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Abstract: 
Osteoarthritis (OA) is a prevalent and debilitating joint disorder that primarily affects the knee joint. Utilizing a 

dataset comprising over 1600 images, the model categorizes OA into five classes: Normal, Doubtful, Mild, 

Moderate, and Severe. The methodology involves data preprocessing, feature extraction, model selection, 

training, and evaluation. The model demonstrates promising accuracy, achieving an overall performance of 85%, 

with specific strengths in identifying Normal, Mild, and Moderate OA stages. This research highlights the 

potential of CNNs to augment traditional diagnostic approaches by providing a standardized, automated method 

for OA severity classification, reducing subjective interpretation variability. The findings suggest significant 

implications for improving patient management through early and accurate detection, thereby facilitating 

tailored treatment plans. Future research directions include expanding the dataset for broader validation and 

incorporating clinical data to enhance predictive capabilities. This study underscores the transformative impact 

of AI in medical imaging analysis, promising advancements in diagnostic accuracy and patient care in 

osteoarthritis management. 
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I. Introduction 
Osteoarthritis (OA) stands as a leading cause of disability among the adult population, with the knee 

joint being one of the most commonly affected areas. This degenerative joint disease is characterized by the 

progressive erosion of articular cartilage, subchondral bone changes, and osteophyte formation, culminating in 

joint pain, stiffness, and functional impairment. Early and accurate diagnosis is paramount to initiating effective 

treatment strategies that aim to alleviate symptoms and enhance the quality of life for affected individuals. 

Traditional diagnostic methods predominantly rely on the interpretation of knee X-ray images by skilled 

radiologists, a process that is not without its challenges due to the subjective nature of image analysis. 

In recent years, advancements in medical imaging and artificial intelligence (AI), particularly machine 

learning (ML) and deep learning (DL) techniques, have shown promising potential in revolutionizing the early 

detection and classification of osteoarthritis through enhanced analysis of knee X-ray images. This paper aims to 

contribute to this burgeoning field by presenting an AI-based approach for the detection and classification of OA 

severity using knee X-ray images. The methodology encompasses data collection, preprocessing, labeling, and 

the deployment of Convolutional Neural Networks (CNNs) for feature extraction and classification across five 

OA severity levels: Normal, Doubtful, Mild, Moderate, and Severe. 

Our contribution is twofold: First, we demonstrate the application of CNNs in accurately classifying 

knee X-ray images into distinct OA severity categories, thus offering a standardized and automated diagnostic 

tool that could potentially mitigate the subjectivity associated with traditional radiological assessments. Second, 

we discuss the integration of our model into clinical workflows, emphasizing the potential for AI to support 

radiologists and orthopedic specialists in diagnosing OA more efficiently and with greater accuracy. 

The remainder of the paper is structured as follows: The Literature Survey section reviews previous work 

in the domain of OA detection using image processing and ML techniques, providing a foundation for our 

research. The Methodology section details the steps taken from data collection through model evaluation, 

highlighting the technical aspects of our approach. The Result Analysis section presents the findings of our study, 

including model performance metrics and a discussion on the implications for clinical practice. Finally, the 
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Conclusion & Future Scope section reflects on the significance of our work within the broader context of OA 

management and outlines directions for future research, particularly in terms of dataset expansion, model 

refinement, and clinical integration. 

 

II. Dataset Description 
To develop and train an accurate and reliable system for the detection of osteoarthritis using knee X-ray 

images, a comprehensive and well-annotated dataset is a fundamental requirement. The dataset encompasses a 

diverse range of images representing different classes of osteoarthritis, along with corresponding metadata to 

facilitate algorithm training and evaluation. 

 

Here is a description of the elements of dataset for this purpose: 

Knee X-ray Images: 

The dataset core has been composed of knee X-ray images encompassing both digital and standardized 

formats, depicting a diverse range of cases. These images have been meticulously selected to ensure high quality 

and resolution, facilitating precise and thorough analysis. 

 

Osteoarthritis Grading: 

Osteoarthritis is graded into 5 classes: Normal, Doubtful, Mild, Moderate, and Severe. For each X-ray, 

the corresponding grade or severity level is provided to categorize the disease progression. 

 

Image Anonymization: 

Ensure that patient privacy is protected by anonymizing the dataset to remove any personally identifiable 

information. 

 

Figure no. 1: Number of images per category 

 
 

Data Augmentation: 

To enhance the dataset's diversity, it is found beneficial to include variations in terms of image angles, 

positions, and patient conditions. This can help improve the model's robustness. 

 

Data Split: 

Divide the dataset into training, validation, and test sets to evaluate the model's performance accurately. 

The proportion for data split is 80:20. 

 

Balance: 

A Balanced representation is maintained for different classes of osteoarthritis cases to avoid bias in the 

algorithm's learning process. Fig. 1 shows the number of images per category. 
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Visualizing Dataset: 

After Applying all image pre-processing techniques, labeling the images and splitting the dataset, the 

model is ready to be utilized for model training. A random sample of the dataset is shown in fig. 2. 

 

 
Figure no. 2: Visualizing Dataset 

 

III. Proposed Methodology 
The methodology employed for the detection of osteoarthritis through knee X-ray images was 

systematically executed, encompassing several pivotal steps. Presented below is a comprehensive methodology 

for this purpose: 

 

Data Collection 

A diverse and representative dataset of knee X-ray images was utilized. The dataset comprised images 

of patients both afflicted with and devoid of osteoarthritis, facilitating comprehensive model training and 

evaluation. 

 

Data Preprocessing 

Prior to analysis, rigorous image preprocessing techniques were implemented to enhance the quality of 

X-ray images. These included noise reduction, contrast enhancement, cropping, resizing, normalization, and 

artifact removal. 

 

Data Labeling 

The X-ray images were meticulously annotated to signify the class of severity to which they belong. 

This labeling process played a fundamental role in enabling supervised machine learning techniques. 

 

Data Split 

The dataset was stratified into three distinct sections: training, validation, and test sets. The validation 

set was utilized for hyper parameter optimization, the test set was employed to assess the model's performance, 

and the training set facilitated the CNN model's training. 
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Feature Extraction 

Relevant features were extracted from the X-ray images utilizing various techniques such as edge 

detection, texture analysis, and landmark detection. These methodologies were instrumental in capturing crucial 

information regarding the knee joint and its surrounding structures. 

 

Model Selection 

An appropriate machine learning or deep learning model for osteoarthritis detection was carefully 

developed. Convolutional Neural Networks (CNNs) were identified as particularly suitable for tasks involving 

image analysis. 

 

Model Training 

The selected model underwent rigorous training using the training dataset, enabling it to discern patterns 

and features indicative of a particular class of severity of osteoarthritis namely Normal, Doubtful, Moderate, Mild 

and Severe. 

 

Hyperparameter Tuning 

Fine-tuning of the model's hyper-parameters was conducted utilizing the validation dataset. This iterative 

process involved adjustments to parameters such as learning rates, dropout rates, batch sizes, etc., to optimize 

model performance. 

 

Model Assessment 

The performance of the model was comprehensively evaluated using the test dataset. Key evaluation 

metrics were analyzed to gauge the model's efficacy. 

 

Clinical Integration 

Collaboration with healthcare professionals was undertaken to seamlessly integrate the model into 

clinical workflows. Ensuring the model's output could be accurately interpreted and effectively utilized by 

radiologists and orthopedic specialists was paramount. 

 

IV. Result And Analysis 
Our study presented a Convolutional Neural Network (CNN)-based model designed to classify knee X-

ray images into five categories reflecting the severity of osteoarthritis (OA): Normal, Doubtful, Mild, Moderate, 

and Severe. The model's performance was evaluated using a dataset comprising over 1600 images, with the results 

demonstrating a promising capacity for accurately predicting OA severity. The model achieved an overall 

accuracy of 85%, with class-specific precision, recall, and F1-scores as mentioned in table no 1. 

 

Table no. 1: Class-specific Precision, Recall, and F1-scores 

Class Precision Recall F1-score 

Normal 90% 88% 89% 

Doubtful 75% 70% 72.5% 

Mild 87% 85% 86% 

Moderate 88% 86% 87% 

Severe 78% 75% 76.5% 

 

These results indicate that the model is particularly effective at identifying Normal, Mild and Moderate 

classes, while Doubtful and Severe classes present more of a challenge, suggesting areas for future improvement 

as shown in fig. 3. 

Compared to traditional diagnostic methods, which rely heavily on radiologists' interpretations of X-ray 

images, our CNN model offers a standardized and automated approach to OA severity classification. This is 

particularly significant considering the subjective variability in radiological assessments. Compared to existing 

AI-based models, our approach showed an improvement in accuracy, particularly in distinguishing between the 

Normal and Moderate classes, a common challenge in OA severity classification. 

The high accuracy and specificity of our model underscore its potential as a supportive tool in diagnosing 

knee osteoarthritis, facilitating early and accurate detection of OA severity levels. This capability could 
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significantly impact patient management, enabling more tailored treatment plans and potentially improving 

outcomes for individuals with OA. 

 

Figure no. 3: Confusion Matrix for 5 classes based on testing set 

 
 

Our findings also highlight the importance of deep learning models in augmenting diagnostic processes, 

offering a reproducible and efficient alternative to traditional methods. The ability of our CNN model to classify 

OA severity with high accuracy presents a compelling case for further integration of AI in medical imaging 

analysis, promising improvements in diagnostic accuracy and patient care. 

While our results are encouraging, we acknowledge limitations such as the need for a larger, more 

diverse dataset to further validate and refine the model's performance across different populations and imaging 

conditions. Future research should also explore the integration of clinical data to enhance predictive accuracy and 

the development of models capable of detecting subtle changes over time in longitudinal studies. 

 

 
Figure no. 4: model prediction for single image 
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V. Conclusions 
In conclusion, the detection of osteoarthritis using knee X-ray images is a critical process in diagnosing 

and managing this common degenerative joint disease. Healthcare professionals, particularly radiologists and 

orthopedic specialists, play a central role in this diagnostic journey. They acquire and meticulously review knee 

X-ray images, assessing them for telltale signs of osteoarthritis. The application of standardized scoring and 

grading systems aids in categorizing the severity of the condition, guiding treatment decisions. 

In Future, the generation of a detailed report will be a pivotal outcome, providing a comprehensive 

diagnosis and outlining the location and severity of osteoarthritis. Effective communication with patients is 

imperative, ensuring they understand the diagnosis, its implications, and the available treatment options. This step 

promotes informed decision-making and patient engagement in their healthcare. 

The treatment planning phase will encompass a spectrum of options, from conservative measures like 

physical therapy and pain management to more invasive interventions, including joint injections and surgery. 

Regular follow-up appointments will be established to monitor the condition's progression and the effectiveness 

of treatment, ensuring the patient's well-being. 

 

References 
[1]. "An Automatic Knee Osteoarthritis Diagnosis Method Based On Deep Learning: Data From The Osteoarthritis Initiative," By Yifan 

Wang, Xianan Wang, Tianning Gao, Le Du, And Wei Liu, Journal Of Healthcare Engineering Volume 2021, Article Id 5586529 
[2]. T. Tariq, Z. Suhail, And Z. Nawaz, Knee Osteoarthritis Detection And Classification Using X-Rays, Volume 11, 2023. 

[3]. Deepthi, M. Z. Bellary, T. H. Sardar, B. A. Musthafa, S. J. Ahmed, And R. Sarkar, Medical Image Analysis Of Knee Osteoarthritis 

Using Modified Deep Cnn, Volume 10 No. 2s (2023): Special Issue 2. 
[4]. P. Siva, Prediction Of Knee Osteoarthritis Using Deep Learning, Volume 8, Issue 12, 2021, Regular Edition. 

[5]. R. R. Manza, P. U. Patravali, And S. S. Gornale, A Survey On Exploration And Classification Of Osteoarthritis Using Image 

Processing Techniques, International Journal Of Scientific And Engineering Research (Ijser), 7(6), July 2016. 
[6]. D. Pratiwi, D. D. Santika, And B. Pardamean, An Application Of Back Propagation Artificial Neural Network Method For Measuring 

The Severity Of Osteoarthritis, International Journal Of Engineering & Technology, 11(3), June 2011. 

[7]. J. Thomson, T. O'neill, D. Felson, And T. Cootes, Automated Shape & Texture Analysis For Detection Of Osteoarthritis From 
Radiographs Of The Knee, Springer International Publishing Switzerland, 2015, Pp. 127–134. 

[8]. M. S. M. Swamy And M. S. Holi, Knee Joint Articular Cartilage Segmentation, Visualization, And Quantification Using Image 

Processing Techniques, International Journal Of Computer Applications, 42(19), March 2012, Pp. 36-41. 
[9]. T. L. Mengko, R. G. Wachjudi, A. B. Suksmono, And D. Danudirdjo, Automated Detection Of Unimpaired Joint Space For Knee 

Osteoarthritis Assessment, Proc. Ieee, 2005. 

[10]. M. S. Pandey, R. B, And S. Agarwal, Computer Assisted Automated Detection Of Knee Osteoarthritis Using X-Ray Images, Science 

& Technology The International Quarterly Journal, 1(2), April 2015, Pp. 74-79. 

[11]. D. D. Deokar And C. G. Patil, Effective Feature Extraction Based Automatic Knee Osteoarthritis Detection And Classification Using 

Neural Network, International Journal Of Engineering And Techniques, 3(3), May 2015, Pp. 134-139. 


