SECTION: HEALTH PROMOTION AND DISEASE PREVENTION

DOI: 10.22267/rus.262803.10172

REVISTA

UNIVERSIDAD

Y SALUD

REVIEW ARTICLE

Imaging changes in children and adolescents

diagnosed with autism spectrum disorder: a scoping

review

Cambios imagenolégicos en nifos y adolescentes diagnosticados con
trastorno del espectro autista: Revision de la literatura

Alteragoes imagioldgicas em criancas e adolescentes diagnosticados com transtorno do

espectro autista: uma revisao da literatura

ABSTRACT

Introduction: Autism spectrum disorder (ASD)
is a neurodevelopmental disorder characterized
by difficulties in social interaction and
communication, as well as repetitive behaviors.
Despite its high prevalence, the pathophysiological
basis of ASD is not yet fully understood. Objective:
To analyze the findings of neuroimaging studies
that provide evidence of pathophysiological
changes in the brains of individuals with ASD.
Materials and methods: A literature review was
conducted using the PubMed, UpToDate,
ClinicalKey, Google Scholar, and ScienceDirect
databases between February and August 2024.
Some of the guidelines of the PRISMA statement
were considered to organize the search and article
selection process. Results: The reviewed studies
revealed structural differences in the amygdala,
cerebellum, and other cortical areas, as well as
alterations in neural connectivity and atypical
patterns of brain activation. These dysfunctions
are associated with difficulties in social interaction
and  sensory integration.
Neuroimaging techniques provide valuable
information on brain alterations associated with
ASD and may contribute to early diagnosis and
the development of more effective therapeutic
interventions.

Conclusion:

Keywords: Autism spectrum disorder; children;
neuroimaging. (Source: DeCS, Bireme).
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RESUMO

Introducdo: O transtorno do espectro autista (TEA) é um
transtorno do neurodesenvolvimento caracterizado por
dificuldades na interacdo social, comunicagdo e comportamentos
repetitivos. Apesar de sua alta prevaléncia, as bases
fisiopatologicas do TEA ainda ndo sdo completamente
compreendidas. Objetivo: Analisar os achados de estudos de
neuroimagem que evidenciam alteragbes fisiopatoldgicas no
cérebro de pessoas com TEA. Materiais e métodos: Foi realizada
uma revisao da literatura nas bases de dados PubMed, UpToDate,
ClinicalKey, Google Académico e ScienceDirect, entre fevereiro e
agosto de 2024. Para a organizagdo do processo de busca e selecdo
dos artigos, foram considerados alguns dos principios orientadores
da diretriz PRISMA. Resultados: Os estudos revisados evidenciaram
diferencas estruturais na amigdala, no cerebelo e em outras areas
corticais, bem como alteracdes na conectividade neuronal e
padroes atipicos de ativacdo cerebral. Essas disfungdes estao
associadas a dificuldades na interacdo social e na integracao
sensorial. Conclusdo: As técnicas de neuroimagem fornecem
informacoes valiosas sobre as alteracdes cerebrais associadas ao
TEA e podem contribuir para o diagndstico precoce e para o
desenvolvimento de intervencdes terapéuticas mais eficazes.

Palavras-chave: Transtorno do espectro autista; criancas;
neuroimagem. (Fonte: DeCS, Bireme).

Metas de desenvolvimento sustentavel: Satide e bem-estar.
(Fonte: MDS, ONU).
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INTRODUCTION

Autism  spectrum disorder (ASD) is a
neurodevelopmental disorder characterized
primarily by difficulties in social interaction,
impairments in  verbal and nonverbal
communication, and the presence of repetitive
patterns of behavior or restricted interests. These
manifestations typically emerge in early childhood
and may persist throughout life, producing
varying degrees of impairment in social, cognitive,
and behavioral functioning‘-2.

The Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-5), supports the
preceding definition and further establishes that
these manifestations must be present from the
early developmental period and cause clinically
significant impairment in daily functioning®.

Symptoms generally emerge in early childhood
and persist throughout life. Diagnosis is confirmed
using standardized diagnostic protocols and

structured  clinical  instruments,  with
neuroimaging techniques such as magnetic
resonance imaging supporting the

understanding of their neurobiological basis®.
These techniques have broadened knowledge
of the neurobiological mechanisms associated
with ASD. Magnetic resonance imaging (MRI),
positron emission tomography (PET), single-
photon emission computed tomography (SPECT),
and magnetoencephalography (MEG) have
provided relevant evidence regarding structural
and functional alterations in the brains of
individuals with this disorder®.

Magnetic resonance imaging studies have identified
variations in the size and function of several brain
structures, including the cerebellum and
amygdala, which in some cases exhibit volumetric
differences in individuals with ASD®. Likewise,
functional magnetic resonance imaging has
demonstrated distinct patterns of brain activation
during tasks involving language, decision-making,
and social interaction”. Diffusion magnetic

resonance imaging has also enabled examination
of connectivity among different brain regions, -
revealing potential alterations in neural networks
involved in  communication and sensory -
integration processes®. :

Positron emission tomography studies have :
enabled assessment of cerebral metabolic activity
and have shown differences in glucose utilization :
in specific brain regions in individuals with ASD.
In addition, alterations have been identified in :
neurotransmitters such as serotonin and gamma-
aminobutyric acid (GABA), both of which play -
fundamental roles in neuronal communication
and the regulation of multiple cognitive and social
functions®. :

Other approaches, including single-photon :
emission  computed  tomography and
magnetoencephalography, have also contributed :
relevant evidence to the study of ASD. SPECT has :
identified atypical cerebral blood-flow patterns -
in regions involved in emotional regulation and
interaction, MEG
demonstrated potential alterations in the
synchronization of brain activity during tasks -
involving  sensory  processing
perception?.

social whereas has -

and social :

Despite the growing body of research in this field,
findings  concerning pathophysiological :
alterations at the neuroanatomical and
neurophysiological levels in ASD remain dispersed -
across multiple studies. Accordingly, a literature
review integrating and critically analyzing the
principal available scientific findings on these
alterations is warranted. Therefore, the present
study aimed to analyze the existing scientific
evidence on the main neuroanatomical and
neurophysiological pathophysiological :
abnormalities associated with ASD, therebyg
contributing comprehensive -
understanding of the neurobiological mechanisms
involved in this disorder.

to a more
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MATERIALS AND METHODS
Study design
Literature review with a descriptive approach.

A review of the scientific literature was conducted to address the
PICO question (Population: children with autism spectrum disorder;
Intervention/Exposure: neuroimaging studies or brain imaging
assessment; Comparison: neurotypical children without ASD;
Outcome: neuroimaging changes): What imaging changes are
observed in children and adolescents diagnosed with autism
spectrum disorder?

Selection criteria and search strategy

The literature review was conducted between February and April
2024. The following databases were used: PubMed, UpToDate,
ClinicalKey, Google Scholar, and ScienceDirect.

The search strategy used the Boolean operators AND and OR and
combined the terms Autism, Pathophysiology, Children, and
Neuroimaging. The search equation was: (“Autism Spectrum
Disorder” OR  “Autism”) AND (“Neuroanatomy” OR
“Neurophysiology” OR “Brain alterations”). For PubMed, filters
were applied for study type, language, publication date, and
document type in order to select relevant, high-quality studies.
In Google Scholar, the following DeCS terms were entered into
the search engine: Trastorno del Espectro Autisa or Autismo;
Trastorno del espectro autista y neuroanatomia; Trastorno del
espectro autista y neurofisiologia or neuroanatomia. In ClinicalKey,
the following equation was entered: ("autism spectrum disorder"
OR autism OR "autistic disorder" AND child* OR pediatric* AND
neuroimaging OR "brain imaging"). In UpToDate, a topic search
was conducted using “Autism spectrum disorder children
neuroimaging”.

Selection criteria

Inclusion criteria: Scientific articles focused on children and
adolescents with a primary diagnosis of autism spectrum disorder
(ASD); systematic reviews with or without meta-analysis
addressing neuroanatomical or neurophysiological alterations
associated with the disorder and describing neuroimaging
techniques used to identify structural or functional brain changes.
Articles published in English or Spanish and studies with clearly
described methodologies were also considered.

Exclusion criteria: Articles addressing ASD secondary to
underlying pathological conditions were excluded.

https://doi.org/10.22267/rus.262803.10172
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Identification

Screening

Included

Data extraction

The preselected articles underwent critical appraisal to verify their
relevance, methodological quality, and alignment with the study
objective. Inclusion and exclusion criteria were established a priori
to minimize potential bias during evidence selection.

The information sources comprised academic databases and
indexed scientific literature, thereby supporting greater validity
and methodological rigor among the included studies.
Subsequently, data were systematically extracted from the selected
articles for analysis.

The literature identification, selection, and analysis process was
organized with reference to the phases proposed in the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) statement, including identification, screening, eligibility,
and inclusion. This approach enhanced transparency in evidence
selection and reduced potential bias during the review process
(Figure 1).

Figure 1.

Identification of studies via databases and registers

. Flow  diagram of the  search,
. classification, and selection of articles

Studies and records identified in > Studies removed before screening:
databases (n = 1,103) Removed using predefined filters (n = 989)
Preselected studies and records Studies/records excluded for .not_addre_ssmg
(n=114) —P PICO elements or not meeting inclusion
criteria (n = 70)
Studi - i i
udies pres.,elected for full-text Studies excluded after incomplete
review (n = 44) assessment (n = 21)
Eligibility assessment (n = 23) —P Low-quality studies excluded (n = 12)

)

Studies included in the literature
review (n = 11)

[
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RESULTS

The initial search identified a total of 1,103 articles
(PubMed, 642; UpToDate, 102; ClinicalKey, 115;
Google Scholar, 244). After application of the
predefined filters, 114 articles remained for
analysis (PubMed, 37; UpToDate, 28; ClinicalKey,
16; Google Scholar, 33). Of these, 70 were
excluded for failing to meet the inclusion criteria,
leaving 44 articles for methodological appraisal.
Systematic reviews and meta-analyses were
evaluated using PRISMA guidance, whereas
observational studies were assessed using the
STROBE statement. Following this appraisal, 23
articles were preselected, and 11 studies were
ultimately included in the present review after
consideration of their level of evidence and grade
of recommendation (Table 1).

Synthesis of results

This review identified multiple neurobiological
alterations and specific clinical phenotypes
associated with autism spectrum disorder and
other neurological conditions that affect cognitive
functioning and brain connectivity. The included
studies provide a broad perspective on variations
in brain structure and connectivity-related
function in autism spectrum disorder and other
related neurological conditions.

Functional alterations

One of the included studies applied neuroimaging
techniques (EEG, fMRI, fNIRS, MRI) in 551 high-
risk (HR) and low-risk (LR) infants to investigate
structural and functional brain differences, with
particular emphasis on responses to auditory,
visual, and social stimuli"”. Among HR infants
who were subsequently diagnosed with ASD
(HR+), reduced gray matter volume was
observed, a feature associated with cognitive
function and information processing.

Brain connectivity

Functional connectivity was investigated using
EEG and MEG in a sample of 52 individuals‘?.
Long-range underconnectivity was identified in
interhemispheric and anteroposterior
connections between the frontal and occipital
cortices, suggesting impaired information
integration in individuals with ASD!,

Similarly, another study examined brain activity
during memory tasks in individuals with autism
spectrum disorder and neurotypical participants.
Participants with ASD exhibited reduced
prefrontal activation accompanied by greater
activation in parietal and temporal regions,
suggesting a possible cerebral reorganization to
accommodate the cognitive demands of memory
processing!'¥.

Structural alterations

Neuroanatomical characteristics, including cortical
thickness, surface area, and cortical volume,
were also examined using magnetic resonance
imaging to compare autistic and neurotypical
individuals‘®.

The findings showed increased cortical thickness
in frontal, temporal, parietal, and occipital
regions during childhood in autistic individuals,
followed by accelerated cortical thinning during
adolescence, highlighting differences in
neuroanatomical development.

Positron emission tomography (PET) was used
to examine the availability of mitochondrial
electron transport chain complex | in 48 patients
with ASD. The findings demonstrated reduced
availability of this complex in several brain regions,
including the anterior cingulate cortex, superior
temporal gyrus, and dorsolateral prefrontal
cortex, which may indicate altered cerebral
energy metabolism,

Another study investigated cortical responses to
vibrotactile stimuli in 24 individuals with autism
spectrum disorder and neurotypical participants
using EEG and MEG"”. The findings suggest that
EEG-derived inter-trial coherence (ITC) may
represent a useful biomarker for detecting
differences in sensory processing in individuals
with autism spectrum disorder!'®,

A systematic review and meta-analysis involving
3,514 individuals examined anatomical and
functional alterations in ASD. Reduced functional
activity was identified in key brain regions,
including the insula and anterior cingulate/
medial frontal cortex, together with alterations
in the default mode network and motor and
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sensory regions, indicating substantial changes in brain function
and structure?.

An analysis of 4,831 individuals identified differences in structural
and functional abnormalities between attention-deficit/hyperactivity
disorder (ADHD) and ASD®?. ADHD was characterized by reduced
gray matter volume in the ventromedial orbitofrontal region,
whereas ASD showed increases in frontotemporal regions.
Functionally, ASD was associated with hypoactivation of the medial
prefrontal cortex and hyperactivation patterns in the bilateral
ventrolateral prefrontal cortices, indicating functional alterations
distinct from those observed in ADHD. Together with evidence
of atypical trajectories of brain maturation, these findings suggest
that the structural and functional alterations associated with ASD
may vary according to developmental stage®'2?).

Several studies have suggested that sex-related brain differences
in ASD may be associated with neurobiological processes that
interact with  developmental trajectories.  Multimodal
neuroimaging research integrated with neurogenetic evidence
has identified potential sex-related differences in the relationship
between neuroanatomy and ASD, whereas subsequent systematic
reviews have indicated that these differences may vary according
to age and developmental stage, with possible involvement of
genetic and endocrine mechanisms!'723. However, the available
evidence regarding sex-related differences in ASD brain circuits
and networks remains limited and has not identified consistent
female-specific patterns.

Metabolic findings

Another analysis used magnetic resonance spectroscopy (MRS)
to quantify brain metabolites and found lower concentrations of
GABA and NAA in individuals with ASD, suggesting an excitation/
inhibition imbalance and alterations in neuronal integrity,
particularly in limbic regions and in children®?,

Finally, gray matter differences were compared between individuals
with anorexia nervosa (AN) and ASD. Although the two disorders
share certain behavioral similarities, no consistent neuroanatomical
correlates were identified between AN and ASD, suggesting that
behavioral similarities do not necessarily reflect shared brain
structures®@.

The reviewed studies highlight both unique and shared patterns
of neurological alteration in ASD, ranging from differences in
gray matter volume and functional connectivity to variations in
mitochondrial complex availability and cerebral metabolites. These
findings underscore the neurobiological complexity of autism
spectrum disorder and the importance of continued research into
specific and differential biomarkers that may improve early
diagnosis and individualized treatment in this population.

SECTION: HEALTH PROMOTION AND DISEASE PREVENTION



Table I.
Characteristics of the studies included in
the literature review
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(EEG) and a vibrotactile stimulation
paradigm

neurotypical individuals

. Population Intervention Comparation Outcome
Author Design
g ®) 0) © ©)
Neuroimaging studies (EEG, fMRI, fNIRS,
Avoub M. Keegan L MRI) used to identify structural and HR infants who subsequently Reduced gray matter
y  heegan & Systematic functional differences between HR and LR received an ASD diagnosis (HR+), volume, associated with

Tager-Flusberg H, Gill . N = 551 . . . L . . » .

SO review infants, focusing on brain activation in HR infants who were not diagnosed  cognitive function and
response to auditory, visual, and social with ASD (HR-), and LR infants information processing
stimuli

O'Reilly C, Lewis JD, Systematic Electroencephalography (EEG) and ‘ .

. N =52 magnetoencephalography (MEG) recordings ~ Not applicable
Elsabbagh M2 review : o
used to assess functional connectivity
. Functional neuroimaging studies assessing Comparisons of brain activity and Reduced prefrontal
Desaunay P, Guillery B, . o2 ) . performance on memory tasks L
. Systematic _ memory function in individuals with autism L : activation, compensated by

Moussaoui E, Eustache F, . N =33 . ) . between groups of individuals with )

i review spectrum disorder and typically developing . . greater parietal or temporal

Bowler DM, Guénolé F o autism spectrum disorder and o
individuals : o activation

typically developing individuals
. . - . - Cortical thickness increases
Analysis of neuroanatomical characteristics, ~ Comparison of autistic and .
. . ) . o in frontal, temporal,
, including cortical thickness, surface area, neurotypical individuals, . .
© Literature B . T on parietal, and occipital
Pretzsch CM, Ecker C . N =35 cortical volume, local gyrification index, and  considering developmental . . :
review . . . . : . regions during childhood,
gray-white matter tissue contrast using trajectories of neuroanatomical
; . . . : followed by accelerated
magnetic resonance imaging characteristics across the lifespan L .
thinning during adolescence
. . S Reduced availability of
Kato Y, Yokokura M, . Assessment of mitochondrial electron M|tochondr|a| ellec‘Fr(.)n avallqb|l|ty mitochondrial complex | in
) Observatio . L in the brains of individuals with -
Iwabuchi T, Murayama C, nal stud N =48 transport chain complex | (MC-I) availability ASD versus tvpically develonin frontal, temporal, occipital,
Harada T, Goto T, et al"® y using positron emission tomography (PET) i dividuals ypically ping thalamic, and motor brain
regions
Assessment of d|fferc_enc_es_ N sensory. EEG inter-trial coherence
processing between individuals with autism . S _
. . . Comparison between individuals may serve as a biomarker of

Ahlfors SP, Graham S, Observatio spectrum disorder and neurotypical . ; . o

10) N =24 e . with autism spectrum disorder and  altered sensory processing in

Alho J, et alf nal study individuals using electroencephalography

individuals with autism
spectrum disorder
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Article title

Guo, Z., Tang, X.,
Xiao, S. et al™

Lukito S, Norman L,
Carlisi C, Radua J,
Hart H, Simonoff E,
Rubia K

Walsh MJM, Wallace\
GL, Gallegos SM,
Braden BB”

Thomson AR, Pasanta
D, Arichi T, Puts NA®@

Sader M, Williams
JHG, Waiter GD'®

Systematic
review with
meta-analysis

Systematic
review

Systematic
review with
meta-analysis

Meta-analysis

Population
P)

N = 3514

N = 4831

N = 50

N =35

N = 69

Intervention

0]

To explore the most consistent findings on
functional and structural brain alterations in
individuals with autism spectrum disorder (ASD)
from resting-state functional imaging and voxel-
based morphometry (VBM) studies

To identify structural and functional
abnormalities that distinguish and overlap
between individuals with attention-deficit/
hyperactivity disorder (ADHD) and autism
spectrum disorder (ASD)

To understand how sex-related biological factors,
such as hormones and genes, influence
neurodevelopmental trajectories in females with
ASD

Application of proton magnetic resonance
spectroscopy (1H-MRS) to quantify brain
metabolite concentrations in individuals with
autism spectrum disorder

Analysis of structural magnetic resonance
imaging literature to identify shared structural
neural correlates in anorexia nervosa (AN) and
autism spectrum disorder (ASD)

Comparation

©

Individuals with autism
spectrum disorder (ASD)
and typically developing
(TD) individuals

Individuals with attention-
deficit/hyperactivity
disorder (ADHD) and
those with autism
spectrum disorder (ASD)

Females with autism
spectrum disorder (ASD)
and neurotypical cohorts,
as well as different age
groups within the ASD
population

Brain metabolite
concentrations in
individuals with autism
spectrum disorder and
individuals without the
disorder

Structural brain
alterations in individuals
with anorexia nervosa and
autism spectrum disorder

Outcome
O)

Structural and functional brain
alterations, with reduced activity in
the insula, anterior cingulate/
medial frontal cortex, and motor,
sensory, and default mode
networks

ASD is characterized by increases in
frontotemporal regions and medial
prefrontal hypoactivation, whereas
ADHD shows bilateral ventrolateral
prefrontal hyperactivation

Females with ASD exhibit distinctive
neurodevelopmental trajectories
influenced by sex-related biological
factors, although the brain circuits
involved remain understudied

Reduced GABA and NAA,
associated with excitation/
inhibition imbalance and altered
neuronal integrity, particularly in
children and limbic regions

No consistent neuroanatomical
correlates were identified between
anorexia nervosa and autism
spectrum disorder despite
behavioral similarities in food
selectivity

SECTION: HEALTH PROMOTION AND DISEASE PREVENTION
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. DISCUSSION

- The review of neuroimaging studies in autism
spectrum disorder (ASD) highlights substantial
- progress in identifying structural and functional
© biomarkers,
- comprehensive understanding of the underlying
© neurological

thereby enabling a more

alterations'V.  Nevertheless,

comparison of these findings with the broader
- scientific

literature  reveals  important

discrepancies that reflect the complexity and
- heterogeneity of the disorder. Whereas some
studies report reductions in gray matter volume,
- others describe opposing patterns depending
- on age and the characteristics of the population
studied.

In this regard, previous studies have reported
- alterations in long-range brain connectivity
associated with difficulties in
- integration®.
© Courchesne and colleagues has demonstrated
early increases in brain volume in children with
- ASD®@®)_This discrepancy suggests that structural
changes may follow a nonlinear trajectory,
- characterized initially by accelerated growth that
may subsequently stabilize or even decline.

information

However, research by Eric

With respect to specific brain structures, magnetic
- resonance imaging studies have demonstrated
- variations in cerebellar and amygdala size@”.
Although the present review reports enlargement
- of these structures, other studies indicate that
- such

changes are not constant across

- development. For example, Catherine Lord has
proposed that these regions may be enlarged
- during early developmental
subsequently show patterns of normalization or
- reduction®?®. This observation underscores the
- importance of considering developmental stage
when interpreting neuroimaging findings.

stages and

From a physiological perspective, functional
' magnetic resonance imaging has identified
differences in brain activation during tasks
- involving language, decision-making, and social

101

interaction™. These alterations suggest a
distinct functional organization in individuals
with ASD, with direct implications for cognitive
and social performance. However, variability
across findings indicates that brain regions are
not affected uniformly in all individuals.

Regarding brain connectivity, some studies
support a disconnection hypothesis involving
distant brain regions, which may impair the
integration  of  complex information‘).,
Nevertheless, the model proposed by Nancy
Minshew suggests that, in addition to long-range
hypoconnectivity, local hyperconnectivity may
also be present??. This dual pattern may help
explain why some individuals with ASD exhibit
highly developed specific abilities alongside
difficulties in more global functions.

Metabolic studies using positron emission
tomography have also demonstrated alterations
in cerebral glucose utilization®®. These
differences in metabolic activity may be associated
with impairments in the regulation of cognitive
and social functions. However, there is no
consensus as to whether these alterations
represent a direct cause of the disorder or a
consequence of adaptive brain processes.

Within this framework, Geraldine Dawson has
proposed that some neurobiological changes
may be interpreted as compensatory mechanisms
developed by the brain in response to ASD-related
challenges®". This perspective introduces a more
dynamic view of the disorder in which the brain
exhibits not only deficits but also adaptive
strategies.

Another relevant consideration is the role of
neurotransmitters in ASD. Imbalances have been
identified in systems involving serotonin and
GABA, both of which participate in the regulation
of mood, behavior, and sensory processing'®.
These alterations may contribute to characteristic
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manifestations of the disorder, including behavioral
rigidity and difficulties in social interaction.

Sex-related differences have also been reported
in the manifestation of ASD in males and
females"”. The “extreme male brain” theory
proposed by Simon Baron-Cohen suggests that
the disorder is associated with a more
systemizing cognitive profile®?. However, this
theory has been challenged by more recent
research emphasizing social camouflaging in
females,  which  may contribute to
underdiagnosis in this population.

Likewise, comparisons between ASD and other
disorders such as ADHD allow both similarities
and differences in neurobiological patterns to
be identified"®. Although shared features are
present, including impairments in executive
functions, important differences in brain
organization have also been observed. In this
context, Russell Barkley has noted that the two
disorders may overlap in attentional and inhibitory-
control processes, which can complicate clinical
differentiation®?).

Despite these advances, variability in the findings
remains a major limitation of neuroimaging
research  in  ASD®).  Differences in
methodological designs, sample sizes, and the
techniques employed hinder comparisons across
studies and limit the generalizability of the
findings.

Limitations

The present review has several limitations. First,
heterogeneity in methodological designs,
neuroimaging techniques, and characteristics of
the studied populations limits direct comparison
of the findings. Second, the inclusion of studies
with different levels of evidence may introduce
bias into the interpretation of the results.

CONCLUSIONS

The reviewed evidence demonstrates that ASD
is associated with multiple neuroanatomical and

alterations, including structural -
changes in brain regions such as the amygdala,
cerebellum, and cortical areas; alterations in -
connectivity and brain activation; and changes
in metabolism and sensory processing.

functional

These findings underscore the complexity and
heterogeneity of the neurobiological basis of :
ASD and its potential relationship with difficulties
in social interaction, communication, and
sensory integration. Neuroimaging techniques
are valuable tools for understanding these :
changes and advancing the identification of
potential biomarkers; however, the available :
evidence remains heterogeneous across studies
and does not support a single neuroimaging
pattern characteristic of ASD.

Longitudinal studies with large samples and :
homogeneous methodological criteria are needed
to determine the trajectory of these alterations :
and their potential utility in supporting early
diagnosis  and  guiding individualized :
interventions. :

Within this context, physiotherapy has an important
role in integrating neurobiological evidence with
clinical reasoning and functional intervention. -
Understanding neuroimaging changes can
support physiotherapists in designing more
specific and individualized therapeutic strategies
aimed at promoting neuroplasticity, sensorimotor
self-requlation, and functional coordination.  :

In summary, neuroimaging research contributes
to a broader understanding of the :
neurobiological basis of ASD and provides :
relevant evidence to strengthen physiotherapy
practice grounded in knowledge of neurological, -
sensory, and functional characteristics.
Integration  between  neuroscience and
physiotherapy offers an opportunity to :
consolidate interdisciplinary models of care that
connect an understanding of brain mechanisms
with the functional needs of individuals with
ASD, with the potential to enhance participation,
well-being, and quality of life while supporting
their families.
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