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Social touch is a powerful force in human development, shaping social reward, attachment, cognitive, communication, and emotional regulation from infancy and throughout life. In this review, we consider the question
of how social touch is defined from both bottom-up and top-down perspectives. In the former category, there is a
clear role for the C-touch (CT) system, which constitutes a unique submodality that mediates affective touch and
contrasts with discriminative touch. Top-down factors such as culture, personal relationships, setting, gender,
and other contextual influences are also important in defining and interpreting social touch. The critical role of
social touch throughout the lifespan is considered, with special attention to infancy and young childhood, a time
during which social touch and its neural, behavioral, and physiological contingencies contribute to reinforcement-based learning and impact a variety of developmental trajectories. Finally, the role of social touch in an
example of disordered development –autism spectrum disorder—is reviewed.

1. Affective versus discriminative touch
We’ve spent nearly two hundred years studying the wonders of the
skin’s rich and varied innervation, and the corresponding perceptual
experiences of touching or being touched, of an itch or a pin prick, or
the warmth of the sun. The exquisitely quantifiable phenomena of one
of these sub-modalities, tactile acuity and discrimination, have been
part of perceptual experimental psychology since its inception (Weber,
1834). While these discriminative dimensions of tactile experience,
mediated by myelinated A-beta and A-delta fibers, are crucial for sensorimotor control and haptic exploration, they do not address questions
such as, “What temperature of bath water feels the most relaxing?” or
“Why does my partner rubbing my back sometimes feel comforting and
other times feel maddening?” In other words, the fine-grained ability to
discriminate physical properties of touch does not speak to some of the
most salient somatosensory experiences in daily life: conveyance of
affective and socially relevant information.
Recent evidence points to orthogonal somatosensory subsystems for
discriminative and affective touch (McGlone et al., 2014), and a considerable body of work has emerged describing and quantifying the
affective touch dimension (Ackerley et al., 2014; Löken et al., 2009;
Olausson et al., 2002, 2010). Unlike the straightforward nature of discriminative touch, affective touch spans a range from orgasmically
pleasant to excruciatingly unpleasant, and is further complicated by its

⁎

inextricable links to context, gender and sexuality, culture, and other
individual, interpersonal, and societal factors (Ellingsen et al., 2016;
Morrison et al., 2010). The work in this issue of Developmental Cognitive Neuroscience focuses on nonsexual, pleasant affective touch that
is social in nature and its role in human development. In this review, we
will consider both the neurobiology and higher-order interpersonal and
social factors that define social touch within these constraints, and trace
the influence of social touch on learning and development through the
stages of the human lifespan.
2. Defining social touch: bottom-up
What makes touch “social?” One way of operationalizing social
touch has been handily provided by the correspondence between
properties of much naturalistic affiliative interpersonal touch and the
unique tuning characteristics of low-threshold unmyelinated peripheral
afferent fibers (C-touch, or CT fibers). These fibers respond preferentially to gentle, slow, caress-like stroking (Olausson et al., 2010;
Vallbo et al., 1993; Wessberg et al., 2003) and at temperatures near
those of human skin (Ackerley et al., 2014). Importantly, CT activation
is linked with positive affect: psychophysical ratings of touch “pleasantness” (Essick et al., 1999, 2010) correspond closely to the firing
frequency of these afferents (Löken et al., 2009), as do implicit measures of perceived pleasantness such as activation of the zygomaticus
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major muscles (needed for the upturning of the mouth seen in smiling)
(Pawling et al., 2017). CT afferents are found only in hairy skin, but not
the glabrous skin of the palm that is so central to discriminative touch
(Georgopoulos, 1976). CT afferents project to the posterior insular
cortex, rather than primary somatosensory (SI) cortex (Olausson et al.,
2002) which is the primary target of myelinated fibers that carry the
fine-grained signals used for discriminative touch and tactile manipulation of the environment. These properties further support a distinction of the CT system for affective touch from discriminative touch.
The parallels between the effects of CT-mediated touch and oxytocin
release on physiological arousal, pleasant feeling, and prosocial interaction suggest CT fibers as a likely mediator of endogenous oxytocin
(OT) release during affiliative and nurturing touch (Walker et al.,
2017). Although OT has a central role in the neurobiology of close
social relationships, it is only part of a complex system. An integrative
view comes from the Brain Opioid Theory of Social Attachment
(BOTSA), which highlights that while the oxytocin/vasopressin social
neuropeptides are critical for mate selection, parental behavior, and
other core social functions in mammals, they fail to account for the
more complex dynamics observed in primate social behaviors (Henning
et al., 2017). BOTSA extends the recognition that opioids are implicated
in social reward and motivation to posit that OT, dopamine and serotonin play a more prominent role at the onset of bonding whereas the
mu-opioid receptor (MOR) system underpins the maintenance of complex and enduring close social relationships, such as we see in humans
(Pearce et al., 2017). Evidence for mediation of the rewarding nature of
social touch by endogenous opioids includes increased MOR activity
during social touch (Nummenmaa et al., 2016) and naloxone’s effects
on the perceived pleasantness of social touch (Case et al., 2016).
The fundamental distinction between the discriminative and affective touch systems can thus be summarized in this way: the type of
touch mediated by the glabrous skin of the hand primarily conveys
properties (i.e., shape, texture, etc.) of elements in the extrapersonal
environment that are being actively explored with the hand. In contrast, the CT system mediates passively received touch from other
people and overlaps heavily with neurobiological systems for affiliative
reward and interoception. This overlap with interoceptive and affective
neural circuits allows CT-mediated touch to serve as a bridge between
the extrapersonal stimulation and the intra-personal world of the self
(Ebisch et al., 2011; Jönsson et al., 2015).
CT afferents, which are so ideally suited for socially relevant touch
that they have become known as a “social touch system” (Gordon et al.,
2013; Olausson et al., 2010) are absent from the glabrous skin of the
palm. However, the palm is clearly not excluded from social touch,
given the central social functions of handshakes and hand-holding in
multiple cultures across the world. Even CT-targeted touch, delivered
by the glabrous skin, is pleasant to the giver as well as to the receiver
(Gentsch et al., 2015). Similarly, pet owners exhibit reduced blood
pressure and decreased stress while petting their animals (Jenkins,
1986). Active delivery of social touch to another human hand (i.e.,
“social haptic behavior”) has a neural profile distinct from haptic exploration of an inanimate object (Ebisch et al., 2014a,b), and is, as with
receiving social touch, believed to trigger the release of oxytocin (OT)
and endogenous opioids (Ellingsen et al., 2016). Further, active social
touch in the context of providing comfort to a loved one in pain results
in changes to physiological rhythms associated with empathy: EEG mu
wave suppression (Peled-Avron et al., 2017) and inter-partner respiratory and cardiac coupling (Goldstein et al., 2017). Thus, the hedonic value and affiliative effects of social touch include, but are not
limited to, tactile experience mediated by CT afferents. In line with this,
researchers have recently developed a database to index a wide range of
social touch events based on valence and arousal to facilitate a more
comprehensive treatment of various kinds of social touch (Lee Masson
and Op de Beeck et al., 2018).
The complex interplay between different afferent nerve classes that
result from reciprocal social touch may be likened to that of a musical

chord comprising individual notes on a keyboard. When individual keys
are struck, a pure tone ensues, but combinations of individual keys can
produce chords that are somehow greater than the sum of their parts
and, importantly, cannot be deconstructed back to the original notes
that formed them. This is paralleled in how different somatosensory
receptor types combine to produce “touch blend” percepts (Bentley,
1900), such as the perception of wetness resulting from coincident
tactile and thermal receptor activation (Ackerley et al., 2012). The skin
innervated by CTs is also innervated by myelinated fibers, and the
concurrent activation of both types of fiber, integrated and associated
repeatedly throughout development, may be ultimately what works
together to achieve the percept of pleasant, affiliative touch.
3. Defining social touch: top-down
Having considered social touch from the bottom (peripheral afferents)-up, we now turn to top-down contextual factors that influence
how social touch is defined. While the CT system may constitute a
primary physiological platform for social touch, higher-order factors
including the personal relationship and social context are key ingredients in the definition of social touch. While there are a wide range
of contexts, stimulus types and modes of delivery that represent social
or interpersonal touch (Gallace and Spence, 2010), we limit our focus to
two main contextual factors: 1) the partner in the exchange (i.e., “who”
is delivering the touch), and 2) the intent behind the tactile stimulation
(“why” it is being delivered).
A clear criterion for social touch is that it is interpersonal, that is, it
is shared between conspecifics who have some reciprocal relation to
one another, whether that is an intimate, long-term relationship or a
more transient or superficial one. Studies have ranged from neuroimaging of sexual partners during intimate touch (Kreuder et al., 2017),
to quantifying the behavioral effects of casual touch between strangers
in a brief encounter such as the effects of touch between a server and
patron in a restaurant (Jones and Yarbrough, 1985). Even between
people who have never met, touch can be used to communicate a
variety of emotions (Hertenstein et al., 2009) and to impel compliance
with requests (Patterson et al., 1986). Between intimate partners, social
touch is incredibly powerful. A recent study demonstrated that hand
holding by romantic partners resulted in increased brain-to-brain coupling that mediated relief from a painful stimulus (Goldstein et al.,
2018)
Despite the evidence against a principal role for primary somatosensory cortex (SI) in affective touch, the perceived sex of an experimenter delivering a sensual caress during an fMRI scan modulated SI
response, suggesting that SI may have more of a role in social touch
than previously thought (Gazzola et al., 2012). This is further evidence
that the complex perceptual experience of social touch is not limited to
CT afferents, but involves multiple somatosensory submodalities acting
in concert. It’s not clear whether SI response would extend to affective
touch from a familiar person; more research in this area is needed to
map out the convergence and divergence of neural circuits for different
kinds of social touch. Interestingly, comfort with social touch can be
topographically mapped as a function of the kind of relationship we
have with the other person (Suvilehto et al., 2015).
Research on touch within romantic relationships supports the role
of both social neuropeptides and neural reward systems as discussed
above. Posterior insular responses to romantic caresses from a lover are
modified by anticipation of the touch and sexual desire (Ebisch et al.,
2014a,b). This kind of romantic touch between partners also engages
reward regions of the brain; response from these regions such as ventral
striatum and anterior cingulate cortex is boosted by administration of
oxytocin (Kreuder et al., 2017). Interestingly, this facilitation by oxytocin correlates inversely with subclinical autism traits (Scheele et al.,
2014). Studies such as these, which combine rigorous experimental
design with the ecological validity of a partner or other socially significant person to the individual, are critical to understanding the role
6
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of the lived experience of affiliative touch and its cumulative effects on
social reward over the course of human relationships.
Contextual factors outside of identity of the two partners or their
relationship to one another also influence the experience of and neural
response to social touch. Somatosensory evoked potentials to interpersonal touch vary in amplitude depending on the emotional facial
expression of the person delivering the touch (Ravaja et al., 2017).
Further, multisensory interactions that impact the brain’s response to
social touch are not limited to the visual system, as unpleasant odors
can reduce the perceived pleasantness and alter the response of insular
and opercular cortices to affective touch (Croy et al., 2016a,b). Finally,
touch can interact with much more complex and multiple aspects of the
context of the encounter, as in the alleviation of induced existential
concerns (i.e., fear of death) by touch from an experimenter (Koole
et al., 2014). Interestingly, in this study, the effect of social touch on
fear was specific to individuals with low self-esteem. This complex interaction of intra- and extrapersonal factors in the touch encounter
highlights the intricacies of contextual factors in the experience of social touch.
Two lines of research – vicarious touch and remote or “mediated”
touch - demonstrate that interpersonal touch does not necessarily need
to be direct to be social. In vicarious touch paradigms, individuals
watching interpersonal touch rate CT-targeted caresses as more pleasant than non-CT-targeted touch and exhibit responses in posterior insular cortex, as if experiencing the touch themselves (Morrison et al.,
2011). Further, neural response to watching affective (interoceptive)
and discriminative (exteroceptive) touch are distinguishable along the
same lines as for actual touch, with response to viewed affective social
touch in the posterior insula, and modulation in secondary somatosensory cortex with perceived intensity of viewed somatosensory stimuli (Ebisch et al., 2011). Recent work suggests that viewing dyadic
interactions that include touch biases visual attention to the emotionally relevant aspects of the scene relative to those that don’t include
touch (Schirmer et al., 2018).
In mediated touch paradigms, two people in remote locations can
exchange touch via a device. While technology has facilitated longdistance interaction in the auditory and visual realms, the development
of applications for long-distance interpersonal touch is still in its infancy. However, early studies have laid the groundwork for the conveyance of simple ideas and emotions using remote interpersonal touch
(Haans and IJsselsteijn, 2006), and these devices are likely to be of
substantial value to the experimental study of social touch. Thus, interpersonal touch can be social even when only viewed between two
other individuals, or delivered indirectly between individuals through a
device.
Is the criterion of exchange of touch between socially relevant
conspecifics sufficient to define social touch, or are other factors important? An additional potential criterion is communicative intent: does
the touch convey a particular message such as comfort, playfulness,
warning, sexual desire, etc., that makes it relational? Or can it be more
functional in nature (such as a parent using one hand to support an
infant in a sitting position)? While some forms of interpersonal touch
may appear largely pragmatic on the surface, they often involve inherent social corollaries which are reinforced by repetition throughout
development (Grandi, 2016). In the example of supported sitting, while
the primary purpose of the physical contact is to augment the infant’s
still-developing trunk muscles to keep him/her upright, a secondary
consequence is that the infant receives the implicit message that touch
from a parent results in a greater feeling of security and safety. In the
case of grooming, ostensibly a highly pragmatic and instrumental form
of interpersonal touch, a deeper look into the evolution of primate social communication reveals that extended periods of grooming evolved
to establish, reinforce, and signal social bonds and hierarchies (Dunbar,
2010). Thus, even a highly instrumental form of interpersonal touch
such as grooming is deeply rooted in communicative intent both between grooming partners and to other members of the social group.

Given these associations between touch and implicit social or
emotional corollaries, it seems that nearly all interpersonal touch between people in any kind of enduring relationship to one another is
social. It may be, then, that the only interpersonal touch that could be
considered non-social are rare instances of accidental and very brief
contact between unfamiliar people, with no communicative intent,
behavioral outcome, or learned association, such as an unheeded, accidental brush of the shoulder on a crowded subway. Thus broadly
defined, the vast landscape of social touch and its broader impact depends not only on the interpersonal relationship and the context, but
also critically on developmental stage. The same social touch experience may impact an infant very differently than an adolescent; the
neural systems for interpreting the experience of social touch continue
to develop and evolve over the lifespan. We now turn to examine how
social touch changes with development.
4. Social touch over the human lifespan
Touch is the earliest sensory modality to develop (Maurer and
Maurer, 1988; Montagu, 1986), serving as a “sensory scaffold on which
we come to perceive our own bodies and our sense of self (Bremner and
Spence, 2017).” In the first few months of postnatal life, touch is a key
“active ingredient” in the development of secure attachment (Duhn,
2010; White, 2004) and the formation of family bonds (Gordon et al.,
2010). Indeed, social touch from caregivers is so consistently paired
with rewards (i.e., comfort, nourishment) that it is a strong candidate
for a pivotal mediator of Hebbian learning in the developing “social
brain.” Indeed, the reward value of social touch is so powerful that it
rivals drugs of abuse and may be protective against substance use disorder (Zernig et al., 2013). In the following sections, we highlight
evidence for the role of social touch in reward learning during development, and explore potential mechanisms for how interpersonal touch
may influence neural and behavioral social development throughout
the lifespan.
4.1. Pre- and perinatal
The ontogeny of social touch is even appreciable prenatally. Fetuses
in the third trimester respond to maternal touch on the mother’s abdomen with more tactile exploration of the uterine wall and less selftouch compared to those in the second trimester (Marx and Nagy,
2017). An intriguing hypothesis proposes that the rhythmic stimulation
of lanugo hairs during fetal movement through the amniotic fluid stimulates CT fibers and induces a social priming effect in the fetus via
oxytocin release (Bystrova, 2009). By extension, if these in utero tactile
experiences are rewarding to the fetus, vestibular sensation associated
with movement through the amniotic fluid may serve as a secondary
reinforcer, contributing to the comfort neonates derive from rocking,
bouncing, and swaying. In support of this idea of prenatal vestibular
input and its sequelae in neonates, for both humans and mice, maternal
carrying of distressed infants reduces crying, body movements, and
heart rate over and above the (also significant) effect of maternal
holding alone. Further, the calming effect produced a positive feedback
cycle of decreased infant movement and increased ability for mothers to
carry the pups (Esposito et al., 2013). This combination of tactile-vestibular-proprioceptive stimulation in the context of parental comfort in
a positive feedback loop may be a powerful mediator of associative
learning that predisposes the brain to respond to social rewards. In a
study that measured the effects of tactile and kinesthetic stimulation in
12 premature infants, White and Labarba (1976) observed significant
effects on a range of measures including birth weight, body temperature, respiration, and feeding behavior (White and Labarba, 1976).
While comprehensive cross-cultural research is sparse, a study comparing Italian and West African mothers suggests that the relative use of
tactile versus kinesthetic stimulation for soothing young infants may
vary across cultures (Carra et al., 2014).
7
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4.2. Infancy

future research may want to adopt more nuanced measures to explain
greater variance in these outcomes. For example, theoretical accounts
of the purpose of affiliative touch propose that this serves to promote
social relationship development (Morrison et al., 2010) and/or to reduce negative affect (Dunbar, 2010). Here then it will not necessarily be
that simply more social touch will have beneficial effects on development, rather that functional social touch in response to a need state will
lead to better outcomes. The development of a synchronous relationship between an infant and caregiver has been shown to be an important predictor of later social development (Jaffe et al., 2001). This
process involves the infant and caregiver entering into a natural exchange of engagement and disengagement (Tronick, 1989), and here
children have been shown to be adept at making social bids when desired and disengaging attention when sated. Parent-infant synchrony
has been shown to be an important precursor to attachment formation
(Feldman et al., 1999b) attachment security (Jaffe et al., 2001), selfregulation capacities (Feldman et al., 1999a), symbolic competence
(Feldman and Greenbaum, 1997), and cognitive skills (Feldman et al.,
1996).
Disruption in this early social-sensory input during infancy has severe developmental consequences throughout the lifespan. Infants who
are deprived of touch delivered by caregivers, or who avoid it, are at
higher risk for sensory processing problems (Lin et al., 2005; Wilbarger
et al., 2010) such as over-sensitivity. Avoidance of social touch in infancy is also a predictor of autism spectrum disorder in older children
(Baranek, 1999; Mammen et al., 2015). In this case, avoidance of social
touch indicates that it is not perceived as pleasant or reinforcing by the
infant, which may have significant cascading effects on the development of the social brain. More broadly, altered touch perception in
early life, comprising two separate mechanosensitive systems (fast ABetas and slow CT), may impact the sensory scaffold on which the
perceptual distinction between self and other is built (Bremner and
Spence, 2017), further influencing social responses and abilities
throughout development.

There is highly converging evidence for the developmental importance of social touch in infancy, and early experiences with touch
have extremely far-reaching sequelae throughout the developing brain.
In prairie voles, a monogamous species of rodent with a highly affiliative social structure, rearing styles vary in the degree of physical
contact between parent and pup. Offspring of low-contact parents show
more aggression and less stress response to social isolation than that of
high-contact parents (Perkeybile and Bales, 2015). Offspring of parents
with high versus low contact styles also exhibit vastly different patterns
of connectivity throughout the brain (Seelke et al., 2016). In rats, a
sensitive period comprising the first postnatal week has been described,
during which maternal licking and grooming exerts long-term epigenetically-mediated effects on cognition, social behavior, and stress reactivity (Bagot et al., 2012; Kaffman and Meaney, 2007). Male offspring
reared by high contact dams are less responsive to stress, show more
exploratory behaviors in a novel environment, and higher performance
on cognitive tasks (Caldji et al., 2000). These far-reaching, epigenetically-mediated effects on development have been studied more broadly
in the context of critical windows in the social and physical environment in humans as well (Szyf, 2012).
In humans, 65% of face to face interactions between mothers and
infants involve touch communication, which is associated with immediate reductions in both behavioral (Stack and Muir, 1990) and
physiological (Feldman et al., 2010b) response to stress. Further, the
quality of the touch also matters, with gentle stroking touch generating
more smiling in infants than static touch (Jean et al., 2009; Stack and
Muir, 1990), and infants as young as 9 months demonstrating decreased
heart rate and increased engagement in response to pleasant, CT-targeted touch (Fairhurst et al., 2014). Indeed, there is apparent observational evidence that when parents stroke their infants, that they
spontaneously adopt a speed of touch consistent with CT stimulation
(Croy et al., 2016a,b).
The benefits of touch in infancy are also apparent over longer time
scales. Skin-to-skin contact has analgesic effects in healthy neonates
and promotes weight gain, shorter hospital stays (Field et al., 1986) and
stronger neural responses (Maitre et al., 2017) in preterm infants.
Parental touch is linked to increased oxytocin levels in parents
(Feldman et al., 2010a) and has effects on later social-emotional behavioral issues in children that are associated with maternal prenatal
anxiety (Pickles et al., 2017). Between 6 and 10 months, the anterior
prefrontal cortex begins to respond to gentle touch that is not CT-targeted (delivered to the palm) (Kida and Shinohara, 2013). In addition
to its clear role in the development of affective attachment, caregiver
touch paired with concurrent speech, plays an important role in infants’
ability to detect word boundaries, contributing to receptive communication development. This study suggested that the earliest vocabulary
words are often those frequently linked with caregiver touches (Seidl
et al., 2015).
While most of the extant research addresses infants as recipients of
social touch, those as young as 5 months also use touch to communicate
their emotional state to their mothers (Moszkowski and Stack, 2007).
Further underscoring the critical role of parental touch, 6-month-old
infants of mothers with depression show more self-touch than controls,
interpreted as a compensatory behavior for reduced positive touch from
their mothers (Herrera et al., 2004). fMRI studies in nursing dams
suggests that suckling stimulation engages neural reward systems to a
degree that outpaces cocaine administration (Febo, 2011; Ferris et al.,
2005), and that this effect is likely mediated by oxytocin (Febo et al.,
2005). Thus, even during the first few months of life, there is a reciprocity and an active component of social touch experience that
shapes social, communication, and cognitive development in the
months and years to come.
Although the feature of affective touch that is most often considered
when predicting outcomes is touch frequency (i.e. Brauer et al., 2016),

4.3. Toddlerhood and childhood
Social touch continues to influence brain development beyond infancy. As infants become toddlers and gain mobility, the repertoire of
parent-child touch expands to include more kinds of pragmatic touch
such as postural repositioning and support, as well as more complex
and frequent grooming touch. The importance of grooming in maintaining primate social relationships has been emphasized from an
evolutionary anthropological perspective (Dunbar, 2010) and is likely
mediated by the reinforcing properties of touch-related oxytocin and
endogenous opioid release. Touch is an important factor in family dynamics; touch within the nuclear family is a primary predictor of
children’s sustained expression of positive emotions (Bai et al., 2016).
Childhood is a dynamic time during which the people and contexts
surrounding social touch are in flux. During the transition to toddlerhood and preschool, the critical role of touch expands beyond caregivers and immediate family to include teachers and peers. As children
get older and more independent, the sphere narrows again and children
receive tactile input from fewer people and in fewer contexts than when
they were very young.
Social touch plays a central role in play. In rats and many other
mammalian species, juveniles engage in rough-and-tumble social play,
a reinforcing experience that can induce a conditioned place preference
(Trezza et al., 2011). Neural responses to physical play and tickling are
tightly linked (Ishiyama and Brecht, 2016) and reflect positive affect
mediated by the endogenous opioid-mediated reward system (Burgdorf
and Panksepp, 2001). In humans, a recent study found that the frequency of maternal touch during a play session between mothers and
their five-year-olds was associated with the strength of connectivity of
the posterior superior temporal sulcus and other nodes in the social
brain (Brauer et al., 2016). The positive effects of appropriate social
8
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touch in early development seems particularly important to highlight at
present with the climate of fear surrounding any tactile interaction with
children (Sekhar et al., 2017). Empowerment of children to seek, and
permit touch when desired, while denying this when not desired will
likely have positive developmental outcomes. More research is needed
to consider how to facilitate this while remaining mindful of child
protection issues.
There is also evidence for behavioral effects of physical touch from
non-familial adults on children’s behavior, although this kind of social
touch is much less studied. Friendly touch from an experimenter increases the likelihood of a child delaying gratification by complying
with the request to wait for permission before eating a piece of candy
(Leonard et al., 2014). In the classroom, positive, contingent touch from
teachers has been demonstrated to increase on-task behavior and decrease disruptive behavior in young children (Wheldall et al., 1986).
Finally, the pattern of neural responses to CT-targeted touch appears similar in school-age children as in adults, including posterior
insula and posterior superior temporal sulcus responding in young
children. Response intensity appears to increase with age between early
childhood and adulthood, suggesting that the circuitry for social touch
continues to mature as the brain develops (Björnsdotter et al., 2014).

et al., 2012; Schauder et al., 2015) which are strongly linked both with
the core clinical symptoms of the disorder and with biomarkers such as
distinct epochs in the somatosensory neural response (Cascio et al.,
2015), white matter pathways (Pryweller et al., 2014), and genetic
variants that increase serotonin transporter function (Schauder et al.,
2015). Experimenter-delivered affective (pleasant and unpleasant)
touch to children with autism elicits defensive reactions that are more
severe in CT-innervated somatotopic regions (face and arm) than in
non-CT-innervated regions (palm) (Cascio et al., 2016). A direct comparison of neural responses to CT- versus non-CT-targeted touch in
children with autism suggests a dichotomous response, with reduced
response in widespread social-affective brain networks to CT-targeted
touch, and enhanced response in primary somatosensory cortex to nonCT-targeted touch (Kaiser et al., 2015).
Taken together, these results indicate that social touch is altered in
autism, although it remains to be clarified how heterogeneous neural
and behavioral responses to social touch in individuals with autism
intersect vis a vis hyper-responsiveness and hypo-responsiveness. Both
hypo-responsiveness and hyper-responsiveness to social touch may result in reduced input (occurring naturally or resulting from defensive/
avoiding behaviors) that alters the trajectory of the developing social
brain starting in infancy. Given the fundamental importance of social
touch for infant’s formation of secure attachment, cognitive and linguistic development, social reward, and emotion regulation, these differences are likely to have far-reaching effects indeed. A better understanding of these sensory-social developmental sequelae holds great
promise for developing and refining early intervention approaches
based on sensory features.

4.4. Adolescence and adulthood
As children reach sexual maturity and embark on the transition to
adulthood, corresponding changes in their tactile social world continue
to shape brain and behavior. Response to social touch becomes heavily
influenced by sexuality and romantic attraction that develops during
this stage. Gender asymmetry, in which males are more likely to touch
females than vice versa, is apparent in interpersonal touch between
adults, but not children (Major et al., 1990). As adulthood continues,
while discriminative touch abilities decline with age, perceived pleasantness of CT-targeted touch continues to increase into the ninth
decade of life (Sehlstedt et al., 2016).
The effects of social touch in adolescents and adults are not limited
to those relevant to romantic or sexual relationships. CT-targeted
stroking touch that is non-romantic recruits neural networks involved
in social cognition and reward more broadly, in contrast to non-CTtargeted touch delivered by the same experimenter (Gordon et al.,
2010). Response to gentle stroking of the arm in brain regions such as
the superior temporal sulcus and orbitofrontal cortex are negatively
associated with subclinical autism traits in healthy adults (Voos et al.,
2013).
The preceding paragraphs describe social touch during typical development, however, they do not address differences in individuals
with developmental disabilities. While there is limited research on social touch in developmental disabilities, recent studies present an
emerging picture of altered social touch in autism spectrum disorder
(ASD). ASD is a developmental disorder that begins in very early
childhood and affects individuals throughout their lives, impacting reciprocal social behavior, and thus relationships. Aberrant sensory reactivity is also a cardinal feature of the disorder, with altered reactivity
to touch correlating strongly with both social and nonsocial symptoms
(Foss-Feig et al., 2012). Thus, we turn now to the emerging research on
social touch perception in ASD, highlighting the intersection of lowlevel sensory differences and higher-level reciprocal social behavior.

6. Conclusions
The themes that we have highlighted in this review cast the developmental nature of social touch as dynamic, integrative, and firmly
rooted in reward learning processes that shape the developing brain
and ultimately adult behavior. The landscape that defines social touch
changes qualitatively from an intense and primary mode for associative
learning and affiliative connection in the earliest stages of pre- and
neonatal life, to part of a multisensory integrated environment
throughout the lifespan. Changes with mobility, independence,
widening spheres of social influence, sexual maturity, and aging all
impact the perceptual experience of social touch. This perceptual experience is in and of itself the product of several overlapping integrative
processes. At the neurobiological level, converging input from multiple
afferent classes, with a primary role for CT afferents, is paired repeatedly over time with physiological and psychological processes that
invoke feelings of comfort, security, and satisfaction. These peripheral
processes and their corresponding pathways in the central nervous
system are effectors of broader neurobiological systems including
oxytocin and mu-opioid systems mediating the reinforcing properties of
simple and more complex social bonding, respectively. These systems
all interact with top-down contextual factors, including the nature of
the relationships, culture, and social context, to create a highly complex, flexible platform in which the rich affective information conveyed
through the skin exerts a powerful impact on behavior through learning
over a lifetime.
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The impact of social touch on the developing brain and the consequences of its altered trajectory in childhood are posited here to be
highly relevant for autism spectrum disorder (Baranek, 1999). Animal
models of ASD exhibit both impaired tactile discrimination and defensiveness to gentle touch, with associated developmental effects on
social behavior (Orefice et al., 2016). Children with autism exhibit
aberrant behavioral responses to touch (Cascio et al., 2016; Foss-Feig

References
Ackerley, R., Backlund Wasling, H., Liljencrantz, J., Olausson, H., Johnson, R.D.,
Wessberg, J., 2014. Human C-tactile afferents are tuned to the temperature of a skinstroking caress. J. Neurosci. 34, 2879–2883. http://dx.doi.org/10.1523/JNEUROSCI.
2847-13.2014.

9

Developmental Cognitive Neuroscience 35 (2019) 5–11

C.J. Cascio, et al.
Ackerley, R., Olausson, H., Wessberg, J., McGlone, F., 2012. Wetness perception across
body sites. Neurosci. Lett. 522, 73–77. http://dx.doi.org/10.1016/j.neulet.2012.06.
020.
Bagot, R.C., Zhang, T.-Y., Wen, X., Nguyen, T.T.T., Nguyen, H.-B., Diorio, J., Wong, T.P.,
Meaney, M.J., 2012. Variations in postnatal maternal care and the epigenetic regulation of metabotropic glutamate receptor 1 expression and hippocampal function in
the rat. Proc. Natl. Acad. Sci. U. S. A. 109 (Suppl. 2), 17200–17207. http://dx.doi.
org/10.1073/pnas.1204599109.
Bai, S., Repetti, R.L., Sperling, J.B., 2016. Children’s expressions of positive emotion are
sustained by smiling, touching, and playing with parents and siblings: a naturalistic
observational study of family life. Dev. Psychol. 52, 88–101. http://dx.doi.org/10.
1037/a0039854.
Baranek, G.T., 1999. Autism during infancy: a retrospective video analysis of sensorymotor and social behaviors at 9-12 months of age. J. Autism Dev. Disord. 29,
213–224.
Bentley, I.M., 1900. The synthetic experiment. Am. J. Psychol. 11, 405–425.
Björnsdotter, M., Gordon, I., Pelphrey, K.A., Olausson, H., Kaiser, M.D., 2014.
Development of brain mechanisms for processing affective touch. Front. Behav.
Neurosci. 8, 24. http://dx.doi.org/10.3389/fnbeh.2014.00024.
Brauer, J., Xiao, Y., Poulain, T., Friederici, A.D., Schirmer, A., 2016. Frequency of maternal touch predicts resting activity and connectivity of the developing social brain.
Cereb. Cortex 26, 3544–3552. http://dx.doi.org/10.1093/cercor/bhw137.
Bremner, A.J., Spence, C., 2017. The development of tactile perception. Adv. Child Dev.
Behav. 52, 227–268. http://dx.doi.org/10.1016/bs.acdb.2016.12.002.
Burgdorf, J., Panksepp, J., 2001. Tickling induces reward in adolescent rats. Physiol.
Behav. 72, 167–173.
Bystrova, K., 2009. Novel mechanism of human fetal growth regulation: a potential role
of lanugo, vernix caseosa and a second tactile system of unmyelinated low-threshold
C-afferents. Med. Hypotheses 72, 143–146. http://dx.doi.org/10.1016/j.mehy.2008.
09.033.
Caldji, C., Diorio, J., Meaney, M.J., 2000. Variations in maternal care in infancy regulate
the development of stress reactivity. Biol. Psychiatry 48, 1164–1174.
Carra, C., Lavelli, M., Keller, H., 2014. Differences in practices of body stimulation during
the first 3 months: ethnotheories and behaviors of Italian mothers and West African
immigrant mothers. Infant Behav. Dev. 37, 5–15. http://dx.doi.org/10.1016/j.
infbeh.2013.10.004.
Cascio, C.J., Gu, C., Schauder, K.B., Key, A.P., Yoder, P., 2015. Somatosensory eventrelated potentials and association with tactile behavioral responsiveness patterns in
children with ASD. Brain Topogr. http://dx.doi.org/10.1007/s10548-015-0439-1.
Cascio, C.J., Lorenzi, J., Baranek, G.T., 2016. Self-reported pleasantness ratings and examiner-coded defensiveness in response to touch in children with ASD: effects of
stimulus material and bodily location. J. Autism Dev. Disord. 46, 1528–1537. http://
dx.doi.org/10.1007/s10803-013-1961-1.
Case, L.K., Čeko, M., Gracely, J.L., Richards, E.A., Olausson, H., Bushnell, M.C., 2016.
Touch perception altered by chronic pain and by opioid blockade. eNeuro 3. http://
dx.doi.org/10.1523/ENEURO.0138-15.2016.
Croy, I., Drechsler, E., Hamilton, P., Hummel, T., Olausson, H., 2016a. Olfactory modulation of affective touch processing - a neurophysiological investigation.
NeuroImage 135, 135–141. http://dx.doi.org/10.1016/j.neuroimage.2016.04.046.
Croy, I., Luong, A., Triscoli, C., Hofmann, E., Olausson, H., Sailer, U., 2016b.
Interpersonal stroking touch is targeted to C tactile afferent activation. Behav. Brain
Res. 297, 37–40. http://dx.doi.org/10.1016/j.bbr.2015.09.038.
Duhn, L., 2010. The importance of touch in the development of attachment. Adv.
Neonatal Care 10, 294–300. http://dx.doi.org/10.1097/ANC.0b013e3181fd2263.
Dunbar, R.I.M., 2010. The social role of touch in humans and primates: behavioural
function and neurobiological mechanisms. Neurosci. Biobehav. Rev. 34, 260–268.
http://dx.doi.org/10.1016/j.neubiorev.2008.07.001.
Ebisch, S.J., Ferri, F., Gallese, V., 2014a. Touching moments: desire modulates the neural
anticipation of active romantic caress. Front. Behav. Neurosci. 8, 60. http://dx.doi.
org/10.3389/fnbeh.2014.00060.
Ebisch, S.J.H., Ferri, F., Romani, G.L., Gallese, V., 2014b. Reach out and touch someone:
anticipatory sensorimotor processes of active interpersonal touch. J. Cogn. Neurosci.
26, 2171–2185. http://dx.doi.org/10.1162/jocn_a_00610.
Ebisch, S.J.H., Ferri, F., Salone, A., Perrucci, M.G., D’Amico, L., Ferro, F.M., Romani, G.L.,
Gallese, V., 2011. Differential involvement of somatosensory and interoceptive cortices during the observation of affective touch. J. Cogn. Neurosci. 23, 1808–1822.
http://dx.doi.org/10.1162/jocn.2010.21551.
Ellingsen, D.-M., Leknes, S., Løseth, G., Wessberg, J., Olausson, H., 2016. The neurobiology shaping affective touch: expectation, motivation, and meaning in the multisensory context. Front. Psychol. 6. http://dx.doi.org/10.3389/fpsyg.2015.01986.
Esposito, G., Yoshida, S., Ohnishi, R., Tsuneoka, Y., Rostagno, M., del, C., Yokota, S.,
Okabe, S., Kamiya, K., Hoshino, M., Shimizu, M., Venuti, P., Kikusui, T., Kato, T.,
Kuroda, K.O., 2013. Infant calming responses during maternal carrying in humans
and mice. Curr. Biol. 23, 739–745. http://dx.doi.org/10.1016/j.cub.2013.03.041.
Essick, G.K., James, A., McGlone, F.P., 1999. Psychophysical assessment of the affective
components of non-painful touch. Neuroreport 10, 2083–2087.
Essick, G.K., McGlone, F., Dancer, C., Fabricant, D., Ragin, Y., Phillips, N., Jones, T.,
Guest, S., 2010. Quantitative assessment of pleasant touch. Neurosci. Biobehav. Rev.
34, 192–203. http://dx.doi.org/10.1016/j.neubiorev.2009.02.003.
Fairhurst, M.T., Löken, L., Grossmann, T., 2014. Physiological and behavioral responses
reveal 9-month-old infants’ sensitivity to pleasant touch. Psychol. Sci. 25,
1124–1131. http://dx.doi.org/10.1177/0956797614527114.
Febo, M., 2011. A bold view of the lactating brain: functional magnetic resonance imaging studies of suckling in awake dams. J. Neuroendocrinol. 23, 1009–1019. http://
dx.doi.org/10.1111/j.1365-2826.2011.02184.x.
Febo, M., Numan, M., Ferris, C.F., 2005. Functional magnetic resonance imaging shows

oxytocin activates brain regions associated with mother-pup bonding during suckling. J. Neurosci. 25, 11637–11644. http://dx.doi.org/10.1523/JNEUROSCI.360405.2005.
Feldman, R., Gordon, I., Schneiderman, I., Weisman, O., Zagoory-Sharon, O., 2010a.
Natural variations in maternal and paternal care are associated with systematic
changes in oxytocin following parent-infant contact. Psychoneuroendocrinology 35,
1133–1141. http://dx.doi.org/10.1016/j.psyneuen.2010.01.013.
Feldman, R., Greenbaum, C.W., 1997. Affect regulation and synchrony in mother—infant
play as precursors to the development of symbolic competence. Infant Ment. Health J.
18, 4–23. http://dx.doi.org/10.1002/(SICI)1097-0355(199721)18:1<4::AIDIMHJ2>3.0.CO;2-R.
Feldman, R., Greenbaum, C.W., Yirmiya, N., 1999a. Mother-infant affect synchrony as an
antecedent of the emergence of self-control. Dev. Psychol. 35, 223–231.
Feldman, R., Greenbaum, C.W., Yirmiya, N., Mayes, L.C., 1996. Relations between cyclicity and regulation in mother-infant interaction at 3 and 9 months and cognition at
2 years. J. Appl. Dev. Psychol. 17, 347–365. http://dx.doi.org/10.1016/S01933973(96)90031-3.
Feldman, R., Singer, M., Zagoory, O., 2010b. Touch attenuates infants’ physiological reactivity to stress. Dev. Sci. 13, 271–278. http://dx.doi.org/10.1111/j.1467-7687.
2009.00890.x.
Feldman, R., Weller, A., Leckman, J.F., Kuint, J., Eidelman, A.I., 1999b. The nature of the
mother's tie to her infant: maternal bonding under conditions of proximity, separation, and potential loss. J. Child Psychol. Psychiatry 40, 929–939.
Ferris, C.F., Kulkarni, P., Sullivan, J.M., Harder, J.A., Messenger, T.L., Febo, M., 2005.
Pup suckling is more rewarding than cocaine: evidence from functional magnetic
resonance imaging and three-dimensional computational analysis. J. Neurosci. 25,
149–156. http://dx.doi.org/10.1523/JNEUROSCI.3156-04.2005.
Field, T.M., Schanberg, S.M., Scafidi, F., Bauer, C.R., Vega-Lahr, N., Garcia, R., Nystrom,
J., Kuhn, C.M., 1986. Tactile/kinesthetic stimulation effects on preterm neonates.
Pediatrics 77, 654–658.
Foss-Feig, J.H., Heacock, J., Cascio, C.J., 2012. Tactile responsiveness patterns and their
association with core features in autism spectrum disorders. Res. Autism Spectr.
Disord. 6, 337–344.
Gallace, A., Spence, C., 2010. The science of interpersonal touch: an overview. Neurosci.
Biobehav. Rev. 34, 246–259. http://dx.doi.org/10.1016/j.neubiorev.2008.10.004.
Gazzola, V., Spezio, M.L., Etzel, J.A., Castelli, F., Adolphs, R., Keysers, C., 2012. Primary
somatosensory cortex discriminates affective significance in social touch. Proc. Natl.
Acad. Sci. U. S. A. 109, E1657–1666. http://dx.doi.org/10.1073/pnas.1113211109.
Gentsch, A., Panagiotopoulou, E., Fotopoulou, A., 2015. Active interpersonal touch gives
rise to the social softness illusion. Curr. Biol. CB 25, 2392–2397. http://dx.doi.org/
10.1016/j.cub.2015.07.049.
Georgopoulos, A.P., 1976. Functional properties of primary afferent units probably related to pain mechanisms in primate glabrous skin. J. Neurophysiol. 39, 71–83.
Goldstein, P., Weissman-Fogel, I., Dumas, G., Shamay-Tsoory, S.G., 2018. Brain-to-brain
coupling during handholding is associated with pain reduction. Proc. Natl. Acad. Sci.
U. S. A. http://dx.doi.org/10.1073/pnas.1703643115.
Goldstein, P., Weissman-Fogel, I., Shamay-Tsoory, S.G., 2017. The role of touch in regulating inter-partner physiological coupling during empathy for pain. Sci. Rep. 7,
3252. http://dx.doi.org/10.1038/s41598-017-03627-7.
Gordon, I., Voos, A.C., Bennett, R.H., Bolling, D.Z., Pelphrey, K.A., Kaiser, M.D., 2013.
Brain mechanisms for processing affective touch. Hum. Brain Mapp. 34, 914–922.
http://dx.doi.org/10.1002/hbm.21480.
Gordon, I., Zagoory-Sharon, O., Leckman, J.F., Feldman, R., 2010. Oxytocin, cortisol, and
triadic family interactions. Physiol. Behav. 101, 679–684. http://dx.doi.org/10.
1016/j.physbeh.2010.08.008.
Grandi, L.C., 2016. From sweeping to the caress: similarities and discrepancies between
human and Non-human primates’ Pleasant touch. Front. Psychol. 7, 1371. http://dx.
doi.org/10.3389/fpsyg.2016.01371.
Haans, A., IJsselsteijn, W., 2006. Mediated social touch: a review of current research and
future directions. Virtual Real. 9, 149–159. http://dx.doi.org/10.1007/s10055-0050014-2.
Henning, M., Fox, G.R., Kaplan, J., Damasio, H., Damasio, A., 2017. A potential role for
mu-opioids in mediating the positive effects of gratitude. Front. Psychol. 8, 868.
http://dx.doi.org/10.3389/fpsyg.2017.00868.
Herrera, E., Reissland, N., Shepherd, J., 2004. Maternal touch and maternal child-directed
speech: effects of depressed mood in the postnatal period. J. Affect. Disord. 81,
29–39. http://dx.doi.org/10.1016/j.jad.2003.07.001.
Hertenstein, M.J., Holmes, R., McCullough, M., Keltner, D., 2009. The communication of
emotion via touch. Emotion 9, 566–573. http://dx.doi.org/10.1037/a0016108.
Ishiyama, S., Brecht, M., 2016. Neural correlates of ticklishness in the rat somatosensory
cortex. Science 354, 757–760. http://dx.doi.org/10.1126/science.aah5114.
Jaffe, J., Beebe, B., Feldstein, S., Crown, C.L., Jasnow, M.D., Rochat, P., Stern, D.N., 2001.
Rhythms of dialogue in infancy: coordinated timing in development. Monogr. Soc.
Res. Child. Dev. 66, i-149.
Jean, A.D.L., Stack, D.M., Fogel, A., 2009. A longitudinal investigation of maternal
touching across the first six months of life: age and context effects. Infant Behav. Dev.
32, 344–349. http://dx.doi.org/10.1016/j.infbeh.2009.04.005.
Jenkins, J.L., 1986. Physiological effects of petting a companion animal. Psychol. Rep. 58,
21–22. http://dx.doi.org/10.2466/pr0.1986.58.1.21.
Jones, S.E., Yarbrough, A.E., 1985. A naturalistic study of the meanings of touch.
Commun. Monogr. 52, 19–56. http://dx.doi.org/10.1080/03637758509376094.
Jönsson, E.H., Wasling, H.B., Wagnbeck, V., Dimitriadis, M., Georgiadis, J.R., Olausson,
H., Croy, I., 2015. Unmyelinated tactile cutaneous nerves Signal erotic sensations. J.
Sex. Med. 12, 1338–1345. http://dx.doi.org/10.1111/jsm.12905.
Kaffman, A., Meaney, M.J., 2007. Neurodevelopmental sequelae of postnatal maternal
care in rodents: clinical and research implications of molecular insights. J. Child

10

Developmental Cognitive Neuroscience 35 (2019) 5–11

C.J. Cascio, et al.

2017. Empathy during consoling touch is modulated by mu-rhythm: an EEG study.
Neuropsychologia. http://dx.doi.org/10.1016/j.neuropsychologia.2017.04.026.
Perkeybile, A.M., Bales, K.L., 2015. Early rearing experience is related to altered aggression and vasopressin production following chronic social isolation in the prairie
vole. Behav. Brain Res. 283, 37–46. http://dx.doi.org/10.1016/j.bbr.2015.01.025.
Pickles, A., Sharp, H., Hellier, J., Hill, J., 2017. Prenatal anxiety, maternal stroking in
infancy, and symptoms of emotional and behavioral disorders at 3.5 years. Eur. Child
Adolesc. Psychiatry 26, 325–334. http://dx.doi.org/10.1007/s00787-016-0886-6.
Pryweller, J.R., Schauder, K.B., Anderson, A.W., Heacock, J.L., Foss-Feig, J.H., Newsom,
C.R., Loring, W.A., Cascio, C.J., 2014. White matter correlates of sensory processing
in autism spectrum disorders. NeuroImage Clin. 6, 379–387. http://dx.doi.org/10.
1016/j.nicl.2014.09.018.
Ravaja, N., Harjunen, V., Ahmed, I., Jacucci, G., Spapé, M.M., 2017. Feeling touched:
emotional modulation of somatosensory potentials to interpersonal touch. Sci. Rep. 7,
40504. http://dx.doi.org/10.1038/srep40504.
Schauder, K.B., Muller, C.L., Veenstra-VanderWeele, J., Cascio, C.J., 2015. Genetic variation in serotonin transporter modulates tactile hyperresponsiveness in ASD. Res.
Autism Spectr. Disord. 10, 93–100. http://dx.doi.org/10.1016/j.rasd.2014.11.008.
Scheele, D., Kendrick, K.M., Khouri, C., Kretzer, E., Schläpfer, T.E., Stoffel-Wagner, B.,
Güntürkün, O., Maier, W., Hurlemann, R., 2014. An oxytocin-induced facilitation of
neural and emotional responses to social touch correlates inversely with autism traits.
Neuropsychopharmacology 39, 2078–2085. http://dx.doi.org/10.1038/npp.
2014.78.
Schirmer, A., Ng, T., Ebstein, R.P., 2018. Vicarious social touch biases gazing at faces and
facial emotions. Emotion. http://dx.doi.org/10.1037/emo0000393.
Seelke, A.M.H., Perkeybile, A.M., Grunewald, R., Bales, K.L., Krubitzer, L.A., 2016.
Individual differences in cortical connections of somatosensory cortex are associated
with parental rearing style in prairie voles (Microtus ochrogaster). J. Comp. Neurol.
524, 564–577. http://dx.doi.org/10.1002/cne.23837.
Sehlstedt, I., Ignell, H., Backlund Wasling, H., Ackerley, R., Olausson, H., Croy, I., 2016.
Gentle touch perception across the lifespan. Psychol. Aging 31, 176–184. http://dx.
doi.org/10.1037/pag0000074.
Seidl, A., Tincoff, R., Baker, C., Cristia, A., 2015. Why the body comes first: effects of
experimenter touch on infants’ word finding. Dev. Sci. 18, 155–164. http://dx.doi.
org/10.1111/desc.12182.
Sekhar, D.L., Kraschnewski, J.L., Stuckey, H.L., Witt, P.D., Francis, E.B., Moore, G.A.,
Morgan, P.L., Noll, J.G., 2017. Opportunities and challenges in screening for childhood sexual abuse. Child Abuse Negl. http://dx.doi.org/10.1016/j.chiabu.2017.07.
019.
Stack, D.M., Muir, D.W., 1990. Tactile stimulation as a component of social interchange a new interpretation of the still face effect. Br. J. Dev. Psychol. 8, 131–145.
Suvilehto, J.T., Glerean, E., Dunbar, R.I.M., Hari, R., Nummenmaa, L., 2015. Topography
of social touching depends on emotional bonds between humans. Proc. Natl. Acad.
Sci. U. S. A. 112, 13811–13816. http://dx.doi.org/10.1073/pnas.1519231112.
Szyf, M., 2012. The early-life social environment and DNA methylation. Clin. Genet. 81,
341–349. http://dx.doi.org/10.1111/j.1399-0004.2012.01843.x.
Trezza, V., Campolongo, P., Vanderschuren, L.J.M.J., 2011. Evaluating the rewarding
nature of social interactions in laboratory animals. Dev. Cogn. Neurosci. 1, 444–458.
http://dx.doi.org/10.1016/j.dcn.2011.05.007. Special Issue on Motivation.
Tronick, E.Z., 1989. Emotions and emotional communication in infants. Am. Psychol. 44,
112–119.
Vallbo, A., Olausson, H., Wessberg, J., Norrsell, U., 1993. A system of unmyelinated afferents for innocuous mechanoreception in the human skin. Brain Res. 628, 301–304.
Voos, A.C., Pelphrey, K.A., Kaiser, M.D., 2013. Autistic traits are associated with diminished neural response to affective touch. Soc. Cogn. Affect. Neurosci. 8, 378–386.
http://dx.doi.org/10.1093/scan/nss009.
Walker, S.C., Trotter, P.D., Swaney, W.T., Marshall, A., Mcglone, F.P., 2017. C-Tactile
afferents: cutaneous mediators of oxytocin release during affiliative tactile interactions? Neuropeptides 64, 27–38. http://dx.doi.org/10.1016/j.npep.2017.01.001.
Weber, E.H., 1834. De Tactu. Annotationes Anatomicae Et Physiologicae. Leipzig.
Wessberg, J., Olausson, H., Fernström, K.W., Vallbo, A.B., 2003. Receptive field properties of unmyelinated tactile afferents in the human skin. J. Neurophysiol. 89,
1567–1575. http://dx.doi.org/10.1152/jn.00256.2002.
Wheldall, K., Bevan, K., Shortall, K., 1986. A touch of reinforcement: the effects of contingent teacher touch on the classroom behaviour of young children. Educ. Rev. 38,
207–216. http://dx.doi.org/10.1080/0013191860380301.
White, J.L., Labarba, R.C., 1976. The effects of tactile and kinesthetic stimulation on
neonatal development in the premature infant. Dev. Psychobiol. 9, 569–577. http://
dx.doi.org/10.1002/dev.420090610.
White, K., 2004. Touch: Attachment and the Body [WWW Document] (Accessed 21
August 2017). URL. Karnac Books. http://us.karnacbooks.com/product/touchattachment-and-the-body/18583/.
Wilbarger, J., Gunnar, M., Schneider, M., Pollak, S., 2010. Sensory processing in internationally adopted, post-institutionalized children. J. Child Psychol. Psychiatry 51,
1105–1114. http://dx.doi.org/10.1111/j.1469-7610.2010.02255.x.
Zernig, G., Kummer, K.K., Prast, J.M., 2013. Dyadic social interaction as an alternative
reward to cocaine. Front. Psychiatry 4, 100. http://dx.doi.org/10.3389/fpsyt.2013.
00100.

Psychol. Psychiatry 48, 224–244. http://dx.doi.org/10.1111/j.1469-7610.2007.
01730.x.
Kaiser, M.D., Yang, D.Y.-J., Voos, A.C., Bennett, R.H., Gordon, I., Pretzsch, C., Beam, D.,
Keifer, C., Eilbott, J., McGlone, F., Pelphrey, K.A., 2015. Brain mechanisms for processing affective (and nonaffective) touch are atypical in autism. Cereb. Cortex 1991.
http://dx.doi.org/10.1093/cercor/bhv125.
Kida, T., Shinohara, K., 2013. Gentle touch activates the prefrontal cortex in infancy: an
NIRS study. Neurosci. Lett. 541, 63–66. http://dx.doi.org/10.1016/j.neulet.2013.01.
048.
Koole, S.L., Tjew, A., Sin, M., Schneider, I.K., 2014. Embodied terror management: interpersonal touch alleviates existential concerns among individuals with low selfesteem. Psychol. Sci. 25, 30–37. http://dx.doi.org/10.1177/0956797613483478.
Kreuder, A.-K., Scheele, D., Wassermann, L., Wollseifer, M., Stoffel-Wagner, B., Lee, M.R.,
Hennig, J., Maier, W., Hurlemann, R., 2017. How the brain codes intimacy: the
neurobiological substrates of romantic touch. Hum. Brain Mapp. 38, 4525–4534.
http://dx.doi.org/10.1002/hbm.23679.
Lee Masson, Op de Beeck, H., 2018. Socio-affective touch expression database. PLoS One
13, e0190921. http://dx.doi.org/10.1371/journal.pone.0190921.
Leonard, J.A., Berkowitz, T., Shusterman, A., 2014. The effect of friendly touch on delayof-gratification in preschool children. Q. J. Exp. Psychol. 67, 2123–2133. http://dx.
doi.org/10.1080/17470218.2014.907325.
Lin, S.H., Cermak, S., Coster, W.J., Miller, L., 2005. The relation between length of institutionalization and sensory integration in children adopted from Eastern Europe.
Am. J. Occup. Ther. 59, 139–147.
Löken, L.S., Wessberg, J., Morrison, I., McGlone, F., Olausson, H., 2009. Coding of
pleasant touch by unmyelinated afferents in humans. Nat. Neurosci. 12, 547–548.
http://dx.doi.org/10.1038/nn.2312.
Maitre, N.L., Key, A.P., Chorna, O.D., Slaughter, J.C., Matusz, P.J., Wallace, M.T., Murray,
M.M., 2017. The dual nature of early-life experience on somatosensory processing in
the human infant brain. Curr. Biol. CB 27, 1048–1054. http://dx.doi.org/10.1016/j.
cub.2017.02.036.
Major, B., Schmidlin, A.M., Williams, L., 1990. Gender patterns in social touch: the impact
of setting and age. J. Pers. Soc. Psychol. 58, 634–643.
Mammen, M.A., Moore, G.A., Scaramella, L.V., Reiss, D., Ganiban, J.M., Shaw, D.S., Leve,
L.D., Neiderhiser, J.M., 2015. Infant avoidance during a tactile task predicts autism
spectrum behaviors in toddlerhood. Infant Ment. Health J. 36, 575–587. http://dx.
doi.org/10.1002/imhj.21539.
Marx, V., Nagy, E., 2017. Fetal behavioral responses to the touch of the mother's abdomen: a frame-by-frame analysis. Infant Behav. Dev. 47, 83–91. http://dx.doi.org/
10.1016/j.infbeh.2017.03.005.
Maurer, D., Maurer, C., 1988. The World of the Newborn. Basic Books, New York.
McGlone, F., Wessberg, J., Olausson, H., 2014. Discriminative and affective touch: sensing and feeling. Neuron 82, 737–755. http://dx.doi.org/10.1016/j.neuron.2014.05.
001.
Montagu, A., 1986. Touching: The Human Significance of the Skin. Perennial Library,
New York.
Morrison, I., Björnsdotter, M., Olausson, H., 2011. Vicarious responses to social touch in
posterior insular cortex are tuned to pleasant caressing speeds. J. Neurosci. 31,
9554–9562. http://dx.doi.org/10.1523/JNEUROSCI.0397-11.2011.
Morrison, I., Löken, L.S., Olausson, H., 2010. The skin as a social organ. Exp. Brain Res.
204, 305–314. http://dx.doi.org/10.1007/s00221-009-2007-y.
Moszkowski, R.J., Stack, D.M., 2007. Infant touching behaviour during mother–infant
face-to-face interactions. Infant. Child Dev. 16, 307–319. http://dx.doi.org/10.1002/
icd.510.
Nummenmaa, L., Tuominen, L., Dunbar, R., Hirvonen, J., Manninen, S., Arponen, E.,
Machin, A., Hari, R., Jääskeläinen, I.P., Sams, M., 2016. Social touch modulates
endogenous μ-opioid system activity in humans. NeuroImage 138, 242–247. http://
dx.doi.org/10.1016/j.neuroimage.2016.05.063.
Olausson, H., Lamarre, Y., Backlund, H., Morin, C., Wallin, B.G., Starck, G., Ekholm, S.,
Strigo, I., Worsley, K., Vallbo, A.B., Bushnell, M.C., 2002. Unmyelinated tactile afferents signal touch and project to insular cortex. Nat. Neurosci. 5, 900–904. http://
dx.doi.org/10.1038/nn896.
Olausson, H., Wessberg, J., Morrison, I., McGlone, F., Vallbo, A., 2010. The neurophysiology of unmyelinated tactile afferents. Neurosci. Biobehav. Rev. 34, 185–191.
http://dx.doi.org/10.1016/j.neubiorev.2008.09.011.
Orefice, L.L., Zimmerman, A.L., Chirila, A.M., Sleboda, S.J., Head, J.P., Ginty, D.D., 2016.
Peripheral mechanosensory neuron dysfunction underlies tactile and behavioral
deficits in mouse models of ASDs. Cell. http://dx.doi.org/10.1016/j.cell.2016.05.
033.
Patterson, M.L., Powell, J.L., Lenihan, M.G., 1986. Touch, compliance, and interpersonal
affect. J. Nonverbal Behav. 10, 41–50. http://dx.doi.org/10.1007/BF00987204.
Pawling, R., Cannon, P.R., McGlone, F.P., Walker, S.C., 2017. C-tactile afferent stimulating touch carries a positive affective value. PLoS One 12, e0173457. http://dx.doi.
org/10.1371/journal.pone.0173457.
Pearce, E., Wlodarski, R., Machin, A., Dunbar, R.I.M., 2017. Variation in the β-endorphin,
oxytocin, and dopamine receptor genes is associated with different dimensions of
human sociality. Proc. Natl. Acad. Sci. U. S. A. 114, 5300–5305. http://dx.doi.org/
10.1073/pnas.1700712114.
Peled-Avron, L., Goldstein, P., Yellinek, S., Weissman-Fogel, I., Shamay-Tsoory, S.G.,

11

