
Lesion-Centric Quantitative Neuroimaging: 

Integrating MRI Innovation and AI-Driven 

Analysis for Neurodegeneration

Quantitative magnetic resonance imaging (qMRI) enables noninvasive characterization of

tissue microstructure for studying neurodegeneration, but its clinical utility is limited by long

scan times and the lack of methods for identifying and tracking individual white matter lesions

(WMLs) over time—a hallmark of many neurological disorders. This work develops accelerated

qMRI acquisition and reconstruction methods, robust quantitative susceptibility mapping

(QSM), and lesion-wise segmentation and tracking algorithms to enable fine-grained analysis

of lesion evolution. By integrating pulse sequence programming, physics-informed modeling,

and domain-generalizable deep learning, this framework aims to translate lesion-level imaging

biomarkers into scalable tools for neurodegenerative disease research and clinical studies.
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