Journal of Ilam University of Medical Sciences

JIUMS

P-ISSN: 1563-4728
E-ISSN: 2588-3135

Diagnostic Techniques and Artificial Intelligence for Multiple Sclerosis

Asma Raisi !

, Mahsa Nasiri !

Identification

, Hajar Danesh **

* Dept of Electrical and Biomedical Engineering, Faculty of Engineering and Technology, Shahid Ashrafi Esfahani

University, Isfahan, Iran

Article Info

ABSTRACT

Article type:
Review article

Article History:
Received: Jan. 19, 2025
Received in revised form:

Mar. 09, 2025
Accepted: Oct. 26, 2025
Published Online: Apr. 29, 2025

* Correspondence to:

Hajar Danesh

Dept of  Electrical and
Biomedical Engineering,
Faculty of Engineering and

Technology, Shahid Ashrafi
Esfahani  University, Isfahan,
Iran
Email:

hajardanesh@yahoo.com

Introduction: Multiple sclerosis is a chronic autoimmune disorder causing the degeneration
of the myelin sheath, affecting nerve signal transmission. Symptoms include muscle weakness,
visual disturbances, balance impairments, and incoordination. Early diagnosis is crucial for
effective disease management and preventing irreversible neurological damage. This research
was designed to explore diagnostic methods and introduces machine learning for automated
data analysis and faster diagnosis.

Materials & Methods: This study reviewed diagnostic methods for multiple sclerosis (MS),
including electroencephalography (EEG), electromyography (EMG), clinical data,
cerebrospinal fluid analysis, magnetic resonance imaging (MRI), and optical coherence
tomography (OCT). Artificial intelligence (Al)-based approaches were also introduced to
enable automated data analysis and expedite disease diagnosis. A novel platform-based
method was proposed as an exclusive approach for automated detection through the integration
of established diagnostic techniques.

Results: Findings indicated that magnetic resonance imaging (MRI) demonstrates high
accuracy in the diagnosis of multiple sclerosis. Based on the average performance of artificial
intelligence-based methods across the primary diagnostic modalities, accuracies of 90%, 75%,
80%, 90%, and 95% were achieved for MRI, optical coherence tomography (OCT),
electroencephalography (EEG), electromyography (EMG), and cerebrospinal fluid analysis,
respectively. The proposed platform integrates these modalities to enhance both the speed and
accuracy of disease detection.

Conclusion: The utilization of advanced diagnostic techniques, coupled with the integration
of multiple methodologies, markedly improves the early detection and therapeutic intervention
of multiple sclerosis, thereby reducing the associated complications of the disease.
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Introduction

on clinical evaluations and computed
tomography (CT) imaging, both of which had

Multiple sclerosis (MS) is a chronic,
inflammatory, and neurodegenerative disease
characterized by demyelination and axonal
damage in the central nervous system (CNS),
ultimately leading to progressive neurological
disabilities (1). Common clinical manifestations
include fatigue, muscle weakness, spasticity,
visual disturbances, dizziness, and sensory
impairments (1). MS affects approximately 2.3
million individuals globally, with the typical
onset occurring between the ages of 20 and 40
(2). Historically, the diagnosis of MS was based

significant limitations in sensitivity and
specificity (3). Since the 1980s, magnetic
resonance imaging (MRI) has become the gold
standard for detecting CNS lesions and
improving diagnostic accuracy (3). Current
diagnostic  protocols  integrate  clinical
assessment with advanced tools such as MRI,
electroencephalography (EEG), and
cerebrospinal fluid (CSF) analysis, the latter of
which can provide evidence of CNS
inflammation (4). Despite advancements,
previous studies have encountered challenges
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including limited diagnostic accuracy and
inadequate integration of diverse data sources
(4). In recent years, artificial intelligence (Al)
and machine learning (ML) technologies have
shown promise in overcoming these obstacles
by enhancing data analysis precision,
supporting early detection, and enabling
automation in the diagnostic process (5). This
research was designed to explore diagnostic
methods and introduces machine learning for
automated data analysis and faster diagnosis.

Methods

This study explores various methods for
diagnosing multiple sclerosis (MS) using
artificial intelligence (Al) and deep learning
algorithms. The methods include MRI imaging
for brain and spinal lesions, optical coherence
tomography (OCT) for analyzing the optic
nerve, and cerebrospinal fluid (CSF) testing to
identify oligoclonal bands as markers of
inflammation in the central nervous system
(CNS). Electroencephalography (EEG) is used
to evaluate brain electrical activity, while
electromyography (EMG) assesses
neuromuscular function. Machine learning and
deep learning subfields are investigated for
processing extracted data. An integrated
platform combining traditional diagnostic tools
with advanced Al and machine learning
techniques is proposed. MRI-based diagnosis is
recognized as a key tool for identifying and
monitoring MS by detecting lesions in the brain
and spinal cord. Al enhances the accuracy and
speed of MRI analysis through algorithms such
as gradient boosting, support vector machines
(SVM), and convolutional neural networks
(CNNSs). CSF testing is another critical method
for MS diagnosis and monitoring, enabling the
detection of specific biomarkers like oligoclonal
bands and neurofilament light chain (NFL).
McDonald criteria, particularly serum cNfL,
have proven effective in identifying patients at
high risk. EEG signal analysis reveals
significant differences between MS patients and
healthy individuals, with abnormalities detected
in 20-60% of patients. Al-based techniques,
such as CATBoost and multifractal analysis, aid
in identifying abnormal patterns and enhancing
prediction accuracy. The proposed platform
supports  real-time data collection and
processing from multiple sources and serves as
a clinical decision-support infrastructure.
Leveraging the Internet of Things (loT), the
patient's condition is continuously monitored,

enabling early detection of anomalies. This
multidimensional approach supports healthcare
professionals in complex decision-making and
contributes to a more promising outlook for
patients.

Results

The methods reviewed for MS diagnosis
demonstrate significant advancements across
various techniques. The average accuracy of the
approaches studied is as follows: MRI: highest
accuracy at 95%, capable of detecting brain and
spinal lesions and tracking disease progression.
CSF testing: 90% accuracy in identifying CNS
inflammation markers. OCT: 90% accuracy
with the use of Al models and CNNs. EEG:
80% accuracy, improved by multifractal
analysis. EMG: lowest accuracy at 75%, used
for evaluating neuromuscular function. MRI
remains the most accurate and reliable method.
Furthermore, integrating advanced MRI
techniques with Al algorithms and biological
markers can improve diagnostic precision and
enhance patient  experience.  However,
challenges such as high costs, the need for large
training datasets, and the lack of standardized
data collection protocols persist. These issues
may  hinder the  development and
implementation of these methods and require
effective solutions.

Conclusion

This study has explored high-accuracy
diagnostic approaches for MS using a range of
techniques, including machine learning, deep
learning, and Al. Results indicate that MRI-
based methods are the most effective, and their
integration with techniques such as EEG and
CSF testing provides clinicians with a
comprehensive understanding of the disease.
The application of Al algorithms, particularly
CNNs, significantly improves diagnostic
accuracy. Nevertheless, challenges remain,
including the need for high-quality data, privacy
concerns, and the necessity for powerful
hardware. It is hoped that through the
integration and personalization of methods,
patients' quality of life will improve and disease-
related damage will be reduced. The concurrent
use of multiple methods and Al algorithms can
shorten diagnostic time and increase precision.
This comprehensive approach may enhance
clinical workflows and improve healthcare
services for MS patients.
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