Introduction

Magnetoencephalography (MEG) stands at the
forefront of neuroimaging techniques, offering
unique insights into the dynamic activity of the
human brain. By measuring the magnetic fields
generated by neuronal activityy, MEG enables
precise localization of brain functions with
high temporal resolution. This article explores
the principles, applications, and advancements
of MEG in understanding brain dynamics and
neurological disorder.

Description

= Principles of
magnetoencephalography

MEG relies on the principle of neurophysiological
magnetism, where neuronal electrical activity
generates weak magnetic fields that can be
detected outside the scalp. The key principles
include:

Magnetic field detection: MEG systems consist
of highly sensitive sensors called Superconducting
Quantum Interference Devices (SQUIDs), which
detect the tiny magnetic fields (pico to femtotesla
range) produced by neuronal currents.

Source localization: By recording magnetic
field patterns from muldple sensors arranged
around the head, MEG systems create three-
dimensional maps of brain activity. Source
localization algorithms reconstruct the origin of
these magnetic fields, pinpointing the location of
activated brain regions.

Temporal resolution: MEG offers millisecond-
level temporal resolution, capturing the rapid
dynamics of neuronal processes such as synaptic
transmission, cortical oscillations, and Event-
Related Potentials (ERPs).

m  Advancements in MEG technology

in MEG
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expanded its capabilities and clinical utility:

High-density sensor arrays: Dense sensor arrays
with hundreds of sensors increase spatial sampling
and improve localization accuracy, enabling fine-
grained mapping of cortical activity.

Multimodal  integration:  Integration  of
MEG with other imaging modalities such
as functional Magnetic Resonance Imaging
(fMRI), Electroencephalography (EEG), and
Transcranial Magnetic ~ Stimulation  (TMS)
offers complementary information and enhances
neuroimaging studies.

Real-time analysis: Real-time MEG analysis and
feedback systems enable interactive neurofeedback,
Brain-Computer (BCIs),  and
intraoperative mapping during neurosurgical
procedures.

Interfaces

Connectivity analysis: MEG  connectivity
analysis techniques, such as coherence, phase
synchronization, and network analysis, provide
insights into functional brain networks,
information processing, and brain connectivity
alterations in neurological disorders.

Pediatric applications: Pediatric MEG protocols
and age-appropriate sensor configurations
facilitate non-invasive brain mapping in children,
aiding in the diagnosis and management of
developmental disorders and epilepsy.

m  Applications of
magnetoencephalography

MEG has diverse applications in clinical and
rescarch  settings across neuroscience and
neurology:

Functional brain mapping: MEG maps cortical
activation patterns during sensory processing,
motor tasks, language functions, memory
encoding, and executive functions, contributing
to the understanding of brain organization and

cognition.

Perspective

Robert Hang"

Department of Neurology, University of
North Carolina at Chapel Hill, Chapel Hill,
USA

*Author for correspondence
Robert.hang@nyulangone.org

Received date: 15-June-2024, Manuscript
No. FMIM-24-133770; Editor assigned:
18-June-2024, PreQC No. FMIM-24-
133770 (PQ); Reviewed: 02-July-2024,
QC No. FMIM-24-133770; Revised:
12-July-2024, Manuscript No. FMIM-24-
133770 (R); Published: 19-July-2024, DOI:
10.47532/1755-5191.2024.16(4).199-200

ISSN: 1755-5191

Imaging Med. (2024) 16(4)

199



Hang.

Epilepsy evaluation: MEG is valuable in
localizing epileptogenic zones, identifying seizure
onset patterns, and planning epilepsy surgery by
delineating eloquent cortical areas and epileptic
networks.

Neuropsychiatric  disorders: MEG  studies
investigate neural correlates of psychiatric
disorders such as schizophrenia, depression, and
autism spectrum  disorders, elucidating brain
dysfunctions and treatment responses.

Stroke and brain injury: MEG assesses functional
recovery, plasticity, and rehabilitation outcomes
in stroke patients, Traumatic Brain Injury (TBI),
and neurodegenerative diseases like Alzheimer’s
and Parkinson’s.

Preoperative mapping: MEG provides preoperative
functional mapping for neurosurgical planning,
guiding tumor resection, epilepsy surgery, and
mapping eloquent areas to preserve functional
integrity.

m  Advantages of
magnetoencephalography

The advantages of MEG in neuroimaging
include:

High temporal resolution: MEG offers
unparalleled temporal resolution, capturing
neuronal activity in real time and distinguishing
millisecond-level temporal dynamics of brain
processes.

Direct neural correlates: MEG directly measures
neuronal currents and synaptic activity, providing
precise spatial localization of brain functions and
avoiding hemodynamic confounds encountered

in fMRI.

Non-invasiveness: MEG is non-invasive,
painless, and does not require ionizing radiation
or contrast agents, making it suitable for
longitudinal ~studies, pediatric populations,
and individuals with contraindications to other
imaging modalities.

Whole-brain coverage: MEG provides whole-
brain coverage with high sensitivity to superficial
and deep cortical structures, facilitating
comprehensive brain mapping and functional
connectivity analyses.

Clinical versatility: MEG is versatile in
evaluating diverse neurological conditions, from
epilepsy and movement disorders to cognitive
impairments and brain tumors, offering insights
into disease mechanisms and treatment strategies.

m  Challenges and considerations

While MEG offers unique advantages, it also

presents challenges and considerations:

Signal to noise ratio: MEG signals are weak and
susceptible to environmental noise, necessitating
optimal shielding, noise reduction techniques,
and artifact rejection methods.

Head movement artifacts: Motion artifacts
from head movements can distort MEG data,
requiring motion tracking systems, head
stabilization techniques, and post-processing
corrections.

Source localization accuracy: Accurate source
localization depends on precise sensor positioning,
individual head anatomy, and modeling
assumptions, highlighting the importance of
quality control and validation procedures.

Cost and accessibility: MEG systems are
expensive to acquire and maintain, limiting their
availability to specialized centers and research
institutions. Efforts to improve cost-effectiveness
and accessibility are ongoing.

m  Future directions and innovations

The future of MEG in neuroimaging is shaped

by ongoing innovations and research endeavors:

Multimodal integration: Continued integration
of MEG with fMRI, EEG, TMS, and optical
imaging techniques enhances multimodal
brain mapping, connectivity analysis, and
neurofeedback applications.

Machine learning and Al: Al-driven algorithms
for MEG data analysis, pattern recognition,
and predictive modeling improve diagnostic
accuracy, biomarker discovery, and personalized
treatment approaches.

Wearable and portable MEG: Development of
wearable and portable MEG systems expands
applications in ambulatory monitoring, real-
world  cognition studies, and home-based
interventions for neurological disorders.

Clinical translation: Translational research
efforts focus on validating MEG biomarkers,
establishing clinical guidelines, and standardizing
protocols for widespread adoption in neurology,
psychiatry, and neurorehabilitation.

Conclusion

Magnetoencephalography represents a cutting-
edge tool for exploring brain dynamics, neural
circuits, and cognitive functions in health and
disease. Its high temporal resolution, precise
localization ~ capabilities, and non-invasive
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nature make it invaluable in neuroscience
research, clinical diagnostics, and therapeutic
interventions. As MEG technology continues
to evolve, interdisciplinary collaborations,
technological innovations, and translational
efforts will pave the way for new discoveries,
personalized treatments, and improved outcomes

in neurological and neuropsychiatric disorders.
By harnessing the power of MEG, neuroscientists
and clinicians can unravel the complexities of the
human brain, unlocking insights that shape the
future of brain health and cognitive well-being.
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