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Structural MRI in Clinical Diagnostics: From Brain Development to 
Disease
Jing Wang*

Department of Radiology, Stanford University, China

DESCRIPTION
Structural Magnetic Resonance Imaging (MRI) is a revolutionary 
technology that has transformed our understanding of 
the human brain’s anatomy. Unlike functional MRI, which 
measures brain activity, structural MRI provides detailed 
images of the brain’s physical structure, allowing researchers 
and clinicians to examine the architecture of brain tissues, 
detect abnormalities, and monitor changes over time. This 
article explores the principles, applications, methodologies, 
and advancements of structural MRI, highlighting its critical 
role in neuroscience and clinical practice. Structural MRI is 
based on the principles of Nuclear Magnetic Resonance (NMR), 
which involve the interaction between magnetic fields and 
atomic nuclei. Hydrogen nuclei (protons) in water molecules 
are particularly significant in MRI because they are abundant 
in biological tissues and respond strongly to magnetic fields. 
The patient is placed in a strong magnetic field, aligning the 
hydrogen nuclei in the brain. RF pulses disturb this alignment, 
and as the nuclei return to their original state, they emit energy. 
Sensors detect the emitted energy, which varies depending on 
tissue type, such as gray matter, white matter, or cerebrospinal 
fluid. Advanced algorithms process these signals to create high 
resolution images of the brain’s structure. Structural MRI has a 
wide range of applications in both research and clinical settings. 
It is particularly valuable in understanding brain anatomy, 
diagnosing neurological disorders, and guiding treatment 
strategies. Structural MRI provides unparalleled detail of brain 
structures, including, key regions such as the cerebral cortex, 
hippocampus, and basal ganglia can be studied in depth. Tracts 
connecting different brain regions are visualized, aiding in the 
study of connectivity. The size and shape of ventricles can 
indicate conditions such as hydrocephalus or brain atrophy. 
Structural MRI is instrumental in diagnosing and understanding 
various disorders, detection of hippocampal atrophy and 
cortical thinning. Identification of white matter lesions and 
their progression. Assessment of brain swelling, bleeding, or 

structural damage. Identification of volumetric changes in 
certain brain regions. Structural MRI is critical for studying, 
abnormalities in brain development in conditions like Autism 
Spectrum Disorder (ASD). Tracking age related changes such 
as cortical thinning or ventricular enlargement. Structural 
MRI is essential for identifying critical structures to avoid 
during neurosurgery. Accurately delineating brain tumors for 
surgical resection or radiation therapy. Structural MRI employs 
various sequences and techniques to achieve high resolution 
images of the brain’s anatomy. T1 weighted images are the 
cornerstone of structural MRI. They provide high contrast 
between gray matter, white matter, and cerebrospinal fluid, 
making them ideal for anatomical studies. Used for brain 
volume measurement, cortical thickness analysis, and tumor 
detection. T2 weighted images highlight differences in water 
content, making them useful for identifying lesions, edema, 
or inflammation. Valuable in diagnosing multiple sclerosis 
and other white matter disorders. PD imaging measures the 
concentration of hydrogen protons, offering intermediate 
contrast between T1 and T2 images. Useful in imaging areas 
with subtle differences in tissue density. Although primarily 
a functional imaging tool, DTI complements structural MRI 
by mapping white matter tracts and their integrity. Used in 
studying traumatic brain injury, stroke, and neurodegenerative 
diseases. Quantitative approaches in structural MRI enhance its 
diagnostic and research capabilities by providing measurable 
data. VBM measures differences in brain tissue volume on a 
voxel by voxel basis, enabling comparisons between groups or 
individuals.
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