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BONDING AND ATTACHMENT RELATED 
TO SKIN TO SKIN CONTACT

Rosario Montirosso

“virtual”

Parental-infant bonding is a critical piece in the neonatal care 



19/03/2020

2

Suboptimal bonding can be detrimental, but….it  can be reversed

Embodied interaction contributes to the formation of infant bodily-self

 Embodied interaction could contribute to the infant’s bodily perception (Fotopoulou and Tsakiris, 2017).

 The infant’s bodily perception is the ability to perceive our body as separate from other entities and
provides the basis of self-perception (Ciaunica and Crucianelli, 2019).

 Self-perception is crucial for engaging in social interactions, interpreting and predicting the thoughts, actions
and behaviors of others (Meltzoff, 2017).

 Embodied simply means: “involving the body”: embodiment depends on the body and the brain’s
processing and integration system for bodily signals.

 Embodied interaction means that maternal body is ‘hooked up’ to the infant’s body to compose a shared
space/time (Gallese, 2006).
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1) Could early embodied interaction be related to
formation of the infant bodily-self?

2) Which is role played by the multisensory integration
of bodily signals in this process?

3) What could be the role played by the maternal touch
in multisensory integration?

4) What is the contribution of the maternal body in this
process?

Overview

Modified: Potgieter & Adams, 2019

“Self starts with body” (Baumeister, 1999)

MULTIMODAL INTEGRATION 
RELATED TO BODY PERCEPTION

Ambrogio Lorenzetti

Madonna con il bambino 
(1319)
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 Processing of information form the body begins during the first year of life and more likely a process that
starts in-utero (Zieber et al., 2015).

 It has been suggested that a non-conceptual form of bodily self awareness, a rudimental sense of self, is
already present in the early post-natal life (Gallagher, 2000; Damasio, 2010).

 The formation of bodily-self is hypothesized to be driven and progressively refined by multisensory
information integration (Zmyj et al., 2011).

 In turn, physical contact would facilitate multisensory integration (Montirosso e McGlone, 2020).

The emergence of the sense of a bodily-self

The bodily-self is not an entity dependent only neuro-maturational processes, but rather it is
dependent upon relational experiences of body-to-body interactions.

Has infant's brain the features for being conscious?

Adult Infant

The newborn brain has several features for being conscious, aware of itself and of
the environment and infants can feel and integrate multiple sensory modalities.
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Have human newborns a basic sense of self? 

Human newborns have a basic sense of self and a rudimentary distinction between
representations of their bodies and those of other people.

Riva, 2018

Body perception in newborns

The looking behavior of newborns (mean age: 45.2 hours)  
presented with visual-tactile synchronous and asynchronous 

cues was investigated.  

Experiment1: visual-tactile synchronous compared to visual-tactile asynchronous
stimulation using body-related information (an upright infant face).

Experiment2: visual-tactile synchronous compared to visual-tactile asynchronous
stimulation using non-body-related information (an inverted infant face).

Infants look longer at a video of another newborn’s face
if it is stroked by a brush when their own face is brushed
synchronously.
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Tactile interaction leads to integration of audio-tactile information

 8-months-old infants heard pseudo-words both while they
were tickled (multimodal audio-tactile condition) and not
tickled (unimodal audio condition).

 After this phase, brain activity (i.e., EEG) was measured
during the perception of the same words.

 Compared to the audio condition, the audio-tactile
condition was associated with higher brain activity in
the left temporal regions and activation of the middle
frontal region.

Neural evidence that a multimodal condition which includes touch stimulation supports higher
brain activity, possibly by integration processes.

BODILY SELF-PERCEPTION, 
AFFECTIVE TOCUH AND 

INTEROCEPTION 

Madonna col Bambino  
Mantegna
1490-1500
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The hidden sense... interoception

 Interoception involves the detection and processing of multiple signals from the body such as temperature,
itch, pain, cardiac signals, respiration, hunger, thirst and touch – both discriminative and affective.

 Interoception is the perception of the state of the body, that is, it is a sense that provides information about
the internal condition of our body.

How our body is feeling on the inside.

Early implicit sensitivity to interoceptive signals

 Five-month old infants were shown an animated character that either moved in synchrony with their
own heartbeat or out of synchrony with their heartbeat.

 The infants spent longer looking at the character that was moving out of synchrony than the one moving
in synchrony.

Infants shows an implicit sensitivity to interoceptive signals, and an ability to integrate these
interoceptive signals with external visual-auditory stimuli.
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Bodily self-perception and interoception: the role of the insula

Posterior insula integrates interoceptive signals.

Overall, it creates a neural representation of the body into an embodied form of self-awareness (Namkung et
al., 2017; Atzil et al., 2018).

Ceunen et al., 2016

1

2

3

Anterior insula integrates body schema networks which involve
different cerebral area such as parietal and frontal regions.

The role of insular cortex

Together with the cingulate and frontal cortex, the insula is active in social perception
processing, such as:

 in stimuli-situations of empathic recognition of other’s emotional experience (Jackson et
al., 2005),

 in the processing of emotional bonds (Bartels and Zeki, 2004).

Insular cortex could be the neural hub for the integration of somatosensory information/social
perceptin coming from the outside with interoceptive inputs functional to body homeostasis .
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 The insula is amongst the first cortical regions to develop and differentiate itself,

 At 27 weeks of gestational age it appears to be at an advanced maturational stage
(Afif et al., 2007).

Development somesthestic system and fetal insular cortex

 The somatosensory system is one of the first sensorial systems to develop
in the human embryo (Montagu, 1986).

Insular cortex could have an early involvement in the elaboration of somatosensory stimulation at an early
maturational level to which the fetus and the newborn are exposed.

Two types of mechanosensory (touch) nerves innervating the skin

 The fast response myelinated nerves process information in the somatosensory cortex within tens of
milliseconds, enabling decisions to be made about where the body was touched and e.g. the use of tools.

 The slow response nerves however cannot provide such discriminative information as unmyelinated nerves
take thousands of milliseconds to transmit a mechanical stimulus to the brain.
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The neurophysiology of unmyelinated tactile afferents

 C-tactile afferents are sensitive to temperature, discharging preferentially to
skin temperature stimulus (e.g., 32°C; Ackerley et al., 2014).

 The optimal speed touch stimulation for eliciting C-tactile responses is around
(1–10 cm/s), such as a slow stroking (Loken et al., 2009).

 C-tactile fibers respond with this U-inverted shaped function, myelinated fibers
(A-β) relative to the tactile discrimination increase their discharge frequency in
a linear way with the increase of stimulation speed (Löken et al., 2009).

McGlone et al., 2014

Affective vs. non-affective touch and cortical activation in the insular cortex

Slow stroking
touch stimulation

(3 cm/s) 

Fast stroking
touch stimulation

(20 cm/s) 
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Affective touch and insular cortex activation in preterm infants

Modified: Khalsa et al., 2017

What could we learn from this evidence about the infant body self-perception?

 Infants have the capacity to perceive their own body, for
example using multisensory integration.

 It is unlikely that this skill depends only on a neuro-
maturational process, but rather is integrated by body-to-
body connections.

 Interpersonal touch, as processed by C-fibers and by the
brain areas they project to (i.e., insula) could support the
perception the infant bodily-self.
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….. and what about bonding related to skin-to-skin contact?  

Atzil, Gao, Fradkin and Barrett, 2018

 The bodily attunement would regulate the infant's interoceptive states (e.g., decreases heart rate) and
support bodily states which facilitate the interoceptive sensitivity and therefore the infant's bodily-self-
perception.

 It is plausible that the affective touch and close
physical proximity allow the dyad to attunement
their bodies (bodily attunement) during their
embodied exchanges.

THE ROLE PLAYED BY THE 
MOTHER'S BODY

Giovanni Bellini  
Madonna con il bambino 

circa 1488
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The mother and infant co‐regulate one another 

 The mother and infant co-regulate one another at the autonomic
state level via regular physical and social contact (e.g., calming
cycle theory).

 Early autonomic learning between mother and infant is the primary
factor that helps the infant form emotional relationships with
others.

 Autonomic learning results in both physiological and behavioral
autonomic co-regulation between the pair that triggers various
subconscious physiological and emotional responses upon sensory
contact.

Stroking at the rhythm of own heartbeat

 Intuitive maternal stroking is tuned to the stimulation of C- tactile fibers.

 Stroking velocities is significantly correlated to maternal interoception, as measured by heart rate, suggesting
that maternal affectionate touch behavior might be moderated by some aspects of maternal interoception.

Infants aged 4–54 weeks
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Parental interoception sensitivity modulates children’s somatic symptoms 

Time 1 (mean age = 11 months): parent underwent functional brain
scanning with the individually-tailored home videotapes as fMRI
stimuli.

Time 2 (mean age = 3 years): parent sensitivity were measured
during a parent-child interaction.

Time 3 (mean age = 6 years): parents reported on children's
somatic symptoms.

The early bio-behavioral attunement could promote in the child a subjective awareness of emotional state and
bodily self-perception.

SOME POSSIBLE PRACTICAL 
IMPLICATIONS

Jacopo Bellini (1400–1470) 
Madonna col Bambino

1450
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 School-aged children born preterm without neurological outcomes was assessed by a visual body recognition 
task.

 Preterm children showed alterations in body representation at the levels of body visual perceptual processing 
and of body schema. 

Could preterm birth interfere with the body-related information processing?

Butti, Urgesi, Montirosso, under review.

Could preterm mothers to be less efficient in perception of their infants' bodily cues?

 To examine the association between maternal sensitivity and maternal visuo-
perceptual processes in perceiving infants' body, when their infants were 6
months-old.

Mothers of preterm infants had less refined maternal perception of own infant's body.
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A link between interoception and empathy: why not for mothers? 

 If maternal empathy were, at least partially, associated with the
accuracy with which mothers perceive their own bodily signals, then
maternal interoceptive sensitivity might facilitate parental inferences
about infant’s physiological and emotional states and, of course to
support the infant bodily self-perception.

To promote the mother's ability to perceive her own internal signals during the skin-to-skin practice or
embodied interactions.

Interoceptive sensitivity significantly enhances neural activity
during empathy in bilateral anterior insula

Interoception sensitivity may contribute to inferences about the
affective state of others (i.e., empathy).

CONCLUSIONS
Madonna del libro 
Sandro Botticelli
circa 1480-1481
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Caregiver co-creates the infant body self 
 The experience of to be touched might be linked to the discovery of one's own body by the interpersonal 

gentle touch provides by caregivers, not only by parents.

 Embodied interaction (skin-to-skin, gentle touch) not only support well-being and growth in preterm infants,
but it co-creates the infant body self.

 Each time we touch in a gentle way a preterm infant we
are promoting a special form of neuroprotective care:
the infant’s ability to form accurate representations of
bodily sensations.

 How, when, how much and where the caregiver touch
infants could sculpt the sense of infant bodily-self.

Bodies come first 

 Before an infant “meets” mother’s mind, the infant “meets” mother’s body (Ciaunica, 2019).

 The contrary is equally true, before mother “meets” infant’s mind, mother “meets” infant’s body.

 Bodies come first and along with several other interactive processes, embodied interactions make embodied
meaning within and between individuals, which increase the coherence and complexity of each infant’s and,
likely parent’s sense of bodily-self establishing reciprocal awareness.
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Dott. Rosario Montirosso
Centro 0-3 per il bambino a rischio evolutivo
IRCCS Eugenio Medea 
Via Don Luigi Monza, 20
23842 Bosisio Parini (Lecco)
Tel.  ++39 031 877494

E-mail: rosario.montirosso@lanostrafamiglia.it
Scientific Institute website: www.emedea.it
Research Team website: www.emedea.it/centro03

THANK YOU FOR YOU ATTENTION…..
AND A GENTLE TOUCH TO EVERYONE!!!!


