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Magnetic resonance imaging (MRI) has revolutionized our understanding of the developing brain, providing a 

non‑invasive window into the neural processes that shape cognition, behavior, and mental health. Recent advances 

are now allowing pediatric brain MRI to move beyond descriptive imaging toward individualized, 

precision‑oriented insights. This lecture will examine key conceptual innovations that are reshaping both research 

and clinical practice in developmental neuroscience. One important development is the integration of multimodal 

data to better characterize the dynamic interplay between brain architecture and neural activity. By examining 

structure–function coupling and other network‑level measures, researchers are uncovering how early experiences—

including both enrichment and adversity—can alter the pace and pattern of neurodevelopment. These network‑based 

biomarkers provide a framework for identifying risk trajectories long before clinical symptoms emerge. Another 

major advance is the application of normative modeling to pediatric neuroimaging. Similar to growth charts in 

pediatrics, normative models allow individual children to be compared against age‑expected developmental 

trajectories. This approach moves the field beyond group averages and enables the detection of subtle deviations in 

brain development that may underlie later difficulties in learning, emotion regulation, or mental health. Such 

individualized profiling is critical for the eventual goal of precision diagnostics and targeted intervention. In parallel, 

there is growing recognition of the need to integrate biological and environmental signals through 

neuroimaging‑omics. Advances in epigenetics, immune biology, and computational modeling are allowing 

researchers to capture how stress, inflammation, and other environmental exposures become biologically embedded 

in the developing brain. For example, DNA methylation and immune profiles can be linked to brain imaging 

measures and behavioral outcomes, providing mechanistic insight into how early life experiences shape 

neurodevelopment. This line of research highlights the importance of considering both biological susceptibility and 

environmental context when interpreting imaging findings. Looking ahead, the future of pediatric brain MRI will 

depend on large‑scale, collaborative, and integrative efforts. Equally important is the translation of imaging 

biomarkers into clinical practice—ensuring that insights from advanced analyses do not remain confined to research 

but inform prevention, diagnosis, and intervention strategies. In conclusion, pediatric brain MRI is transitioning 

from a descriptive science to a precision tool for understanding and supporting child development. Through 

multimodal integration, normative modeling, and neuroimaging‑omics, we are beginning to chart individualized 

developmental trajectories that connect early experiences to later outcomes. This conceptual shift holds immense 

promise for advancing both scientific knowledge and clinical care, ultimately enabling more effective strategies to 

promote resilience and mental health in children. 
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