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 Osteoarthritis (OA) is a prevalent joint disorder, particularly impacting 

older and overweight individuals, leading to diminished quality of life and 

increased frailty. This review paper focuses on the current diagnostic 

methods for OA, which primarily rely on clinical examinations and 

imaging techniques. However, these approaches may lack efficiency and 

precision, prompting the need for advanced diagnostic systems. This paper 

proposes an Intelligent Medical Diagnostic System for Osteoarthritis 

utilizing deep learning and medical imaging. By integrating deep features 

with medical images, the system aims to accurately detect and classify OA, 

particularly in the knee joint. Challenges such as irrelevant feature 

selection and managing large image datasets are addressed, alongside an 

exploration of Magnetic Resonance Imaging (MRI) techniques for OA 

detection and classification. The review provides a comprehensive 

discussion on location strategies, feature extraction techniques, and 

classification methods pertinent to OA diagnosis, highlighting recent 

advancements and future research directions. 
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I. INTRODUCTION 

 

Recent advances in artificial intelligence (AI) have 

ushered in a new era of automation, where AI-driven 

workflows often outperform human capabilities. 

State-of-the-art neural networks have demonstrated 

exceptional proficiency in tasks such as object 

detection, segmentation within images, language 

translation, autonomous driving, and malware 

detection. These systems leverage massive datasets, 

comprising thousands or even millions of examples, to 

learn complex patterns and make accurate predictions. 

In the realm of medical imaging, AI holds significant 

promise for enhancing diagnostic accuracy and 

efficiency. Medical imaging involves the creation of 

visual representations of internal structures, crucial 
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for clinical diagnosis and intervention. Various 

imaging modalities, including computed tomography 

(CT), X-ray, magnetic resonance imaging (MRI), and 

ultrasound, play pivotal roles in diagnosing and 

monitoring a wide range of medical conditions. 

Osteoarthritis (OA) stands as one of the most 

prevalent joint diseases, particularly impacting 

overweight individuals, females, and the elderly. OA 

primarily affects the cartilage, a resilient tissue that 

cushions joints and facilitates smooth movement. 

However, in OA, the protective cartilage undergoes 

degeneration, leading to bone-on-bone contact, joint 

stiffness, and debilitating pain. Age is a significant risk 

factor for knee OA, with two main types recognized: 

Primary OA, commonly associated with aging or 

genetic predisposition, and Secondary OA, which may 

arise earlier in life due to factors such as injury, 

obesity, diabetes, athletic activities, or rheumatoid 

conditions. 

Despite the immense potential of AI in medical image 

analysis, its application to OA diagnosis poses unique 

challenges. Unlike some domains where vast datasets 

are available, medical imaging datasets are often 

smaller and more diverse. Additionally, interpreting 

medical images requires domain-specific expertise to 

discern subtle structural changes indicative of 

pathology. In the context of OA, AI algorithms must 

be trained to recognize intricate features associated 

with cartilage degeneration and joint damage. This 

necessitates the development of robust deep learning 

models capable of extracting relevant information 

from medical images while minimizing noise and 

artifacts. Moreover, AI-driven diagnostic systems 

must be validated rigorously to ensure their accuracy 

and reliability in clinical settings. Figure 1 provides a 

visual comparison between a normal knee image and 

an image depicting characteristic features of OA. This 

visual representation offers insights into the structural 

alterations associated with OA, aiding in diagnostic 

interpretation and research investigations. By 

leveraging AI technologies, researchers and clinicians 

can potentially improve early detection, prognosis, 

and treatment monitoring of OA, ultimately 

enhancing patient outcomes and quality of life. 

 

 
Figure 1: Sample of Normal Knee and Osteoarthritis 

knee 

 

Osteoarthritis (OA) is a progressive joint disorder 

characterized by the degradation of cartilage due to 

maladaptive repair responses triggered by trauma. The 

knee joint, comprising three compartments, is 

particularly susceptible to OA, with a global 

prevalence of 16% in individuals aged 15 and above, 

disproportionately affecting the elderly. Primary knee 

OA typically occurs in older individuals due to 

cartilage wear and tear, while younger individuals 

may develop secondary knee OA due to joint overuse 

or trauma. Various risk factors contribute to the 

development of knee OA, including age, gender, 

obesity, injury, joint abnormalities, diet, physical 

activity levels, inactivity, and genetic predisposition. 

Symptomatic knee OA manifests as debilitating pain, 

stiffness, swelling, physical disability, and limitations 

in daily activities, reflecting its complex nature as a 

whole joint disorder rather than solely a cartilage 

problem. The increasing prevalence of knee OA, 

driven by factors such as obesity and aging, poses a 

growing burden on healthcare resources and society's 

economic well-being, necessitating proactive 

measures for disease management. The management 

of knee OA revolves around diagnosis and treatment, 

with both elements working synergistically to 

optimize outcomes. Diagnosis relies on patient-

reported symptoms and imaging modalities such as X-
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rays, often occurring during moderate-to-late stages of 

the disease when irreversible joint damage is evident. 

However, current diagnostic methods require expert 

interpretation and are time-consuming. To enhance 

diagnostic efficiency, sensor technologies and 

machine learning algorithms are being explored. 

Treatment goals aim to delay disease progression and 

alleviate symptoms, as there is currently no cure for 

knee OA. Nonsurgical interventions are 

recommended for early-to-moderate OA stages, while 

knee arthroplasty may be necessary in severe cases. 

However, many treatments are still in clinical trial 

phases, and available medications primarily focus on 

symptom relief. Intra-articular injections show 

promise for pain relief in mid-to-late stage OA. 

 

 
Figure 2: Knee OA continuum in terms of detection 

and intervention. 

 

1.1 Overview of this review study 

The early detection of knee osteoarthritis (OA) is 

crucial for effective disease management. Detecting 

OA before symptoms manifest allows for timely 

intervention, potentially preventing further joint 

damage. There is growing evidence suggesting that 

pre-osteoarthritis may be reversible, highlighting the 

importance of early detection. However, diagnosing 

OA in its early stages presents challenges, as patients 

may be asymptomatic and pathological changes subtle, 

leading to potential misdiagnosis by medical experts. 

To address this challenge, researchers have turned to 

wearable sensors and wireless body area networks 

(WBANs) for gait analysis and remote monitoring of 

body conditions. A framework known as the artificial 

intelligence-based body sensor network framework 

(AIBSNF) has been proposed to leverage body sensor 

networks for optimal data collection. By analyzing 

data collected from wearable biosensors and real-time 

location systems, potential OA-related changes can be 

identified, offering a promising approach for early 

detection. Additionally, inertial sensors placed at the 

mid-thigh have been used to quantify varus thrust in 

patients with medial knee OA, demonstrating the 

potential of WBANs as evaluation tools for 

rehabilitation performance and therapeutic effects. 

The current management of knee OA has been 

enhanced by the emergence of data collection 

equipment, enabling data-driven studies for 

personalized medicine. Despite advancements in 

medical device and sensor technologies, the lack of 

valid clinical reasoning in outcome measures for knee 

OA remains a challenge. Medical experts often 

struggle to identify the most suitable intervention for 

individual patients at the optimal time, resorting to a 

trial-and-error approach that is costly and time-

consuming. Imaging features have emerged as rapidly 

growing outcome measures for objective OA 

assessment, providing valuable insights for diagnosis 

and prognosis. This aims to explore the roles of knee 

OA imaging features in both traditional and recent 

diagnostic and prognostic approaches. By examining 

the emerging role of imaging features in AI-assisted 

diagnostic and prognostic models, this study seeks to 

provide insights for researchers into leveraging 

imaging data for improved OA management. Figure 

below illustrates an overview of the key aspects 

covered in this review, highlighting the importance of 

early detection and the potential of imaging features 

in enhancing diagnostic and prognostic accuracy. 
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Figure 3: Overview of Knee Imaging Features 

 

1.2 Insights into Knee Osteoarthritis Imaging Features 

Imaging modalities play a critical role in visualizing 

knee joint structures, providing digital images for 

manual interpretation by medical experts. Manual 

knee image analysis focuses on identifying structural 

and pathological deviations, commonly referred to as 

imaging features. These features are observed through 

qualitative visual judgments, wherein radiological 

findings are spotted and noted. Understanding knee 

OA imaging features involves consideration of both 

the imaging modality used and the grading system 

applied. Different imaging modalities offer unique 

insights into knee OA pathology. For instance, X-ray 

imaging reveals bony changes such as osteophytes and 

joint space narrowing, while magnetic resonance 

imaging (MRI) provides detailed information on soft 

tissue abnormalities, cartilage defects, and synovial 

inflammation. Computed tomography (CT) scans offer 

high-resolution images useful for assessing bone 

morphology and identifying osteophytes. Grading 

systems help classify the severity of knee OA based on 

imaging findings. Common grading systems include 

the Kellgren-Lawrence classification for X-rays, 

which categorizes OA severity from grade 0 (normal) 

to grade 4 (severe OA). MRI grading systems often 

assess cartilage defects using scores such as the 

Whole-Organ Magnetic Resonance Imaging Score 

(WORMS) or the Boston Leeds Osteoarthritis Knee 

Score (BLOKS). Table 1 outlines various imaging 

features observed in knee OA, categorized based on 

their appearance on different imaging modalities. 

These features include osteophytes, joint space 

narrowing, subchondral sclerosis, bone cysts, cartilage 

loss, synovitis, and meniscal tears, among others. Each 

imaging feature provides valuable diagnostic 

information, contributing to the overall assessment of 

knee OA severity and progression. By understanding 

the fundamentals of imaging modalities and grading 

systems, clinicians can effectively interpret knee OA 

imaging features and classify disease severity. This 

knowledge facilitates accurate diagnosis, prognosis, 

and treatment planning, ultimately improving patient 

care and outcomes. 

 

 
Figure 4:  knee OA features and pathologies with 

respect to healthy knee 
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1.3 Comparative Analysis of Imaging Modalities 

 

TABLE I: COMPARATIVE ANALYSIS

Imaging 

Technique 

Working 

Principle 

Pros Cons Detectable OA 

Features 

Grading Scale 

X-ray 

imaging/radiogra

phy/roentgenogr

aphy 

Ionizing 

radiation passes 

through patient's 

body. 

(I) Low cost (I) Mostly limited 

to 2D 

visualization 

(I) Joint space 

narrowing 

(I) Kellgren-

Lawrence (KL) 

Magnetic 

resonance 

imaging (MRI) 

Protons in 

patient's body are 

stimulated using 

magnetic fields. 

(I) Permits 

visualization of 

intra-articular 

structures and 

soft tissues 

(I) Expensive (I) Joint space 

narrowing 

(I) Modified Outer 

bridge 

classification 

Computed 

tomography (CT) 

Ionizing 

radiation is 

passed through 

patient's body. 

(I) Permits 

visualization of 

bony structure 

and calcified 

tissue 

(I) Expensive (I) Osteophyte 

formation 

(I) Osteoarthritis 

Computed 

Tomography 

(OACT) 

Nuclear medicine 

bone scan 

Radioactive 

tracer is injected 

and absorbed by 

metabolically 

active cells. 

(I) Enables 

radiopharmaceuti

cal localization 

(I) Injection of 

radioactive tracer 

(I) Osteophyte 

formation 

Nil 

Ultrasonography Knee joint is 

scanned with 

sound waves. 

(I) Low cost (I) Limited to 2D 

visualization 

(I) Osteophyte 

formation 

(I) Ultra 

sonographic 

grading scale 

Optical 

coherence 

tomography 

(OCT) 

Cartilage sample 

is scanned with 

infrared light. 

(I) Evaluation of 

cartilage at high 

resolution 

(micron scale) 

(I) Not applicable 

for in vivo 

assessment 

(I) Cartilage 

surface roughness 

(I) Degenerative 

joint disease (DJD) 

classification 

 

1.4 Problem Definition 

Object identification, a fundamental aspect of 

computer vision, involves methods aimed at detecting 

and labelling objects within both static and dynamic 

images. Within the medical domain, computer vision 

techniques have garnered significant attention for 

their potential to provide valuable insights into 

various diseases, particularly through medical imaging. 

In this context, the focus is on addressing the problem 

of knee osteoarthritis (OA) diagnosis using magnetic 

resonance imaging (MRI). Specifically, the objective is 

twofold: firstly, to develop methods for accurately 

detecting OA-affected regions within knee MRI 

images, and secondly, to classify these regions as OA-

affected or unaffected. Object detection pertains to 

identifying the precise areas affected by OA within 

the knee MRI scans, while image classification 

involves determining whether the identified regions 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 12 |  Issue 2 

Prof. Ayesha Asif Sayyad et al Int J Sci Res Sci & Technol. March-April-2025, 12 (2) : 53-64 

 

 

 
58 

exhibit signs of OA. This problem statement 

underscores the need for advanced computer vision 

techniques to automate the diagnosis of knee OA, 

thereby facilitating timely intervention and improved 

patient outcomes. 

 

II. LITERATURE SURVEY 

 

2.1. Survey of Recent Review Papers 

Rahul Singh et al. (2023) introduce a convolutional 

neural network (CNN) model for classifying knee 

osteoarthritis severity levels based on x-ray images. 

Knee osteoarthritis (OA) is a chronic degenerative 

joint disease affecting millions worldwide, particularly 

those over 60, and is a significant cause of disability. 

The condition occurs when the cartilage in the knee 

joint wears away over time, leading to bone-on-bone 

contact and resulting in pain, stiffness, swelling, and 

decreased range of motion. Deep neural networks, 

particularly CNNs, have shown promise in medical 

applications such as diagnosis and detection. Singh et 

al. propose a CNN model to classify knee osteoarthritis 

into five categories: Minimal, Healthy, Moderate, 

Doubtful, and Severe. The CNN model is evaluated 

and compared with two pre-trained transfer learning 

models: Xception and InceptionResNet V2. The 

evaluation metrics include precision, recall, F1 score, 

and accuracy. The results demonstrate that the 

proposed CNN model outperforms both transfer 

learning models, achieving 98% accuracy along with 

high precision, recall, and F1 score values. This 

research suggests that the proposed CNN model has 

potential applications in clinical practice, assisting 

doctors in accurately classifying knee osteoarthritis 

severity levels by analyzing single x-ray images.  

Jianzhong Zhou et al. (2023) focus on studying a 

computer-assisted diagnosis method for knee 

osteoarthritis (KOA), leveraging multivariate 

information such as vibroarthrographic (VAG) signals 

and basic physiological signals. KOA is characterized 

by the degeneration of knee articular cartilage and 

presents challenges for doctors in visually detecting 

VAGs and evaluating patients' conditions due to 

limited understanding. Zhou et al. propose a method 

named KOA-CAD that integrates an improved deep 

learning model (DLM) with an aggregated multiscale 

dilated convolution network (AMD-CNN) and 

Laplace distribution-based strategy (LD-S) for 

classification. The KOA-CAD method aims to achieve 

automatic KOA detection, early detection, and 

grading detection. The research evaluates the 

method's performance using multivariate information 

collected clinically, achieving high accuracies for 

automatic detection, early detection, and grading 

detection. This study suggests that the proposed KOA-

CAD method has potential in assisting doctors with 

KOA diagnosis by utilizing multivariate information 

effectively.  

Pauline Shan Qing Yeoh et al. (2023) investigate the 

feasibility of using various convolutional neural 

network (CNN) architectures for knee osteoarthritis 

diagnosis from magnetic resonance imaging (MRI) 

scans. Knee osteoarthritis is a common 

musculoskeletal disease, and MRI is a powerful tool 

for detecting it. However, interpreting MRI images 

can be time-consuming and subjective.  

Yeoh et al. explore the potential of 3D CNNs, 

specifically DenseNet, in knee osteoarthritis diagnosis 

from MRI images. They also incorporate a Squeeze-

and-Excitation (SE) layer into the network to 

selectively emphasize informative features. Transfer 

learning is employed by transforming 2D pre-trained 

weights into 3D as initial weights for training the 3D 

models. The performance of the models is compared 

and evaluated based on various metrics such as 

balanced accuracy, precision, F1 score, and area under 

the receiver operating characteristic curve (AUC-

ROC). The results indicate promising performance of 

the transfer learning-based models, with ResNet34 

achieving the highest accuracy and F1 score values. 

This research highlights the potential of utilizing CNN 

architectures for knee osteoarthritis diagnosis from 

MRI scans, providing insights for clinical diagnostic 

aid. N. Hema Rajini & A. Anton Smith et al. (2023) 
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propose a particle swarm optimization (PSO) model 

with deep neural network (DNN) for knee 

osteoarthritis (OA) diagnosis from x-ray images. Knee 

OA is a prevalent musculoskeletal disorder, and an 

efficient computer-aided diagnosis (CAD) model is 

needed for accurate diagnosis. Rajini & Smith design 

the PSO-DNN technique to distinguish between 

healthy and diseased knee x-ray images. The proposed 

method involves noise removal and image 

enhancement using guided filtering and adaptive 

histogram equalization, followed by global 

thresholding-based segmentation for extracting 

synovial cavity regions. The PSO-DNN model is 

evaluated using real-time patient-oriented images 

gathered from medical organizations, demonstrating 

superior performance in distinguishing between 

healthy and diseased knee x-ray images. This research 

suggests that the PSO-DNN model has potential in 

assisting doctors with knee OA diagnosis by 

effectively utilizing x-ray images and deep learning 

techniques.  

Xianfeng Yang et al. (2022) present a deep learning-

based diagnostic model for knee osteoarthritis severity 

assessment, aiming to improve diagnostic efficiency 

and avoid cumbersome image preprocessing. Knee 

osteoarthritis is diagnosed using the commonly used 

radiology severity criteria Kellgren-Lawrence (KL) 

scoring system, which may lead to variability among 

surgeons. Existing diagnosis models often require 

preprocessed radiographs and specific equipment. 

Yang et al. develop a deep learning-based diagnostic 

model trained and validated using a large dataset of x-

ray images from patients diagnosed with knee 

osteoarthritis. The model achieves high accuracy and 

reliability compared to clinical diagnosis, with 

sensitivity, specificity, precision, and F1 score values 

indicating excellent performance across different KL 

severity grades. This research suggests that the deep 

learning-based diagnostic model can efficiently assess 

knee osteoarthritis severity according to the KL scale, 

providing reliable and reproducible results.  

Rosline Mary et al. (2023) propose a deep learning-

based approach for automatic knee osteoarthritis 

diagnosis from MRI images, aiming to facilitate early 

detection and monitoring of the disease. Knee 

osteoarthritis is a degenerative joint disease affecting 

millions worldwide, and MRI is a powerful tool for 

detecting it. However, manual interpretation of MRI 

images can be time-consuming and subjective. Mary 

et al. develop a deep learning architecture utilizing 

DenseNet with Squeeze-and-Excitation (SE) layers for 

automatic knee osteoarthritis diagnosis from MRI 

images. The proposed model achieves high accuracy in 

classifying MRI images as healthy or osteoarthritic. 

Additionally, the model includes a feature to generate 

sample reports for MRI scans uploaded in the portal, 

enhancing accessibility for patients and healthcare 

providers. This research suggests that the deep 

learning-based approach can effectively diagnose knee 

osteoarthritis from MRI images, providing a valuable 

tool for early detection and monitoring.  

Huthaifa A. Ahmed et al. (2022) design a classification 

system using Convolutional Neural Networks (CNNs) 

for knee osteoarthritis (OA) diagnosis from x-ray 

images, aiming to assist radiologists in assessing 

disease severity and recommending appropriate 

treatment. Knee OA is a disease characterized by the 

degeneration of knee joint cartilage, resulting in 

severe pain. Diagnosis of knee OA is typically 

obtained through x-ray imaging, but manual 

interpretation can be time-consuming and subjective. 

Ahmed et al. develop a CNN-based classification 

system trained and validated using a large dataset of 

knee x-ray images. The proposed system achieves high 

accuracy in distinguishing between healthy and 

osteoarthritic knee x-ray images, demonstrating 

superior performance compared to traditional 

diagnostic methods. This research suggests that the 

CNN-based classification system can provide efficient 

and accurate knee OA diagnosis, enhancing the 

workflow for radiologists and improving patient 

outcomes. 
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Jianfeng Yang, Quanbo Ji, Ming Ni et al. (2022) 

develop a deep learning-based diagnostic model for 

knee osteoarthritis severity assessment, aiming to 

improve diagnostic efficiency and reproducibility. 

Knee osteoarthritis is commonly diagnosed using the 

Kellgren-Lawrence (KL) scoring system, which may 

vary among surgeons. Existing diagnosis models often 

require preprocessed radiographs and specific 

equipment, leading to cumbersome image 

preprocessing.  

Yang et al. design a deep learning-based diagnostic 

model trained and validated using a large dataset of 

knee x-ray images. The model achieves high accuracy 

and reliability compared to clinical diagnosis, with 

sensitivity, specificity, precision, and F1 score values 

indicating excellent performance across different KL 

severity grades. This research suggests that the deep 

learning-based diagnostic model can efficiently assess 

knee osteoarthritis severity according to the KL scale, 

providing reliable and reproducible results.  

Wei Li et al. (2023) assess the performance of a deep 

learning algorithm for knee osteoarthritis (OA) 

detection from x-ray images, aiming to improve 

diagnostic accuracy and efficiency. Knee OA is a 

prevalent musculoskeletal disorder characterized by 

cartilage degeneration in the knee joint. Diagnosis of 

knee OA typically involves radiographic evaluation 

using the Kellgren-Lawrence (KL) grading system. Li 

et al. develop a deep learning algorithm trained and 

validated using a large dataset of knee x-ray images. 

The algorithm achieves high accuracy in detecting 

and classifying knee OA severity based on the KL 

grading system, demonstrating superior performance 

compared to traditional diagnostic methods. This 

research suggests that the deep learning algorithm can 

provide efficient and accurate knee OA diagnosis, 

facilitating early detection and appropriate 

management of the disease.  

Zhe Wang et al. (2023) propose a novel Siamese-based 

network with a hybrid loss strategy for early detection 

of knee osteoarthritis (KOA), aiming to improve 

classification performance and reproducibility. KOA is 

a prevalent musculoskeletal disorder characterized by 

decreased mobility in seniors, and its diagnosis is often 

subjective. Wang et al. develop a Siamese-based 

network integrated with Global Average Pooling 

(GAP) layers for feature extraction and a novel 

training strategy for improved classification 

performance. The proposed network achieves 

significant improvements in KOA detection 

performance compared to existing methods. This 

research suggests that the proposed approach can 

provide reliable and reproducible results for early 

detection of KOA, contributing to improved patient 

outcomes. 

 Sajeev Ram Arumugam et al. (2022) address the 

challenge of accurately diagnosing osteoarthritis (OA) 

using the Kellgren-Lawrence (KL) grading system. OA 

is the most prevalent form of arthritis, and radiologists 

commonly rely on the KL grading system to assess its 

severity based on information from knee joint x-ray 

images. While computer-assisted strategies have been 

proposed to enhance the accuracy of OA diagnosis, 

previous semiautomatic segmentation approaches 

often required human interaction, limiting their 

applicability to large datasets. The method is evaluated 

using x-ray scans from the Osteoarthritis Initiative 

(OAI) dataset, which contains a large number of knee 

joint samples. Despite the challenges of training on a 

massive dataset with over 8260 knee joint samples, 

their proposed method achieves accurate 

segmentation of 96.37% of the data. 

 

III. EXISTING METHODS 

 

Existing methods for the detection and classification 

of knee osteoarthritis from X-ray images primarily 

rely on image processing techniques and traditional 

computer vision approaches. However, these methods 

often require extensive manual effort and may lack 

the accuracy achieved by deep learning techniques. In 

contrast, deep learning methods, particularly 

convolutional neural networks (CNNs), have shown 

promise in this domain. Some notable deep learning 
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techniques include the two-stage detection approach, 

where CNNs serve as feature extractors, and various 

other methods for image detection and classification. 

Despite the advancements in deep learning, the 

current strategies for detecting and classifying 

osteoarthritis from medical images typically involve 

verification by medical experts and the utilization of 

medical imaging techniques. Conventional computer 

vision techniques often require significant manual 

intervention and may not achieve the desired 

accuracy for osteoarthritis detection and classification. 

Researchers have identified a range of methods for 

this purpose, particularly focusing on X-ray images 

due to their widespread use in clinical settings. 

Overall, the field of knee osteoarthritis detection and 

classification continues to evolve, with deep learning 

techniques offering promising avenues for improved 

accuracy and efficiency in medical image analysis. 

 

IV. CLASSIFICATION 

 

The extraction of information from data sets is a 

method of classification. This is finished by dividing 

the information into classes depending on some 

features. The thought is to determine a model which 

can perform the categorization by making data objects 

trained, where the category or label is known. The 

model should then have the option to arrange 

unlabelled information with adequate exactness. 

There are a wide range of models that are utilized for 

classification, for example neural networks. 

 

V. MACHINE LEARNING METHODS 

 

The concept of classical programming is that an 

engineer defines a set of rules, called an algorithm, as 

shown in Fig below which uses input data to calculate 

some form of output data. 

 
Figure 5: Classical programming pipeline 

 

A machine learning algorithm is an algorithm that can 

learn from data (shown in Fig) It can be used to 

calculate these rules automatically, so they do not 

have to be specified by hand. Three components are 

needed for such an approach: 

Input data the algorithm is supposed to transform 

The algorithm in output data is meant to predict 

A measurement to validate the performance of a 

prediction 

It works by feeding input and output data into a 

pipeline, which will learn to transform one into the 

other. With the bit leeway that no express writing 

computer programs is expected to create guidelines, 

comes the disservice that earlier information and yield 

information is required for the initial learning process. 

Machine learning may be applied as an effective 

method if it is not feasible or possible to define an 

algorithm by hand and sufficient data is available for 

training. How much “sufficient” is depends on factors 

like the type of task, the complexity of the data, the 

uniformity of the data, the type of machine learning 

algorithm and others. There are different subparts to 

machine learning like supervised and unsupervised 

learning. Supervised learning is used when it is clear 

what the output data looks like, whereas unsupervised 

learning can help to find unknown patterns in the 

data. Examples of supervised learning techniques 

include linear regression, gradient boosting and 

artificial neural networks (ANNs). 

 

 
Figure 6: Machine learning pipeline 

 

5.1. Artificial Neural Networks: 

AI is a domain in computer science aiming to replicate 

human learning processes. The structure of the human 

brain serves as the basis for machine learning 

techniques such as ANN or neural networks. ANN 
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comprises interconnected neurons, which are basic 

processing units altering their internal state based on 

input data and generating output dependent on both 

the input and current activation. 

5.2. Convolution Neural Networks: 

CNNs find broad applications in image and video 

recognition, recommender systems, and natural 

language processing. Convolutions are commonly 

employed in image processing, thus integrating them 

into visual tasks within the deep learning domain. 

Unlike dense layers that process input features 

globally, convolutions enable the learning of local 

patterns in the data. CNNs, a specialized type of ANN, 

utilize convolution in at least one of their layers. 

Initially introduced by Yann LeCun in 1990, CNN 

popularity was initially limited. A convolution is a 

mathematical operation on two functions: the input 

and the kernel, resulting in a feature map. CNN 

architectures typically include hidden layers to aid 

weight learning for input image features. Additionally, 

pooling layers are frequently utilized to reduce spatial 

resolution while retaining relevant features, thereby 

managing network size. 

5.3. Object Class Detection: 

In contemporary medical treatment, machine vision 

technologies play a crucial role in detecting surgical 

materials within objects. Medical image analysis is 

increasingly assisting pediatricians in diagnostics and 

treatment outcomes. Accurate evaluation of body 

segments is crucial, particularly in clinical images. 

Various technologies facilitate the identification and 

diagnosis of diseases, including osteoarthritis. 

Detection algorithms are employed in healthcare to 

address diagnostic challenges. These technologies are 

applicable to therapeutic imaging strategies such as 

cardiac computed tomography, ultrasound, X-ray 

fluoroscopy, and magnetic resonance imaging (MRI). 

5.4. Categorization Framework: 

The classification model in this project is trained on 

normal and osteoarthritis (OA) affected knee MRI 

images. By training an artificial neural network on 

these datasets, the model learns to predict whether an 

input image contains a normal knee MRI or an OA-

affected knee MRI. After training, the neural network 

can predict the class of input MRI images. Figure 

below illustrates the workflow of the classification 

model, depicting the prediction of input MRI images 

after training the neural network on datasets of OA-

affected knee MRI and normal knee MRI. 

 
Figure 7: OA knee or normal knee predictions 

 

5.5. Data Pre-processing Techniques:  

Neural Networks commonly have parameters ranging 

from tens of thousands to hundreds of millions, 

enabling them to autonomously learn relevant image 

features for a given task. However, due to the limited 

dataset available for this study, various pre-processing 

techniques were employed to enhance the images. 

These techniques primarily focused on eliminating 

irrelevant information and minimizing variance across 

multiple samples. Additionally, other preparation 

methods were explored to optimize the dataset. 

5.6. Categorizing the Image Datasets: 

The MRI datasets are categorized into two distinct 

classes: normal knee MRI images and OA-affected 

knee MRI images. 

5.7. Modern Neural Network Model using CNN: 

A simple deep learning-based classification model is 

depicted in Figure 5. 

 

 
Figure 8: A classification model 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 12 |  Issue 2 

Prof. Ayesha Asif Sayyad et al Int J Sci Res Sci & Technol. March-April-2025, 12 (2) : 53-64 

 

 

 
63 

Convolutional Neural Networks (CNNs) find 

extensive applications in various fields like image 

identification, picture labelling, object detection, and 

feature recognition. This project specifically utilizes 

CNNs for image classification, particularly in the 

context of medical MRI images. The classification 

model developed in this initiative primarily relies on 

CNNs to categorize images. The focus remained on 

leveraging CNNs to classify normal knee MRI images 

and knee MRI images affected by disease. By utilizing 

the features extracted from medical MRI images, the 

classification into these two classes was achieved. 

Additionally, the methodology enabled the accurate 

identification of the specific region affected by the 

disease in MRI images of the knee. 

 

VI. CONCLUSION 

 

The integration of deep learning techniques in the 

field of medical diagnostics for osteoarthritis, 

particularly in knee osteoarthritis, shows significant 

promise in enhancing the efficiency, accuracy, and 

early detection of this degenerative joint disease. 

Various studies have highlighted the potential of 

utilizing multivariate information, such as 

vibroarthrographic signals, physiological signals, and 

MRI scans, in developing computer-assisted diagnosis 

methods like KOA-CAD and CNN models for 

osteoarthritis detection and severity classification. The 

use of advanced deep learning models, including 

convolutional neural networks (CNNs) with 

innovative architectures like DenseNet and ResNet, 

coupled with techniques such as transfer learning and 

particle swarm optimization (PSO), has demonstrated 

superior performance in distinguishing between 

healthy and diseased knee images, as well as in 

automating the classification of osteoarthritis severity 

levels. These models leverage the power of deep 

learning to extract relevant features from medical 

images, thereby aiding clinicians in making accurate 

diagnoses and treatment decisions. Furthermore, this 

paper emphasizes the importance of leveraging 

imaging features in AI-assisted diagnostic and 

prognostic models for osteoarthritis management. By 

harnessing the capabilities of deep learning and 

medical imaging, researchers can enhance the 

diagnostic accuracy, early detection, and prognosis of 

osteoarthritis, ultimately leading to improved patient 

outcomes and personalized treatment strategies. 

Overall, the advancements in intelligent medical 

diagnostic systems for osteoarthritis using deep 

learning hold great potential in transforming the 

landscape of musculoskeletal disease diagnosis, paving 

the way for more efficient, objective, and data-driven 

approaches to managing osteoarthritis and improving 

patient care. 

 

VII. FUTURE SCOPE 

 

In the realm of intelligent medical diagnostic systems 

for osteoarthritis using deep learning, the future holds 

immense potential for transformative advancements. 

Key areas of future exploration include the 

development of more sophisticated deep learning 

models, the integration of multi-modal data fusion 

techniques, the implementation of explainable AI for 

enhanced interpretability, the creation of real-time 

diagnostic tools, the facilitation of telemedicine and 

remote monitoring capabilities, the customization of 

personalized treatment strategies, and the validation 

of these systems through large-scale clinical studies. 

By pushing the boundaries of technology and research 

in these areas, the future landscape of AI-driven 

diagnostic systems for osteoarthritis is poised to 

revolutionize the field, offering improved diagnostic 

accuracy, personalized care, and enhanced patient 

outcomes. 
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