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Abstract. This paper explores the fundamental role of affective and therapeutic touch and
movement in child neurobiological development through the paradigm of Psychoneuroendo-
crineimmunology (PNEI). Physical contact is not merely a mechanical act but constitutes a pre-
verbal language and a primary biological modulator capable of activating C-tactile fibers and
stimulating the release of oxytocin. The latter acts as a core mediator in stress reduction, regula-
tion of the HPA axis, modulation of the anti-inflammatory immune response, and the structur-
ing of predictive models of social cognition. By integrating the osteopathic, physiotherapeutic,
and psychological approach, touch and its subsequent evolution into structured movement — an
essential driver for BDNF production and brain plasticity — offer a multidisciplinary care model.
This approach promotes interpersonal synchronization and caregiver empowerment, establishing
itself as a highly effective preventive and evolutionary medicine strategy for long-term health.
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Touch represents the first form of communication experienced by human be-
ings, a pre-verbal language that precedes the structuring of the self and the sym-
bolic comprehension of the world (Montagu, 1986). In the context of early devel-



opment, physical contact is not merely a mechanical act, but a powerful modulator
of homeostasis, capable of radically influencing the child’s brain architecture and
immune response (Feldman, 2012).

Within the paradigm of Psychoneuroendocrineimmunology (PNEI), therapeutic
is conceived as a systemic intervention: it acts not only on the musculoskeletal lev-
el, but promotes synchronization between the biological systems of the child and
the caregiver (Ader, 2007; McGlone et al., 2014). Recent scientific literature empha-
sizes how affectionate touch is a biological necessity, a catalyst that enables the
transition from a state of basal reactivity to one of dynamic regulation, essential for
facing the challenges of growth (Uvnids-Moberg, 2003). In this process, oxytocin
acts as the core biochemical mediator, a molecule capable of transforming a tactile
mechanical signal into a complex physiological response, guaranteeing the cohe-
sion of the osteopath-parent-child triadic system (Carter, 1998; Accardi et al., 2023).

Oxytocin as the System’s Architect: Neurobiology and
Regulation

The role of oxytocin in affective touch transcends the classical function linked to
childbirth and lactation. In neonatal development, it serves as the interface be-
tween the external world and internal equilibrium (Uvnéds-Moberg, 2003). Through
the activation of unmyelinated C-tactile fibers — low-threshold receptors sensitive
to slow, rhythmic caresses — touch sends preferential signals to the brain areas ded-
icated to affective regulation, in particular the posterior insular cortex and the so-
matosensory cortex (S1) (Loken et al., 2009; McGlone et al., 2017).

This afferent stimulation induces an endogenous release of oxytocin, which ex-
erts an inhibitory modulation on the amygdala circuits, reducing the alert response
of the hypothalamic-pituitary-adrenal (HPA) axis (Heinrichs et al., 2009). This is
where the central role of oxytocin lies: it not only attenuates the stress response but
actively participates in T-cell development and the modulation of the immune re-
sponse, promoting the expression of an anti-inflammatory profile.

Oxytocin essentially acts as a “linking molecule” between the central nervous
system and the immune system (Gouin et al., 2010). In the presence of adequate
tactile stimulation, a suppression of inflammatory cytokines and an enhancement
of innate immune functions areobserved, such as increased Natural Killer cell ac-
tivity. This neuro-immunological tuning process is fundamental for the developing
child, since contact with the caregiver’s skin represents not only a source of
warmth, but a true “information ecosystem” that actively contributes to the coloni-
zation of the skin microbiota and, consequently, to the maturation of the systemic
immune system (Gilbert et al., 2018).



If biologically oxytocin modulates homeostasis, neurocognitively it constitutes
the fundamental substrate for the construction of “social cognition”. The child is
not a passive receptor of stimuli, but an organism that constantly attempts to pre-
dict the dynamics of its environment (Friston, 2010). In this framework, affection-
ate touch mediated by oxytocin allows for the “calibration” of the predictive mod-
els that the infant brain builds regarding the caregiver and the surrounding world
(Fotopoulou & Tsakiris, 2017).

The adoption of the active inference framework — central to recent reflections in
neonatology and osteopathic practice — allows us to understand how therapeutic
touch is not merely a corrective action, but a process of “precision” communication
within the child’s generative models (Pezzulo et al., 2015). The brain, interpreted as
an inference machine, seeks to reduce prediction error (the discrepancy between
what is expected and what is perceived) (Clark, 2013). When a child, especially one
in a condition of developmental fragility, experiences unpredictable or invasive
touch, their predictive system goes into crisis, generating alarm signals.

Oxytocin, produced in response to reassuring and rhythmic touch, acts by re-
ducing the noise in the system, lowering the precision attributed to negative pre-
diction error signals and simultaneously facilitating the updating of models to-
ward a perception of safety (Fonagy & Target, 2002; Addabbo et al., 2025). In this
sense, the osteopath and the parent become active agents of neurobiological scaf-
folding: through rhythmic repetition and the affective quality of contact, they help
the child stabilize internal models in which the relationship is perceived as a
source of support rather than a threat (Mercuri, 2025).

Interpersonal synchrony — understood as temporal and dynamic coordination
between the biological rhythms of parent and child — is the ultimate outcome of
this oxytocin-mediated process (Feldman, 2012). This is not merely a psychological
state, but a measurable neurophysiological phenomenon that fosters secure at-
tachment (Bowlby, 1982). Recent studies confirm that the frequency and quality of
maternal touch directly predict the resting-state activity and connectivity of the
“social brain” networks in the child (Atzil et al., 2011; Brauer et al., 2016).

Oxytocin not only modulates reward (making social interaction intrinsically
rewarding), but facilitates the processing of social information, allowing the child
to tune into the facial expressions, vocalizations, and intentions of the other (Insel,
2010). In a clinical intervention, the osteopath who facilitates this attunement, is in
effect, using touch as an “endogenous biological drug” (Frymann, 1998; Accardi et
al., 2023). This approach breaks the cycle of isolation and fear, fostering resilient
social cognition even in contexts of genetic complexity or motor development de-
lays, where conventional communication pathways may appear compromised.

Although in clinical practice the two dimensions are intrinsically overlapping



— especially in the pediatric setting — it is appropriate to analyze the peculiarities
that define affective touch versus therapeutic touch, both cited as pillars in recent
systematic reviews on neonatal and pediatric manual therapy (McGlone et al.,
2017).

Affective Touch

Affective touch is defined by its non-intentional nature in the clinical-
rehabilitative sense, but is essentially relational (McGlone et al., 2014). As high-
lighted, it is mediated by C-tactile (CT) fibers, a population of unmyelinated low-
threshold afferent fibers that respond optimally to slow stimulations, with a veloci-
ty between 1 and 10 cm/s, and a neutral skin temperature (Olausson et al., 2002;
McGlone et al., 2017).

From a neurobiological standpoint, affective touch acts as social glue. Its prima-
ry function is the regulation of emotional state and the promotion of the affiliative
bond (Dunbar, 2010). It does not aim at resolving a biomechanical dysfunction, but
at affective stability. The oxytocin released in response to this type of touch is not
just a neurotransmitter, but a signal of “biological safety” that allows the child to
modulate their stress response (Uvnéds-Moberg, 2003). In terms of active inference,
affective touch reduces the weight (or precision) of the environmental prediction
error, reassuring the child of the caregiver’s presence and availability (Fotopoulou
& Tsakiris, 2017; Addabbo et al., 2025).

Therapeutic Touch: Clinical Intentionality

Therapeutic touch, as practiced in pediatric osteopathy and physiotherapy,
adds a dimension of intentional precision to the affective component (Franke 2022).
Here, touch is not merely a caress, but a therapeutic gesture aimed at modulating
muscle tone and fascial mobility (Tozzi, 2015).

e Autonomic System Modulation: While affective touch induces generalized re-
laxation, therapeutic touch can be used to finely tune the balance between the
sympathetic and parasympathetic systems (Porges, 2011). Studies indicate that
manipulative osteopathic treatments (OMT) in preterm infants show a reduc-
tion in autonomic stress markers, a result that goes beyond the simple “calm-
ing” effect of contact (Manzotti et al., 2022).

e Sensory Integration: Therapeutic touch acts as a form of guided sensory input
(Ayres, 2005). In cases of motor development delays, touch is not only affective,
but “informative”. It provides the child’s central nervous system with proprio-
ceptive and kinesthetic feedback that, in the absence of such intervention,



would not be adequately integrated, thereby facilitating motor learning and re-

ducing stereotypical or dysfunctional movement patterns (Shumway-Cook &

Woollacott, 2017).
¢ Synergy in the Multidisciplinary Approach: The strength of therapeutic touch

lies in its capacity to integrate the clinician’s technical competence with the rela-
tional quality of affectivity (Degenhardt et al., 2014). The clinician does not
merely manipulate a body, but “accompanies” the child’s biological system to-
ward a state of greater order (entropy reduction) through interpersonal syn-
chronization (Feldman, 2012; Accardi et al., 2023). In this sense, the professional
becomes a mediator of exogenous-endogenous oxytocin: the quality of their
touch modulates the small patient’s biochemical response, creating the neces-
sary physiological conditions for rehabilitative strategies to be received and in-
tegrated by the nervous system.

This distinction does not intend to separate the two domains, but rather to high-
light how the expert integration of these two modalities is the beating heart of
modern pediatric intervention. The clinician who understands the neurobiology of
C-tactile fibers knows that, even when performing a maneuver of a technical na-
ture, the “affective” quality of the contact is what ultimately determines the success
of therapeutic reception by the child’s neurobiological system (McGlone et al.,
2017).

The approach based on therapeutic touch and affective tuning is not exhausted
by clinical efficacy on the individual patient, but projects itself as a strategy of sig-
nificant value for the entire healthcare system (Langevin et al., 2001). Recent litera-
ture, including systematic studies on manipulative osteopathy, has demonstrated
how targeted interventions in pediatric and neonatal settings can produce a meas-
urable impact on the economic sustainability of care (Lanaro ef al., 2017).

A finding of particular relevance for health planning is the capacity of osteo-
pathic intervention to reduce the duration of hospital stay, especially in Neonatal
Intensive Care Units (NICU) (Lanaro et al., 2017). Studies indicate that manual
treatments focused on autonomic nervous system regulation and stress reduction
correlate significantly with early discharge of preterm infants (Lanaro et al., 2017;
Manzotti et al., 2022). The reduction in length of stay represents not only an im-
provement in patient outcomes — avoiding prolonged exposure to a medicalized
and potentially stressful environment — but translates into a direct reduction in
costs for public healthcare facilities, freeing up precious resources (WHO, 2013).

The Model of Multidisciplinarity

The complexity of developmental disorders requires a response that overcomes



the fragmentation of traditional medical skills (Engel, 1977). The PNEI paradigm
offers the ideal common ground for this integration: physicians, psychologists,
physiotherapists, and osteopaths can converge toward a shared objective: the op-
timization of the child’s developmental trajectory (Ader, 2007; Accardi et al., 2023).

The figure of the professional utilizing therapeutic touch serves, in this context,
as an interdisciplinary “bridge”. Integrating touch into clinical practice does not
mean adding a procedure, but adopting a vision in which biology (immune and
endocrine systems), psychology (attachment and social cognition), and body phys-
ics (movement and muscle tone) are considered as a single functional unit (Bottac-
cioli & Bottaccioli, 2017). This approach is particularly necessary in the treatment of
rare pathologies or neurodiversity conditions, where protocol standardization of-
ten fails to capture the specificity of the individual child’s needs and those of their
family.

The Family as Part of the Care System

A central aspect, often overlooked by classical medicine, is the role of the care-
giver within the therapeutic process (Minuchin, 1974). Therapeutic touch teaches
parents to use affective contact not only to comfort, but to actively “regulate” their
child’s biological system (Schore, 2001; Accardi et al., 2023). This process of parent
empowerment, supported by the osteopath, transforms the home into an environ-
ment of continuous care (Dunst et al., 2002).

When parents learn the importance of C-tactile fibers and interpersonal syn-
chrony, treatment does not end with the session, but continues in everyday life,
exponentially multiplying the efficacy of the rehabilitative intervention (Feldman,
2012; Mercuri, 2022).

The challenge for future public healthcare lies in recognizing and institutional-
izing neurobiologically-based practices that value touch as a resource for care
(WHO, 2013). Scientific literature today provides the foundations to validate ther-
apeutic touch no longer as a “complementary practice”, but as an integral compo-
nent of pediatric care, capable of promoting not only immediate well-being, but al-
so long-term health through the protection and development of the child’s “social
brain” (McGlone et al., 2017).

Movement and Physical Activity: Catalysts of Neuro-Motor
Development and Resilience

Touch does not represent the sole mode of engaging the biological system within
the PNEI paradigm; it finds its natural evolution in movement. Physical activity, in



fact, constitutes the terrain upon which sensory integration is consolidated and the
motor and social competence of the child and adolescent is defined (Gallahue et al.,
2012). Recent studies, including those focused on sports-based integration, highlight
how structured movement is not merely a matter of musculoskeletal efficiency, but a
powerful driver for the development of complex skills (Diamond, 2000).

Movement, Stress, and Brain Plasticity

Beyond the motor component, physical activity acts as a formidable modulator
of the stress axis (Sapolsky, 2004). Through constant practice, the nervous system
learns to regulate the sympathetic response and mitigate excessive cortisol activa-
tion, offering the child effective tools for managing frustration and intense emo-
tions (Ratey, 2008). This self-regulation process is closely linked to the production
of neurotrophic factors: physical activity stimulates the synthesis of BDNF (Brain-
Derived Neurotrophic Factor), a crucial protein that acts as “fertilizer” for the brain
(Cotman & Berchtold, 2002).

BDNF plays a decisive role in neurogenesis, particularly at the level of the hip-
pocampus, a structure dedicated to memory and learning (Erickson et al., 2011).
Thanks to the increase in physical activity-induced BDNF levels, neuronal prolifer-
ation and strengthening of synaptic connections are observed, translating clinically
into a tangible improvement in selective and sustained attention capacities, as well
as greater efficiency in memorization processes (Hillman et al., 2008). In this sense,
movement not only prepares the body for action, but predisposes the nervous sys-
tem to learning, making cognitive functions more plastic and reactive to environ-
mental stimuli (Diamond, 2013).

Physical activity acts in synergy with touch: if the latter provides the basis of af-
fective security and autonomic regulation (mediated by oxytocin), movement al-
lows the child to test their limits, experience intentional action, and build their bod-
ily identity in the world (Rizzolatti & Sinigaglia, 2006). This process is vital for the
development of social skills: engagement in shared dynamic activities promotes
synchrony, improves motor control, and fosters greater competence in interactions
with peers (Brauer et al., 2016).

In this framework, BDNF produced through movement becomes the “nutrient”
of plasticity, allowing the brain to consolidate active inference models learned
within the care relationship (Friston, 2010). Physical activity, therefore, is not an
addition to therapy, but a dynamic continuation of the tuning pathway initiated
with touch, essential for the child’s social participation and their capacity to face
developmental crisis not as a traumatic event, but as a manageable challenge
(Feldman, 2012).



The proposed reflection leads to an unequivocal synthesis: therapeutic and af-
fective touch cannot be relegated to a marginal role in pediatric practice, but must
be integrated as a fundamental pillar of neurobiological development (McGlone et
al., 2017). Convergent evidence from PNEI sciences demonstrates that child matu-
ration is an intrinsically relational process (Ader, 2007; Accardi et al., 2025). The
skin is not simply the anatomical boundary separating the subject from the world,
but the primary interface through which the nervous, endocrine, and immune sys-
tems communicate with the external environment (Montagu, 1986).

Oxytocin confirms itself, in this synthesis, as the fulcrum around which the en-
tire developmental dynamic revolves (Uvnas-Moberg, 2003). Through the modula-
tion of the immune response — from T-lymphocyte proliferation to cytokine regula-
tion — and the protection of the central nervous system against excessive HPA
stress activation, it acts as a guarantor of infant homeostasis. The capacity of touch
to trigger and sustain this biochemical cascade makes manual intervention a pow-
erful non-pharmacological modulator, capable of orienting developmental trajecto-
ries toward outcomes of greater resilience and health (Manzotti et al., 2022).

Multidisciplinarity, far from being an optional choice, proves to be the neces-
sary condition for this approach to express its potential (Bottaccioli & Bottaccioli,
2017). The convergence between osteopathic, physiotherapeutic, medical, and psy-
chological competencies allows for reading the child’s biological “signal” coherent-
ly, translating the complexity of symptoms into a care strategy that views parents
not as simple spectators, but as an integral and active part of therapeutic syn-
chrony (Feldman, 2012; Accardi ef al., 2023).

Take Home Messages: Towards a Clinical Practice
Centered on Relationship and Movement

In conclusion of this theoretical and clinical journey, key points are proposed to
guide the practice of professionals dealing with developmental age:

e Touch is information: Every tactile stimulus is a communication. The quality of
the stimulus, mediated by C-tactile fibers, is decisive for secure predictive mod-
els and for the development of social cognition (McGlone et al., 2017).

¢ Centrality of the regulation system: The objective of intervention is the tuning
of biological rhythms. The oxytocin produced is the principal mediator of heal-
ing and immune protection (Uvnas-Moberg, 2003).

e Movement as the continuity of touch: Physical activity and structured move-
ment are fundamental catalysts of neuro-motor and social development. Inte-
grating movement means allowing the child to pass from the “security of con-
tact” to “competence in action” (Gallahue et al., 2012; Brauer et al., 2016).



e Overcoming fragmentation: The PNEI approach requires constant dialogue
among osteopaths, physiotherapists, physicians, and psychologists to ensure
sensory and motor stimulation is always coherent (Bottaccioli & Bottaccioli,
2017; Accardi et al., 2023).

e The caregiver as a resource: Supporting parents means potentiating the most
powerful therapeutic resource, transforming the home into an environment of
continuous care (Dunst et al., 2002; Mercuri, 2022).

o Ethics of care: Investing in an approach that unites touch and movement means
protecting the neurobiological bases of human development, promoting health
and resilience from the earliest phases of life (WHO, 2013).

Ultimately, affective and therapeutic touch stands as the most advanced form of
preventive medicine. Recognizing oxytocin as the protagonist of this process trans-
forms our professional practice into a mission of care that goes beyond the body,
literally touching the roots of future human development (Montagu, 1986; Uvnas-
Moberg, 2003; Accardi et al., 2023; McGlone et al., 2017).
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