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Description
Brain imaging has revolutionized our 
understanding of the human brain, providing 
unprecedented insight into its structure, function 
and connectivity. From clinical diagnosis 
to research applications, brain imaging 
technologies have become indispensable 
tools for neuroscientists, clinicians and 
psychologists. Despite the remarkable progress 
made in recent decades, the full potential of 
brain imaging is still being explored, raising 
critical questions about accessibility, ethical 
use and the interpretation of complex data. 
Brain imaging encompasses a variety of 
techniques, broadly categorized into structural 
and functional modalities. Structural imaging, 
including Computed Tomography (CT) and 
Magnetic Resonance Imaging (MRI), allows 
visualization of the brain’s anatomy. These 
methods provide detailed information about 
brain morphology, identifying lesions, tumors, 
hemorrhages, or atrophy that may underlie 
neurological disorders. MRI, in particular, 
offers high resolution images without the risks 
associated with ionizing radiation, making it 
a preferred method for repeated imaging in 
both clinical and research settings. Advanced 
structural techniques, such as Diffusion Tensor 
Imaging (DTI), further enable the mapping 
of white matter tracts, providing insight into 
connectivity patterns that underlie cognitive 
and motor functions.

Functional brain imaging, on the other hand, 
examines neural activity and connectivity. 

Functional MRI (fMRI) measures changes 
in blood oxygenation levels as a proxy for 
neuronal activity, allowing researchers to 
identify brain regions involved in specific 
tasks or cognitive processes. Positron 
Emission Tomography (PET) uses radiotracers 
to assess metabolic activity or receptor 
binding, providing valuable information on 
neurochemical. Electroencephalography (EEG) 
and Magnetoencephalography (MEG) capture 
the brain’s electrical and magnetic activity 
with high temporal resolution, enabling the 
study of rapid neural processes.  One of the 
most significant contributions of brain imaging 
is its role in clinical diagnosis and patient care. 
In acute settings, CT scans can rapidly identify 
intracranial hemorrhages or fractures, guiding 
emergency interventions. MRI and fMRI 
contribute to the assessment of stroke, epilepsy, 
neurodegenerative diseases and psychiatric 
disorders, facilitating accurate diagnosis 
and treatment planning. Brain imaging also 
plays a critical role in surgical planning, 
particularly for tumor resection or deep brain 
stimulation, by mapping essential functional 
areas and minimizing the risk of cognitive 
or motor deficits. Furthermore, longitudinal 
imaging allows clinicians to monitor disease 
progression or treatment response, providing 
objective measures to guide clinical decisions.

Beyond clinical applications, brain imaging 
has transformed neuroscience research. By 
enabling the visualization of neural circuits, 
researchers can investigate the brain’s functional 
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organization and connectivity patterns. Resting 
state fMRI and DTI have revealed intrinsic 
networks such as the default mode network, 
shedding light on how different regions interact 
during both task related and resting states. 
These insights have profound implications for 
understanding cognitive processes, emotional 
regulation and the neural basis of psychiatric 
and neurological disorders. Brain imaging 
also facilitates translational research, linking 
preclinical findings in animal models to human 
brain function and informing the development 
of novel therapeutic interventions. First, the 
interpretation of imaging data is complex, 
requiring careful consideration of technical 
limitations, statistical modeling and individual 
variability. Misinterpretation of findings 
can lead to overgeneralization or erroneous 
conclusions. Second, access to advanced 
imaging technologies is often limited by cost 

and infrastructure, particularly in low resource 
settings, raising concerns about healthcare 
equity. Emerging technologies promise to 
expand the capabilities of brain imaging further. 
Hybrid imaging systems, such as PET MRI, 
combine structural, functional and molecular 
information, providing a more comprehensive 
view of brain physiology. Advances in high 
field MRI and ultra high resolution imaging 
offer unprecedented detail, enabling the 
study of fine grained neural structures and 
microcircuitry. Machine learning and artificial 
intelligence are increasingly applied to imaging 
data, enhancing pattern recognition, predictive 
modeling and individualized diagnosis. These 
innovations hold the potential to accelerate 
discoveries in brain science and improve 
patient outcomes, yet they also underscore the 
need for rigorous validation.


