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ABSTRACT

This article introduces the Bipolar Tensile Model, a neurosemiotic and integrative framework for understanding Autism
Spectrum Disorder (ASD). The model reinterprets ASD not as a collection of deficits, but as the outcome of an unresolved
tension between two complementary hemispheric cognitive modalities: symbolic-sequential and corporeal-perceptual.
In typical development, these modalities are dynamically harmonized through an extended interhemispheric network,
comprising the Default Mode Network, major cerebral commissures (corpus callosum, anterior and hippocampal), and
the cerebellum.

In ASD, the instability of this mediating system disrupts proprioceptive integration and generates polarized cognitive
configurations, such as operational rigidity, sensory disorganization, and repetitive behaviors. Proprioception
is understood not as a peripheral sensory channel, but as a semiotic regulator of interhemispheric coherence and
embodied self-awareness.

Drawing on a narrative synthesis of clinical, neuropsychological, and neurophysiological literature — and supported by
representative clinical cases — the model highlights how interhemispheric disconnection and proprioceptive instability
interact to shape atypical developmental patterns. It proposes compensatory adaptation, including local hyperconnectivity
and symbolic overcompensation, as central mechanisms in the formation of ASD profiles.

By integrating insights from semiotics, systems neuroscience, and embodied cognition, the Bipolar Tensile Model
provides new perspectives on diagnosis, clinical interpretation, and individualized therapeutic approaches, with
particular attention to the early identification of proprioceptive dysfunction and the design of integrative rehabilitation
protocols.

AHHOTALU WA

B HacToslen cTaTbe MpeAcTaBneHa anbTepHaTVBHAs TeopeTnyeckas runotesa, OOBbACHAKOLLAS paccTporcTBa
ayTUCTNYECKOro CeKTPa 1 OMNMChIBALOLLEAA MOZAe b 61NONSAPHOr0 HAMPSXKeHNA — HeipoCeMUOTUYECKYHO U MHTErpaTUBHYHO
KOHLIeNLMIo, KoTopas onpejenseT paccTporicTBa ayTUCTUYECKOro CNeKTpa He Kak COBOKYMHOCTb AedULUmMTOB, a Kak
pe3y/nbTaT Hepa3peLLeHHOro HanpsHkKeHns Mexay ABYMS B3aMMOZAOMOHAFOLLUMMU KOTHUTUBHBIMUA MOANBHOCTAMM
noJyLLapuin roIOBHOrO MO3ra: CMBOINYECKU-MOCNe0BaTeIbHOM 1 TeNeCHO-NepLenTUBHON. MNpy HOPMOTUNNYHOM
PasBUTUN 3TV MOAANIbHOCTU AMHAMNYECKM FapMOHU3MPYHOTCA MOCPeACTBOM PaCLLMPEHHOW MEeXMOyLLIapHOW ceTu,
BKJ/IHOYAIOLLIEN CETb MACCMBHOIO pexumma paboTbl ronosHoro mosra (Default Mode Network, DMN), OCHOBHble MO3roBble
KOMUMCCYpbl (MO30MCTOE TeNO, MepesHAs KOMUCCYPa 1 MMNNoKaMnaabHas KOMUCCYPa) N MO3XKEYOK.

HecTabunbHOCTb 3TOM onocpeaytoLLeli CUCTeMbl MPU PacCTPOMCTBAX ayTUCTUYECKOro CnekTpa Hapyluaert
NPOMNPUOLENTUBHYIO MHTErpaLMio 1 MOPOXAAET MONAPU30BaHHbIE KOTHUTMBHbBIE KOHQUIypaumu, TakuMe Kak
noeejeHyeckasa PUrMAHOCTb, CEHCOPHas Je30praHn3auma 1 MnoBTopstolleecs nosedeHne. TakyM 06pasowm,
nponpuouenLmsa No3NLMOHNPYETCA He Kak nepudepmryecknii CEHCOPHbIA KaHan, a Kak CeMUOTUYEeCKNI perynsaTop
MEXMOJYLLIAPHOW CBSA3M 1 Te/IeCHOr0 CaMOCO3HaHKISA.
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PaspaboTaHHast Ha OCHOBE HapPaTVBHOIO CUHTE3a KIMHUYECKOM, HEPOMCUXONOrMYECKOI 1 HelrpodU3NoNornyeckor
NTepaTypbl N NoAKPenIeHHas nokasatenbHbIMU KIMHUYECKMI Cy4asiMy MOZAe b AeMOHCTPUPYET, Kak MeXosyLLapHoe
pasbeaviHeHVe 1 NPonproLLenTBHas HECTabUNBHOCTL 06 bEeANHATCA B GOPMUPOBaHNN HETUMNYHBIX GYHKLIMOHANBHBIX
TpaekTopuii. B KkauyecTBe LEHTPasbHbIX MexaHu3MoB GOpMMPOBaHUA npoduneri paccTporCTB ayTUCTNYECKOro
crnekTpa npeznaraeTcs KOMMNeHcaTopHast aZanTauus, BKIOYas 10KaNbHY MMNepKOHHEKTUBHOCTE 1 CUMBOIMYECKYHO
CBEPXKOMMEHCaLMIo.

O6beanHAs naen ceMmMoTUKM, CUCTEMHOM HENPOBMONOrM 1 BOMIOLLLEHHOrO NMO3HaHWSA, MoAeNb BUNONAPHOro
HanpsKeHWsi OTKPbIBaeT HOBbIE MepCreKTUBbI A1 ANarHOCTUKIN, MHTeprpeTaLm U MHAVBUAYaNbHbIX TepaneBTUYeCcKmX
cTpatervii, yaensis ocoboe BHMMaHWE PaHHEMY BbISIBEHWUIO MPOMPUOLENTUBHBLIX AUCOYHKUMA 1 pa3paboTke
NPOTOKOJIOB NHTErpaT1UBHONM peabunmntaumn.
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INTRODUCTION

Autism spectrum disorder (ASD) is commonly understood
through spectrum-based models, designed to explain the
phenotypic and symptomatic variability of the condition.
While descriptively effective, these models often fail
to capture the underlying functional and adaptive dynamics,
particularly those related to sensorimotor integration and
the development of bodily self-awareness.

This article introduces an alternative theoretical model,
the Bipolar Tensile Model (BTM), developed within
a neurosemiotic and informational framework. In this
perspective, ASD is not viewed as a collection of traits
or deficits, but as the result of an unresolved tension
between two complementary hemispheric cognitive
styles — symbolic-sequential and corporeal-perceptual —
that, in neurotypical conditions, are harmonized by
an interhemispheric system of integration.

When this mediation is unstable or ineffective, polarized
cognitive patterns may emerge, leading to atypical functional
profiles. In this model, proprioception plays a key role, not
merely as a peripheral sensory channel, but as an indicator
of coherence between cognitive systems and the efficiency
of interhemispheric integration.

Despite the growing use of sensory and psychomotor
approaches in ASD interventions,
integration often remains limited, especially in high-

proprioceptive

functioning individuals. The proposed model provides
an alternative framework for interpretation, suggesting
that therapeutic efforts should focus on restoring postural
and interhemispheric balance through proprioceptive
stimulation, embodied narrative techniques, and
integrative hemispheric training.

THEORETICAL FRAMEWORK

Neurosemiotic foundations

The hypotheses presented here draw upon two significant
theoretical traditions. Yuri Lotman’s neurosemiotic
framework, developed from his seminal work “Culture
as collective intelligence and the problem of artificial
intelligence” [1], interprets cerebral asymmetry not
merely as a biological fact, but as an epistemic structure
of culture itself. The two cognitive hemispheres — logical-
verbal and visual-holistic — operate through distinct
codes and generate meaning through their confrontation
and mutual tension. In this view, cultural and cognitive
creativity emerges at the boundaries where these
divergent systems meet and interact.

Giulio Tononi's Integrated Information Theory (IIT) [2]
posits that consciousness emerges from the highest
possible integration among highly differentiated
systems. This view also reveals a structural paradox: the
greater the specialization (and therefore asymmetry)
of the systems involved, the greater the need for global
mediation to prevent experiential fragmentation.

Hemispheric specialization and cognitive tension
The BTM places this tension at its core between
differentiation and integration as its central organizing
principle: cognitive and identity coherence arise from
an unstable and dynamic equilibrium between specialized
hemispheric poles, continually modulated through
proprioceptive and embodied processes.

Although not directly derived from the work of Nikolai
Bernstein [3], the model aligns closely with his conception
of movement as a centrally regulated, goal-oriented
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activity. Bernstein’s distinction between anticipatory

coordination and retroactive adjustment reflects
a functional tension like that proposed here between
conscious proprioception and motor automatism. From
this perspective, the sensorimotor disturbances observed
in ASD may not result from simple executive deficits, but
from imbalances between these regulatory systems.
This view is consistent with recent models of distributed
brain function, which conceptualize lateralization not as
astaticdivision of labor, but as a dynamic axis of specialization
and integration — mediated by interhemispheric structures

and the Default Mode Network (DMN).

METHODS
This study adopts a theoretical approach to construct
an interpretative model that integrates neuroscientific
evidence, clinical data, and semiotic perspectives. Its aim
is to outline a heuristic framework for understanding the
atypical cognitive and sensorimotor dynamics observed
in ASD, with a particular focus on proprioception and
interhemispheric connectivity.

The BTM was developed through a narrative review
of the scientific literature to identify theoretical, clinical, and
experimental contributions relevant to the model's core
hypothesis. The literature search included peer-reviewed
articles indexed in major international databases (PubMed,
Scopus, PsyclInfo), without rigid temporal restrictions,
to include foundational studies on motor control and
hemispheric lateralization. The main keywords used
were: “ASD", “proprioception”, “hemispheric connectivity”,
“interhemispheric integration”, “default mode network”,
“motor planning”, “sensorimotor integration”, and “semiotics”.

The inclusion criteria prioritized studies that:

« presented neuroimaging data (fMRI, DTI, EEG);

« included sensorimotor evaluations of individuals

with ASD;

«  explicitly addressed functional lateralization, motor

regulation, or body perception.

A central element of the model is the concept of the
Extended Default Mode Network, which encompasses
not only the cortical areas of the classical DMN, but also
the primary interhemispheric commissures (corpus
callosum, anterior and hippocampal commissures) and the
cerebellum, conceptualized as active nodes of cognitive
compensation and integration.

framework

The theoretical acknowledges the

simplifications required when modeling a multifactorial

condition such as ASD: other sensory or cognitive
systems not directly related to proprioception have
been intentionally omitted to maintain focus on the
tensile dynamics of hemispheric processing. The
model's heuristic validity is illustrated through three
illustrative clinical cases drawn from the literature,
each showing convergence between proprioceptive
dysfunction, interhemispheric disconnection, and atypical
neurofunctional profiles.

THE BIPOLAR TENSILE MODE

Interhemispheric disconnection and compensation
Numerous neuroimaging studies suggest that ASD
is characterized by an atypical pattern of brain connectivity,
with increased local
and reduced communication between homologous
interhemispheric regions. These patterns are observable
through fMRI, DTI, EEG, and MEG analyses. A significant
reduction in interhemispheric connectivity, associated
with social interaction deficits, has been reported [4].

intrahemispheric connectivity

Widespread alterations in functional brain connectivity
have been confirmed using the ABIDE dataset [5]. A model
based on local hyperactivity and weak global integration
has been proposed [6], and reduced interhemispheric
synchronization and more idiosyncratic processing styles
have also been reported [7].

These dysfunctions support the hypothesis that
each hemisphere processes information
independently, according to its own computational

relatively

style. Local hyperconnectivity may thus be interpreted
as a compensatory strategy, in which each hemisphere
reinforces its internal coherence to compensate
for weak bilateral integration. Within this dynamic,
divergent cognitive profiles emerge: the left hemisphere
favors symbolic-sequential processing, while the right
hemisphere adopts corporeal-perceptual modes [8-10].

Based on this evidence, the BTM, rooted in semiotic-
informational theory, views the heterogeneity of ASD as
arisingfromafunctionaltension between two complementary
cognitive modalities (Figure 1). The “bipolar” axis refers to the
deviation from a dynamic equilibrium between hemispheric
specializations. When
weakens, each pole tends to amplify its characteristic

processing style, leading to polarized cognitive patterns.

interhemispheric  connectivity

Clinically, these configurations may manifest as operational
rigidity, perceptual selectivity, motor stereotypies, or sensory
disorganization.
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Figure 1. Axial representation of the Bipolar Tensile Model.

Source: Tensile Axis Image concept by M. Sanna, generated by ChatGPT
(OpenAl, 2025).

Inspired by the neurosemiotics of Lotman [11]and IIT[2],
the model proposes that cognitive lateralization is a plastic
and dynamic process. The center of the axis represents
a point of active tension in which the two hemispheres
seek to integrate qualitatively distinct forms of processing.
Hemispheric tension is not pathological per se, on the
contrary, it can fuel cognitive creativity and coherence
of self. It becomes clinically relevant only when integration
fails, resulting in unbalanced profiles, such as disembodied
verbalizations or disorganized motor behavior.

The model distinguishes between two semiotic
modalities: the left hemisphere operates through discrete
codes (analytical, symbolic, sequential), whereas the right
hemisphere relies on continuous codes (perceptual,
spatial, affective). These cognitive languages, though
qualitatively divergent, are potentially integrable via
a mediating function.

From this perspective, position along the tensile axis
does not represent a rigid clinical typology, but rather
indicates a degree of compensation in relation to the
prevailing mode. For instance:

+ a left-dominant profile may exhibit advanced

linguistic abilities with pragmatic rigidity [12, 13];
« a right-dominant profile may be associated with
sensory hypersensitivity and hyperverbality [14, 15].
The weaker the interhemispheric communication, the
greater the profile’s polarization. Conversely, effective
integration of cognitive styles promotes flexibility and self-
coherence, even in neurotypical individuals, who are not
necessarily centered on the axis, given the high variability
of functional asymmetry across individuals.

The compensatory instance

Within the framework of the BTM, we propose the
existence of an intermediary neural function, a true
mediating mechanism, that not only relay information
between hemispheres, but actively regulates their
functional tension, acting as a dynamic regulator between
qualitatively distinct cognitive styles.

The main challenge of this mediation liesin the asymmetry
of hemispheric codes: the left hemisphere processes
information in discrete, segmented, and sequential
formats; the right hemisphere, by contrast, operates
through continuous, spatial, affective, and perceptual
configurations. Integrating these heterogeneous cognitive
languages requires an active process of recoding rather
than direct translation.

Under conditions, this mediating
function supports adaptive plasticity, which supports

neurotypical

the emergence of a coherent and flexible embodied self.
In atypical profiles, such as in ASD, this mediation may
prove unstable or inefficient, promoting cognitive and
sensorimotor fragmentation.

This compensatory mechanism can be understood
as an internal regulator of functional coherence,
whose purpose is to optimize integration according
to an individual's neurofunctional profile. Anatomically
and functionally, the cerebral commissures are the
primary structures likely to fulfill this role, primarily
the corpus callosum, followed by the anterior and
hippocampal commissures. These structures do not
merely transmit signals: they modulate, filter, and
transform information, actively contributing to the
construction of cognitive unity.

As noted by Gazzaniga [16], the corpus callosum
is essential for integrating interhemispheric consciousness;
van der Knaap and van der Ham [17] further emphasize
its selective and integrative function, well beyond simple
information transfer.

Parallel research has associated disturbances in the
DMN with impairments in self-integration in individuals
with ASD. The DMN, comprising the medial prefrontal
cortex, precuneus, posterior cingulate cortex, and
limbic areas, plays a central role in self-representation
and monitoring bodily intentions [18]. A meta-analysis
by Wang et al. [19] identified systematic alterations
in resting-state DMN connectivity in ASD populations.
Similarly, Yao et al. [4] reported reduced connectivity
within DMN regions, associated with social deficits.
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He et al. [20] described topological changes in the
network, affecting emotional regulation and behavioral
adaptation.

Within interhemispheric mediation, the inferior parietal
lobule (IPL) functions as a multisensory hub constructing
the body schema. Under conditions of hemispheric
disconnection, the IPL becomes vulnerable, disrupting the
alignment between perception, intention, and action [21].

The anterior commissure connects limbic and
temporoparietal areas and may influence sensory-
affective coherence. The hippocampal commissure,
involved in memory processing and autobiographical
space, is part of both the limbic system and the Extended
Default Mode Network, making it an integral component
of this mediating mechanism.

This “third structure” can therefore be identified
as a functionally integrated system comprising the
Extended Default Mode Network and the major
cerebral commissures. Together, these constitute the
neurofunctional platform of hemispheric compensation.

In individuals with ASD, this integrated network
is frequently compromised. Converging studies report
reduced connectivity between DMN nodes and structural
alterations in the cerebral commissures [22, 23]. This
interhemispheric coherence,
resulting in asymmetrical management of information

disconnection impairs
between the symbolic and perceptual poles. Clinically,
this produces a persistent tensile imbalance, manifesting
as sensorimotor disintegration, repetitive behaviors, and
disturbances in the narrative construction of the self.

Within our model, dysfunction of the third structure
compromises the system'’s central regulatory function,
impeding the dynamic balance between complementary
cognitive codes.

The heuristic potential of the BTM becomes particularly
evident in this configuration: each new clinical profile
is read not as a direct product of lesion or dysfunction,
but as an adaptive trajectory along the tensile axis.

However, empirical validation of the model requires
a cumulative and multidisciplinary approach. The model
relies on adaptive axial logic rather than rigid typologies. Its
application may initially target documented subgroups (e.g.,
individuals with marked lateralization or proprioceptive
instability) and evolve alongside accumulating clinical and
neurofunctional data. Its open structure enables continuous
refinement, in line with the increasing complexity of scientific
evidence.

IMPAIRMENT OF THE PROPRIOCEPTIVE SYSTEM

Conscious proprioception and automatic kinesthesia
Proprioception — a core function of the sensorimotor
system — is not fully operational at birth. It develops
gradually through embodied experience, following
a trajectory that is initially lateralized and later integrated
through interhemispheric transfer into a unified and
conscious perception of the self in action [24]. This
developmental path parallels Bernstein’s distinction
between anticipatory coordination and
adjustment in motor control, which is also applicable

retroactive

to proprioceptive maturation [3].

Within the BTM, we propose, for heuristic purposes,
a distinction between two functional modes of the
sensorimotor system:

« conscious proprioception is the reflective and
intentional perception of the body in action,
corresponding to the body image described by
Gallagher [25] and associated with analytical,
linguistic, and representational functions;

+ automatic kinesthesia is a form of embodied,
fluid, and non-verbalized action regulated by sub-
threshold proprioceptive, vestibular, and somatic
signals. This corresponds to Jeannerod's motor
intentionality [26] and Bernstein's implicit dynamic
models [3].

This distinction is not intended to replace computational
frameworks such as predictive coding, but instead offers
an operational perspective for describing cognitive tensions
involved in the self-regulation of bodily experience.
It is also essential to understanding the dynamic role
of the DMN, which is preferentially active during states
of bodily automation and supports the narrative and
interhemispheric integration of the self.

In neurotypical individuals, these two modes alternate
fluidly, the body acts automatically while the DMN prepares
subsequent action sequences. In novel or complex
situations, the right hemisphere guides action planning,
once the movement is stabilized, the left hemisphere
automatizes and consolidates the movement. This cycle
ensures motor fluidity, postural coherence, and identity
continuity.

Inindividuals with ASD, this alternation is often disrupted:
transitions between control and automation are often
incoherent or blocked, manifesting clinically as motor
hypercontrol, stereotypies, clumsiness, or unmodulated
sensorimotor regressions. Such patterns reflect unregulated
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tension between misaligned hemispheres, leading to failures
in voluntary planning and the emergence of repetitive, non-
intentional behaviors.

Neurofunctional studies indicate that individuals with ASD
(in the presence of interhemispheric disconnection) often
compensate for instability with excessive reliance on visual
feedback, at the expense of proprioceptive modulation [27,
28]. This results in postural-tonic alterations, disorganized
movement, and repetitive behaviors, interpretable as bodily
attempts to stabilize an unstable or fragmented self[14, 29].

Numerous studies now support the central role of
proprioception in a wide range of motor and cognitive
processes [30, 31]. It is involved in both anticipatory
(feedforward) and retroactive (feedback) regulation
of movement, and is essential for motor learning, spatial
planning, and environmental adaptation [32, 33].

In addition to its motor functions, proprioception
also contributes to spatial
providing dynamic representations of the body and its
environment [34, 35]. Impairments in this system affect

working memory by

muscle tone, posture, and movement fluidity, with
significant effects on daily functioning [36-39].

Distortions in spatial estimation and trajectory
prediction disrupt interaction with the environment, often
leading individuals on the spectrum to engage in motor
stereotypies, such as rocking or rhythmic movements,
interpreted here as self-regulatory strategies aimed
at re-establishing a minimal sense of bodily perceptual
continuity [40].

Within the BTM, such behaviors are understood
not as secondary symptoms but as central indicators
of a systemic imbalance between conscious proprioception
and automatic motor execution — a persistent tension

between the poles of anticipation and action.

Poetic language as tensile synthesis: a semiotic
analysis of the autistic body

Within the clinical framework of ASD, it is often observed
that individuals present an uneven developmental
profile, in which gross motor functions appear clumsy
or unstable, while fine abilities, such as drawing, writing,
or verbal composition, are remarkably well developed. This
asynchrony, often dismissed as a functional paradox, can

be reinterpreted through the lens of the BTM as the result
of localized hemispheric compensation: the hyperfunctional
left hemisphere attempts to counter proprioceptive
instability by reinforcing symbolic-discrete structures
capable of containing disorganized perceptual experience.

Proprioceptive deficiency manifests as a loss of axial
alignment, hyporeactive posture, misalignment between
intention and action, compensatory visual dependency, and
an inability to adapt to new situations fluidly, which must be
reconstructed each time, as if the body lacked a memory
of experience. In these cases, sensory input fails to integrate
into an embodied narrative, fragmenting instead into
discontinuous episodes unanchored from the self.

Within this framework, expressive texts produced by
individuals with ASD, whether graphic, verbal, or gestural,
should be understood not merely as aesthetic exercises,
but as attempts at symbolic stabilization. Highly detailed
drawings, for instance, reflect an analytical compensatory
strategy in response to a deficit in bodily anchoring;
meticulous repetition of forms, strict segmentation of space,
and focus on isolated elements all serve to reestablish
perceptual control.

An emblematic example of proprioceptive and affective
self-awareness in neurodivergent writing is Benjamin
Giroux's poem “I Am Odd, | Am New"” (2016)', composed
when the author was ten years old.

The poem captures the embodied perception of difference
and the oscillation between vulnerability and affirmation:

[ am odd, | am new,

I wonder if you are too.

| hear voices in the air,

| see you don't, and that’s not fair.
| feel like a boy in outer space,

I touch the stars and feel out of place.
I worry what others might think,

I cry when people just don't link.

I am odd, | am new,

 understand now that so are you.
Isay | “feel like a castaway”,

I dream of a better day.

I try to fit in, | hope that I do,

[ am odd, | am new.

T National Autism Association [Internet]. Barrington (RI): National Autism Association; 2016 May 6. I'm odd, I'm new [Poem published

online]. [cited 2025 Jan 14].

Available from: https://www.facebook.com/photo.php?fbid=10154112555864283&id=299524134282&set=a.41931544428
* Facebook (banned in Russia; owned by Meta Corporation, which is designated as extremist in the Russian Federation)
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This text has been widely circulated as an authentic
expression of autistic self-perception and proprioceptive
dissonance, illustrating how internal bodily awareness
(oddness, spatial dislocation, tactile imagery) becomes
linguistic rhythm and poetic identity.

The poem'’s graphic layout, with the vertical alignment
of the repeated “l am”, visually evokes an ordering structure,
functioning as a symbolic sensory axis functioning as
a symbolic sensory axis that compensates for the absence
of a proprioceptive one. A semiotic analysis of the text
reveals sensory dysfunctions typical of ASD: “I hear voices
in the air” expresses non-localized auditory hypersensitivity,
lacking spatial anchorage; “I touch the stars and feel out
of place” reflects a dissociation between tactile contact and
proprioceptive feedback, where touching does not coincide
with feeling grounded; “I feel like a boy in outer space”
encapsulates a profound corporeal delocalization — a loss
of narrative gravity and embodied weight.

The poem does not merely describe an emotional state
but symbolically encodes a fragmented proprioceptive
experience, rendering its sensory profile in metrical form.
The symmetry of the phrases, the regularity of repetition,
and the analytical segmentation of rhythm perform
an ordering function, where the body cannot guarantee
continuity, poetic form provides symbolic compensation.

Inthe BTM, such texts, whether poetic, graphic, or motoric,
are interpreted as semiotic traces of adaptation: functional
devices activated by the subject to cope with hemispheric
asymmetry and loss of sensorimotor coherence. These
are not merely expressive outputs, but clinically relevant
data, capable of revealing deep dynamics of hemispheric
polarization and the compensatory strategies employed.

Semiotic analysis of these texts makes it possible
to identify cognitive configurations otherwise inaccessible
through standard diagnostic tools. It offers a complementary
interpretive resource grounded in an embodied reading
of meaning. This approach strongly supports the
inclusion of a semiotic perspective within clinical and
neuropsychological contexts, underscoring the potential
of sign theory to render intelligible the disorganized
experiential world of autistic embodiment.

The axiality of the body

The poem analyzed in the previous section highlights a key
element for the semiotic understanding of ASD: the absence
of aninternal bodily axis, that s, the lack of a stable perception
of one’s own spatial and identity-related positioning.

In the BTM, space is not understood as an objective
structure, but as an active construction rooted
in sensorimotor experience. The body does not simply
occupy space; it generates it, by articulating referential
axes, such as up/down, left/right, front/back; coordinates
that are not innate but emerge through embodied
interaction with the environment.

From the earliest months of life, the infant explores
the world through early actions, such as head-lifting
or declarative pointing, that imply bodily localization
in relation to objects and others. These early acquisitions,
which require precise integration of motor intentionality
and proprioceptive feedback, can be interpreted, following
Bernstein [3], as dynamic outcomes of the progressive
interplay between anticipatory control and sensory
retroaction. The pointing gesture, a precursor of symbolic
communication [41], activates mirror neurons and
reinforces the intersubjective dimension of the self [42].

In individuals with ASD, proprioceptive instability impairs
the construction of personal space: postural disorganization,
alterations in interpersonal distance regulation, gestural
rigidity, and difficulties in intercorporeal coordination are
frequently observed. Individuals may experience forms
of bodily estrangement, such as the sensation of not
inhabiting one’s own body or lacking an “internal gravity” [43],
which result in disorientation during interactions with the
environment and with others [40].

As Merleau-Ponty [44] observed, space is constituted
through the body: only a centered body can articulate
intention, movement, and meaning. When this internal axis
collapses, language itself loses its experiential foundation,
becoming detached from action and lived experience.

From this perspective, proprioception is not merely
a sensory system, but an embodied semiotic device:
it is a condition of possibility for gesture, meaning, and
the emergence of the self. In this light, the semiotic analysis
of bodily texts, whether verbal, graphic, or behavioral, can
meaningfully inform clinical practice, helping to identify the
presence or absence of an internal axis and to interpret
the symbolic strategies through which individuals attempt
to reconstruct embodied centeredness.

TOWARD FUNCTIONAL SYNTHESIS:

THE BIPOLAR TENSILE MODEL IN CLINICAL CONTEXT
In light of the conceptual, clinical, and neurofunctional
evidence presented thus far,
to propose an interpretive synthesis. The goal is not

it is now possible
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to close the theoretical discussion but rather to outline
a possible direction, to reframe disparate elements —
interhemispheric disconnection, proprioceptive alteration,
and DMN dysfunction, within a unified framework capable
of highlighting their dynamic interactions. In this sense,
the BTM serves as a heuristic tool for understanding how,
under conditions of functional disintegration, the brain
can generate divergent compensatory strategies which,
though adaptive, contribute to the emergence of the
atypical profiles observed on the autism spectrum [45].

Regardless of the origin of commissural insufficiency, its
effects depend on which hemisphere receives incomplete
information. The contralateral hemisphere processes input
unilaterally, according to its characteristic computational
style, tends to compensate for the imbalance by enhancing
local resources [7, 46]. While this mechanism is adaptive,
it can foster the development of distinct cognitive and
behavioral patterns in ASD [46, 47].

Research on high-risk infants shows that reduced
interhemispheric connectivity is associated with increased
reliance on local connections as early as the first year
of life [48]. Such findings underscore the central role
of cerebral plasticity in compensatory adaptation and help
to explain the well-known heterogeneity observed across
the spectrum.

In this context, proprioception emerges as a bridge
between deep neural mechanisms and observable
functional manifestations. More than a simple support for
motor control, it is essential to intentional planning as well
as cognitive and social competence [49]. Interhemispheric
disconnection disrupts sensorimotor synchronization,
thereby impairing the efficiency of the DMN — a network
central to bodily self-integration.

Toillustrate the heuristic validity of the BTM, three clinical
cases from the literature are presented that consistently
demonstrate a between
disconnection,
dysfunction.

Hagemann [50]describestwo childrenwith ASD who exhibit
pronounced proprioceptive deficits — poor awareness
of the moving body, vestibular hyporesponsiveness, and

nexus interhemispheric

proprioceptive alteration, and DMN

disorganized gestures. Improvements following intensive
sensorimotor training highlight the difficulty in transitioning
from conscious proprioception to automatic fluidity.
Leisman et al. [51] report a case characterized by marked
asymmetry of the corpus callosum and left-hemispheric
dominance. The subject exhibits rich linguistic ability yet

profoundly disembodied expression — a verbalization
process unsupported by proprioceptive grounding, resulting
in a disembodied sense of self.

Paquet et al. [39] examined 34 individuals with ASD, and
found postural instability, poor spatial awareness, and
uncertain lateralization. Functional asymmetry, confirmed
by EEG and cognitive assessments, reflects impaired
interhemispheric communication.

Together, these cases demonstrate how the interplay
between interhemispheric disconnection, DMN dysfunction,
and proprioceptive instability generates fragmented
neurofunctional configurations that correspond to the
tensile poles described in the model. Far from being merely
correlative, this triadic configuration offers a coherent
interpretive framework for differential analysis across the
autism spectrum.

CONCLUSION

The BTM offers an alternative and integrative interpretation
of ASD, grounded in the hypothesis that many clinical
manifestations emerge from an unmediated functional
tension between cognitive hemispheric specializations.
Interhemispheric  disconnection, dysfunction and
proprioceptive dysregulation of the DMN are not viewed
as isolated causes, but as interacting elements within
a dynamic system governing self-regulation.

On an epistemological level, the model positions
proprioception as a primary semiotic channel — crucial
for the emergence of embodied consciousness and
sensorimotor coherence. This perspective enables a shift
beyond the conventional dichotomy between genetic
explanations and phenomenological descriptions, drawing
attention to the adaptive modes of atypical functioning.

From a diagnostic standpoint, the model promotes
careful observation of subtle but significant bodily
indicators; gesture quality, postural stability, motor
fluidity, and coherence between intention and action.
When integrated with neurofunctional tools, such signs
may provide valuable insight into patterns of cognitive
lateralization and their compensatory strategies.

Therapeutically, mapping an individual's tensile profile
can guide more targeted interventions. In profiles marked
by symbolic-verbal dominance, cognitive abilities may
be grounded through proprioceptive stimulation and
embodied narrative practices. Conversely, in profiles
characterized by perceptual-sensorial dominance, symbolic
elaboration of sensory experience may be supported.
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A specific contribution of this work lies in its integration
of a semiotic perspective: the analysis of verbal, graphic,
or behavioral texts produced by individuals on the
spectrum may reveal perceptual and tensile states
that are otherwise unexpressed, uncovering adaptive
strategies and meaning-making trajectories inaccessible
to standard tests. This supports the inclusion of semiotic
theory in clinical and neuropsychological contexts, filling
interpretive gaps left by conventional frameworks.

Nonetheless, the model presents several limitations that
must be acknowledged.

First, its nature is essentially theoretical and interpretive:
itis not derived from original empirical data, and it does not
currently rely on standardized assessment instruments.
Second, the clinical cases discussed are illustrative rather
than statistically representative, and should be interpreted
accordingly. Third, the model does not attempt to claim
predictive power or diagnostic classification, nor does
it provide direct comparisons with other contemporary
models of ASD — such as predictive coding frameworks,
connectivist models, or cognitive-behavioral typologies.
These comparisons lie beyond the scope of the present
essay but remain essential for future validation.

Rather than proposing a definitive explanatory system,
the BTM serves as a flexible heuristic framework, intended
to generate new hypotheses and promote an embodied,
context-sensitive understanding of autistic heterogeneity.

Its greatest strength lies in this adaptability: the axial
structure of the model makes it possible to represent the
spectrum'’s variability not as deviation from the norm, but
as the outcome of differential hemispheric compensation
trajectories. This perspective opens new avenues for the
development of interpretive and rehabilitative protocols
centered on corporeal and symbolic resources rather than
deficit-based metrics.

Ultimately, the BTM serves as a theoretical and clinical
framework for orientation, capable of embracing the
complexity of autistic functioning and supporting
therapeutic practices more attuned to the lived experience
of the individual.

Article history

Submitted: 23 Apr. 2025
Accepted: 3 Oct. 2025
Published Online: 16 Feb. 2026

Funding: The research was carried out without additional
funding.

Conflict of interest: The author declares no conflicts
of interest.

Generative Al use statement: During the preparation
of this work, the author used ChatGPT (OpenAl, 2025)
in order to generate a conceptual diagram (“Tensile Axis
Image”) based on the author's original model description.
After using this tool, the author reviewed and edited the
image as needed and takes full responsibility for the
content of the publication.

For citation:

Sanna M. Proprioception and Cognitive Polarization in Autism:
The Bipolar Tensile Model. Consortium PSYCHIATRICUM.
2026;7(1):CP15678. doi: 10.17816/CP15678

Information about the author

*Marco Sanna, Ph.D, Department of History and Human Sciences,
University of Sassari; ORCID: 0000-0003-2333-6714
E-mail: marcosanna@yahoo.it

*corresponding author

References

1. Lotman YM. [Culture as collective intelligence and
the problem of artificial intelligence]. Moscow: [s. n.]; 1977.
Russian.

2. Tononi G. The integrated information theory
of consciousness: an updated account. Arch Ital Biol.
2012;150(2-3):56-90. doi: 10.4449/aib.v149i5.1388

3. Bernstein NA. The coordination and regulation
of movements. Luria AR, editor; Latash ML, translator.
Oxford: Pergamon Press; 1967.

4. YaoS, Becker B, Kendrick KM. Reduced inter-hemispheric
resting state functional connectivity and its association with
social deficits in autism. Front Psychiatry. 2021;12:629870.
doi: 10.3389/fpsyt.2021.629870

5. Lee]M, Kyeong S, Kim E, et al. Abnormalities of Inter- and
Intra-Hemispheric Functional Connectivity in Autism
Spectrum Disorders: A Study Using the Autism Brain Imaging
Data Exchange Database. Front Neurosci. 2016;10:191.
doi: 10.3389/fnins.2016.00191

6. Roy D, Uddin LQ. Atypical core-periphery brain
dynamics in autism. Netw Neurosci. 2021;5(2):295-314.
doi: 10.1162/netn_a_00181

7. Hahamy A, Behrmann M, Malach R. The idiosyncratic brain:
distortion of spontaneous connectivity patterns in autism
spectrum disorder. Nat Neurosci. 2015;18(2):302-309.
doi: 10.1038/nn.3919

Consortium PSYCHIATRICUM | 2026 | Volume7 | Issue 1

57


https://doi.org/10.17816/CP15678
https://orcid.org/0000-0003-2333-6714
mailto:marcosanna@yahoo.it
https://doi.org/10.4449/aib.v149i5.1388
https://doi.org/10.3389/fpsyt.2021.629870
https://doi.org/10.3389/fnins.2016.00191
https://doi.org/10.1162/netn_a_00181
https://doi.org/10.1038/nn.3919

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

McGilchrist I. The Master and his Emissary: The divided Brain
and the Making of the Western World. 2nd ed. New Haven,
CT: Yale University Press; 2019.

Federmeier KD. Thinking ahead: The role and

roots of prediction in language comprehension.
Psychophysiology. 2007;44(4):491-505.

doi: 10.1111/j.1469-8986.2007.00531.x

Gotts SJ, Jo HJ, Wallace GL, et al. Two distinct forms

of functional lateralization in the human brain. Proc

Nat Acad Sci U S A. 2013;110(36):E3435-E3444.

doi: 10.1073/pnas.1302581110

Lotman YM. Universe of the mind: a semiotic theory

of culture. Clark T, translator. London: I.B. Tauris; 1990.
Tesink CM, Buitelaar JK, Petersson KM, et al. Neural
correlates of pragmatic language comprehension in autism
spectrum disorders. Brain. 2009;132(Pt 7):1941-1952.

doi: 10.1093/brain/awp103

Herringshaw AJ, Ammons CJ, DeRamus TP, et al. Hemispheric
differences in language processing in autism spectrum
disorders: a meta-analysis of neuroimaging studies.

Autism Res. 2016;9(10):1046-1057. doi: 10.1002/aur.1599
Robertson CE, Baron-Cohen S. Sensory perception

in autism. Nat Rev Neurosci. 2017;18(11):671-684.

doi: 10.1038/nrn.2017.112

Vitaskova K, Mironova Tabachova J. The Evaluation

of Sensory Integration and Partial Pragmatic Communication
Abilities in Children with Autism Spectrum Disorder

with the Application of a New Evaluation Material:
Speech-Language Therapy Approach. Logop Siles.
2018;7:17-35. doi: 10.31261/LOGOPEDIASILESIANA.2018.07.02
Gazzaniga MS. Cerebral specialization and interhemispheric
communication: does the corpus callosum enable

the human condition? Brain. 2000;123(Pt 7):1293-1326.

doi: 10.1093/brain/123.7.1293

van der Knaap LJ, van der Ham IJM. How does

the corpus callosum mediate interhemispheric transfer?

A review. Behav Brain Res. 2011;223(1):211-221.

doi: 10.1016/j.bbr.2011.04.018

Qin P, Northoff G. How is our self related to midline

regions and the default-mode network? Neuroimage.
2011;57(3):1221-1233. doi: 10.1016/j.neuroimage.2011.05.028
Wang Q, Li HY, Li YD, et al. Resting-state abnormalities

in functional connectivity of the default mode network

in autism spectrum disorder: a meta-analysis.

Brain Imaging Behav. 2021;15(5):2583-2592.

doi: 10.1007/511682-021-00460-5

He C, Chen, Jian T, et al. Dynamic functional connectivity
analysis reveals decreased variability of the default-mode
network in developing autistic brain. Autism Res.
2018;11(11):1479-1493. doi: 10.1002/aur.2020

Kennedy DP, Courchesne E. Functional abnormalities

of the default network during self- and other-reflection

in autism. Soc Cogn Affect Neurosci. 2008;3(2):177-190.

doi: 10.1093/scan/nsn011

Anderson JS, Druzgal TJ, Froehlich A, et al. Decreased
interhemispheric functional connectivity in autism. Cereb
Cortex. 2011;21(5):1134-1146. doi: 10.1093/cercor/bhq190
Zhu H, LiY, Yuan M, et al. Increased functional segregation
of brain network associated with symptomatology

and sustained attention in chronic post-traumatic

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

stress disorder. ] Affect Disord. 2019;247:183-191.

doi: 10.1016/j.jad.2019.01.012

Michel GF. Handedness development: a model for
investigating the development of hemispheric specialization
and interhemispheric coordination. Symmetry (Basel).
2021;13(6):992. doi: 10.3390/sym13060992

Gallagher S. How the body shapes the mind. Oxford: Oxford
University Press; 2005.

Jeannerod M. Motor cognition: what actions tell the self.
Oxford: Oxford University Press; 2006.

Shafer RL, Wang Z, Bartolotti J, et al. Visual and
somatosensory feedback mechanisms of precision manual
motor control in autism spectrum disorder. ] Neurodev
Disord. 2021;13(1):32. doi: 10.1186/511689-021-09381-2
Fuentes CT, Mostofsky SH, Bastian AJ. No proprioceptive
deficits in autism despite movement-related sensory

and execution impairments. ] Autism Dev Disord.
2011;41(10):1352-1361. doi: 10.1007/510803-010-1161-1
Mostofsky SH, Dubey P, Jerath VK, et al. Developmental
dyspraxia is not limited to imitation in children with

autism spectrum disorders. J Int Neuropsychol Soc.
2006;12(3):314-326. doi: 10.1017/51355617706060437
Proske U, Gandevia SC. The proprioceptive senses: their
roles in signaling body shape, body position and movement,
and muscle force. Physiol Rev. 2012;92(4):1651-1697.

doi: 10.1152/physrev.00048.2011

Dijkerman HC, de Haan EH. Somatosensory processing
subserving perception and action: dissociations, interactions,
and integration. Behav Brain Sci. 2007;30(2):189-201.

doi: 10.1017/50140525X07001392

Jayasinghe SAL, Sarlegna FR, Scheidt RA, et al. The neural
foundations of handedness: insights from a rare case

of deafferentation. | Neurophysiol. 2020;124(1):259-267.
doi: 10.1152/jn.00150.2020

Florio TM. Emergent aspects of the integration

of sensory and motor functions. Brain Sci. 2025;15(2):162.
doi: 10.3390/brainsci15020162

Horvath A, Ragé A, Ferentzi E, et al. Short-term retention

of proprioceptive information. Q J Exp Psychol (Hove).
2020;73(12):2148-2157. doi: 10.1177/1747021820957147
Ladda AM, Wallwork SB, Lotze M. Multimodal sensory-spatial
integration and retrieval of trained motor patterns for body
coordination in musicians and dancers. Front Psychol.
2020;11:576120. doi: 10.3389/fpsyg.2020.576120

Stoit AM, van Schie HT, Slaats-Willemse DL, et al. Grasping
motor impairments in autism: not action planning but
movement execution is deficient. ] Autism Dev Disord.
2013;43(12):2793-2806. doi: 10.1007/s10803-013-1825-8
Izawa J, Pekny SE, Marko MK, et al. Motor learning relies

on integrated sensory inputs in ADHD, but over-selectively
on proprioception in autism spectrum conditions. Autism Res.
2012;5(2):124-136. doi: 10.1002/aur.1222

Blanche El, Reinoso G, Chang MC, et al. Proprioceptive
processing difficulties among children with autism spectrum
disorders and developmental disabilities. Am J Occup Ther.
2012;66(5):621-624. doi: 10.5014/ajot.2012.004234

Paquet A, Olliac B, Bouvard MP, et al. The semiology of motor
disorders in autism spectrum disorders as highlighted from
a standardized neuro-psychomotor assessment. Front
Psychol. 2016;7:1292. doi: 10.3389/fpsyg.2016.01292

58

Consortium PSYCHIATRICUM | 2026 | Volume7 | Issue 1


https://doi.org/10.1111/j.1469-8986.2007.00531.x
https://doi.org/10.1073/pnas.1302581110
https://doi.org/10.1093/brain/awp103
https://doi.org/10.1002/aur.1599
https://doi.org/10.1038/nrn.2017.112
https://doi.org/10.1093/brain/123.7.1293
https://doi.org/10.1016/j.bbr.2011.04.018
https://doi.org/10.1016/j.neuroimage.2011.05.028
https://doi.org/10.1007/s11682-021-00460-5
https://doi.org/10.1002/aur.2020
https://doi.org/10.1093/scan/nsn011
https://doi.org/10.1093/cercor/bhq190
https://doi.org/10.1016/j.jad.2019.01.012
https://doi.org/10.3390/sym13060992
https://doi.org/10.1186/s11689-021-09381-2
https://doi.org/10.1007/s10803-010-1161-1
https://doi.org/10.1152/physrev.00048.2011
https://doi.org/10.1017/S0140525X07001392
https://doi.org/10.1152/jn.00150.2020
https://doi.org/10.3390/brainsci15020162
https://doi.org/10.1177/1747021820957147
https://doi.org/10.3389/fpsyg.2020.576120
https://doi.org/10.1007/s10803-013-1825-8
https://doi.org/10.1002/aur.1222
https://doi.org/10.5014/ajot.2012.004234
https://doi.org/10.3389/fpsyg.2016.01292

40.

41.

42.

43.

44.

45.

46.

Sharer EA, Mostofsky SH, Pascual-Leone A etal. Isolating visual
and proprioceptive components of motor sequence learning
in ASD. Autism Res. 2016;9(5):563-569. doi: 10.1002/aur.1537
Tomasello M, Carpenter M, Liszkowski U. A new look

at infant pointing. Child Dev. 2007;78(3):705-722.

doi: 10.1111/j.1467-8624.2007.01025.x

Rizzolatti G, Craighero L. The mirror-neuron system.

Annu Rev Neurosci. 2004,;27:169-192.

doi: 10.1146/annurev.neuro.27.070203.144230

Blanke O, Slater M, Serino A. Behavioral, neural, and
computational principles of bodily self-consciousness. Neuron.
2015;88(1):145-166. doi: 10.1016/j.neuron.2015.09.029
Merleau-Ponty M. Phenomenology of perception. Smith CB,
translator. London: Routledge & Kegan Paul; 1962.

Guo X, Duan X, Chen H, et al. Altered inter- and intrahemispheric
functional connectivity dynamics in autistic children. Hum

Brain Mapp. 2020;41(2):419-428. doi: 10.1002/hbm.24812
O'Keefe N, Lindell AK. Reduced interhemispheric

interaction in non-autistic individuals with normal but high
levels of autism traits. Brain Cogn. 2013;83(2):183-189.

doi: 10.1016/j.bandc.2013.08.005

47.

48.

49.

50.

51.

Li Q, Becker B, Jiang X, et al. Decreased interhemispheric
functional connectivity rather than corpus callosum
volume as a potential biomarker for autism

spectrum disorder. Cortex. 2019;119:258-266.

doi: 10.1016/j.cortex.2019.05.003

Righi G, Tierney AL, Tager-Flusberg H, et al. Functional
connectivity in the first year of life in infants at risk for
autism spectrum disorder: an EEG study. PLoS One.
2014;9(8):€105176. doi: 10.1371/journal.pone.0105176
Fridland E. The case for proprioception. Phenomenol

Cogn Sci. 2011;10(4):521-540. doi: 10.1007/s11097-011-9217-z
Hagemann CR. A sensory-motor integration programme
for boys with autism spectrum disorder: two case studies
[master’s thesis] [Internet]. Stellenbosch (ZA): Stellenbosch
University; 2014 [cited 2025 Jul 19]. Available from:
http://hdl.handle.net/10019.1/96084

Leisman G, Melillo R, Melillo T. Prefrontal functional
connectivities in autism spectrum disorders:

A connectopathic disorder affecting movement,
interoception, and cognition. Brain Res Bull. 2023;198:65-76.
doi: 10.1016/j.brainresbull.2023.04.004

Consortium PSYCHIATRICUM | 2026 | Volume7 | Issue 1

59


https://doi.org/10.1002/aur.1537
https://doi.org/10.1111/j.1467-8624.2007.01025.x
https://doi.org/10.1146/annurev.neuro.27.070203.144230
https://doi.org/10.1016/j.neuron.2015.09.029
https://doi.org/10.1002/hbm.24812
https://doi.org/10.1016/j.bandc.2013.08.005
https://doi.org/10.1016/j.cortex.2019.05.003
https://doi.org/10.1371/journal.pone.0105176
https://doi.org/10.1007/s11097-011-9217-z
http://hdl.handle.net/10019.1/96084
https://doi.org/10.1016/j.brainresbull.2023.04.004

	Proprioception and Cognitive Polarization in Autism: The Bipolar Tensile Model
	INTRODUCTION
	THEORETICAL FRAMEWORK
	Neurosemiotic foundations
	Hemispheric specialization and cognitive tension

	METHODS
	THE BIPOLAR TENSILE MODE
	Interhemispheric disconnection and compensation
	The compensatory instance

	IMPAIRMENT OF THE PROPRIOCEPTIVE SYSTEM
	Conscious proprioception and automatic kinesthesia
	Poetic language as tensile synthesis: a semiotic analysis of the autistic body
	The axiality of the body

	TOWARD FUNCTIONAL SYNTHESIS: THE BIPOLAR TENSILE MODEL IN CLINICAL CONTEXT
	CONCLUSION
	REFERENCES


