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Abstract:  Connective tissue that helps the joints and bones is named as Cartilage is present between the 

bones; Osteoarthritis (OA) means degradation of the tissues present in between the bones. It affects the lots 

of population worldwide which leads to ache, Rigidity, and Immobility. Detecting the Osteoarthritis in early 

stages and classification are difficult for accurate analysis and proper treatment. Treatments which are 

followed earlier are totally depends upon the clinical investigations like radiographic x-ray images, this type 

of treatment is very time-consuming. Latest research of machine learning and deep learning under Artificial 

Intelligence techniques of provides much better solution for the medical imaging findings, gives belter 

solution for analysis detection and classification of osteoarthritis (OA) using different types of 

imaging technologies. This review combines recent research on Osteoarthritis detection and classification 

techniques used in machine learning and deep learning approaches. This review papers explores the models 

from machine and deep learning, dimensionality reduction technologies, hybrid models, and future research 

directions. 

Index Terms - Artificial Intelligence, Osteoarthritis, Knee X-Ray, machine learning, Deep learning. 

    

INTRODUCTION 

 

Osteoarthritis is a disease of bone joins which is typically identified by decay of connective tissue present 

between two bones and is characterized by discomfort while moving or any movement of particular bone 

areas, hardness typically seen in older persons. Older techniques of Osteoarthritis detection  includes  

medical image studies using radiographic images, Usually, Osteoarthritis detection depends upon the 

degradation of substances present between joins, Bone spurs, thickening and hardening of the bone, and 

change in the shape, size, or alignment of a bone [1]. However, this manual detection of the images is cost 

effective and prone to variability between radiologists. 

 

Advancements in AI, specifically ML and DL present promising solutions to these challenges by 

automating the analysis of medical images, AI systems can offer faster, more accurate and consistent 

diagnostic support for OA detection. Detection of KOA more efficiently and accurately is possible with help 

of different transfer learning, deep learning techniques with the help of X-ray images [1]. 

 

This review strives to offer a thorough understanding of current AI-based techniques, focusing on machine 

learning, deep learning, and hybrid models utilized in OA detection and classification. The example of 

normal & affected Osteoarthritis knee medical images is as follows: 

 

http://www.ijcrt.org/
https://ieeexplore.ieee.org/search/searchresult.jsp?matchBoolean=true&queryText=%22Index%20Terms%22:Deep%20learning&newsearch=true


www.ijcrt.org                                                 © 2024 IJCRT | Volume 12, Issue 10 October 2024 | ISSN: 2320-2882 

 

IJCRT2410663 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org f677 
 

 

  

Fig 1: Normal Knee Fig 2: Osteoarthritis affected knee 

 

 

 

Figure 1 is showing a normal knee joint consists of body structures that work together to enable movement 

and offer stability. 

Figure 2 is showing cartilage that covers the ends of the femur and tibia becomes smaller resulting in to 

increased friction. 

LITERATURE REVIEW 

 

Tiwari A [1], In Evaluation of artificial intelligence models for osteoarthritis studied characteristics of OA 

visible on X-rays and how radiologists currently diagnose and grade OA severity studied the prior research 

using deep learning, especially Convolutional Neural Networks (CNNs), on radiographic X-rays, showing 

advancements and challenges specific to knee OA detection. Author Worked on Data Acquisition, Pre-

processing, Model development, Training and Testing. Article suggest a comparative evaluation of AI 

models on OA, enhancing both capability and applicability for treatment on knee osteoarthritis 

 

Shivanand S. Gornale proposed [2], Osteoarthritis degeneration of cartilage, due to which bones start 

kneading each other leading to a severe pain. The scenario for the evaluation of Osteoarthritis includes 

clinical examination & various medical imaging techniques. Traditional methods of handling such patient 

are very time consuming and the costly. Authors have used Active contour segmentation technique to 

segment the part of the knee X-ray image to diagnosis the disease. The features like Haralick, Statistical, 

First four moments, Texture and Shape are computed and classified using Random Forest classifier. The 

used method gives more competitive and promising outcome with the existing algorithms. 

 

Article[3] discuss established grading systems, such as the Kellgren-Lawrence (KL) scale, which grades OA 

severity from 0  to 4 based on features extracted from radiological images. Author explain about CNNs are 

effectiveness in recognizing patterns and features in radiological X-ray images. For training data accuracy, 

sensitivity, specificity, precision, recall, F1-score, and AUC-ROC metrics are summarized and used to 

assess model performance. Lastly authors suggested the need for other models which can also handle rare 

OA images. 

 

The literature[6] AI in Osteoarthritis Review of the Current Landscape explains the comprehensive studies 

on  how artificial intelligence (AI) is changing from  detection, to grading, and flow of osteoarthritis (OA) 

detection, especially through the analysis of medical images. AI has one step forward in automating OA 

diagnosis and grading, Still combination of research and clinical validation are plays vital role in the 

Osteoarthritis treatment. Major challenges include the inconsistency and lack of good-quality OA datasets, 

issues with model applicability, and basic considerations regarding AI implementation in healthcare. The 
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field is moving towards multi-modal AI models that integrate various data sources, real-time diagnostic 

systems for clinical use, and personalized medicine applications. 

 

The article[7] Osteoarthritis Detection and Classification from Knee X-ray Images Based on Artificial 

Neural Network shows that Artificial Neural Networks play an important role for OA detection and 

classification by automating feature extraction and providing efficient and fast assessments. Artificial 

Neural Network models have provided good accuracy; with the challenges like data scarcity, model 

understandability, and extension. Tackling issues through high-quality data collection, multi-faceted 

methods, and research studies are important in introducing ANN-based OA detection closer to clinical 

practice. 

 

A Novel [9] Hybrid Approach Based on Deep CNN Features to Detect Knee Osteoarthritis presented for 

early-stage prediction of Knee Osteoarthritis. The multi-class classifiers SVM, RF, and KNN, are used to 

classify Knee Osteoarthritis. The input X-ray images are preprocessed, and then the Region of Interest 

(ROI) is extracted through segmentation. Secondly, features are extracted from preprocessed X-ray images 

containing knee joint space width using hybrid feature [4] descriptors such as Convolutional Neural 

Network (CNN) through Local Binary Patterns (LBP) and CNN using Histogram of oriented gradient 

(HOG). 

 

Traditional Machine Learning Approaches in OA Detection 

 

 

 As per researches done earlier methodology used for detection and analysis of osteoarthritis with the help 

X-ray, MRI. Severity of osteoarthritis can be detected and analyzed using machine learning techniques [4]. 

According to the application of Ensemble Empirical Mode Decomposition  and Detrended Fluctuation 

Analysis (EEMD-DFA) algorithms combined with ANN classification, vibroarthrography can be effectively 

used for the detection of knee osteoarthritis using ML algorithms starts with collecting acoustic signals 

which further  digitally  processed which can detect the characteristic  features like frequency, amplitude of 

osteoarthritis  and afterward employing machine learning algorithms to classify and predict the condition of 

joints [5]. 

 

In year 2016 Gornale researched a machine approach for osteoarthritis detection using knee medical images, 

applying man made features such as texture and shape [2]. In 2019 Hegadi et al. further expanded on 

traditional methods using Artificial Neural Networks (ANNs) with combination of feature extraction 

techniques to classify osteoarthritis hardness [7].  

 

Feature Extraction Techniques 

 

Image segmentation technique is applied on the radiological images to get more accurate detection of 

osteoarthritis [2].  Osteoarthritis detection takes place easily after applying extraction methods on medical 

images. To prevent the errors, Computer-assisted systems were used traditional methods of detecting knee 

osteoarthritis, also used to shorten the diagnosis time, and accelerate the treatment process. A hybrid model 

was developed by using methods for feature extraction, and for feature selection [3]. 

 

Traditional Data extraction strategies like Local Binary Patterns (LBP) and Histogram of Oriented Gradients 

(HOG) are remain highlighted in osteoarthritis detection [9]. Histogram of Oriented Gradients analyses the 

edges of an image, and use it for further studies of joints structures. Features like spatial gray-level 

dependence texture, quantitative, shape etc. are extracted by using image processing strategies. This 

detection system consists of four key stages: Region of Interest, segmentation, feature extraction, and 

classification through a neural network. Ai the end methodology results in a classification accuracy of 

98.5% during training and 92% during testing [11]. 

http://www.ijcrt.org/
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Machine Learning for OA Detection 

 

   The medical images are processed firstly using the frequency domain utilizing a circular Fourier filter. In 

the next step multivariate linear regression (MLR) is utilized to the data, and differences between 

osteoarthritis (OA) patients and healthy people is reduced. In the feature selection stage, independent 

component analysis (ICA) method is applied to reduce the size of the data. At the end, Naive Bayes and 

random forest classifiers sort or classify the data [12]. 

 

Deep Learning for OA Detection 

 

Article explained that, Faster R-CNN model is trained over the data collected of people’s age greater than 

50. ResNet-50 model used to help identify features. Also AlexNet model used for classification of how 

severe the knee OA was [13] in deep learning, particularly through Convolutional Neural Networks (CNNs), 

there has been a remarkable shift in the analysis of medical imaging by automatically learning and 

extracting features from raw images. 

 

Knee Osteoarthritis patients cannot move the leg due to pain in knee. Recovery chances of fixing this type 

of damages are very difficult, many times total knee replacement is suggested to the patients. Diagnosing 

osteoarthritis is by using manual methods are very time consuming and can vary from doctor to doctor, 

leading to mistakes. To resolve this type of issues author [15] suggested a new Knee Osteoarthritis diagnosis 

model using a deep learning technique called DenseNet169. Which is faster and cheaper also gives more 

efficient results. 

 

CNNs in Medical Imaging 

 

Rafał O. conducted a comparative study of different deep learning methods applied to knee bone images 

from MRI and X-ray, and CT scans, noting the superior performance of CNNs over traditional ML 

techniques [14]. Review covers the study of transition from the classic discovery of X-rays to the 

deployment of machine learning and deep learning algorithms in medical imaging. The study also examines 

other crucial aspects such as image segmentation, computer-aided diagnosis, predictive analytics, and 

workflow optimization, all of which used to enhance diagnostic accuracy, personalized care, and enhanced 

clinical effectiveness. 

Hybrid Models 

Mahum et al. proposed a hybrid method integrating deep CNN features with traditional ML models, 

demonstrating that integrating deep learning with traditional methods yields better performance [9]. This 

trend of hybrid models is gaining traction in OA detection research. 

Advances in CNN Architectures 

 

Deep learning, especially CNNs, has transformed the field of medical imaging analysis, including knee 

osteoarthritis detection. Convolutional layers help automatically extract complex features from medical 

images, reducing the need for manual feature engineering. Author proposed a novel hybrid deep learning 

approach for OA detection, utilizing CNN features for accurate knee OA classification [9]. This hybrid 

technique involves combining handcrafted features with CNN-extracted features, proving to be more 

effective in early detection. Author Ahmed and Mstafa presented an efficient grading system for OA 

severity using a integration of deep learning and machine learning models, offering a new dimension to 

diagnosing OA from X-ray images [16]. The fusion of CNNs with ML models improved accuracy by 

reducing false negatives and increasing model interpretability. 
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Object Detection with YOLO and VGG Networks 

 

In recent years, YOLO (You Only Look Once) object detection models showed significant results. Article 

[17] uses YOLOv3 and VGG-16 model combined together to detect and classify OA. This combination 

result into real-time OA detection also provides faster diagnostic processes in clinical settings. 

 

In Knee Osteoarthritis Detection utilizing Deep Feature of Convolutional Neural Network applied deep 

feature extraction based on CNNs to classify knee osteoarthritis, achieving high accuracy rates [18]. In 

YOLO image is passed once it looks at the whole image single time. Due to which processing is faster using 

model. It divides the image into a grid. Each grid cell predicts the presence of an object and its bounding 

box. Due to its speed, YOLO is widely used in applications like autonomous driving, security, and video 

surveillance, where detecting and classifying objects quickly is crucial.  

 

VGG is a deep network that consists of many layers designed to learn detailed features from images. VGG 

is often used for feature extraction in object detection tasks. For instance, it can work with other networks to 

focus on object detection by first recognizing the object's finer details. Since VGG is slower than YOLO, 

it’s typically used when accuracy is more important than speed, such as in medical image analysis or where 

high precision is essential. VGG can be used as a feature extractor, and YOLO’s architecture can be 

modified to benefit from VGG’s high-quality feature maps for more accurate detection and classification. 

 

The study examined the recognition of Knee Osteoarthritis (KOA) using YOLOv2, in addition to 

classification strategies based on Convolutional Neural Networks, further highlighting the effectiveness of 

modern detection algorithms [19]. 

Challenges in AI-Driven OA Detection 

Some challenges need to face for the OA Detection in ML and DL 

Data Availability Is first Challenges in AI-Driven OA Detection collection of Medical datasets for OA are 

often limited and inconsistently labeled, complicating the training of deep learning models that necessitate 

extensive datasets [21].Interpretability is one another Deep learning models, particularly CNNs, pose 

interpretability challenges due to their "black-box" nature. Clinicians demand interpretable models to trust 

automated systems [22].Generalization of AI models trained on specific datasets may have difficulty 

generalizing to new data sources or different patient populations. Approaches such as domain adaptation 

and transfer learning are essential for improving model generalizability [23]. 

 

Future Directions 

Future research directions to enhance AI-driven OA detection: 

Hybrid Models that combine handcrafted features with deep learning could improve performance, especially 

in cases with limited data availability [24]. Transfer Learning Utilizing pre-trained models like ResNet and 

VGG-16 can address data limitations faced by deep learning algorithms [25]. 

CONCLUSION 

 

AI-driven osteoarthritis detection represents a promising frontier in medical imaging. Traditional machine 

learning techniques have demonstrated utility, but deep learning models, particularly CNNs, now dominate 

the field due to their ability to learn from extensive datasets without the need for manual feature extraction. 

Combining the traditional ways of handling osteoarthritis with the modern tools and the technologies will 

result into the more satisfactory and fast Nonetheless, challenges related to data availability, model 

interpretability, and generalization must be addressed. Future research should explore hybrid models and 

transfer learning methods to improve accuracy and reliability of AI-driven OA identification systems, 

ultimately aiming to integrate these tools into clinical practice. 
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