
Hypothesis Not peer-reviewed version

From Vasomotion to Interoception: The

PULSE-V Hypothesis of Predictive

Tissue Regulation in Manual Medicine

Artyom Dyupin * , Irina Egorova * , Andrey Chervotok

Posted Date: 10 April 2026

doi: 10.20944/preprints202603.0856.v3

Keywords: active inference; interoception; allostasis; vasomotion; angiosomes; manual therapy

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/5160442
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


 

 

Hypothesis 

From Vasomotion to Interoception: The PULSE-V 
Hypothesis of Predictive Tissue Regulation in 
Manual Medicine 
Artyom Dyupin 1,2,*, Irina Egorova 1,2,* and Andrey Chervotok 1,2 

1 Department of Restorative Medicine and Osteopathy, Yaroslav-the-Wise Novgorod State University, Veliky 
Novgorod, Russian Federation 

2 V.L. Andrianov Institute of Osteopathic Medicine, Saint Petersburg, Russian Federation 
* Correspondence: adyupin@mail.ru (A.D.); egorova.osteo@gmail.com (I.E.) 

Abstract 

Manual medicine has long outgrown explanations resting solely on structural-biomechanical 
correction. While the techniques reliably alleviate musculoskeletal pain and functional complaints, 
durable benefit appears to depend far less on lasting mechanical realignment than on a distributed 
set of neurophysiological, autonomic, interoceptive, and contextual processes. A persistent 
translational gap nevertheless remains between abstract predictive models of bodily regulation and 
the tangible regional tissue dynamics that clinicians encounter in practice. We propose PULSE-V 
(Predictive Updating of Local Somatic Errors via Vasomotion) as a hypothesis-generating framework 
intended to narrow that gap. The central suggestion is that low-frequency vasomotor oscillations 
(~0.1 Hz) within angiosomes, when exhibiting optimal fractal complexity and multiscale 
organisation, may serve as a candidate biophysical substrate capable of structuring ascending 
interoceptive signals. When this complexity is disrupted—shifting microvascular dynamics towards 
either rigid periodicity or stochastic noise—the resulting afferent stream may become ambiguous and 
contribute to interoceptive prediction error. Chronic somatic dysfunction can then be understood as 
a maladaptive attractor state: a self-stabilising loop in which ambiguous peripheral input, impaired 
sensory attenuation, and entrenched top-down priors reinforce one another. PULSE-V is offered as a 
deliberately falsifiable program rather than a settled theory. It generates testable predictions 
concerning regional vasomotor patterns, multimodal biomarker signatures, and the differential 
contributions of vasomotor, affective-touch, and relational treatment elements. If supported, the 
model would offer a mechanistically grounded account of the frequently observed discrepancy 
between the modest mechanical effects of manual intervention and the substantial clinical outcomes 
that follow. 

Keywords: active inference; interoception; allostasis; vasomotion; angiosomes; manual therapy 
 

1. Introduction/Background 

Manual therapy and osteopathic manipulative treatment continue to occupy a central place in 
the management of musculoskeletal pain and functional disorders [1,2]. For much of the twentieth 
century, the prevailing explanatory framework was straightforward: practitioners identify a 
mechanical fault — restricted joint mobility, positional asymmetry, altered tissue texture — and 
apply a corrective force to restore normal alignment or movement [3]. This structural-biomechanical 
account was intuitively appealing and closely aligned with clinical experience. 

Over recent decades, however, that narrative has become increasingly difficult to defend. Inter-
rater reliability for the palpatory detection of discrete structural abnormalities remains modest [4]. 
Objective evidence of sustained positional change following intervention is sparse [5]. Clinical 
outcomes show surprisingly weak correlation with the mechanical variables that were ostensibly 
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addressed [6]. Concurrently, manual interventions are known to engage descending nociceptive 
modulation, autonomic tone shifts [7], affective-touch pathways [8], expectation effects [9], and the 
quality of the therapeutic relationship [10]. The conventional distinction between “specific” 
biomechanical actions and “non-specific” contextual influences has therefore lost much of its 
explanatory utility [11]. 

In parallel, neuroscience has moved decisively towards predictive accounts of perception and 
bodily regulation [12,13]. Allostatic regulation in physiology and active inference in computational 
neuroscience converge in describing the brain as an anticipatory system that generates internal 
models of bodily state and updates them by minimising prediction error. Interoception, within this 
paradigm, is an active inferential process in which descending expectations are continually tested 
against ascending evidence [1,13]. Applied to persistent pain and somatic dysfunction, this 
perspective suggests that bodily distress arises not only from local tissue events but also from 
maladaptive inferential dynamics, in which poorly structured peripheral input fails to dislodge 
entrenched, threat-oriented priors [14,15]. 

This conceptual shift creates a clear translational challenge. Predictive frameworks are elegant 
at the computational level yet remain abstract when one tries to relate them to the regional tissue 
phenomena that clinicians palpate daily [2,4]. Manual practitioners work with changes in tissue 
texture, vascularity, resistance, tenderness, and dynamic compliance; predictive neuroscience speaks 
of precision weighting, generative models, and free-energy minimisation [12,13]. The vascular system 
offers a particularly promising point of contact [16]: manual techniques consistently produce 
measurable alterations in peripheral perfusion and autonomic balance [7,17], yet no widely accepted 
model explains how these local events might shape central interoceptive inference [1,18]. The 
hypothesis set out below addresses precisely that question. 

2. The Hypothesis 

PULSE-V rests on a central premise — that regional vascular-tissue dynamics may constitute the 
missing physiological link between manual medicine and predictive neuroscience [2,11] — 
operationalised through three components. The model proposes that angiosomes may serve as 
plausible peripheral units of functional regulation [19,20]; that the microcirculatory-tissue system 
may operate as a distributed sensorimotor interface [21]; and that vasomotor oscillations exhibiting 
optimal multiscale complexity may provide a candidate biophysical substrate for organising 
ascending interoceptive signals [22]. 

2.1. Angiosome as a Unit of Regional Predictive Regulation  

Originally developed in reconstructive surgery, an angiosome describes a three-dimensional 
tissue territory supplied by a single source artery and characterised by its local vascular architecture 
[23]. We reconceptualise the angiosome as a regional physiological domain in which multiple tissue 
layers share a common haemodynamic resource and, potentially, a coordinated oscillatory state 
[16,19]. These tissues are coupled through microvascular supply, metabolic demand, and vasomotor 
interaction. We therefore propose that the angiosome functions as an anatomically coherent unit for 
local predictive regulation, in which shared haemodynamic drive, coordinated sympathetic 
vasomotor tone, and metabolically coupled thin-fibre afferent signalling converge [24,25]. 

2.2. Microcirculatory Tissue System as a Distributed Transduction Interface 

Within this domain, the microcirculatory-tissue system functions as far more than a passive 
conduit for blood [25,26]. Vessel walls, perivascular tissues, stromal elements, connective matrices, 
and metabolically sensitive group III/IV afferents — responsive to mechanical strain, local pH, pO₂, 
and ischaemic metabolites — together constitute a distributed transduction interface [26]. The state 
of the tissue is, therefore, not represented by a static parameter such as pressure or flow rate, but by 
a dynamically organised vascular-tissue pattern [24]. 
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2.3. Vasomotion as a Candidate Biophysical Substrate  

The principal candidate signal within this pattern is vasomotion — the spontaneous low-
frequency oscillation of microvascular tone [25,27]. We do not contend that vasomotion exclusively 
encodes interoceptive information. Rather, we propose that vasomotor oscillations operating within 
an optimal range of fractal complexity — characterised by 1/f dynamics and high multiscale entropy 
[27,28] — may help structure ascending afferent input, conferring temporal organisation, salience, 
and functional precision on signals generated within vascularised tissue [18,22]. This state of optimal 
complexity is distinct from rigid bilateral synchrony, which may reflect top-down sympathetic 
override, and from stochastic variability, which lacks informational structure [24,29]. When 
microvascular complexity is lost — through maladaptive flow redistribution, chronic ischaemia, or 
excessive centralised sympathetic drive — the afferent stream becomes ambiguous and noisy [15,29]. 

Optimal microvascular complexity is therefore advanced as a candidate biophysical basis for 
informative regional bodily signalling [28,30]. A loss of this complexity — presenting as reduced 
fractal scaling, diminished multiscale entropy, or imposition of rigid centralised rhythmicity — 
constitutes a possible peripheral physiological correlate of interoceptive prediction error [15,30]. 
Under such conditions, ambiguous peripheral evidence fails to prompt meaningful updating of 
central models [13]. 

3. Evaluation of the Hypothesis 

The mechanistic rationale of PULSE-V can be traced as a reciprocal cascade linking regional 
vascular dynamics to central interoceptive regulation [1,2]. Rather than supposing that the brain 
receives a direct isomorphic representation of tissue state, we suggest that peripheral vascular 
organisation fundamentally shapes how bodily information is filtered, weighted, and integrated 
across multiple physiological levels [11,13]. 

3.1. Local Origin and Afferent Transduction  

Within a given angiosomal territory, chronic mechanical stress, persistent postural loading, 
microischaemia, or unresolved inflammation can disrupt the natural variability of microvascular 
oscillations [21]. This does not necessarily entail overt vascular failure; it entails a shift away from the 
optimal fractal complexity that characterises healthy nonlinear physiology [30], towards either rigid, 
low-entropy periodicity or disorganised stochastic variability — both of which yield less informative 
microcirculatory dynamics [31]. Polymodal and thin-fibre afferents transduce this disrupted local 
environment, generating a fragmented and temporally irregular ascending stream [32]. 

The specific mechanism by which afferents detect fractal properties of vasomotion — whether 
through frequency entrainment of discharge patterns to vasomotor cycles, oscillation-dependent 
metabolite fluctuations (lactate, H⁺, adenosine) that modulate group IV firing, or mechanosensitive 
detection of rhythmic vessel-wall strain by perivascular endings — remains to be established 
empirically and constitutes one of the most important tests of the present framework.  

3.2. Ascending Integration and Inferential Mismatch  

These signals ascend via lamina I spinal pathways, the lateral parabrachial nucleus, and thalamic 
relay nuclei to reach posterior insular representations [32]. At this level ascending evidence meets 
descending allostatic predictions [13,30]. In a well-regulated system precise peripheral signals 
continually refine cortical models. When the afferent stream is chronically noisy or assigned low 
precision — owing to a loss of optimal peripheral microvascular complexity [18,30] — it may fail to 
dislodge maladaptive priors [14,15]. The system then defaults to established expectations of threat, 
pain, or functional deficit, actively attenuating or discounting ambiguous peripheral data [33]. 

3.3. Self-Sustaining Attractor  
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This inferential mismatch tends to become self-sustaining. To minimise prediction error, the 
nervous system generates compensatory efferent outputs — regional vasoconstrictive bias, protective 
muscle activation, altered tissue loading [30,34]. These responses further compromise local perfusion, 
perpetuating the loss of optimal microvascular complexity [27,29] and progressively stabilising a 
maladaptive attractor state [15,30]. Chronic somatic dysfunction thus arises not solely from 
peripheral tissue events, nor exclusively from aberrant cortical prediction, but from a progressive 
failure of reciprocal regulation across scales [28]. 

3.4. Consistency with Published Evidence 

The hypothesis is consistent with a substantial body of published evidence. Network-physiology 
studies demonstrate hierarchical coupling among physiological subsystems with health-related 
complexity signatures [28]. Vasomotion research shows that microvascular oscillation patterns are 
altered in diabetes and hypertension, with reduced complexity tracking disease severity [27,29]. 
Predictive-coding accounts of chronic pain explicitly invoke imbalances between ascending precision 
and descending priors as a generative mechanism [14,15]. Manual-medicine studies have 
documented autonomic, interoceptive, and insular changes following osteopathic intervention [17]. 
Conversely, two key claims of PULSE-V — angiosome-specific interoceptive coding and bilateral 
vasomotor synchrony as a marker of central override — currently rest on indirect evidence and 
remain important targets for falsification (see Section 6.3). 

4. Hypothesis Testing 

The principal merit of PULSE-V lies in its falsifiability. The model generates several predictions 
that can, in principle, be refuted. 

4.1. Predictions at the Peripheral Level 

Microcirculatory oscillations should exhibit significantly greater intra-territorial fractal 
complexity — indexed by higher multiscale entropy [35,36] and 1/f scaling [28,30] — within 
functionally linked angiosomal territories than across adjacent but haemodynamically distinct 
regions [29,37]. Clinically effective manual interventions should be associated with measurable 
improvements in regional microvascular complexity (multiscale entropy, fractal scaling) [27,38], in 
at least a substantial proportion of cases. Bilateral vasomotor synchrony, by contrast, is expected to 
decrease following effective intervention [17], reflecting release from centralised sympathetic 
override rather than loss of physiological organisation [24]. 

4.2. Cross-Scale Predictions  

These peripheral changes should not remain isolated. If the hypothesis holds, improvements in 
regional microvascular complexity should correlate specifically with measures of interoceptive 
accuracy — such as the heart rate discrimination task or comparable proxy measures — and with 
autonomic indices of precision regulation [2], rather than aligning solely with subjective symptom 
reports [37,39,40]. Distinct therapeutic signatures may also emerge depending on whether the 
intervention primarily engages vasomotor, affective-touch, or contextual channels [8,10,26]. 

4.3. Methodological Approach 

Empirical evaluation requires a multimodal approach [24]. Established peripheral tools include 
laser Doppler flowmetry, photoplethysmography [41], near-infrared spectroscopy [42], and heart-
rate variability analysis [7]. Bilateral laser Doppler flowmetry permits assessment of Mayer-wave 
(~0.1 Hz) coherence between symmetric angiosomal territories as a candidate index of centralised 
sympathetic override. Where feasible, these can be combined with neuroimaging sensitive to insular 
and salience-network dynamics [1,39]. Quantitative analysis should rely on validated nonlinear 
measures (multiscale entropy, detrended fluctuation analysis, spectral entropy rates) rather than 
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first-order summary statistics [35–38]. Because the model spans multiple physiological scales, a 
convincing positive result would demonstrate coordinated shifts across peripheral, autonomic, and 
central domains [28]. 

4.4. Falsification Criteria  

PULSE-V would be falsified if (i) regional vascular dynamics showed no reproducible 
relationship with validated interoceptive proxies (e.g., heart rate discrimination task accuracy or 
MAIA-2 interoceptive awareness scores) [43,44] across at least two independent cohorts; (ii) clinically 
meaningful improvement, defined as change exceeding the established MCID for the primary 
outcome, occurred in ≥50% of responders without concurrent changes in regional vasomotor 
organisation exceeding the test–retest variability of bilateral laser Doppler flowmetry indices (Mayer-
wave coherence, multiscale entropy, or DFA α₁) [45,46], replicated across at least two independent 
cohorts; or (iii) angiosome-defined territories failed to display greater intra-territorial coherence in 
vasomotor complexity than haemodynamically unrelated control regions across at least two 
independent cohorts [16]. 

5. Empirical Data 

No new empirical data or pilot data are presented in this article. PULSE-V is advanced as a 
synthesis of previously published research and is offered for subsequent experimental testing. 

6. Consequences of the Hypothesis and Discussion 

6.1. Three Concurrent Therapeutic Channels  

Should PULSE-V prove broadly correct, manual intervention would modulate chronic 
dysfunction through the interplay of multiple overlapping channels [2]. 

The first is vasomotor. Mechanical loading, fascial decompression, rhythmic stretching, and 
shear stress can alter local haemodynamics [47] and may help restore optimal fractal complexity in 
regional vascular oscillations [48]. In predictive terms, this reduces ambiguity in the peripheral signal, 
increasing the probability that ascending input contributes to updating higher-order cortical 
predictions [13,18]. This channel may be particularly relevant when tissues are congested or 
dynamically restricted — presentations in which vascular-tissue dysregulation may play a 
substantial role alongside any purely mechanical component [7]. 

The second is C-tactile. Slow, affective touch engages CT afferents that project via lamina I and 
the thalamus to posterior insular networks [32]. CT-mediated input is closely associated with safety 
signalling and autonomic downregulation [8]. This stream can compete with threat-related signals 
and may assist in recalibrating the salience of bodily information [11,15]. Clinical and experimental 
evidence suggests that effectiveness often depends less on the intensity of mechanical force than on 
the quality of contact — one that is frequently affective and relational [10]. 

The third is interpersonal and contextual. The therapeutic alliance, patient expectation, and the 
perceived meaning of the encounter act as powerful top-down modulators of precision weighting 
[10]. Contextual factors do not merely accompany the technique; they actively alter which sensory 
signals are amplified and which are attenuated [11,49]. This helps account for the substantial 
variability in outcome when apparently similar manual methods are applied by different 
practitioners or in different relational settings [4]. 

These channels are not mutually exclusive; they operate concurrently and in synergy [30]. Their 
relative dominance varies according to the patient, the tissue involved, and the chronicity of the 
complaint [34]. PULSE-V, therefore, offers a flexible conceptual structure for understanding why 
manual interventions that appear technically comparable can produce markedly different clinical 
results [50]. 
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6.2. Implications  

If confirmed, PULSE-V provides a mechanistically grounded account of the frequently observed 
discrepancy between modest mechanical effects and substantial clinical outcomes. It reframes 
manual intervention as a targeted perturbation of a dysregulated multi-level system rather than as 
simple mechanical correction [4,28]. It also offers a concrete bridge between predictive neuroscience 
and clinical palpation, suggesting that what skilled clinicians perceive as “tissue quality” may 
correspond to multiscale dynamical organisation rather than to static mechanical properties. 

6.3. Limitations  

We must acknowledge the boundaries of the present framework. PULSE-V is an interpretive 
hypothesis rather than a fully validated physiological theory, and two specific claims warrant explicit 
caution. First, the interpretation of bilateral vasomotor synchrony as a marker of centralised 
sympathetic override — rather than coordinated physiological response — currently rests only on 
indirect evidence from pathological populations [27,29]; direct experimental support in healthy 
participants using bilateral laser Doppler flowmetry remains lacking.  

Second, direct empirical evidence for angiosome-specific interoceptive coding is sparse [19], and 
the question of how boundaries between adjacent angiosomal territories — including regions of inter-
territorial vascular anastomosis — may relate to interoceptive regionalisation awaits systematic 
investigation. There is also a persistent risk of overextending computational concepts onto biological 
tissue in the absence of adequate empirical support [12]. 

We have deliberately circumscribed the model to maintain a clear focus on vascular dynamics. 
As a consequence, it does not yet fully incorporate the substantial contributions of humoral, glial, 
endocrine, immune, and microbiome factors to chronic dysfunction, nor does it provide a formal 
computational implementation with quantified parameters [14]. The clinical implications discussed 
here are therefore hypothesis-guided rather than prescriptive; their primary purpose is to stimulate 
experimentally tractable questions rather than to dictate clinical practice. 

6.4. Conclusion  

PULSE-V offers a translational hypothesis that connects angiosomal tissue organisation, 
microcirculatory dynamics, and active interoceptive inference within a single framework. It suggests 
that microvascular dynamics operating at optimal fractal complexity may help organise ascending 
bodily signals, while a loss of that complexity — whether towards rigid centralised synchrony or 
stochastic noise — may contribute to maladaptive interoceptive inference in chronic somatic 
dysfunction. By reframing manual intervention as a multilevel perturbation of predictive tissue 
regulation rather than simple mechanical correction, the model provides a testable basis for further 
investigation in manual medicine, interoception research, and regional neurovascular physiology. 

Author Contributions: A.V. Dyupin: Conceptualization, Investigation, Writing — Original Draft, Visualization. 
I.A. Egorova: Writing — review and editing, Supervision, Validation. A.E. Chervotok: Investigation, Formal 
analysis, Writing — review and editing. 

Data Availability Statement: Not applicable. No new empirical data were generated or analysed in support of 
this theoretical article. All concepts and models discussed are based on the referenced literature. 

Funding: This research did not receive any specific grant from funding agencies in the public, commercial, or 
not-for-profit sectors. 

Conflicts of Interest: The authors declare that they have no known competing financial interests or personal 
relationships that could appear to influence the work reported in this paper. 

Ethics Approval and Consent to Participate: Not applicable. This manuscript presents a theoretical framework 
and hypothesis; it does not involve new human or animal participant research, nor does it contain identifiable 
patient data. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 April 2026 doi:10.20944/preprints202603.0856.v3

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.0856.v3
http://creativecommons.org/licenses/by/4.0/


 7 of 9 

 

Declaration of Generative AI and AI-Assisted Technologies in the Manuscript Preparation Process: During 
the preparation of this work, the authors used Google Gemini to refine the academic language, improve 
readability, and polish the stylistic flow of the manuscript. After using this tool, the authors reviewed and edited 
the content as needed and take full responsibility for the content of the published article. 

References 

1. Cerritelli F, Chiacchiaretta P, Gambi F, Perrucci MG, Barassi G, Visciano CP, et al. Effect of manual 
approaches with osteopathic modality on brain correlates of interoception: an fMRI study. Scientific 
Reports 2020;10:3214.  https://doi.org/10.1038/s41598-020-60253-6 .        

2. Bohlen L, Shaw R, Cerritelli F, Esteves JE. Osteopathy and Mental Health: An Embodied, Predictive, and 
Interoceptive Framework. Frontiers in Psychology 2021;12.  https://doi.org/10.3389/fpsyg.2021.767005 .        

3. Lederman E. The fall of the postural-structural-biomechanical model in manual and physical therapies: 
Exemplified by lower back pain. Journal of Bodywork and Movement Therapies 2011;15:131.  
https://doi.org/10.1016/j.jbmt.2011.01.011 .        

4. Cerritelli F, Esteves JE. An Enactive–Ecological Model to Guide Patient-Centered Osteopathic Care. 
Healthcare 2022;10:1092.  https://doi.org/10.3390/healthcare10061092 .        

5. Cerritelli F, Cardone D, Pirino A, Merla A, Scoppa F. Does Osteopathic Manipulative Treatment Induce 
Autonomic Changes in Healthy Participants? A Thermal Imaging Study. Frontiers in Neuroscience 2020;14.  
https://doi.org/10.3389/fnins.2020.00887 .        

6. Bialosky JE, Bishop MD, Price DD, Robinson ME, George SZ. The mechanisms of manual therapy in the 
treatment of musculoskeletal pain: A comprehensive model. Manual Therapy 2008;14:531.  
https://doi.org/10.1016/j.math.2008.09.001 .        

7. Carnevali L, Lombardi L, Fornari M, Sgoifo A. Exploring the Effects of Osteopathic Manipulative 
Treatment on Autonomic Function Through the Lens of Heart Rate Variability. Frontiers in Neuroscience 
2020;14:579365.  https://doi.org/10.3389/fnins.2020.579365 .        

8. Schirmer A, Croy I, Ackerley R. What are C-tactile afferents and how do they relate to “affective touch”? 
Neuroscience & Biobehavioral Reviews 2023;151:105236.  https://doi.org/10.1016/j.neubiorev.2023.105236 
.        

9. McParlin Z, Cerritelli F, Manzotti A, Friston K, Esteves JE. Therapeutic touch and therapeutic alliance in 
pediatric care and neonatology: An active inference framework. Frontiers in Pediatrics 2023;11:961075.  
https://doi.org/10.3389/fped.2023.961075 .        

10. McParlin Z, Cerritelli F, Rossettini G, Friston K, Esteves JE. Therapeutic Alliance as Active Inference: The 
Role of Therapeutic Touch and Biobehavioural Synchrony in Musculoskeletal Care. Frontiers in Behavioral 
Neuroscience 2022;16.  https://doi.org/10.3389/fnbeh.2022.897247 .        

11. Kim J, Esteves JE, Cerritelli F, Friston K. An Active Inference Account of Touch and Verbal Communication 
in Therapy. Frontiers in Psychology 2022;13.  https://doi.org/10.3389/fpsyg.2022.828952 .        

12. Pezzulo G, D’Amato L, Mannella F, Priorelli M, Maele TV de, Stoianov IP, et al. Neural representation in 
active inference: Using generative models to interact with—and understand—the lived world. Annals of 
the New York Academy of Sciences 2024;1534:45.  https://doi.org/10.1111/nyas.15118 .        

13. Nave K, Deane G, Miller M, Clark A. Expecting some action: Predictive Processing and the construction of 
conscious experience. Review of Philosophy and Psychology 2022;13:1019.  https://doi.org/10.1007/s13164-
022-00644-y .        

14. Eckert A-L, Pabst K, Endres D. A Bayesian model for chronic pain. Frontiers in Pain Research 2022;3.  
https://doi.org/10.3389/fpain.2022.966034 .        

15. Castejón J, Chen F, Mohan A, Sé CÓ, Vanneste S. Chronic pain – A maladaptive compensation to 
unbalanced hierarchical predictive processing. NeuroImage 2024;297:120711.  
https://doi.org/10.1016/j.neuroimage.2024.120711 .        

16. Yeo C, Jung H, Lee K, Song C. Low frequency oscillations assessed by diffuse speckle contrast analysis for 
foot angiosome concept. Scientific Reports 2020;10:17153.  https://doi.org/10.1038/s41598-020-73604-0 .        

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 April 2026 doi:10.20944/preprints202603.0856.v3

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.0856.v3
http://creativecommons.org/licenses/by/4.0/


 8 of 9 

 

17. Cerritelli F, David P, Jordan K, Merla A, Daniela C. Autonomic correlates of osteopathic manipulative 
treatment on facial functional mapping: an innovative approach based on thermal imaging. Scientific 
Reports 2025;15:7373.  https://doi.org/10.1038/s41598-025-92092-8 .        

18. Hauglund N, Andersen M, Tokarska K, Radovanovic T, Kjærby C, Sørensen F, et al. Norepinephrine-
mediated slow vasomotion drives glymphatic clearance during sleep. Cell 2025;188:606.  
https://doi.org/10.1016/j.cell.2024.11.027. 

19. Moysidis T, Patrone L, Böckler D, Niemöller K, Korosoglou G. The angiosome and woundosome concepts 
in guiding revascularization for chronic limb-threatening ischemia and diabetic foot ulcers—a narrative 
review. Cardiovascular Diagnosis and Therapy 2025;15:1227.  https://doi.org/10.21037/cdt-2025-305 .        

20. Alexandrescu VA, Kerzmann A, Boesmans E, Holemans C, Defraigne J-O. Angiosome concept for vascular 
interventions. Elsevier eBooks, Elsevier BV; 2022, p. 403.  https://doi.org/10.1016/b978-0-12-822546-
2.00020-4 .        

21. Howe EE, Apollinaro M, Bent LR. Mechanoreceptor sensory feedback is impaired by pressure induced 
cutaneous ischemia on the human foot sole and can predict cutaneous microvascular reactivity. Frontiers 
in Neuroscience 2024;18.  https://doi.org/10.3389/fnins.2024.1329832 .        

22. Allen M, Levy AR, Parr T, Friston K. In the Body’s Eye: The computational anatomy of interoceptive 
inference. PLoS Computational Biology 2022;18.  https://doi.org/10.1371/journal.pcbi.1010490 .        

23. Taylor GI, Corlett RJ, Dhar SC, Ashton MW. The Anatomical (Angiosome) and Clinical Territories of 
Cutaneous Perforating Arteries: Development of the Concept and Designing Safe Flaps. Plastic & 
Reconstructive Surgery 2010;127:1447.  https://doi.org/10.1097/prs.0b013e318208d21b .        

24. Lehnertz K, Bröhl T, Rings T. The Human Organism as an Integrated Interaction Network: Recent 
Conceptual and Methodological Challenges. Frontiers in Physiology 2020;11:598694.  
https://doi.org/10.3389/fphys.2020.598694 .        

25. Mayrovitz HN. Consideration of the Role of Vasomotion-Induced Flowmotion on Microvascular Blood 
Flow. Cureus 2025;17.  https://doi.org/10.7759/cureus.89919 .        

26. Katarzyńska J, Cholewinski T, Sieroń L, Marcinek A, Gębicki J. Flowmotion Monitored by Flow Mediated 
Skin Fluorescence (FMSF): A Tool for Characterization of Microcirculatory Status. Frontiers in Physiology 
2020;11:702.  https://doi.org/10.3389/fphys.2020.00702 .        

27. Marcinek A, Katarzyńska J, Stanek A, Gębicki J. Prediction of Microvascular Adaptation to Hypoxia Based 
on Myogenic Microcirculation Oscillations. Sensors 2025;25:2751.  https://doi.org/10.3390/s25092751 .        

28. Ivanov PCh. The New Field of Network Physiology: Building the Human Physiolome. Frontiers in 
Network Physiology 2021;1.  https://doi.org/10.3389/fnetp.2021.711778 .        

29. Zhao L, Liu S, Liu Y, Tang H. Vasomotion heterogeneity and spectral characteristics in diabetic and 
hypertensive patients. Microvascular Research 2023;151:104620.  
https://doi.org/10.1016/j.mvr.2023.104620 .        

30. Bettinger JS, Friston K. Conceptual foundations of physiological regulation incorporating the free energy 
principle and self-organized criticality. Neuroscience & Biobehavioral Reviews 2023;155:105459.  
https://doi.org/10.1016/j.neubiorev.2023.105459 .        

31. Jia S, Wang Q, Li H, Song X, Wang S, Zhang W, et al. The Relationship Between Blood Perfusion in the 
Lower Extremities and Heart Rate Variability at Different Positions. Frontiers in Physiology 2021;12.  
https://doi.org/10.3389/fphys.2021.656527 .        

32. Crucianelli L, Ehrsson HH. The Role of the Skin in Interoception: A Neglected Organ? Perspectives on 
Psychological Science 2022;18:224.  https://doi.org/10.1177/17456916221094509 .        

33. Garfinkel S, Eccleston C. Interoception and pain: body–mind integration, rupture, and repair. Pain 
2025;166:1470.  https://doi.org/10.1097/j.pain.0000000000003515 .        

34. Weiniger SP, Schilaty ND. Interoceptive posture awareness and accuracy: a novel photographic strategy 
towards making posture actionable. Frontiers in Neuroscience 2024;18:1359594.  
https://doi.org/10.3389/fnins.2024.1359594 .        

35. Thanaj M, Chipperfield AJ, Clough G. Analysis of microvascular blood flow and oxygenation: 
Discrimination between two haemodynamic steady states using nonlinear measures and multiscale 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 April 2026 doi:10.20944/preprints202603.0856.v3

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.0856.v3
http://creativecommons.org/licenses/by/4.0/


 9 of 9 

 

analysis. Computers in Biology and Medicine 2018;102:157.  
https://doi.org/10.1016/j.compbiomed.2018.09.026 .        

36. Costa MD, Goldberger AL, Peng C. Multiscale entropy analysis of biological signals. Physical Review E 
2005;71:21906.  https://doi.org/10.1103/physreve.71.021906 .        

37. Sparacino L, Antonacci Y, Mijatović G, Faes L. Measuring hierarchically-organized interactions in dynamic 
networks through spectral entropy rates: Theory, estimation, and illustrative application to physiological 
networks. Neurocomputing 2025;630:129675.  https://doi.org/10.1016/j.neucom.2025.129675 .        

38. Castiglioni P, Faes L, Valenza G, Faini A. Assessing Complexity in Physiological Systems Through 
Biomedical Signals Analysis II. Entropy 2025;27:1185.  https://doi.org/10.3390/e27121185 .        

39. Duran P, Morales J-P, Huepe D. Interoceptive awareness in a clinical setting: the need to bring interoceptive 
perspectives into clinical evaluation. Frontiers in Psychology 2024;15.  
https://doi.org/10.3389/fpsyg.2024.1244701 .        

40. Castiglioni P, Faes L, Valenza G. Assessing Complexity in Physiological Systems through Biomedical 
Signals Analysis. Entropy 2020;22:1005.  https://doi.org/10.3390/e22091005 .        

41. Rodrigues LM, Rocha C, Andrade SF de, Granja T, Gregório J. The acute adaptation of skin microcirculatory 
perfusion in vivo does not involve a local response but rather a centrally mediated adaptive reflex. Frontiers 
in Physiology 2023;14.  https://doi.org/10.3389/fphys.2023.1177583 .        

42. Luke R, Shader MJ, McAlpine D. Characterization of Mayer-wave oscillations in functional near-infrared 
spectroscopy using a physiologically informed model of the neural power spectra. Neurophotonics 2021;8.  
https://doi.org/10.1117/1.nph.8.4.041001 .        

43. Legrand N, Nikolova N, Correa C, Brændholt M, Stuckert A, Kildahl N, et al. The heart rate discrimination 
task: A psychophysical method to estimate the accuracy and precision of interoceptive beliefs. Biological 
Psychology 2021;168:108239.  https://doi.org/10.1016/j.biopsycho.2021.108239 .        

44. Mehling W, Acree M, Stewart AL, Silas J, Jones A. The Multidimensional Assessment of Interoceptive 
Awareness, Version 2 (MAIA-2). PLoS ONE 2018;13.  https://doi.org/10.1371/journal.pone.0208034 .        

45. Tew GA, Klonizakis M, Moss J, Ruddock A, Saxton J, Hodges GJ. Reproducibility of cutaneous thermal 
hyperaemia assessed by laser Doppler flowmetry in young and older adults. Microvascular Research 
2010;81:177.  https://doi.org/10.1016/j.mvr.2010.12.001 .        

46. Agarwal S, Allen J, Murray A, Purcell I. Comparative reproducibility of dermal microvascular blood flow 
changes in response to acetylcholine iontophoresis, hyperthermia and reactive hyperaemia. Physiological 
Measurement 2009;31:1.  https://doi.org/10.1088/0967-3334/31/1/001 .        

47. Brandl A, Egner C, Reer R, Schmidt T, Schleip R. Immediate Effects of Myofascial Release Treatment on 
Lumbar Microcirculation: A Randomized, Placebo-Controlled Trial. Journal of Clinical Medicine 
2023;12:1248.  https://doi.org/10.3390/jcm12041248 .        

48. Liu S, Zhao L, Liu Y. The Origin of Vasomotion and Stochastic Resonance in Vasomotion. Frontiers in 
Bioengineering and Biotechnology 2022;10:819716.  https://doi.org/10.3389/fbioe.2022.819716 .        

49. Villiger D. An Integrative Model of Psychotherapeutic Interventions Based on a Predictive Processing 
Framework. Journal of Contemporary Psychotherapy 2024.  https://doi.org/10.1007/s10879-024-09637-7 .        

50. Esteves JE, Cerritelli F, Kim J, Friston K. Osteopathic Care as (En)active Inference: A Theoretical Framework 
for Developing an Integrative Hypothesis in Osteopathy. Frontiers in Psychology 2022;13:812926.  
https://doi.org/10.3389/fpsyg.2022.812926 .        

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 April 2026 doi:10.20944/preprints202603.0856.v3

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.0856.v3
http://creativecommons.org/licenses/by/4.0/

