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The Special Issue “The Body in Neurosciences: Representation, Perception and Space
Processing” deals with the understanding of body processing in terms of the multisensorial
perception of bodily related information, interoception, and mental representation, as
well as its relationship with the peripersonal, interpersonal, and extrapersonal spaces,
integrating findings from normal and pathological functioning.

The singular nature of the body, which is an object that can be perceived from both the
inside and the outside, has long captivated the neuroscience community. Several empirical
findings ([1–5]; for an overview, see also [6–8]) converged on the idea that exteroceptive and
interoceptive bodily signals are fundamental for the development of body representations
and self-consciousness (in this Special Issue, see, for example, Raimo et al. [9] for findings on
interoceptive bodily signals, or Spitoni et al. [10] for findings on touch and vision). The per-
ception of different bodily signals and their integrated neural representation also play a role
in mental health [11] and other aspects of cognition (in this Special Issue, see, for example,
the studies by Fanghella et al. [12] and Hatzipanayioti and Avraamides [13]), ranging from
processing the peripersonal [14,15] and navigational spaces [16] to processing interpersonal
body representations [17,18] and understanding others’ emotional experiences [19,20].

Still, a convergent view of body processing and its development, which integrates
the perceptual and representational levels and interaction with the surrounding space, is
missing. For this reason, we launched this Special Issue, calling for new contributions on
the topic. This Special Issue includes eight studies that, using systematic review, behav-
ioral, neuroimaging, and neuropsychological approaches, provide new insights into the
development, neural bases, cognitive mechanisms, and disorders of body processing and
the relation with different kinds of space.

In the last decade, several studies have identified the sense of touch as a valuable
modality for investigating body representations [10,21–23]. Along these lines, Gambino
et al. [24] offered a novel contribution to disclose the interaction between body representa-
tions and haptic perception, studying extreme obesity. Following Tamé et al. [25], different
forms of perception involve referencing sensory signals to a stored representation of the
body itself. This is particularly true for touch, since the skin (i.e., the primary receptor
surface) is “physically co-extensive with the body itself”. In this vein, Gambino et al. [24]
hypothesized that individuals with altered body representation, such as severe obesity,
could show difficulties in haptic perception. Both behavioral and electrophysiological data
confirmed this prediction. Specifically, the quality of haptic performance in the group of
individuals with severe obesity was poorer than in control participants. Also, a signif-
icant decrease in theta, alpha, and beta frequencies in the right temporo-parietal areas
and a significant increase in the gamma bands in the left frontal areas were found in the
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group of individuals with severe obesity. These findings suggest that severe obesity could
result in reduced haptic performances and atypical activation of brain areas underlying
multisensory integration.

Spitoni et al. [10] focused on a specific dimension of body representation, namely the
“Metric Component of the Body Representation” (MCBR). The MCBR is used to process
the discrimination of tactile distance, and, at the neural level, previous evidence suggests
that the right angular gyrus subserves it. The authors replicated this finding with a new
tDCS study and, in addition, aimed to understand whether the right angular gyrus is
also implicated in the visual metric component of body representation. They presented a
tDCS study on healthy volunteers, in which the right angular gyrus was perturbed during
a visual distance discrimination task in which visual stimuli were delivered by a laser
projector on the body or the desk. In both conditions, the participant’s task was to evaluate
which of the two distances was bigger. In contrast to the sham stimulation, the anodal
stimulation of the right angular gyrus led to faster vocal response times, indicating that
this brain area also discriminates visual distances on the body.

Spaccasassi et al. [26] examined the relationship between affective touch, on the one
hand, and body representation and the space around our body (peripersonal space) on
the other. Affective touch, with gentle and slow skin stroking accompanied by pleasant
sensations, is considered a skin-mediated interoceptive modality [27,28]. Concerning
body representation, the study focused on a specific aspect, namely, body ownership—the
experience of the body as one’s own—using a well-known experimental paradigm, the
rubber hand illusion (RHI). There is mixed evidence in the literature about the role of
affective touch in enhancing the embodiment of a fake hand compared to neutral touch
using the RHI. The behavioral and physiological data by Spaccasassi et al. [26] suggest
that affective touch does not modulate body ownership. Similarly, they did not find a
role of the affective touch in modulating the peripersonal space. The interindividual
variability in this specific interoceptive modality could partly account for differences across
studies; indeed, individual differences in interoception play a role in different cognitive
and affective processes, as reported, for example, by Raimo et al. [9].

Specifically, Raimo et al. [9] provided new insight into the development of functional
body representations across the lifespan and their relationship with the interindividual vari-
ability in a specific interoceptive dimension, interoceptive sensibility (ISe). ISe is defined as
the dispositional tendency to focus on interoceptive signals and is typically assessed using
self-report questionnaires [29,30]. Concerning functional body representations, they investi-
gated action-oriented (i.e., body schema) and nonaction-oriented body representations. The
findings from a sample of 239 healthy participants divided into five age groups (7–8 yrs.;
9–10 yrs.; 18–40 yrs; 41–60 yrs.; over 60 yrs.) suggest that action- and nonaction-oriented
body representations follow an inverted U-shaped developmental curve, with younger
children (7–8 yrs.) and older adults (over 60 yrs.) performing worse. Body representations,
particularly action-oriented body representation, are also negatively affected by higher ISe
levels in childhood and late adulthood. This last finding suggests the idea that, in specific
periods of life, an excessive focus on interoceptive sensations can have a detrimental effect
on body representations.

Di Vita et al. [31] also investigated functional body representations using a develop-
mental neuropsychology perspective. The authors compared the performance of children
with cerebral palsy with that of typically developing children, assessing action-oriented
(i.e., body schema) and nonaction-oriented body representations (i.e., body semantics and
body structural representation), while considering the performance in control tasks involv-
ing non-body stimuli. Body representation deficits, mainly involving the body structural
representation and body schema, can be frequently detected in cerebral palsy. Also, these
impairments could be more evident after eight years of age, when typically developing
children start to reach an adult-like pattern of body representation development.

These impairments can significantly impact an individual’s functional independence
due to the influence of body representations on the execution of actions. In this vein, these
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findings may have implications for developing innovative training protocols grounded in
a clear understanding of body representation development and deficits in children with
cerebral palsy.

A perspective review with intriguing theoretical and clinical implications (e.g., for
conditions such as autism spectrum disorder) was presented by Fanghella et al. [12]. In
their review, the authors proposed that interpersonal interactions may affect body and
peripersonal space representations. The authors first explored how actions modulate the
multisensory representations of the body and the peripersonal space, describing how they
can be extended to incorporate tools or additional body parts, as during bodily illusions.
Then, they introduced the hypothesis of shared body and peripersonal space represen-
tations emerging during interpersonal interaction. In particular, they discussed current
evidence pointing to the building of joint body and peripersonal space representations
when two individuals engage in a task that requires interpersonal sensorimotor coordina-
tion. They also discussed how these mechanisms might operate differently in individuals
with autism spectrum disorder and how this proposal aligns with recent evidence of
peripersonal space rigidity in this disorder and the possible association with difficulties
during interpersonal coordination.

In healthy individuals, there is evidence that reaction times for sensory events occur-
ring within the space immediately surrounding the body (i.e., peripersonal space) are faster
when compared to the processing of the same sensory events occurring in the extrapersonal
space [32]. This can be attributed to the importance of sensory events that take place in the
immediate vicinity of the body. Indeed, such events play a critical role in defining the spa-
tial boundaries of the bodily self, facilitating goal-directed actions and detecting potential
threats [33]. Instead, little is known about another relevant feature of sensorial stimulation:
the size of the stimulated area. Martolini et al. [34] examined whether increasing the size
of the stimulated body area enhances or impairs sensory discrimination during unimodal
(visual, auditory, tactile) and multimodal stimulation. The authors asked healthy adults
to discriminate unimodal and multimodal stimuli produced by one, two, three, or four
devices positioned on the forearm. In the unisensory conditions, increasing the stimulated
area had a detrimental effect on all kinds of perceptual stimulations (i.e., visual, auditory,
and tactile). During multisensory stimulation, integrating auditory and tactile information
improved sensory accuracy more than unisensory (audio, tactile) processing but only when
the stimulated area increased (i.e., when the stimulation area is augmented to four devices).
The authors also suggested opportunities for future research studies that could expand
on these findings, considering different developmental stages across the lifespan and the
various kinds of space.

Finally, Hatzipanayioti and Avraamides [13] investigated whether blocking visual
access to one’s body using virtual reality reduces difficulties in tasks that require adopting
a spatial perspective other than the one we occupy physically (i.e., mental perspective
taking). Indeed, difficulties could arise when responding from an imagined viewpoint
because of the need to inhibit egocentric codes that specify where objects are relative to
the observer’s actual position. Participants were asked to imagine themselves occupying
various positions around a round table and to point to the position of a virtual character
also sitting around the table. The task was performed in a virtual reality condition, where
participants could not see their own bodies and arms, and in a real-world condition, where
they could. Different from the authors’ predictions, participants showed more difficulties
when tested in a virtual than in a real environment. According to the authors, these
results suggest that when visual access to the body is absent, as in the immersive virtual
reality condition, the boundaries between the self and the environment are blurred; in
turn, this blurring could result in more significant sensorimotor conflicts compared to
real situations where information about the body is available. These findings may have
substantial implications for future research in the spatial cognition and body processing
field, where immersive virtual reality is gaining popularity as a tool [35,36].
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The studies featured in this Special Issue [9,10,12,13,24,26,31,34] underscore the signif-
icance of integrating different perspectives to explore body perception, representation, and
the interaction with the surrounding space.

While the articles within the Special Issue offer intriguing research insights, they
also raise questions that need further investigation. For example, future empirical re-
search should address if, and to what extent, the interindividual variability in different
interoceptive submodalities (e.g., cardiac, respiratory, thermosensory, and affective touch
submodalities) could play a role in modulating body representations and the space around
the body, considering different developmental stages and different interoceptive dimen-
sions (e.g., accuracy, sensibility, awareness).

We anticipate that this collection will serve as a catalyst for more profound and
comprehensive investigations across the healthy lifespan and different clinical conditions
that will further advance our knowledge in this intriguing field of research.

Author Contributions: Conceptualization, L.P. and M.B.; writing—original draft preparation, L.P.;
writing—review and editing, M.B. All authors have read and agreed to the published version of
the manuscript.

Funding: This work received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Aspell, J.E.; Heydrich, L.; Marillier, G.; Lavanchy, T.; Herbelin, B.; Blanke, O. Turning body and self inside out: Visualized

heartbeats alter bodily self-consciousness and tactile perception. Psychol. Sci. 2013, 24, 2445–2453. [CrossRef] [PubMed]
2. Boccia, M.; Di Vita, A.; Palermo, L.; Nemmi, F.; Traballesi, M.; Brunelli, S.; De Giorgi, R.; Galati, G.; Guariglia, C. Neural modifica-

tions in lower limb amputation: An fMRI study on action and non-action oriented body representations. Brain Imaging Behav.
2020, 14, 416–425. [CrossRef] [PubMed]

3. Boccia, M.; Raimo, S.; Di Vita, A.; Teghil, A.; Palermo, L. Combining the inner self with the map of the body: Evidence for white
matter contribution to the relation between interoceptive sensibility and nonaction-oriented body representation. Neuroscience
2023, 521, 157–165. [CrossRef] [PubMed]

4. Park, H.D.; Bernasconi, F.; Bello-Ruiz, J.; Pfeiffer, C.; Salomon, R.; Blanke, O. Transient modulations of neural responses to
heartbeats covary with bodily self-consciousness. J. Neurosci. 2016, 36, 8453–8460. [CrossRef] [PubMed]

5. Petkova, V.I.; Björnsdotter, M.; Gentile, G.; Jonsson, T.; Li, T.Q.; Ehrsson, H.H. From part-to whole-body ownership in the
multisensory brain. Curr. Biol. 2011, 21, 1118–1122. [CrossRef] [PubMed]

6. Park, H.D.; Blanke, O. Coupling inner and outer body for self-consciousness. Trends Cogn. Sci. 2019, 23, 377–388. [CrossRef]
7. Tsakiris, M. The multisensory basis of the self: From body to identity to others. Q. J. Exp. Psychol. 2017, 70, 597–609. [CrossRef]
8. Salvato, G.; Richter, F.; Sedeño, L.; Bottini, G.; Paulesu, E. Building the bodily self-awareness: Evidence for the convergence

between interoceptive and exteroceptive information in a multilevel kernel density analysis study. Hum. Brain Mapp. 2020, 41,
401–418. [CrossRef]

9. Raimo, S.; Di Vita, A.; Boccia, M.; Iona, T.; Cropano, M.; Gaita, M.; Guariglia, C.; Grossi, D.; Palermo, L. The Body across the
Lifespan: On the Relation between Interoceptive Sensibility and High-Order Body Representations. Brain Sci. 2021, 11, 493.
[CrossRef]

10. Spitoni, G.F.; Pireddu, G.; Zanellati, V.; Dionisi, B.; Galati, G.; Pizzamiglio, L. Is Right Angular Gyrus Involved in the Metric
Component of the Mental Body Representation in Touch and Vision? A tDCS Study. Brain Sci. 2021, 11, 284. [CrossRef]

11. Gentsch, A.; Kuehn, E. Clinical Manifestations of Body Memories: The Impact of Past Bodily Experiences on Mental Health.
Brain Sci. 2022, 12, 594. [CrossRef] [PubMed]

12. Fanghella, M.; Era, V.; Candidi, M. Interpersonal Motor Interactions Shape Multisensory Representations of the Peripersonal
Space. Brain Sci. 2021, 11, 255. [CrossRef] [PubMed]

13. Hatzipanayioti, A.; Avraamides, M.N. Alignment Effects in Spatial Perspective Taking from an External Vantage Point. Brain Sci.
2021, 11, 204. [CrossRef] [PubMed]

14. Ardizzi, M.; Ferri, F. Interoceptive influences on peripersonal space boundary. Cognition 2018, 177, 79–86. [CrossRef]
15. Scandola, M.; Aglioti, S.M.; Lazzeri, G.; Avesani, R.; Ionta, S.; Moro, V. Visuo-motor and interoceptive influences on peripersonal

space representation following spinal cord injury. Sci. Rep. 2020, 10, 5162. [CrossRef]
16. Moon, H.J.; Gauthier, B.; Park, H.D.; Faivre, N.; Blanke, O. Sense of self impacts spatial navigation and hexadirectional coding in

human entorhinal cortex. Commun. Biol. 2022, 5, 406. [CrossRef] [PubMed]
17. Ishida, H.; Nakajima, K.; Inase, M.; Murata, A. Shared mapping of own and others’ bodies in visuotactile bimodal area of monkey

parietal cortex. J. Cogn. Neurosci. 2010, 22, 83–96. [CrossRef] [PubMed]

https://doi.org/10.1177/0956797613498395
https://www.ncbi.nlm.nih.gov/pubmed/24104506
https://doi.org/10.1007/s11682-019-00142-3
https://www.ncbi.nlm.nih.gov/pubmed/31214871
https://doi.org/10.1016/j.neuroscience.2023.04.021
https://www.ncbi.nlm.nih.gov/pubmed/37142183
https://doi.org/10.1523/JNEUROSCI.0311-16.2016
https://www.ncbi.nlm.nih.gov/pubmed/27511016
https://doi.org/10.1016/j.cub.2011.05.022
https://www.ncbi.nlm.nih.gov/pubmed/21683596
https://doi.org/10.1016/j.tics.2019.02.002
https://doi.org/10.1080/17470218.2016.1181768
https://doi.org/10.1002/hbm.24810
https://doi.org/10.3390/brainsci11040493
https://doi.org/10.3390/brainsci11030284
https://doi.org/10.3390/brainsci12050594
https://www.ncbi.nlm.nih.gov/pubmed/35624981
https://doi.org/10.3390/brainsci11020255
https://www.ncbi.nlm.nih.gov/pubmed/33669561
https://doi.org/10.3390/brainsci11020204
https://www.ncbi.nlm.nih.gov/pubmed/33562245
https://doi.org/10.1016/j.cognition.2018.04.001
https://doi.org/10.1038/s41598-020-62080-1
https://doi.org/10.1038/s42003-022-03361-5
https://www.ncbi.nlm.nih.gov/pubmed/35501331
https://doi.org/10.1162/jocn.2009.21185
https://www.ncbi.nlm.nih.gov/pubmed/19199418


Brain Sci. 2023, 13, 1708 5 of 5

18. Thomas, R.; Press, C.; Haggard, P. Shared representations in body perception. Acta Psychol. 2006, 121, 317–330. [CrossRef]
[PubMed]

19. Gao, Q.; Ping, X.; Chen, W. Body Influences on Social Cognition Through Interoception. Front. Psychol. 2019, 10, 2066. [CrossRef]
20. Raimo, S.; Boccia, M.; Gaita, M.; Canino, S.; Torchia, V.; Vetere, M.A.; Di Vita, A.; Palermo, L. The bodily fundament of empathy:

The role of action, nonaction-oriented, and interoceptive body representations. Psychon. Bull. Rev. 2023, 30, 963–973. [CrossRef]
21. Medina, J.; Coslett, H.B. From maps to form to space: Touch and the body schema. Neuropsychologia 2010, 48, 645–654. [CrossRef]

[PubMed]
22. Serino, A.; Haggard, P. Touch and the body. Neurosci. Biobehav. Rev. 2010, 34, 224–236. [CrossRef] [PubMed]
23. Tamè, L.; Longo, M.R. Emerging principles in functional representations of touch. Nat. Rev. Psychol. 2023, 2, 459–471. [CrossRef]
24. Gambino, G.; Giglia, G.; Schiera, G.; Di Majo, D.; Epifanio, M.S.; La Grutta, S.; Lo Baido, R.; Ferraro, G.; Sardo, P. Haptic Perception

in Extreme Obesity: qEEG Study Focused on Predictive Coding and Body Schema. Brain Sci. 2020, 10, 908. [CrossRef]
25. Tamè, L.; Azañón, E.; Longo, M.R. A Conceptual Model of Tactile Processing across Body Features of Size, Shape, Side, and

Spatial Location. Front. Psychol. 2019, 10, 291. [CrossRef]
26. Spaccasassi, C.; Frigione, I.; Maravita, A. Bliss in and Out of the Body: The (Extra)Corporeal Space Is Impervious to Social

Pleasant Touch. Brain Sci. 2021, 11, 225. [CrossRef]
27. Björnsdotter, M.; Morrison, I.; Olausson, H. Feeling good: On the role of C fiber mediated touch in interoception. Exp. Brain Res.

2010, 207, 149–155. [CrossRef]
28. Crucianelli, L.; Enmalm, A.; Ehrsson, H.H. Interoception as independent cardiac, thermosensory, nociceptive, and affective touch

perceptual submodalities. Biol. Psychol. 2022, 172, 108355. [CrossRef]
29. Garfinkel, S.N.; Seth, A.K.; Barrett, A.B.; Suzuki, K.; Critchley, H.D. Knowing Your Own Heart: Distinguishing Interoceptive

Accuracy from Interoceptive Awareness. Biol. Psychol. 2015, 104, 65–74. [CrossRef]
30. Khalsa, S.S.; Adolphs, R.; Cameron, O.G.; Critchley, H.D.; Davenport, P.W.; Feinstein, J.S.; Feusner, J.D.; Garfinkel, S.N.; Lane,

R.D.; Mehling, W.E.; et al. Interoception and Mental Health: A Roadmap. Biol. Psychiatry Cogn. Neurosci. Neuroimaging 2018, 3,
501–513. [CrossRef] [PubMed]

31. Di Vita, A.; Cinelli, M.C.; Raimo, S.; Boccia, M.; Buratin, S.; Gentili, P.; Inzitari, M.T.; Iona, T.; Iosa, M.; Morelli, D.; et al. Body
Representations in Children with Cerebral Palsy. Brain Sci. 2020, 10, 490. [CrossRef] [PubMed]

32. Serino, A. Peripersonal space (PPS) as a multisensory interface between the individual and the environment, defining the space
of the self. Neurosci. Biobehav. Rev. 2019, 99, 138–159. [CrossRef] [PubMed]

33. Rossi Sebastiano, A.; Ronga, I.; Fossataro, C.; Galigani, M.; Poles, K.; Garbarini, F. Multisensory-driven facilitation within the
peripersonal space is modulated by the expectations about stimulus location on the body. Sci. Rep. 2022, 12, 20061. [CrossRef]

34. Martolini, C.; Cappagli, G.; Signorini, S.; Gori, M. Effects of Increasing Stimulated Area in Spatiotemporally Congruent Unisensory
and Multisensory Conditions. Brain Sci. 2021, 11, 343. [CrossRef]

35. Huffman, D.J.; Ekstrom, A.D. An important step toward understanding the role of body-based cues on human spatial memory
for large-scale environments. J. Cogn. Neurosci. 2021, 33, 167–179. [CrossRef]

36. Spanlang, B.; Normand, J.M.; Borland, D.; Kilteni, K.; Giannopoulos, E.; Pomés, A.; González-Franco, M.; Perez-Marcos, D.;
Arroyo-Palacios, J.; Muncunill, X.N.; et al. How to build an embodiment lab: Achieving body representation illusions in virtual
reality. Front. Rob. AI 2014, 1, 9. [CrossRef]

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.

https://doi.org/10.1016/j.actpsy.2005.08.002
https://www.ncbi.nlm.nih.gov/pubmed/16194527
https://doi.org/10.3389/fpsyg.2019.02066
https://doi.org/10.3758/s13423-022-02231-9
https://doi.org/10.1016/j.neuropsychologia.2009.08.017
https://www.ncbi.nlm.nih.gov/pubmed/19699214
https://doi.org/10.1016/j.neubiorev.2009.04.004
https://www.ncbi.nlm.nih.gov/pubmed/19376156
https://doi.org/10.1038/s44159-023-00197-6
https://doi.org/10.3390/brainsci10120908
https://doi.org/10.3389/fpsyg.2019.00291
https://doi.org/10.3390/brainsci11020225
https://doi.org/10.1007/s00221-010-2408-y
https://doi.org/10.1016/j.biopsycho.2022.108355
https://doi.org/10.1016/j.biopsycho.2014.11.004
https://doi.org/10.1016/j.bpsc.2017.12.004
https://www.ncbi.nlm.nih.gov/pubmed/29884281
https://doi.org/10.3390/brainsci10080490
https://www.ncbi.nlm.nih.gov/pubmed/32731526
https://doi.org/10.1016/j.neubiorev.2019.01.016
https://www.ncbi.nlm.nih.gov/pubmed/30685486
https://doi.org/10.1038/s41598-022-21469-w
https://doi.org/10.3390/brainsci11030343
https://doi.org/10.1162/jocn_a_01653
https://doi.org/10.3389/frobt.2014.00009

	References

