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ABSTRACT

Background:Multiple sclerosis is a chronic, immune-mediated central nervous system disorder characterized by
inflammation, demyelination, and progressive neurodegeneration. It is a disabling disease that affects young adults,
causing significant disability in the long term. Its heterogeneous presentation and overlapping symptoms with other
neurological conditions make it a challenging task for early diagnosis. Over the past few years, Magnetic Resonance
Imaging has emerged as a crucial component of the diagnostic workup for MS, helping in the visualization of
symptomatic and silent lesions.

Objective: To evaluate the role of Magnetic Resonance Imaging in early diagnosis of Multiple Sclerosis

Methodology: The study was conducted in accordance with a systematic review, adhering to the PRISMA guidelines.
Relevant literature was retrieved from online databases such as PubMed, Scopus, Google Scholar, and Web of Science,
published between 2015 and 2025. Based on a series of inclusion and exclusion criteria, a total of 53 articles were
included in this study. The data was qualitatively used to assess the effectiveness of conventional and advanced
techniques of Magnetic Resonance Imaging in early diagnosis, progression, and monitoring of MS. Results

®  The results show that MRI has a crucial role to play in the early detection of the disease, as it has the ability to
detect pathological changes before the manifestation of the symptoms.

e  Conventional MRI techniques are used to detect visible lesions, while advanced MRI techniques like DTI, MTI,
SWI, fMRI help in the in-depth analysis of the disease.

®  Quantitative MRI and Al techniques also help in the early diagnosis of the disease.

Conclusion

The present study has confirmed that MRI has a crucial role to play in the diagnosis, early detection, and monitoring of
the disease in patients with multiple sclerosis.

Although MRI has some limitations in the diagnosis of the disease, it has a crucial role to play in the enhancement of the
health of patients suffering from the disease.
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INTRODUCTION

Multiple Sclerosis (MS) is a chronic, immune-
mediated disease that causes damage to the white and
gray matter of the central nervous system. The disease
is characterized by inflammatory, demyelation, and
degenerative changes in the nervous system. The
disease, which is a major cause of neurological
disability, mainly occurs in young adults. Recent
epidemiological studies have shown that more than

2.8 million people worldwide are afflicted with MS, and
the disease is becoming increasingly prevalent in
developing countries, especially in the developed
world[1].

Multiple sclerosis is characterized by the formation of
demyelinating plaques in the central nervous system,
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which includes the brain and spinal cord. There are
many different types of neurological impairment that
result from the formation of these plaques. Brain
atrophy and the eventual damage to the central nervous
system contribute significantly to the onset of diseases
and the accumulation of disabilities[2].

MS is regarded as an immune-mediated disease, and the
immune system is mainly directed against the myelin
sheath, which is found covering the nerve fibers. This,
in turn, causes significant inflammation, which affects
the myelin sheath, leading to damage and eventually
axonal damage. Apart from the white matter, recent
studies have shown that the role of gray matter is
significant in the pathology of MS. Gray matter,
including the cortical and deep gray matter, is
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associated with  cognitive decline and poor
neurological outcomes in MS patients. The extent of
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gray matter pathology is associated with the extent of
disability.
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Figure 1.1 Pathophysiology of Multiple Sclerosis. Autoimmune activation of T and B cells leads to migration into the
CNS, causing demyelination, axonal damage, and neuroinflammation. Reich et al., 2018,

Clinical Symptoms of Multiple Sclerosis:

This variability in the clinical presentation is a result of
the inflammatory demyelinating lesions that involve
different areas of the brain, optic nerve, and nerve cord.
The clinical presentation may show signs of recurrent
and/or gradual progression depending on the type of
the disease[3].

(1)- Motor and Sensory Symptoms

The motor dysfunction seen in MS includes weakness,
spasticity, hyperreflexia, and coordination problems.
These symptoms are associated with lesions in the
corticospinal tracts and spinal cord.

There may also be sensory symptoms such as
numbness, tingling, or pain[4].

(2)- Fatigue and Cognitive Dysfunction
Fatigue is one of the most disabling manifestations of
MS. It is a very prevalent symptom of the illness,

experienced by up to 80% of MS patients. Fatigue is a
complex symptom caused by inflammatory activity,
cortical atrophy, and changes to neural connectivity.

Cognitive impairment includes symptoms of attention
deficits, information processing, and executive function

(3)- Autonomic and Gait Disturbances

Autonomic nervous system dysfunction presents with
bladder, bowel disturbances, particularly in cases
where the spinal cord is affected.

Disorders of gait and balance are caused by lesions of
the cerebellum and the brainstem, which are identified
as infratentorial plaques on MRI scans [6].

These symptoms show variable correlation to MRI
findings, which contributes to the long-known clinico-
radiological paradox of MS [7]. MRI is very important
in detecting subclinical disease activity, which may not
be recognized by the nervous system.

\Vision \Visual loss, double vision

'Vestibular \Vertigo, imbalance

Motor 'Weakness, Inco-ordination, hyper-reflexia

Sensory AbnormalitiesNumbness, Sensory loss, paresthesia, neuropathic pain

Urinary Urgency, frequency, retention, incontinence, frequent UTI
Bowel Constipation, incontinence
Cognitive Poor concentration or attention, slow thinking, memory loss, impaired execution function

Bulbar Dysarthria, swallowing dysfunction

Table 1.1: Clinical Menifestations of Multiple Sclerosis

Role of MRI in Multiple Sclerosis

Magnetic Resonance Imaging is the modality of choice
in MS due to its high sensitivity in the detection of
lesions within the CNS. MRI has the advantage of
demonstrating both active inflammatory disease and
tissue damage. Conventional MRI techniques that are
normally used include T1 weight images, T2 weight

images, FLAIR images, and those with a Gadolinium
based contrast agent.

The McDonald diagnostic criteria now include MRI
findings in demonstrating time and space
dissemination; hence, diagnosis can be conducted
earlier than possible in the past [8].
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Figure 1.2. Role of MRI in MS Diagnosis. MRI demonstrates lesions in multiple CNS regions, supporting
dissemination in space, which is a key criterion for diagnosing and monitoring multiple sclerosis Filippi et al., 2018

Advanced MRI techniques-

Advancements in the use of MRI imaging have not
been limited to the detection of lesions in the brain;
these advancements include the use functional
Magnetic Resonance Imaging (fMRI), of diffusion
tensor imaging (DTI), magnetization transfer
imaging (MTI), susceptibility weighted imaging

(a) (b)

AIM &OBJECTIVES
Evaluate the efficacy of MRI in early detection of
multiple sclerosis.

OBJECTIVES

Explore the role of MRI in the assessment of the
progression of the disease over time and the efficacy of
the treatment.

Explore the role of advanced imaging modalities like
DTI, fMRI, and AI in the management of MS.

METHODOLOGY

The current study is a systematic review based study,
and it was conducted with the aim of ‘Role of MRI in
early imaging and monitoring of Multiple Sclerosis.’
The systematic review was conducted by following the
guidelines of the ‘PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses)’ protocol.
This protocol offers a systematic and transparent
method for reviewing the literature.

This study design is useful for:

(SWI), and quantitative volumetric studies, which
allow for the investigation of micro structural damage,
iron deposition, and brain atrophy. Such methods
provide greater insight into the underlying mechanisms
of the disease process and may represent biomarkers of
disease progression into the future [9].

(c) (d)

Figure 1.3 MRI Sequences used in Multiple Sclerosis. MRI sequences demonstrating MS lesions: (a) T1-weighted —
hypointense “black holes”; (b) T2-weighted — overall lesion load; (c) T2 FLAIR — highlights periventricular lesions;
and (d) 3D FLAIR — detailed 3D visualization of lesions for improved lesion detection and monitoring. Dachraoui,
Chaima, et al. 2022

*  Comprehensive synthesis of available evidence
*  Identifying trends in MRI applications

* Evaluating effectiveness of diagnosis and
monitoring

Inclusion Criteria

e Studies consisting of original research,
systematic reviews, and meta-analytic research
were included.

®  Only studies published within a given period, i.e.,
2015-2025, were considered for inclusion in order to
use updated and relevant information.

®  Only articles published in the English language
were considered for clarity and understanding.

e Studies focusing on the identification &
management with MRI were included.

®  Only studies with availability of full text were
considered for a detailed analysis.

Exclusion Criteria
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®  Duplicate studies were identified and removed to
avoid repetition and bias in the analysis.

®  (Case reports were excluded as they do not provide
sufficient evidence for systematic evaluation.

®  Non-English articles were excluded to maintain
consistency and avoid language-related bias.

e  Studies with irrelevant topics not related to
monitoring of Multiple Sclerosis through MRI were
excluded.

4.2 PRISMA FLOW DIAGRAM

Study Selection Process
The study selection process was done in various stages
to ensure accuracy and relevance. Steps Involved

Identification of studies from databases
Removal of duplicate records
Screening based on title and abstract
Full-text assessment

Nk v =

Final inclusion of studies

Records identified through database searching (n = 180)

Records after duplicates removed (n= 140)

|

il

I

Records excluded (n = 60)

Data Analysis Method

The collected data has been analyzed through a
qualitative descriptive method. Focus Areas

*  Early diagnosis of the disease through MRI scans
*  Tracking the progress of the disease

* Comparison of results obtained
conventional and advanced MRI scans

*  Role of Artificial Intelligence

Since this is a research paper based on existing data, no
approval from ethical committees is required. Proper
credit has been given to the sources to maintain
academic integrity.

through

DATA ANALYSIS

The a structured analysis of the data collected from the
53 studies. This chapter will include the following
topics: the role of MRI in the early detection of lesions;
sensitivity of MRI as a diagnostic tool in comparison to
other diagnostic tools; characteristics of images
obtained in the progress of the disease; criteria of
diagnosis of MS by MRI; role of MRI in the evaluation
of results of treatment; and limitations of the studies.
This chapter will also include some of the trends
associated with the studies, highlighting the
importance of MRI in the identification of MS

5.1 Classification of Included Studies

Studyv Number of
-~ 6
Original 2 0
Review 1 4
0
Systematic 7 3
Meta- 5 1
0
Tot 5

Origin

al

Number of
5
1
7 ,_5—|
Revie  Systematic / Tot
w Meta-analysis
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5.2 MRI Techniques used to detect in Multiple Sclerosis

MRI Technique

Number of Studies|Number of Studies

Conventional

MRI

19

< D

Advanced MRI

Al-integrated
MRI
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Quantitative

MRI
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5.3 Role in Early Diagnosis of Sclerosis

MRI Technique

Number of Studies

Number of Studies

Conventional

19
20

MRI

15

Advanced MRI

16 10

o itn

Al-integrated

10

MRI

Quantitative

MRI

Monitoring of Progression of Multiple Sclerosi

5.4 Advanced MRI Applications

IJDDT, Volume 16 Issue 40s, 2026

Page 517



“Role of Magnetic Resonance Imaging in early diagnosis and monitoring of Multiple Sclerosis: A Systematic Review”

Aspect Number of Number of Studies
Studies
Lesion 20
progression 20
Brain atrophy 13 18
16
Treatment 1 14
response 12
Disease activity 9 10 20
¢ 13
6 11 9
4
2
0
Lesion  Brain atrophy Treatment Disease
progression response activity
5.5 AI Application used in MRI
Application Number of Studies Number of Studies
Automated lesion 12 2
detection 12
Diseaseprediction 9 i 9
Classification 6 6

O 2 A <« O

AutonjatedIeqlih Discase predidilin

Classification §llction

RESULT

Overview of Study Outcomes

The rationale for the research is based on the ground
provided through the systematic evaluation of the
research articles that have been chosen for the research
study. The focus of the research is based on the role of
MRI in the context of MS. If one goes through the
results collectively, one can clearly understand the
extent to which the role of MRI has moved in
becoming a very valuable tool in the context of

healthcare. It is not only limited to the role of
diagnosing the disease, but it has also moved to the
other aspects of the disease. This is in the context of
the role of imaging in healthcare.

6.1 Nature and Strength of Evidence

The studies included in this paper show a range of
different research methods. One of the prominent
features is that a large number of original studies have
been included, along with some reviewed information.
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Distribution of Study Type

Original Research Review

The figure shows that the majority of the available
evidence is based on research studies. This shows that
the information is based on real-life experiences.
However, the fact that some of the research is based on
reviews shows that the information is reliable due to
the consistency of the experiences.

Role of MRI in Early Diagnosis
The observation that can be drawn from this study is

atic Reviews Meta-analysis

[ | ]
Figure 6.1: Distribution of Study Types

the role played by MRI in the early diagnosis of
multiple sclerosis. Based on the studies that have been
conducted in the past, it has been evident that MRI has
the ability to detect changes in the brain before the
manifestation of the symptoms.

The role played by MRI in the early diagnosis of
multiple sclerosis cannot be taken lightly since the
disease can manifest

Clinical Application of MRI

Al Applications

Advanced MRI

Monitoring

Early Diagnosis

0 5 10

15 20 25

Figure 6.2: Clinical Applications of MRI

MRI in Monitoring Disease Progression

Another important finding is the role of MRI in tracking how the disease changes over time. It is commonly used to
observe variations in lesions, structural changes in the brain, and overall disease activity.
This makes MRI a useful tool not just for initial diagnosis but also for long-term follow-up.
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MRI in disease
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Lesion Brain Treatment Disease

Figure 6.3: MRI in Disease Monitoring

The graph also shows that MRI can be used to check the progress of the disease. This shows the importance of MRI in
checking the progress of the disease and making the necessary changes.

6.2 Shift from Conventional to Advanced MRI

The results have shown that there is a gradual shift from the conventional MRI techniques to the advanced ones.
Although the conventional MRI is still in use, the results have shown that there is a gradual shift to the advanced ones.
The advanced techniques of MRI help in the accurate analysis of the brain. This cannot be done by the conventional
ones.

MRI technique Used

M Conventional MRl M Advanced MRI M Al-based MRI Quantitative MRI
Figure 6.4: MRI Techniques Used

The figure indicates that although conventional MRI is widely used, advanced MRI is becoming more important. This
isdue to the reason that MRI technology is improving day by day.

6.3 Advanced MRI and Detailed Brain Analysis

Advanced MRI helps in analyzing the disease at a deeper level. MRI helps in getting information on the changes in the
brain that are not visible.

This is particularly important when there is little correlation between the disease and the MRI results.
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Figure 6.5: Applications of Advanced MRI

Application of Advance MRI

8
Connectivity Analysis -
12
Functional Imaging
. . 17
Microstructural Analysis
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6
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It shows the increasing the use of advanced MRI in analyzing structural and functional analysis of the brain.

6.4 Emerging Role of Artificial Intelligence

Another interesting trend that has been noticed is the use of artificial intelligence for the analysis of MRI scans. Some
studies have also focused on the role of artificial intelligence for the detection of lesions.
Although the field is in the development stage, the results are quite promising.

Al used in MRI

12

x

()]

H

N

Lesion Detection

Disease Prediction

12
9
10
-

Image Classification

Figure 6.6: Emerging Role of AI Applications in MRI

The figure shows that artificial intelligence is being
used for the detection and prediction of certain things.
This is a positive sign for the role of artificial
intelligence in the future.

DISCUSSION

The significance of the application of the use of MRI
in the detection and monitoring of MS is such that its
application is no longer limited to the detection or
confirmation of the existence of the disease. It is also
very evident that the application of the use of MRI has
provided a link or bridge between the presentation and
pathology of the disease. The significance of the

application of the use of MRI in the detect of the
pathology of multiple sclerosis, where the presentation
of the disease may not necessarily reflect the activity
of the disease, has also been established by the key
findings.

Early Detection and Disease Monitoring

One aspect that is evident from the study is that early
detection is emphasized. Multiple sclerosis is
characterized by early changes that may not necessarily
manifest themselves in the form of symptoms. MRI is
capable of detecting such early changes, thus
facilitating early detection of multiple sclerosis.
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Early detection is, however, not sufficient and has to
be further correlated. While MRI is capable of
detecting changes, this is not necessarily correlated to
the extent and nature of the disecase. Moreover, there
can be differences that are noticed between MRI and
actual symptoms. While MRI is important, it is not
necessarily to be taken in isolation.

Besides facilitating early detection, MRI is also capable
of facilitating monitoring. Once multiple sclerosis is
detected, MRI is capable of facilitating observations
regarding the progress of the disease. This is possible
because repeated observations can be made to assess
changes. This is important in understanding individual
variations that may not necessarily be similar in
multiple sclerosis patients.

Advancements in Imaging Techniques

The use of advanced MRI techniques is an important
aspect of the development in multiple sclerosis. The
use of conventional MRI has been replaced to an
extent by advanced techniques. Conventional MRI
techniques have mainly been used to identify lesions
that are visible. Advanced techniques can identify
subtle and microstructural changes in multiple sclerosis
patients.  Advanced techniques offer further
information on brain structure and function that is not
possible through conventional techniques. Advanced
techniques are particularly useful in patients who
present with symptoms but show minimal
abnormalities.

on conventional MRI techniques. This shows that there
is involvement of the disease process that is not visible
on conventional techniques.

Role of Artificial Intelligence and Emerging Trends

The use of artificial intelligence in the assessment of
images using MRI has shown a trend in medical
imaging. The use of artificial intelligence-based
techniques has shown its potential in assisting in the
interpretation of images, for example, in the
identification of lesions and patterns.

The trends shown by the use of artificial intelligence-
based techniques have shown potential in medical
imaging. However, relying solely on artificial
intelligence-based techniques may not be appropriate.
Human expertise is important in interpreting images
and making decisions.

The use of artificial intelligence-based techniques has
shown a trend towards technology-based medical care.
In medical care, precision and efficiency are being
improved using technology.

Practical Considerations and Contextual
Understanding

It is important to understand that although there are
several advantages of using MRI, the practical
application of this technology in the field of clinical
practice is subject to several factors.

The challenges associated with the application of MRI
technology have demonstrated that although this
technology is important in the field of clinical practice,
the application of this technology should be considered

in the context of the practical situation.

The discussion has demonstrated that although MRI
technology plays an important role in the
understanding of multiple sclerosis, the effectiveness
of this technology is subject to the understanding of the
practical situation.

CONCLUSION

The current study also points to the growing
importance of the MRI scan in the therapy of multiple
sclerosis. The results of the study have clearly proved
the point that the growing importance of the MRI scan
has not only increased to the extent that it can be used
as a tool to detect the presence of the condition but also
has the potential to provide greater insight into the
condition in a more comprehensive manner. It not only
has the potential to detect the presence of the condition
but also has the potential to provide greater insight into
the changes in the condition.

One of the most important aspects of the current study
is the potential of the MRI scan to detect the changes in
the condition even before the symptoms appear. It has
the potential to play a significant role in the early
treatment of multiple sclerosis.

MRI also has a crucial role to play in the monitoring of
the course of the disease. This is because the capability
of MRI to monitor changes helps in the assessment of
the activity of the disease and the effectiveness of the
treatment.

The research also reflects the changes that have taken
place in the modality of imaging, especially with the
increased use of advanced imaging modalities
compared to the conventional MRI. These imaging
modalities provide better insights into the changes that
occur in the brain, which may not be possible using the
conventional imaging modalities. Therefore, these
changes are a reflection of the ever-changing nature of
the imaging modalities used for the diagnosis of
neurological disorders.

The emerging concept of the application of artificial
intelligence to interpret the MRI scans reflects the
future prospects of this modality. Although the concept
is still evolving, it has the potential to enhance the
modality of imaging.

In conclusion, this research confirms the role of MRI
in the management and diagnosis of multiple sclerosis.
The role of MRI in the early detection, management,
and even more complex imaging of the disease is very
instrumental in improving patient care. MRI is
expected to play a more crucial role in improving
patient care in the near future, especially with more
advances in technology.

RECOMMENDATIONS

On the basis of the observations made in the study, a
few practical suggestions can be made to improve the
use of MRI for patients suffering from multiple
sclerosis.

Clinical Perspective
The use of MRI can be made at a very early stage of the
patient’s health condition, especially when the patient
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is suspected of suffering from multiple sclerosis.

The use of MRI can help in the proper identification of
changes that might not be clinically evident.

The results obtained from the MRI can help in the
proper understanding of the progress of the disease in
the patient.

Care should be taken to avoid overdependence on the
results obtained from the MRI.

Imaging Practice

There is a scope for the gradual introduction of
advanced MRI techniques.

The proper training of healthcare professionals can
help in the better use of MRI techniques.

Use of Technology

The use of artificial intelligence can be very helpful in
the proper use of MRI.

The use of artificial intelligence can help in reducing
the workload of professionals.

The use of artificial intelligence should be made only to
a certain extent to avoid overdependence on its results.

Research Scope

Further research can be done on the long-term effects of
the MRI results in relation to the outcome of the
patients. The development of technology in the field of
imaging can aid in the precise diagnosis of the
condition in the future.

Accessibility and Practice

The development of facilities for MRI can aid in the
early diagnosis of the condition, especially in places
where facilities are not readily available.

The implementation of the protocols can aid in the
practice of the condition.
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