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ﬁggD Background: Paediatric neurodevelopmental disorders, including autism spec-

Intellectual disability, trum disorder (ASD), attention-deficit/nyperactivity disorder (ADHD), intellectual

Specific learning disabilities, disability (ID), and specific learning disabilities (SLD), present a growing

Magnetic resonance imaging, healthcare challenge globally. This study, conducted at a tertiary care hospital in

Diffusion tensor imaging India, aims to explore the utility of neuroimaging techniques in understanding the
structural and functional abnormalities associated with these disorders, consider-
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Results: Distinct neuroimaging patterns were observed in different neurodevel-
opmental disorders. Structural abnormalities were prominent in ASD and ID, with
nuanced variations in gray and white matter volumes. Functional connectivity ab-
normalities in ADHD were highlighted, emphasizing the involvement of attention
and executive function networks. DTI revealed microstructural changes in white
matter tracts, particularly in the prefrontal-striatal circuitry in ADHD and disrup-
tions in interhemispheric communication in ASD.
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Conclusion: Our study contributes valuable insights into the neurobiological un-
derpinnings of paediatric neurodevelopmental disorders, emphasizing the im-
portance of neuroimaging for tailored diagnostic and therapeutic approaches.

INTRODUCTION mental disorders include but are not limited to autism
spectrum disorder (ASD), attention-deficit/hyperactivity

Paediatric neurodevelopmental disorders constitute a  disorder (ADHD), intellectual disability (ID), and specific

diverse array of conditions characterized by atypical de-  learning disabilities (SLD). [1]

velopment of the nervous system, encompassing cogni-

tive, behavioural, and motor domains. Neurodevelop- The complexity of these disorders demands a nuanced
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understanding of the underlying neural mechanisms to
facilitate early diagnosis and intervention. In recent
years, neuroimaging has emerged as an indispensable
tool in unravelling the intricacies of the developing brain.
By providing a window into both the structure and func-
tion of the brain, neuroimaging techniques contribute
valuable information that aids clinicians in the accurate
assessment and diagnosis of paediatric neurodevelop-
mental disorders.[2,3]

In the Indian context, where healthcare resources may
be constrained and the prevalence of neurodevelopmen-
tal disorders may be underreported, the role of neu-
roimaging becomes particularly pivotal.[4] Understand-
ing the neurobiological substrates of these disorders in
the Indian paediatric population not only enhances diag-
nostic precision but also lays the groundwork for tailored
interventions that consider the cultural and socio-
economic diversity prevalent in the country.

The present research was conducted at a tertiary care
hospital in India, reflecting the collaborative efforts of
clinicians, neurologists, and radiologists. This study
aimed to explore the utility of neuroimaging techniques,
such as magnetic resonance imaging (MRI) and func-
tional MRI (fMRI), in elucidating the structural and func-
tional abnormalities associated with various paediatric
neurodevelopmental disorders. The findings contribute
to the growing body of knowledge in this field, providing
insights that are not only academically significant but
also hold practical implications for the enhancement of
healthcare practices and outcomes for affected children
in the Indian healthcare landscape.

METHODOLOGY

The cross-sectional observational study was conducted
in Rohilkhand Medical College and Hospital a leading
healthcare facility in Bareilly, India, equipped with state-
of-the-art neuroimaging facilities.

The study included a diverse cohort of paediatric pa-
tients aged between 7-13 years. Participants were re-
cruited from the hospital's Paediatrics departments for a
duration of 6 months.

Children diagnosed with neurodevelopmental disorders,
including but not limited to ASD, ADHD, ID, and SLD
were included in the study after obtaining informed writ-
ten consent from parents or legal guardians. Participants
with contraindications for MRI, such as metal implants
or claustrophobia and children with comorbid medical
conditions affecting neurological development were ex-
cluded from the study.

Each participant underwent a comprehensive clinical as-
sessment by a multidisciplinary team of paediatric neu-
rologists, psychologists, and developmental specialists.
Diagnostic criteria were based on internationally recog-
nized standards for each neurodevelopmental disorder.

High-resolution structural MRI scans were acquired us-
ing 1.5 Tesla Magnetom Sempra-Siemens machine. Se-
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quences included T1-weighted and T2-weighted imaging
for detailed anatomical assessment. Resting-state fMRI
scans were performed to assess intrinsic functional
connectivity. Task-based fMRI paradigms were em-
ployed for specific functional assessments relevant to
each neurodevelopmental disorder. Diffusion Tensor Im-
aging (DTI) scans were conducted to investigate white
matter microstructure. Fractional anisotropy (FA) and
mean diffusivity (MD) maps were generated for quantita-
tive analysis.

Neuroimaging data were pre-processed using standard
procedures, including motion correction, spatial normali-
zation, and smoothing. Structural MRI data were ana-
lyzed for regional and global changes in grey and white
matter volumes. Volumetric measurements were nor-
malized for age and gender. Resting-state fMRI data un-
derwent seed-based and independent component analy-
sis (ICA) for functional connectivity mapping. Group-
level statistical analyses were performed to identify sig-
nificant connectivity differences. DTl Tractography data
were processed using tractography to visualize and
quantify white matter tracts. Scalar measures such as FA
and MD were extracted for further analysis.

Statistical analyses were conducted using SPSS IBM V.
25 employing appropriate tests (e.g., t-tests, ANOVA) to
compare neuroimaging metrics between diagnostic
groups. Clinical and neuroimaging data were integrated
to provide a comprehensive understanding of the rela-
tionship between neurobiological findings and clinical
symptomatology.

RESULTS

The neuroimaging findings revealed distinct patterns as-
sociated with different neurodevelopmental disorders.
Structural abnormalities, such as alterations in grey and
white matter volumes, were observed in patients with
ASD and ID. Functional connectivity abnormalities were
identified in children with ADHD, providing insights into
the neural networks implicated in attention and executive
functions. The study also explored the potential of ad-
vanced neuroimaging techniques, such as diffusion ten-
sor imaging (DTI), in elucidating microstructural changes
in white matter tracts.

As shown in Table-1, The mean age for individuals with
autism spectrum disorder (ASD) was 8.5 years (%1.2),
attention-deficit/hyperactivity disorder (ADHD) was 9.2
years (£1.5), intellectual disability (ID) was 7.8 years
(x1.0), and specific learning disabilities (SLD) was 10.1
years (£1.8). These age distributions highlight the diver-
sity in age ranges within each diagnostic group.

The gender distribution within each diagnostic category
is also noteworthy. In the ASD group, there were 20
males and 10 females, resulting in a male-to-female ratio
of 2:1. Similarly, the ADHD group exhibited a ratio of
1.5:1, the ID group had a ratio of 1:1, and the SLD group
had a ratio of approximately 1.1:1 for males to females.
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Table 1: Demographic Information

Demographic Variable ASD (n=30) ADHD (n=25) ID (n=20) SLD (n=15)

Age (Mean £ SD) 85+1.2 9.2+15 7.8+1.0 10.1£1.8
Gender (Male/Female) 20/10 15/10 10/10 8/7

Table 2: Structural MRI Findings

Brain Region ASD (Mean*SD) ADHD (Mean*SD) ID (Mean*SD) SLD (Mean £ SD)
Grey Matter Volume (mm?) 1200 + 150 1250 £ 180 1100 + 120 1150 £ 140
White Matter Volume (mm?) 800 + 100 820 + 110 780 + 90 750 + 80

Table 3: Functional Connectivity Analysis Results

Functional Network ASD (Mean*SD)  ADHD (Mean  SD) ID (Mean * SD)  SLD (Mean * SD)
Attention Network 0.35+0.05 0.40 =+ 0.06 0.37 £0.04 0.38 £0.05
Social Processing Network 0.22 £0.03 0.20 £0.04 0.25+0.02 0.23+£0.03
Table 4: DTI Tractography Results

White Matter Tract ASD (Mean £ SD)  ADHD (Mean * SD) ID (Mean ¥ SD)  SLD (Mean * SD)
Prefrontal-Striatal Circuit 0.045 + 0.008 0.050 + 0.009 0.042 £ 0.007 0.048 £ 0.010
Corpus Callosum Integrity 0.75+0.10 0.78 +£0.12 0.72 +0.08 0.70 £ 0.07

Table-2 depicted the Structural MRI Findings of study
participants. The neuroimaging findings related to brain
volumetric measurements, specifically grey matter and
white matter volumes, are presented in the table below.
Individuals diagnosed with autism spectrum disorder
(ASD) exhibited a mean grey matter volume of 1200
(£150) mm?, while those with attention-deficit/ hyperac-
tivity disorder (ADHD) had a slightly higher mean of 125
(£180) mm?3. In comparison, individuals with intellectual
disability (ID) displayed a mean grey matter volume of
1100 (x120) mm?, and those with specific learning disa-
bilities (SLD) had a mean of 1150 (£140) mm?.

Moving to white matter volumes, the mean for individu-
als with ASD was 800 (£100) mm?, for ADHD was 820
(x110) mm?, for ID was 780 (¥90) mm?, and for SLD
was 750 (x80) mm?. This reveals a nuanced pattern,
suggesting potential differences in brain tissue volumes
among the diagnostic groups. The observed variations
may contribute to our understanding of the neurobiolog-
ical underpinnings of these disorders. It is important to
conduct further statistical analyses to ascertain the sig-
nificance of these volumetric differences and explore
their potential clinical implications.

Volumetric analysis of structural MRI data revealed dis-
tinct patterns associated with different neurodevelop-
mental disorders. Children diagnosed with autism spec-
trum disorder (ASD) exhibited alterations in grey matter
volumes, particularly in regions implicated in social cog-
nition and communication. In contrast, those with intel-
lectual disability (ID) demonstrated widespread changes
in both grey and white matter volumes, indicative of a
more pervasive impact on neural architecture. Specific

learning disabilities (SLD) were associated with localized
changes in cortical regions linked to language and audi-
tory processing.

The above table-3 shows the results of the functional
network assessments, specifically the Attention Network
and Social Processing Network. Children with ADHD
demonstrated a slightly higher mean connectivity value
(0.40 £ 0.06) in the Attention Network compared to
those with ASD (0.35 + 0.05), ID (0.37 + 0.04), and SLD
(0.38 + 0.05).

The mean connectivity value for the Social Processing
Network was slightly lower in the ADHD group (0.20 £
0.04) compared to ASD (0.22 + 0.03), ID (0.25 £ 0.02),
and SLD (0.23 £ 0.03).

Resting-state fMRI revealed aberrant functional connec-
tivity  patterns in  children  with  attention-
deficit/hyperactivity disorder (ADHD). Altered connectivi-
ty within networks related to attention and executive
functions was observed, providing neurobiological in-
sights into the pathophysiology of ADHD. Additionally,
connectivity analyses in ASD indicated atypical interac-
tions in brain regions associated with social processing
and emotion regulation.

The results for the assessment of white matter tracts,
specifically the Prefrontal-Striatal Circuit and Corpus Cal-
losum Integrity, are presented in the table-4. The mean
fractional anisotropy (FA) value for the Prefrontal-Striatal
Circuit was 0.045 = 0.008 in the ASD group, 0.050 +
0.009 in the ADHD group, 0.042 £ 0.007 in the ID group,
and 0.048 + 0.010 in the SLD group. The slightly higher
mean FA in the ADHD group suggests potential differ-
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ences in microstructural integrity compared to the other
groups, although the standard deviations indicate some
variability within each group.

The mean FA value for Corpus Callosum Integrity was
0.75 £ 0.10 in the ASD group, 0.78 + 0.12 in the ADHD
group, 0.72 + 0.08 in the ID group, and 0.70 * 0.07 in
the SLD group.

The ADHD group shows a slightly higher mean FA in
Corpus Callosum Integrity compared to other groups,
with varying degrees of variability within each group, as
indicated by the standard deviations. These fractional
anisotropy values are measures commonly derived from
diffusion tensor imaging (DTI) and reflect the directional-
ity of water diffusion within white matter tracts. Higher
FA values generally indicate greater microstructural or-
ganization and integrity of the white matter tracts. Inter-
pretation of these results may suggest subtle differences
in white matter microstructure among the diagnostic
groups, particularly in the assessed brain regions.

DTl tractography unveiled microstructural changes in
white matter tracts across different neurodevelopmental
disorders.

Children with ADHD exhibited alterations in the prefron-
tal-striatal circuitry, emphasizing the role of these net-
works in attention and impulse control. DTI also provid-
ed valuable insights into the integrity of the corpus cal-
losum in individuals with ASD, suggesting disruptions in
interhemispheric communication.

DISCUSSION

The findings from this study underscore the importance
of neuroimaging in augmenting the clinical assessment
of paediatric neurodevelopmental disorders. The ability
to visualize and quantify structural and functional ab-
normalities contributes to a deeper understanding of the
neurobiological underpinnings of these conditions.

Our identification of structural abnormalities, including
alterations in grey and white matter volumes in patients
with ASD and ID, is consistent with Arutiunian V. et al
study highlighting the heterogeneous nature of neural
changes in these conditions.[5] In ASD, the observed
alterations in grey matter volumes, particularly in regions
associated with social cognition and communication,
align with Zhao et al. study emphasizing the role of these
brain areas in the core symptoms of the disorder.[6]
Similarly, the widespread changes in both grey and
white matter volumes in individuals with ID resonate
with Michael et al. finding emphasizing the pervasive im-
pact of intellectual disability on neural architecture.[7]

The identification of functional connectivity abnormalities
in children with ADHD, specifically those related to neu-
ral networks implicated in attention and executive func-
tions, corroborates existing research highlighting the
role of these networks in the pathophysiology of ADHD.
Our findings add granularity to our understanding of the
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specific connectivity patterns involved, further refining
our knowledge of the neural mechanisms underlying at-
tention-related deficits in ADHD.

Moreover, our study delved into the potential of ad-
vanced neuroimaging techniques, such as diffusion ten-
sor imaging (DTl), to elucidate microstructural changes
in white matter tracts. This aligns with Bao et al. study
emphasizing the importance of investigating white mat-
ter integrity in neurodevelopmental disorders.[8] Our
results contribute to this discourse by providing addi-
tional evidence of nuanced differences in white matter
volumes among the diagnostic groups, which may have
implications for understanding the neurobiological basis
of these disorders.

Comparing our volumetric analysis results with existing
literature, we note both consistencies and novel insights.
The alterations in grey matter volumes in ASD and ID are
in line with Seng et al. research, emphasizing the rele-
vance of these structural changes to the clinical manifes-
tations of the disorders.[9] The nuanced pattern ob-
served in white matter volumes further refines our un-
derstanding, suggesting potential unique characteristics
within each diagnostic group.

In our functional network assessments, children with
ADHD exhibited slightly higher mean connectivity values
in the Attention Network (0.40 + 0.06) compared to
those with ASD (0.35 + 0.05), ID (0.37 + 0.04), and SLD
(0.38 = 0.05). Concurrently, the mean connectivity value
for the Social Processing Network was slightly lower in
the ADHD group (0.20 * 0.04) compared to ASD (0.22 +
0.03), ID (0.25 £+ 0.02), and SLD (0.23 + 0.03). These
results align with existing literature by Zhang et al. that
highlights aberrant functional connectivity patterns in
ADHD, particularly within networks related to attention
and executive functions.[10] Similarly, atypical interac-
tions in brain regions associated with social processing
and emotion regulation have been reported in individuals
with ASD. The observed variations in mean values and
standard deviations emphasize the heterogeneity within
each diagnostic group, reinforcing the necessity for indi-
vidualized assessments in understanding the neural ba-
sis of neurodevelopmental disorders.[11]

The assessment of white matter tracts using diffusion
tensor imaging (DTI) revealed microstructural changes
in the Prefrontal-Striatal Circuit and Corpus Callosum
Integrity. The mean fractional anisotropy (FA) values in-
dicated potential differences in microstructural integrity
among the diagnostic groups. The ADHD group showed
a slightly higher mean FA in both the Prefrontal-Striatal
Circuit and Corpus Callosum Integrity, suggesting altera-
tions in microstructural organization compared to other
groups. The variability within each group, as indicated by
the standard deviations, emphasizes the individual dif-
ferences present within diagnostic categories. These
findings align with previous research demonstrating al-
terations in prefrontal-striatal circuitry in individuals with
ADHD and disruptions in interhemispheric communica-
tion in those with ASD.[12,13]
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CONCLUSION

In summary, our neuroimaging study revealed distinctive
patterns in paediatric neurodevelopmental disorders.
Structural abnormalities, including grey and white matter
volume changes, were observed in ASD and ID, while
ADHD showed functional connectivity irregularities in
networks governing attention. Advanced techniques like
DTI uncovered microstructural alterations in white mat-
ter tracts. Age and gender distributions highlighted di-
versity within diagnostic groups. Volumetric analysis
linked specific neurobiological signatures to each disor-
der. Functional network assessments disclosed differ-
ences in connectivity, with ADHD displaying higher con-
nectivity in the Attention Network. Resting-state fMRI
exposed unique connectivity patterns in ADHD and ASD.
Evaluation of white matter tracts indicated subtle micro-
structural differences among diagnostic groups. In con-
clusion, our study contributes valuable insights into the
neurobiological underpinnings of paediatric neurodevel-
opmental disorders, emphasizing the importance of neu-
roimaging for tailored diagnostic and therapeutic ap-
proaches.
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