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Commentary

Magnetoencephalography: 
Advances and Applications 
in Imaging in Medicine

Description

Magnetoencephalography (MEG) is an advanced 
neuroimaging technique that captures the 
magnetic fields produced by neural activity in 
the brain. This non-invasive method provides 
exceptional temporal resolution and reasonable 
spatial resolution, making it a vital tool in both 
clinical and research settings. In this article, we 
explore the principles of MEG, its applications, 
advancements, and its significance in the field of 
medical imaging.

 � Principles of magnetoencephalography

MEG operates on the principle of detecting 
magnetic fields generated by the electrical 
currents flowing through neurons. When 
neurons fire, they create tiny magnetic fields 
that can be measured outside the skull using 
highly sensitive devices called Superconducting 
Quantum Interference Devices (SQUIDs). 
These sensors are capable of detecting Femtotesla 
(fT) level magnetic fields, allowing for precise 
mapping of brain activity.

 � Technological advancements

Over the years, significant advancements 
have been made in MEG technology. The 
development of higher sensitivity SQUIDs and 
the introduction of new sensor types, such as 
Optically Pumped Magnetometers (OPMs), 
have improved the accuracy and usability of 
MEG. Additionally, the integration of MEG 
with other imaging modalities, like MRI and 
fMRI, has enhanced its capability to provide 
comprehensive brain mapping.

 � Clinical applications

MEG has found numerous applications in 
clinical practice, particularly in the diagnosis and 
management of neurological disorders. Some 
key clinical uses include:

Epilepsy: MEG is instrumental in pre-surgical 
planning for epilepsy patients. It helps localize 
epileptic foci with high precision, aiding 
surgeons in the removal of affected brain tissue 
while preserving essential functions.

Brain tumors: MEG assists in mapping functional 
areas near tumors, ensuring that critical regions 
responsible for speech, movement, and other 
vital functions are not compromised during 
surgery.

Neurodevelopmental disorders: MEG is used to 
study brain activity in disorders such as autism 
and Attention Deficit Hyperactivity Disorder 
(ADHD), providing insights into abnormal 
neural patterns and aiding in the development of 
targeted interventions.

 � Research applications

Beyond clinical settings, MEG is a powerful 
tool in cognitive neuroscience research. It 
allows researchers to investigate the timing 
and localization of brain processes involved in 
sensory perception, motor control, language, 
and memory. The high temporal resolution of 
MEG makes it possible to study rapid neural 
dynamics that other imaging techniques cannot 
capture.

 � Future directions

The future of MEG looks promising, with ongoing 
research focused on enhancing its capabilities 
and expanding its applications. Some emerging 
trends include:

Portable MEG systems: Development of 
lightweight, wearable MEG systems that offer 
greater flexibility and accessibility for both 
clinical and research purposes.

Improved data analysis techniques: Advances in 
machine learning and computational modeling 
are improving the interpretation of MEG data, 
allowing for more precise and detailed brain 
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activity maps.

Integration with other modalities: Combining 
MEG with techniques such as Transcranial 
Magnetic Stimulation (TMS) and Near-Infrared 
Spectroscopy (NIRS) to provide a multi-modal 
approach to brain imaging.

Magnetoencephalography stands out as a critical 
tool in the realm of medical imaging, offering 

unparalleled insights into brain function. 
Its applications in diagnosing and treating 
neurological disorders, coupled with its role 
in advancing cognitive neuroscience research, 
underscore its importance. As technology 
continues to evolve, MEG is poised to become 
even more integral to our understanding and 
treatment of the human brain, solidifying its 
position in the landscape of imaging in medicine.


