Opinion Article

Journal of Medical Physics and Applied Sciences
ISSN 2574-285X

www.imedpub.com

2024

Vol.9 No.3:77

MRI-Based Detection of Neurodegenerative Diseases: Advances in Early Diagnosis

Techniques

Lixin Du”

Department of Gastroenterology, Institute of Gastrosciences and Liver Transplantation, Kolkata, India

Corresponding author: Lixin Du, Department of Gastroenterology, Institute of Gastrosciences and Liver Transplantation, Kolkata, India, E-mail:

luciana@gmail.com

Received date: August 27, 2024, Manuscript No. IPIMP-24-19905; Editor assigned date: August 29, 2024, PreQC No. IPIMP-24-19905 (PQ);
Reviewed date: September 10, 2024, QC No. IPIMP-24-19905; Revised date: September 17, 2024, Manuscript No. IPIMP-24-19905 (R); Published

date: September 24, 2024, DOI: 10.36648/2574-285X.9.3.77

Citation: Du L (2024) MRI-Based Detection of Neurodegenerative Diseases: Advances in Early Diagnosis Techniques. ] Med Phys Appl Sci Vol.9.No.3:

77.

Description

Neurodegenerative diseases, such as Alzheimer’s Disease
(AD), Parkinson’s Disease (PD) and Huntington’s Disease (HD),
represent a significant and growing health burden worldwide.
These diseases are characterized by the progressive loss of
neuron function, often resulting in irreversible brain damage,
cognitive decline and motor dysfunction. Detecting
neurodegenerative diseases early is essential for effective
treatment and management, as interventions are often more
successful before extensive neuronal damage has occurred.
Magnetic Resonance Imaging (MRI) has become one of the
primary tools for diagnosing and monitoring neurodegenerative
diseases due to its non-invasive nature, high spatial resolution
and ability to visualize soft tissues. Recent advances in MRI
technology have opened new doors for early detection, offering
potential new techniques for identifying disease biomarkers
before clinical symptoms fully manifest. MRl is an invaluable tool
in neurology because it allows detailed imaging of the brain’s
structure and function without exposure to ionizing radiation.
Traditional MRI sequences, such as T1l-weighted, T2-weighted
and Fluid-Attenuated Inversion Recovery (FLAIR) imaging,
provide insights into structural abnormalities in the brain that
correlate with neurodegenerative diseases. For example, in AD,
MRI can reveal hippocampal atrophy in PD, it can show
changes in the substantia nigra. However, newer MRI
techniques go beyond structural imaging, allowing the
detection of subtle changes in brain tissue composition and
microstructure associated with disease progression.

Advances in MRI techniques

Several advanced MRI techniques have shown potential in the
early diagnosis of neurodegenerative diseases. Among these
techniques are Diffusion Tensor Imaging (DTI), Magnetic
Resonance Spectroscopy (MRS), Functional Magnetic Resonance
Imaging (fMRI) and Quantitative Susceptibility Mapping (QSM).

Diffusion tensor imaging: DTl is a type of MRI that measures
the diffusion of water molecules in the brain's white matter
tracts. In neurodegenerative diseases, there are often
disruptions in the integrity of these tracts, as neurons and axons
degenerate. DTl provides quantitative data on these structural

changes through metrics such as Fractional Anisotropy (FA) and
Mean Diffusivity (MD), which indicate changes in white matter
structure. For example, in AD, reduced FA values in specific brain
regions have been correlated with cognitive decline, providing a
potential biomarker for early detection.

Magnetic resonance spectroscopy: MRS allows for the non-
invasive measurement of brain metabolites, such as N-
Acetylaspartate (NAA), choline and myo-inositol. Changes
in these metabolites can indicate neuronal health,
energy metabolism and glial activity, which are often
altered in neurodegenerative diseases. In AD, a decrease
in  NAA is associated with neuronal loss, while an increase in
myo-inositol reflects glial proliferation. MRS has also shown
potential for detecting metabolic abnormalities in other
neurodegenerative conditions, such as HD, making it a
versatile tool for early diagnosis.

Functional MRI: MRI measures brain activity by detecting
changes in blood oxygenation levels, indirectly reflecting
neuronal activity. Resting-state fMRI, in particular, assesses the
functional connectivity between brain regions when a person is
at rest. Neurodegenerative diseases often disrupt these
connections, which can be identified through network analysis.
In AD, for example, there is a characteristic reduction in
connectivity within the Default Mode Network (DMN), a brain
network associated with memory and self-referential thought.
Identifying these patterns could aid in early diagnosis and
monitoring of disease progression.

Benefits of MRI-based detection techniques

The development of MRI-based biomarkers and advanced
imaging techniques offers numerous advantages for early
diagnosis and monitoring of neurodegenerative diseases. MRI is
widely available and non-invasive and it allows for repeated
assessments without radiation exposure, making it ideal for
longitudinal studies. The ability to identify early changes in brain
structure, function and metabolism provides an opportunity for
early intervention, which could slow disease progression and
improve patient outcomes. However, several challenges remain
in implementing these techniques in clinical practice. MRI is
relatively expensive and may be less accessible in resource-
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limited settings. Advanced techniques, such as DTl and QSM,
require specialized equipment and expertise and their
interpretation can be complex. Additionally, while promising,
many MRI biomarkers are still under investigation and need
validation in larger clinical trials. Standardization of protocols
and metrics across institutions is essential to ensure reliable and
reproducible results. MRI has become an essential tool in the
early diagnosis and monitoring of neurodegenerative diseases,
with recent advancements significantly improving its diagnostic
capabilities. Techniques like DTI, MRS, fMRI and QSM allow for
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the detection of microstructural and metabolic changes in the
brain, potentially identifying disease before symptoms manifest.
Despite challenges in accessibility, cost and technical complexity,
the ongoing development of MRI biomarkers and the integration
of Al offer exciting possibilities for early intervention in neuro
degenerative diseases. Continued research and technological
advancements will undoubtedly play a pivotal role in refining
these techniques, potentially transforming the landscape of
neurodegenerative disease diagnosis and management.

This article is available from: https://medicalphysics.imedpub.com/


https://medicalphysics.imedpub.com/

	Contents
	MRI-Based Detection of Neurodegenerative Diseases: Advances in Early Diagnosis Techniques
	Description
	Advances in MRI techniques
	Benefits of MRI-based detection techniques





