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Neurophysiological mechanisms
of embodied empathy in martial
arts

Guy Shpak*

Mind-Set Framework, Berkel en Rodenrijs, Netherlands

Martial arts are increasingly recognized as practices that extend far beyond the
development of martial-related physical skills and are commonly used for recre-
ational and even therapeutic purposes. A central construct that is developed in
all forms of martial arts is empathy, which shapes the nature of this social inter-
action. This paper analyzes the intersection between martial arts and empathy
and focuses on two interconnected mechanisms associated with both: physi-
cal contact and interpersonal synchronization. Physical contact is inherent to
all martial arts practices, including grappling, sparring, and partner drills, which
engage affective somatosensory touch pathways that are related to empathy. In
parallel, interpersonal synchronization stemming from coordinated movement
and leading-following dynamics enhances sensorimotor alignment, which is also
associated with empathy. By analyzing the shared neurophysiological mecha-
nisms between martial arts practice methodologies and empathy, this paper pro-
poses a model that integrates related neural networks and molecular players that
together define a unique neurophysiological “martial arts empathy signature.”
Furthermore, by suggesting that empathy can be developed as a transferable skill,
and given the regulated and safe social settings martial arts offer, this perspec-
tive paper suggests that martial arts practice is an accessible tool for promoting
empathy and improving our lives as individuals and societies.

KEYWORDS
embodied empathy, interpersonal synchronisation, martial arts, mirror neuron system,
oxytocin, physical contact

1 Introduction

Despite the lack of broad agreement on a comprehensive definition, empathy is acknowl-
edged as being a complex construct central to our social lives. Generally defined, empathy is
the ability to understand and potentially identify with others” cognitive, affective, and sensory
states. This ability to “read the mind” of others can be limited to the individual’s internal experi-
ences or result in an interaction with others. Empathy promotes social interactions and proso-
cial behaviors, which are deeply related to compassion (Elam et al., 2025; Mello et al., 2024;
Morelli et al., 2015), and the importance and implications of empathy are relevant in education
(Decety, 2020; Marshall and Hooker, 2016; Zhou et al., 2021), medicine (Decety, 2020; Marshall
and Hooker, 2016; Zhou et al., 2021), in the context of leadership (Muss et al., 2025; Nakamura
et al,, 2022), and essentially any other aspect of our social lives. Decades of research depict
empathy as a multidimensional construct that involves cognitive and affective processes with
distinct behavioral and neural substrates (Cuff et al., 2016; Guthridge and Giummarra, 2021;
Heyes, 2018; Smith, 2017). Importantly, research suggests that empathy is fundamentally
rooted in bodily dynamics and sensorimotor coupling (Ferrari and Coudé, 2018; Marshall and
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Hooker, 2016; Moore et al., 2020; Schaefer et al., 2012; Schmidsberger
and Lofller-Stastka, 2018). This approach adds to the concept of
empathic experience as a multidimensional construct in which
somatic processing is deeply intertwined with the cognitive and affec-
tive processes. Different lines of research point to several involved
systems, including the somatosensory and the mirror neuron systems
(Bonini et al., 2022; Ferrari and Coudé, 2018; Jeon and Lee, 2018), as
well as underlying physiological mechanisms, which were described
in the context of social interactions (Levy et al., 2016; Mu et al., 2016;
Procyshyn et al., 2020; Xu et al., 2019). These are instrumental for
social interactions that involve physical activity, as in the case of mar-
tial arts.

Early records of human fighting systems go back thousands of
years, with evidence for practices from all around the globe. Through
the years, non-martial aspects percolated these practices, including
philosophical, spiritual, and scientific ideas, establishing the transfor-
mation from martial systems to martial arts. Modern martial arts
practices can be divided into three key domains: self-defense (includ-
ing military/law enforcement systems, etc.), sports, and recreation.
While each domain prioritizes specific desired outcomes, the training
approaches are often overlapping, and all share several core pedagogi-
cal features (Shpak and Vasques, 2023). Next to acknowledging the
physiological benefits of martial arts practice, a growing body of
research highlights the unique psychological outcomes of a variety of
these practices. Specifically, research found a positive effect of martial
arts practice on mood (Jansen et al., 2016; Sharma and Haider, 2015;
Zhang et al., 2014), attention (Douris et al., 2015; Johnstone and Mari-
Beffa, 2018a), self-esteem (Bao and Jin, 2015), aggressiveness (Lai et
al,, 2018; Moore et al., 2019), and more, making these arts potential
therapeutic interventions (Bu et al., 2010; Ciaccioni et al., 2024;
Harwood-Gross et al., 2021a; Martin and Advisor, 2002; Marusak et
al,, 2022; Moore et al., 2020). Martial arts practice was also found to
improve cognitive processes (Fabio and Towey, 2018; Giordano et al.,
2021; Harwood-Gross et al., 2021a; Rinderer and Bernero, 2017).
Taken together, these can be considered as relevant for both affective
and cognitive aspects of empathy.

As increasingly organized methods, martial arts specify codes and
morals alongside the physical routines as an integral part of the prac-
tice, such as self-discipline, courage, honor, and more. Among these
principles, the importance of social responsibility and caring for your
fellow human beings is paramount. Importantly, different pedagogical
approaches were introduced to develop these social skills, with empa-
thy standing at their core. Given the physical nature of martial arts
practice, the associated empathy is highly related to the perception of
empathy as an embodied construct. Several components of these prac-
tices can be considered in the context of empathy, particularly partner
interaction involving direct physical contact and synchronous move-
ment, both are associated with empathy independently of martial arts
settings (Ferrari and Coudé, 2018; Goldstein et al., 2017; Jeon and Lee,
2018; Josef et al., 2019; Jospe et al., 2018; Paz et al., 2022; Schmidsberger
and Lofller-Stastka, 2018).

2 Physical contact and empathy

Touch is a fundamental aspect of human social interaction that is
known to activate brain regions and physiological processes that are
associated with safety, reward, and social bonding. In non-martial arts
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settings, physical touch is pivotal in many forms of non-verbal social
communication, from expressing support with a casual touch on the
shoulder, a handshake, a caring hug, etc. This central role of tactile
information on social interaction positions the skin as a social organ
(Field, 2010a; Morrison et al., 2010).

All martial arts practices involve typical forms of carefully man-
aged physical interactions, including sparring, grappling, and partner
drills that serve predetermined purposes (self-defense scenarios,
sportive competition, sensory awareness, etc.). While striking is
focused on fast and short bouts of physical contact, grappling and
partner drills involve a longer duration of physical contact, which can
be considered as an embodied conversation. In Judo, different wres-
tling and Jiujitsu styles, practitioners are engaged in a prolonged and
complex physical contact, in which they are trained to extract a huge
amount of information derived from the tactile cues they detect
during the bout, with embodied empathy playing a central role
(Gravino et al., 2025; Kozdras, 2019). Referring to the cognitive efforts
involved, Judo, Jiujitsu in its different forms (from Daito-ryu to
Brazilian Jiu-Jitsu, for example), and others, are highly demanding and
considered to be a “physical Chess game?” In practices that involve a
more defined physical contact, as can be found in partner drills like
pushing-hands exercises in Tai Chi, Karate Kaki, and others, the pur-
pose is explicitly directed toward sharpening attentional skills for both
the physical and mental states of each other. In all forms of martial arts
practices, practitioners use tactile information to be attuned to their
partner’s structure, force, timing, rhythm, breath, and other factors,
and create an idea, or ‘a feeling, regarding their intentions, physical
and technical abilities and strategies, and others, that may be used in
the context of the specific interaction.

Generally, touch is mediated in the periphery by the somatosen-
sory system, which serves three major functions: exteroception and
interoception, tuned for the perception of stimuli originating outside
and within our bodies, respectively, and proprioception, tuned for the
perception of body position and balance. Relevant to martial arts,
somatosensory inputs driven by external inputs that relate to empathy
are processed by bottom-up sensory pathways and top-down modula-
tion by the central nervous system. The bottom-up exteroception sen-
sory pathways include two major classes of sensory nerve fibres that
mediate the peripheral tactile information to the thalamus: (1) myelin-
ated large-diameter A-fibres, and specifically the AP subclass fibres
innervating mechanoreceptors in the skin, which are responsible for
discriminative touch, allowing perception of various properties of
objects, and by that, understanding the environment and effectively
controlling our movement. (2) Small-diameter unmyelinated C-fibres,
which are typically associated with nociception and pain perception.
Some C-fibres, called C-tactile (CT) fibres, respond to gentle, slow
stroking of the skin, and given the nature of such physical pressure,
are an important pathway underlying pleasant social touch. However,
deep pressure, which is mediated by A fibres located deep within the
skin and other tissues, can also be considered pleasant and calming,
especially when experienced in hugs or massage, for example (Case et
al., 2020; Mei et al., 2025).

From the thalamus, information is sent to the primary and then
secondary somatosensory cortices. The secondary somatosensory
cortex plays an important role in integrating basic tactile information
into complex representations. However, the perception of the inte-
grated tactile information is modulated by the central nervous system
also in a top-down way, which assigns context that is critical to how
this touch is interpreted (Handlin et al., 2023). The assignment of

frontiersin.org


https://doi.org/10.3389/fpsyg.2026.1782703
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Shpak

context and meaning to sensory inputs is achieved through interac-
tions between the somatosensory cortices and brain regions crucial
for processing emotions, including the amygdala, insula, anterior cin-
gulate cortex, and hippocampus, as well as prefrontal and other
regions. The emergent functional networks related to the perception
and processing of tactile information play a critical role in construct-
ing embodied empathy. Indeed, it has been demonstrated that activa-
tion in the somatosensory cortices is linked to empathy personality
traits (Gazzola et al., 2006; Schaefer et al., 2020). Gallo et al. showed
that somatosensory activation contributes to empathic decision-mak-
ing by supporting the transformation of observed reactions of affected
body parts into perceptions of pain that are necessary for decision-
making (Gallo et al., 2018). In line with that, physical touch was found
to promote empathy, showing that both actual physical contact and
mirroring are relevant for empathy (Field, 2010a; Goldstein et al.,
2017; Schaefer et al., 2012).

When considering underlying molecular mechanisms that play a
role in both physical contact and empathy, one of the most studied is
oxytocin, which is widely implicated in social bonding, trust, and
parental and affiliative behaviors. In the periphery, oxytocin is primar-
ily known for its roles in parturition, lactation, and sexual function,
although it also plays a role in autonomic functions, such as heart rate,
among others. Within the brain, it functions as a neuromodulator
involved in social cognition, paternal behaviors, bond formation,
emotional regulation, stress and arousal responses, and more.
Oxytocin receptors are widely distributed in brain regions associated
with emotion and social behavior, including the amygdala, hippocam-
pus, insula, the anterior cingulate cortex, and brainstem autonomic
centers (Hasan, 2024; Quintana et al., 2019; Triana-Del Rio et al.,
2022), which were mentioned earlier as connected to the secondary
somatosensory cortex (Esmaeilou et al., 2022; Newmaster et al., 2020;
Zhang et al., 2021). Physical touch was found to induce oxytocin
release, driven by somatosensory activation (Field, 2010b; Morris et
al,, 2021; Uvnds-Moberg et al., 2014), and martial arts specifically were
found to modulate oxytocin release. Rassovsky et al. found that Jiujitsu
training significantly increased oxytocin levels immediately after a
high-intensity sparring session, with significantly higher oxytocin
increase in grappling compared to striking sparring, probably due to
the type of physical contact involved (Rassovsky et al., 2019). A follow-
up study looked into the differences in hormonal reactivity in low-
and high-risk youth and found that low-risk youths had significantly
higher salivary oxytocin levels at baseline and at peak-training com-
pared to high-risk youths. Furthermore, low- and high-risk youth
showed differences in the reactivity of oxytocin and cortisol secretion
(Harwood-Gross et al., 2020). Another study elaborated on these find-
ings and demonstrated correlated cognitive and behavioral changes
(Harwood-Gross et al., 2021b).

3 Interpersonal synchrony and
empathy

By emphasizing timing, rhythm, and shared flow, martial arts pro-
vide ideal conditions for interpersonal synchrony at different levels,
with at least two aspects of interpersonal synchrony that can be con-
sidered: mimicry, and entrainment, or leading-following dynamics.
Critically, different forms of interpersonal synchrony were found to be
correlated with empathy (Cirelli, 2018; Hove and Risen, 2009).
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Generally speaking, mimicry in martial arts can be found in the meth-
odologically coordinated practice of basic techniques, as well as in the
performance of structured sequences like kata in Japanese arts, taolu
in Chinese gong-fu, and others, which rely largely on perception and
action matching of a defined movement pattern, when performed as
a group. However, these can also be performed as entrained move-
ments, in which one follows a leader’s rhythm. Such leading-following
dynamics are considered highly demanding and require more cogni-
tively and sensorimotorically forward modeling, in which one must
predict upcoming actions in an unpredictable environment based on
incomplete information, a task that requires continuous reciprocal
adjustment. Different forms of sparring, grappling, self-defense sce-
nario drills, etc., require fast, online leading-following dynamics
analysis of a variety of sensory information, all while keeping in mind
a defined desired outcome for this interaction, safety considerations,
etc. Whether via mimicry or leading—following dynamics, martial arts
practices develop attention to the others’ physical, cognitive, and emo-
tional states, all related to empathy.

Physiological correlates of interpersonal synchrony in mammals
can be traced as early as during the mother-infant bond formation
(Doi et al., 2011; Feldman, 2007). The coordinated behavior and
matched physiological response between parent-infant and later
social partners profoundly shape the development of human social
connections. The ability to identify with others by motor matching,
known as kinesthetic empathy, is one potential link between interper-
sonal synchrony and empathy. Overall, this ability relies on several
neural networks that are referred to as the “social brain” (Adolphs,
2008), including the mirror neuron system, which responds to both
action performance and action observation. The mirror neuron
system, which was first shown to be involved in movement-related
mirroring (Rizzolatti et al., 1996), is also involved in processing emo-
tional expressions of others and empathy, although the evidence for
that is mixed (Bekkali et al., 2020; Schmidt et al., 2021). Interestingly,
both the amygdala and anterior cingulate cortex, which were men-
tioned earlier in the context of somatosensation and the oxytocinergic
system, were found to be a part of this network.

Oxytocin was also found to play a role in behavioral synchrony,
activation of the mirror neuron system, and regulation of autonomic
nervous system processes related to social interaction, stress regula-
tion, and more. Research showed that oxytocin facilitates social inter-
action by enhancing sensorimotor predictions in the context of
leader-follower interpersonal synchronisation (Gebauer et al., 2016),
and, interestingly, increases movement synchrony in dancing pairs
(Josef et al., 2019).

The link between synchrony and empathy is bidirectional, and
individuals with higher empathic skills synchronize better with others
than those with lower empathy (Bamford and Davidson, 2019;
Novembre et al., 2019; Tzanaki et al., 2025). Dancing, which involves
both synchronization and exertion in a similar way to martial arts, has
a positive effect on social bonding and pain threshold, which is medi-
ated by the endogenous opioid system (Tarr et al., 2015). While endor-
phin secretion is associated with the feelings of relaxation after hard
workouts and the “runner’s high,” for example, it was also found to be
involved in synchronized motor behavior. By measuring the change
in pain threshold as a proxy for endorphin release, Tarr et al’s findings
suggest that the endogenous opioid system is activated during syn-
chronous activities independently of the level of exertion, making this
system another potential link between behavioral synchrony itself and
social bonding.
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One can argue that, as with other learned skills, the functional
connectivity of neural networks that integrate somatosensory, affec-
tive, and cognitive processes related to empathy can be trained and
strengthened by consistently activating them during synchronized
social activities, and especially activities that involve mirroring several
sensory modalities, as in martial arts. Indeed, research showed that
martial arts practice is associated with improvements in the atten-
tional brain network in an experience-dependent manner (Johnstone
and Mari-Beffa, 2018b).

4 Discussion

Martial arts provide unique methodologies where neurophysiolog-
ical mechanisms of physical interactions converge on empathy. When
practiced under clear rules and boundaries and in a mindful way,
engaging in these physical interactions can be perceived as a contin-
uum between direct physical contact and an extended interpersonal
synchrony, with shared underlying neurophysiological mechanisms. It
is important to note that this continuum reflects a deep connection
between physical contact and interpersonal synchronization, in which
the combative aspect of martial arts is maintained in both, even though
individual practices like kata/taulu do not involve direct physical con-
tact. In all individual practices, practitioners are encouraged to inter-
nally simulate a combative-related aspect, whether as an imagined
combat or allocate attention to martial-related bodily states (breathing,
skeletal alignment, muscle tension, etc.).

A model that describes the neurophysiological mechanisms of
embodied empathy in martial arts starts with multimodal perception
of sensory inputs that provide context and stimulation. Following ini-
tial processing, the sensory information activates several neural net-
works, including the externally-focused Central Autonomic Network
that generates embodied feeling, the internally-focused Default Mode
Network that integrates the information into self-other narrative, and
the Salience Network, which evaluates relevance and moderates the
two. The Mirror Neuron System operates within the crosstalk of these
networks, providing a “somatosensory scaffold” for the other men-
tioned networks, which is critical not only for the somatosensory, but
also the cognitive and affective identification with our social environ-
ment. The balance between the martial purposes and social attun-
ement is evident in the combination of molecular players that might
seem contradictory, including increased secretion of oxytocin and
endorphins, but also cortisol (Harwood-Gross et al., 2020). Together,
this combination provides a unique “physiological martial arts signa-
ture” that modulates the activity of these networks in a bidirectional
manner. Specifically, several forms of empathy emerge from these
functional and physiological states, as evident in the shared mecha-
nisms between physical touch, interpersonal synchrony, and empathy.

I argue that by providing combative-oriented stimulation in a safe
social context, which includes an embodied affective and cognitive
experience on a continuum between direct somatosensory-mediated
contact and indirect interpersonal synchronization, martial arts offer
a unique type of social interaction that shapes our sense of empathy
in distinct ways. Moreover, when practiced persistently, the observed
network modulations, from functional connectivity to structural
modifications and molecular reactivity, provide a typical neurophysi-
ological state that may facilitate the transferability of embodied empa-
thy to other social contexts, and some preliminary work supports this
idea (Katz, 2024; Kozdras, 2019).
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Since interactive forms of martial arts practices are strictly regulated,
and individual forms are introspective by nature, these practices offer a
safe social settings that gain an increased recognition for their potential
to promote physiological, cognitive, affective, and social aspects of our
lives, and are accordingly perceived as much more than sports activities.

At the heart of these practices is a social form of physical activity
with varied and regulated levels of physical and mental arousal, which
are closely related to empathy.

By accounting for the embodied nature of empathy and looking
into potential underlying mechanisms, we can tune these practices to
further develop empathy as a transferable skill. This can be done by
attention to the ways physical contact and interpersonal synchrony are
trained within martial arts schools, but also by offering ways to inte-
grate these in non-martial arts settings, using martial arts concepts.
Exercises variations of pushing hands may offer a safe, consensual way
to use physical contact, and simplified group kata/Qigung practice
may offer an opportunity to move in sync. Such exercises can be prac-
ticed anywhere, without any required equipment or specialized space,
and can be modified to fit any target group.
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