other 
mechanisms related to emotion regulation are activated during com
forting touch. As mentioned earlier, Korisky et al. (2020) found coupled 
activation in the IPL between the target and the toucher. Psychophysi
ological interaction (PPI) analysis was carried out to examine brain re
gions in which activity was coupled with the IPL in the target. This 
analysis revealed that the IPL activity during handholding was positively 
coupled with activity in the dorsomedial prefrontal cortex, a region that 
has been implicated in emotion regulation. Similar findings were re
ported by López-Solà et al. (2019) who found that handholding 
increased functional connectivity between the pain related regions and 
the medial prefrontal cortices. This may indicate that increased func
tional integration between pain and emotion regulation processing may 
take place during comforting touch. Previous studies have highlighted 
the importance of the prefrontal cortex in emotion regulation and in the 
ability to downregulate negative emotions (see Etkin et al., 2015; 
Ochsner and Barrett, 2001). It is possible that external support encour
ages reappraisal of pain intensity and may influence levels of pain 
experienced by the target. Indeed, it was argued that social support 
during pain fosters reassessment of the threat stimuli and may thus 
attenuate pain (Krahé et al., 2013). This suggests that comforting touch 
may contribute to the target’s ability to self-regulate their distress by 
increasing prefrontal activity. While this view seemingly contradicts the 
Social Baseline Theory, according to which touch may allow diminished 
regulatory efforts of the target (Coan and Sbarra, 2013), differences in 
the timing of touch may explain the incongruity between these expla
nations. It is possible that touch has an initial rapid effect reducing 
prefrontal activity which is followed by a prolonged stage involving 
higher efficacy of self-regulation. It may be speculated that in the initial 
phase of comforting touch, when expecting pain, there is decrease in 
frontal activity while during pain itself there is increase in frontal 
activity. 

Finally, although the proposed neural model focuses on the reward, 
distress and observation-execution systems, other networks may be 

involved in this cycle. The mentalizing system and regions that mediate 
self-other distinction (e.g. temporo-pariental junction) may also be 
involved in comforting touch, as it involves self-other overlap as well as 
understanding the intentions of others. Furthermore, given that the 
toucher also experiences touch and vicarious pleasant touch (Morrison 
et al., 2011) these regions are probably also activated in the toucher. 

6. Characterizing the comforting touch feedback loop 

The evidence presented above demonstrates that comforting touch 
involves a dynamic interaction between the target and the toucher 
whereby the toucher attempts to attenuate the distress of the target by 
adapting the touch to the target’s needs. Several core brain networks 
comprise the comforting touch feedback-loop (Fig. 2), which occurs in 
six phases:  

1) As in regulatory mechanisms, the loop commences as an external 
event, someone’s distress, which signals the departure from ho
meostasis. This external event activates the pain/distress network in 
the target.  

2) The toucher identifies the target’s affective state, and shares this 
state. Distress sharing involves activation of the distress network 
(dACC, AI) as well as the observation-execution system responsible 
for adjusting responses to the target over time.  

3) The toucher initiates social touch activating touch networks.  
4) The target identifies the touch provided and aligns with the target’s 

touch. Note that the observation-execution network facilitates 
mutual alignment between the target and the toucher and is coupled 
between individuals. 

5) As the target identifies that her/his distress was reliably communi
cated to the toucher, top-down processes are activated, including the 
reward/valuation system which signals connectedness, and the 
emotion regulation network responsible for regulating pain and so
cial distress.  

6) The toucher is able to gain tactile information on the target, which 
can help increase mutual alignment and adaptive empathy. The 
reward system, which has been shown to participate in support 
provision (Inagaki and Eisenberger, 2012) is also activated, signaling 
that the comforting touch obtained the expected support. 

The cycle may continue as the toucher detects changes in the levels of 
distress in the target. The adaptive empathy approach, discussed above, 
argues that the reward/valuation system, which reacts to changes in the 
environment, mostly those associated with positive outcomes, tracks 
changes in the target’s distress based on feedback (Hertz and 
Shamay-Tsoory, 2021). Based on this framework, the reward system 
may assign value to the toucher’s reactions and therefore contribute to 
adapting the responses based on feedback from the target. This idea is 
compatible with principles of reinforcement learning and predictive 
coding according to which regulatory mechanisms track trial-by-trial 
learning from feedback (Huang and Rao, 2011; Rescorla and Wagner, 
1972; Sutton and Barto, 2012; Wolpert et al., 1995). 

The predictive coding approach assumes that individuals continually 
change their behaviors based on predictions about the outcome of their 
behaviors (Daw et al., 2005). According to this theory, the brain 
essentially generates predictions based on previous information (top-
down signals) in order to predict the outcomes of different responses. 
When the incoming information (bottom-up signal) is different from the 
prediction (outcome of a response), that constitutes a prediction error. 
The brain can then either amend the response, or alternatively update 
the prediction based on the bottom-up information (Spratling, 2017). In 
this framework, touch can be considered as a response that is aimed at 
reducing the target’s distress while the target’s homeostasis is the pre
dicted outcome of touch related actions (Fig. 3). When the type/
intensity of touch applied has fallen short of the expected reduced 
distress, there is a negative prediction error. These distress-regulation 
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prediction errors update the value of a specific touch. The type or in
tensity of touch applied is based on its predicted outcome, i.e., on the 
expected ability to relieve the target’s distress. The outcome of each 
response is compared with its expected outcome, and any mismatch 
between expectation and outcome serves as a prediction error used to 
adapt future responses. For example, when a high pressure/intensity of 
touch is ineffective, the toucher updates the prediction and decreases the 

pressure. Such updates may take place based on associative learning 
where the association between touch response and its distress relief is 
learned during a specific interaction or across interactions (Fig. 3). 

This proposed ’loop’ is homeostatic as it includes a corrective 
mechanism. This indicates that during comforting touch achieving ho
meostasis in the target serves as the optimization principle, as it reduces 
prediction errors, lowering the computational cost of social processing 
(also referred to as “minimizing free energy” (Koban et al., 2017)). 

The same principles of prediction coding may also be applied to the 
target. This view is in line with the ‘Mentalizing Homeostasis’ approach 
(Fotopoulou and Tsakiris, 2017) according to which predictive processes 
are at the heart of social regulation. This framework proposes that touch 
plays a key role in homeostatic regulation of the target (Fotopoulou and 
Tsakiris, 2017; von Mohr and Fotopoulou, 2018). 

The feedback loop model may explain a range of findings related to 
comforting touch. For example, the model may explain the added value 
of touch over other factors related to pain attenuation including mere 
presence or perceived empathy of the toucher. While previous studies 
have suggested that perceived levels of empathy of an observer may 
affect the pain of a target (Hurter et al., 2014; Sambo et al., 2010), the 
model predicts that the extent to which the toucher adapts the touch 
based on feedback is critical for pain attenuation, beyond perceived 
empathy. 

Relatedly, the comforting touch feedback loop model may also 
explain the previously described negative effects of empathy and solic
itous support in both experimental and clinical settings. Solicitous 
support represents conditions in which the target of pain is provided 
with extra care resulting in negative pain outcomes (Boothby et al., 
2004). Here we hold that adaptation of the responses based on feedback 
is a core component of comforting touch and responding in a manner 
that in not attuned with the target’s needs (too much care or too little 
care) may have detrimental outcomes. 

Fig. 2. Proposed feedback-loop model of com
forting touch. When the target experiences 
physical or emotional pain a ‘shared pain’ 
network (yellow) is activated in the target and 
then in the toucher. The activity of the 
observation-execution systems (green) between 
partners is coupled during touch, allowing 
mutual alignment. The mechanisms of pain 
attenuation in the target involves the in
teractions between pleasant touch network 
(reward-VS, OFC, VMPFC) and pain network 
(AI, ACC) including interactions within sub
regions and coupling between these systems 
and reward mechanisms (red). In addition, in
teractions between emotion regulation net
works (gray) and pain network may also 
contribute to pain relief in the consoled. The 
valuation and reward system in the target, 
including the ventral striatum, may identify the 
outcome of the selected touch, and send signals 
to adapt future responses. Abbreviations: IPL- 
inferior parietal lobule; IFG- inferior frontal 
gyrus; S1- primary somatosensory cortex; S2- 
secondary somatosensory cortex; dmPFC- 
dorsomedial prefrontal cortex; OFC- 
orbitofrontal cortex; VMPFC-ventromedial pre
frontal cortex; VS-ventral striatum; AI-anterior 
insula; ACC-anterior cingulate cortex.   

Fig. 3. The Predictive Model of Comforting Touch. According to the predictive 
coding framework of comforting touch the brain constantly generates pre
dictions of the expected homeostasis. A prediction error occurs when the 
incoming information about the other’s distress is different from the prediction. 
Detecting a distress activates the shared distress, touch and observation 
execution systems whereas detecting homeostasis activates the reward system. 
Abbreviations: IPL-inferior parietal lobule; IFG- inferior frontal gyrus; S1- pri
mary somatosensory cortex; S2- secondary somatosensory cortex; OFC- 
orbitofrontal cortex; VMPFC-ventromedial prefrontal cortex; VS-ventral stria
tum; AI-anterior insula; dACC-dorsal anterior cingulate cortex. 
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Finally, given that different types of touch activate different path
ways, it is possible that handholding and stroking mediate pain reduc
tion by different mechanisms. 

While the CT system may mediate passively received touch from 
other people and overlaps with neurobiological systems of reward 
signaling, handholding is more ’equal’ and involves reciprocal 
communication of touch and allows both partners to communicate their 
emotions. 

7. Conclusions 

Although it is common knowledge that touch attenuates distress, 
only in recent years have we begun to understand the neural mecha
nisms underlying this behavior. Much research has examined the target 
and the toucher separately, as they are both constructs of significant 
relevance to understanding comforting touch. Here we synthesize 
different lines of studies into an integrative model of comforting touch, 
examining the contribution of empathy to distress attenuation during 
touch. Building on studies from both the pain and distress literatures, we 
offer a model of comforting touch that explains pain and distress regu
lation. We put forward a two-brains approach that broadens our un
derstanding of social touch to include both the target and the toucher in 
one feedback loop. The feedback loop starts with a distress experienced 
by a target, continues with an empathic response of the toucher, which is 
followed by reward signaling and emotion regulation in the target. 
Building on the predictive coding framework, we suggest that com
forting touch involves a dynamic interaction between the target and the 
toucher whereby the toucher attempts to attenuate the distress of the 
target by adapting the touch to the target’s needs. The outcome of each 
response is compared with its expected outcome, and gaps between 
expectation and outcome serve as a prediction error used to adapt touch 
characteristics. Though the aforementioned findings support each of the 
steps outlined in this feedback loop model, more research is needed to 
confirm the cyclical nature of these steps and how the neural mecha
nisms of both the target and the toucher interact in a reciprocal manner. 
We believe that beyond comforting touch, characterizing this feedback 
loop model may provide a valuable opportunity for understanding 
various types of interactions that involve social support. 
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Krahé, C., Springer, A., Weinman, J.A., Fotopoulou, A., 2013. The social modulation of 
pain: others as predictive signals of salience – a systematic review. Front. Hum. 
Neurosci. https://doi.org/10.3389/fnhum.2013.00386. 
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