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ABSTRACT

This review comprehensively examines the advancements in functional magnetic resonance imaging (fMRI) applications for
studying psychiatric disorders in children and adolescents. Specifically, fMRI-neurofeedback targeting the right inferior frontal
cortex (rIFC) has demonstrated efficacy in enhancing cognitive control among children with ADHD by strengthening inhibitory
brain activity. Systematic reviews have identified reliable neuroimaging indicators in high-risk groups for schizophrenia and
bipolar disorder, particularly in the fronto-temporal and limbic regions, facilitating early detection and intervention. Resting-
state fMRI studies have emphasized the critical need for motion artifact correction to accurately characterize the neural
foundations of autism spectrum disorder (ASD) and revealed significant alterations in functional connectivity among
adolescents with major depressive disorder (MDD). Comprehensive reviews on brain connectivity in healthy youth underscore
the necessity for further investigation into the neural mechanisms underlying ADHD and similar disorders. Additionally, studies
on cognitive suppression deficits in generalized anxiety disorder (GAD) and fear processing in adolescents exposed to abuse
have provided valuable insights into the enduring impacts of these conditions on neural function. Research on fear extinction
has further clarified developmental variations in fear regulation between adolescents and adults. Collectively, these findings
highlight the essential contribution of fMRI in deciphering the neural mechanisms associated with psychiatric disorders in
childhood, guiding the formulation of targeted therapeutic strategies. Future investigations should emphasize longitudinal
study designs, utilize larger participant groups, and incorporate multimodal data to deepen our understanding of these complex
conditions.
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1 Introduction

In recent years, functional magnetic resonance imaging (fMRI) has emerged as a pivotal tool for investigating
psychiatric disorders in pediatric and adolescent populations. As a non-invasive neuroimaging modality, fMRI offers
unique insights into the neural substrates of various psychiatric conditions, revealing critical patterns of brain activation
and connectivity". The significance of fMRI in studying pediatric and adolescent populations is underscored by the rapid
brain development and maturation that occur during these periods, making them particularly vulnerable to disruptions
caused by psychiatric disorders.

Accurate diagnosis and timely intervention are crucial, given that disruptions during these developmental stages can
lead to long-term cognitive, emotional, and behavioral consequences. Conditions such as ADHD, ASD, OCD, GAD, and
MDD often manifest during childhood and adolescence, emphasizing the importance of early intervention to mitigate
long-term mental health impacts'?.

fMRI has become an invaluable tool for exploring the neural correlates of these disorders, enabling real-time
monitoring of brain activity and detection of deviations from normal developmental patterns. Key research methods in
pediatric and adolescent psychiatry include neurofeedback, task-related brain activation, resting-state fMRI, systematic
reviews and meta-analyses, brain connectivity studies, and emotional and cognitive tasks. These methods collectively
provide a comprehensive framework for understanding the neural underpinnings of psychiatric disorders and developing
targeted interventions. For instance, fMRI neurofeedback has shown promise in modulating brain activity in children with
ADHD, potentially improving cognitive control and reducing symptoms . Resting-state fMRI has been instrumental in
identifying abnormal functional connectivity patterns in ASD and MDD, highlighting the importance of intrinsic brain
networks in these conditions **',

Furthermore, the integration of fMRI data with other modalities, such as natural language processing (NLP), has shown
potential for enhancing diagnostic accuracy and providing a more holistic understanding of psychiatric conditions. This
integrative approach captures both subjective and objective dimensions of mental health, leading to more personalized
and effective treatment strategies! .

This review seeks to offer an in-depth analysis of the application of fMRI in pediatric and adolescent psychiatry,
summarizing recent advancements, discussing methodological approaches, and exploring their potential impact on
future research and clinical practice. Understanding the neural mechanisms of psychiatric disorders in this population is
essential for developing early interventions and improving long-term outcomes for affected individuals.
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2 Literature Review

In a study by Lukito et al. (2024), fMRI neurofeedback targeting the right inferior frontal cortex (rIFC) was shown to
enhance inhibitory brain activation in children with ADHD. This finding highlights the potential of fMRI neurofeedback as
a therapeutic tool to improve cognitive control and alleviate symptoms associated with ADHD, addressing the impaired
inhibition processes commonly observed in this disorder ™.

A systematic review by Johnsen et al. (2020) identified consistent patterns of abnormal brain activation in fronto-
temporal and limbic regions among children, adolescents, and young adults at familial high-risk for schizophrenia or
bipolar disorder. These findings underscore the potential of neuroimaging markers for early identification and
intervention in high-risk populations™®. Dean et al. (2024) detailed the MRI and spectroscopy protocol utilized in the
HEALthy Brain and Child Development (HBCD) Study, which aims to quantify brain development in healthy children and
adolescents. This comprehensive study provides valuable insights into typical developmental trajectories of brain
structure and function, serving as a crucial reference for understanding deviations in neurodevelopmental disorders ',

Nebel et al. (2022) highlighted the importance of motion correction in resting-state fMRI studies of individuals with
ASD. Their findings indicated that motion artifacts can significantly impact the interpretation of functional connectivity
patterns, underscoring the necessity of robust motion correction techniques to accurately characterize the neural
underpinnings of ASD and prevent erroneous conclusions™. Bernstein et al. (2016) identified abnormal resting-state
functional connectivity in the striatum of adolescents with OCD. Their study revealed that altered connectivity within the
cortico-striatal-thalamo-cortical circuits, which are implicated in the pathophysiology of OCD, can be detected via fMRI.
These findings further support the involvement of these circuits in OCD and contribute to the understanding of the
neural mechanisms underlying obsessive-compulsive symptoms ©. Cosio-Guirado et al. (2024) conducted a
comprehensive systematic review of fMRI studies on brain connectivity in healthy children and adolescents. Their review
emphasized the importance of understanding normative brain connectivity patterns to identify deviations in
neurodevelopmental disorders.

The authors highlighted the roles of the default mode network (DMN) and central executive network (CEN) in cognitive
and emotional processes, which are often disrupted in conditions such as ADHD. This review underscores the need for
further research to elucidate the specific neural mechanisms underlying ADHD and related disorders . Using fMRI, Yin et
al. (2017) investigated the failure in cognitive suppression of negative affect among adolescents with GAD. Their results
indicated impaired activation in brain regions associated with emotion regulation, including the prefrontal cortex and
amygdala, during cognitive suppression tasks.

These findings suggest that deficits in top-down regulation of emotional responses may contribute to the persistence
of anxiety symptoms in GAD".. Using fMRI, Hart and colleagues (2018) investigated altered fear processing in youth with
histories of serious child abuse. Their findings revealed abnormal activation in brain regions involved in fear processing,
such as the amygdala and prefrontal cortex, in response to fear-related stimuli. These findings highlight the long-term
effects of childhood maltreatment on brain function and increased vulnerability to anxiety and other psychiatric
disorders®®,

Ganella et al. (2018) explored the neural correlates of fear extinction in adolescents and adults using fMRI. Their study
revealed distinct patterns of brain activation during fear extinction, with adolescents exhibiting greater involvement of
the amygdala and prefrontal cortex compared to adults. These findings offer insights into developmental differences in
fear regulation and contribute to the understanding of the neural mechanisms underlying anxiety disorders and their
treatment®,

3 Research Methods
3.1 fMRI Neurofeedback

Lukito et al. (2024) utilized fMRI neurofeedback targeting the right inferior frontal cortex (rIFC) amongst children who
suffer from the ADHD. Such kind of technique provides real-time feedback on brain activity, enabling participants to
modulate specific brain regions. The study demonstrated that neurofeedback could enhance inhibitory brain activation in
the rIFC, which is essential for cognitive control ™.

3.2 Task-Related Brain Activation

Johnsen et al. (2020) performed a systematic review of task-related brain activation in individuals at familial high-risk
for schizophrenia or bipolar disorder. This method involves presenting participants with specific cognitive or emotional
tasks while monitoring brain activity. Their review identified consistent patterns of abnormal brain activation in fronto-
temporal and limbic regions during various cognitive tasks .
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3.3 Resting-State fMRI
3.3.1 Application in Autism Spectrum Disorder (ASD)

Nebel et al. (2022) examined the impact of motion correction on resting-state fMRI data in individuals with ASD.
Resting-state fMRI captures brain activity while participants are at rest, revealing intrinsic connectivity networks. Their
study highlighted the necessity of robust motion correction techniques to accurately characterize the neural
underpinnings of ASD™.

3.3.2 Application in Major Depressive Disorder (MDD)

Bernstein et al. (2016) identified abnormal resting-state functional connectivity in the striatum of adolescents with
OCD, revealing altered connectivity within the cortico-striatal-thalamo-cortical circuits implicated in the pathophysiology
of OCDP..

3.4 Systematic Reviews and Meta-Analyses

Cosio-Guirado et al. (2024) conducted a comprehensive systematic review of fMRI studies on brain connectivity in
healthy children and adolescents, emphasizing the importance of understanding normative brain connectivity patterns
to identify deviations in neurodevelopmental disorders™.,

3.5 Brain Connectivity Studies

Cosio-Guirado et al. (2024) provided a comprehensive systematic review of fMRI studies on brain connectivity in
healthy children and adolescents. This method examines the functional connections between different brain regions,
offering insights into normative brain development and deviations in neurodevelopmental disorders™.

3.6 Emotional and Cognitive Tasks
3.6.1 Application in Generalized Anxiety Disorder (GAD)

Yin et al. (2017) used fMRI to investigate the failure in cognitive suppression of negative affect in adolescents with GAD.
Participants were presented with emotional stimuli and asked to suppress negative affect, revealing impaired activation
in brain regions associated with emotion regulation .

3.6.2 Application in Childhood Maltreatment

Hart et al. (2018) examined altered fear processing in adolescents with a history of severe childhood maltreatment
using fMRI. Participants were exposed to fear-related stimuli, revealing abnormal activation in brain regions involved in
fear processing®.

3.7 Conditioned Fear and Extinction

Ganella et al. (2018) investigated the neural correlates of fear extinction in adolescents and adults using fMRI. This
method involves presenting conditioned stimuli and observing brain activation patterns during fear extinction, providing
insights into developmental differences in fear regulation .

3.8 Integrative Approaches

Recent advancements in integrating fMRI data with other modalities, such as natural language processing (NLP), have
shown promise in enhancing diagnostic accuracy by capturing both subjective and objective dimensions of psychiatric
conditions, leading to more holistic diagnostic approaches .

4 Conclusion

The utilization of functional magnetic resonance imaging (fMRI) has significantly advanced our understanding of the
neural mechanisms underlying psychiatric disorders in children. Synthesizing the studies examined reveals distinct
patterns of brain activation and connectivity associated with various psychiatric conditions, including ADHD, ASD, OCD,
GAD, MDD, and irritability. These findings underscore the critical need for early detection and intervention, emphasizing



96 Zirui He

the urgency for additional research aimed at elucidating the neural substrates of these disorders and devising effective
treatment strategies. Future research endeavors should prioritize longitudinal study designs, utilize larger sample sizes,
and incorporate multimodal data to deepen our understanding of these complex disorders. The development of
personalized neuroimaging biomarkers and interventions tailored to the unique neural profiles of individual patients
holds great promise for enhancing clinical outcomes in youth affected by these conditions. Integrating fMRI data with
advanced diagnostic methodologies, such as natural language processing (NLP), can facilitate a more comprehensive
assessment of psychiatric disorders, capturing both subjective experiences and objective indicators. In summary, fMRI has
established itself as an invaluable instrument in the exploration of psychiatric disorders among children and adolescents,
providing profound insights into the neural mechanisms that characterize these conditions and informing the creation of
targeted interventions aimed at alleviating the challenges faced by affected individuals.
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