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Abstract 

Osteoarthritis (OA) is the most common kind of arthritis. By analysing data from both sides of the knee 

joints, radiologists use the Kellgren–Lawrence (KL) grading system to determine the severity of 

osteoarthritis (OA). The need for knee arthroplasties has increased as a result of this. Recently, there 

have been proposals for computer-assisted techniques to improve the precision of OA diagnosis. 

Choosing between conservative and surgical treatment options for knee osteoarthritis (OA) requires an 

accurate diagnosis and classification of the condition. Consequently, standard weight- bearing knee X- 

rays are heavily relied upon by many orthopaedic surgeons. Enhancing these tests' consistency and 

repeatability can have major benefits. Recent developments in artificial intelligence (AI) have shown 

promise, especially in the area of deep learning. Earlier, the diagnosis of knee osteoarthritis was done 

using deep learning and DNN. But in the future, in the diagnosis of knees, it will use computer vision 

techniques. The purpose of this research is to evaluate how well artificial intelligence (AI) can classify 

the degree of osteoarthritis M(OA) in the knee by taking into account entire image sets and taking 

common visual anomalies like casts, implants, and non-degenerative diseases into account. In this 

study, we present an architectural model—based on the ViT transformer—for categorising 

osteoarthritis in the knee. We will use ViT to classify knee osteoarthritis in the future and gather 

information from multiple sources. In this study discuss the how ViT used in knee osteoarthritis 

diagnosis. 
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INTRODUCTION 

Globally, knee osteoarthritis (OA) has a negative impact on people's quality of life [1]. Osteoarthritis 

(OA) affects around 250 million individuals worldwide, or 4% of the total population, and is ranked 

among the top 50 consequences of diseases and injuries internationally [2]. Knee OA accounts for 83% 

of the overall disease burden for OA worldwide. It can eventually result in functional handicap and is 

characterised by the progressive degradation of the 

articular cartilage and the production of 

osteophytes, subchondral cysts, and subchondral 

sclerosis of the synovial joints [3]. Age, gender, 

race, dietary and genetic variables, smoking, low 

bone density, low oestrogen, and other factors that 

affect an individual's vulnerability to the illness are 

among the systemic risk factors for knee OA. The 

local elements that impact the load distribution 

across the knee joint are obesity, knee alignment, 

proprioception, laxity, physical activity, 

periarticular muscle weakness, occupational stress, 

injury, etc. as shown in (Table 1). 
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Table 1. KOA Risk Factors. 

Systemic risk factors Local risk factor 

Age Obesity 

Gender Joint mechanics (alignment, proprioception, laxity) 

Genetic factors Occupational stress 

Race/ethnicity Muscle weakness (quadriceps) 

Smoking (?) Knee injury 

Dietary factors (?) Physical activity 

 

Table 2. KL Ratings according to categorization. 

Grading Radiological findings 

0 Normal, no features 

1 Questionable presence of osteophytes/joint space narrowing or both 

2 Definite presence of osteophytes with possible joint space narrowing or definite mild joint space 

narrowing 

3 Definite moderate joint space narrowing (at least 50%) osteophytes usually present, cysts/sclerosis 

may be present 

4 Severe joint space narrowing with subchondral bone sclerosis and possible deformity of bone ends 

 

While there isn't a proven cure for osteoarthritis (OA), individualised treatment plans can lessen 

discomfort, increase joint mobility, and minimise functional damage. Both surgical and non-surgical 

methods are used to treat knee OA. Among the surgical modalities are knee arthroplasty, arthroscopic 

procedures, and different forms of osteotomy. Due to the variety of non-operative therapy options 

available for OA, a multidisciplinary approach is necessary [4]. Generally speaking, patients with KL 

grades 1-3 benefit from the non-operative treatment. This article's objectives are to review the literature 

on the historical development of conservative OA treatment and to weigh the benefits and drawbacks 

of different conservative methods. Classification of knee osteoarthritis based on grades is shown in 

(Table 2). 

 

Diagnosing knee osteoarthritis (KOA) requires the use of computer-assisted image processing. To 

detect and diagnose KOA, a variety of modalities are used, such as bioelectric impedance signals, 

radiography, MRI, gait analysis, and others. The required data is extracted from the images using image 

processing strategies, which include approaches like segmentation, thresholding, masking, edge 

detection, contrast enhancement, and related procedures. Using radiography pictures, a variety of 

machine learning and deep learning approaches have been applied to detect KOA. Deep learning 

algorithms are beneficial in many areas, including medical, i.e., real-time cardiovascular magnetic 

resonance [22], semantic segmentation [21], mission-critical applications [19, 20], and ecosystems 

change analysis [23]. Deep learning algorithms exhibit exceptional performance in the medical domain. 

Deep learning methods, however, did not do well when it came to KOA categorization using 

radiography pictures. Our goal in doing this systematic review is to clarify the growing importance of 

deep learning in the categorization of osteoarthritis in the knee. This paper explores the many uses of 

deep learning for knee osteoarthritis and provides a thorough evaluation of its possible effects. We also 

explore the details of the suggested ViT architecture that is specially designed for knee osteoarthritis 

detection. This study provides a thorough analysis of deep learning's function, Knee osteoarthritis is the 

formation of osteophytes, bone spur, tissue damage loss of cartilage as shown in (Figure 1). 

 

AI applications offer advantages in the classification of knee osteoarthritis. In our research, we have 

structured the study into several sections. Section 1 serves as the introduction, Section 2 focuses on the 

literature review, Section 3 delves into AI and Deep Learning, Section 4 outlines our proposed 

architecture, Section 5 engages in the analysis and discussion of results, and finally, Section 6 concludes 

our study. 
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Figure 1. With and without KOA. 

STUDY OF LITERATURE 

Osteoarthritis, or OA, is among the most common joint ailments. In addition to being brought on by 

ongoing joint wear and strain, it typically manifests as people age. It is also interesting that individuals 

who are overweight have a higher risk of developing osteoarthritis (OA) in many joints [1]. The main 

reason for this condition is the deterioration of articular cartilage, a flexible membrane that lies between 

the bones of the knee joint and promotes the progression of osteoarthritis (OA). The Osteoarthritis 

Initiative (OAI) database contained 9,280 knee magnetic resonance (MR) images from 3,268 patients. 

Schiratti and colleagues (Schiratti et al., 2021) [5] used this dataset to implement a deep learning (DL) 

technique [5]. Their intention was to foresee. They produced a classification model with an area under 

the curve (AUC) of 65%. It is noteworthy that experienced radiologists received an AUC score of 58.7% 

on a comparable classification exercise. This comparison emphasises the potential of DL approaches to 

improve predicted accuracy in knee osteoarthritis assessment, while also highlighting the complexity 

of the classification problem in this particular context. 

 

Wang and associates (Wang et al., 2021) [18] presented an automated technique for diagnosing 

osteoarthritis (OA) by employing a Convolutional Neural Network (CNN) in conjunction with the OAI 

database. With an accuracy of 69.18%, their model proved the usefulness of CNNs for OA diagnostic 

tasks [6]. Similar to this, Kondal and colleagues (Khosal et al., 20XX) [2] introduced a method for 

automatically rating knee radiographs using the Kellgren- Lawrence (KL) scale using CNN [6]. These 

research demonstrate how CNNs can be used to improve and automate knee osteoarthritis diagnosis 

and grading procedures, which can expedite clinical evaluations. 

Based on the Kellgren-Lawrence (KL) grading scale, a novel computer-aided diagnosis approach for 

knee osteoarthritis (OA). A deep siamese convolutional neural network served as the foundation for 

their method. The Osteoarthritis Initiative (OAI) provided 5,960 knee images for the thorough 

validation of the proposed approach, which was trained only with data from the Multicenter 

Osteoarthritis Study (MOST) [7]. In comparison with the annotations supplied by a clinical expert 

committee, the suggested approach demonstrated a remarkable quadratic Kappa coefficient of 83% and 

an average multi-class accuracy of 66.71%. It also attained a 93% radiological area under the ROC 

curve for OA diagnosis, highlighting its potential as a reliable and accurate tool for knee OA grading 

and diagnosis. Kokkotis and colleagues (Kokkotis et al., 20XX) [8] proposed a method whose basic 

foundation is fuzzy logic driven feature selection [8]. Non-explainability analysis and learning 

algorithms are used in conjunction with this methodology. 

 

Two validated models have been introduced to manage radiographic knee osteoarthritis. These 

models include a prognosis model that predicts the period until knee osteoarthritis onset and a diagnostic 

model that helps diagnose knee osteoarthritis [9]. Liu and his group (Liu et al., 20XX) used Fast R- 
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CNN in combination with the Region Proposal Network (RPN) [21]. After training, the RPN was able 

to produce region suggestions that contained the knee joint. These proposals were then used to classify 

the data using Fast R-CNN. Various authors Using Convolutional Neural Networks (CNNs) for 

localised classification, and segmentation with different accuracies. They utilized the OAI dataset for 

these problems. 

TECHNOLOGY USED IN KOA 

In the field of Knee Osteoarthritis (KOA), several technologies are essential [7]. AI has become a 

major player in the field, and Machine Learning (ML) and Deep Learning are widely used for tasks 

including object detection, segmentation, and classification. The use of Convolutional Neural Networks 

(CNNs) in image categorization has shown to be a successful technique for detecting KOA [10]. In this 

work, we provide a new computer vision-based method for image classification that uses vision 

transformers. This novel algorithm addresses the identification of knee osteoarthritis and the evaluation 

of its severity, surpassing conventional CNN techniques. Our goal is to improve the precision and 

effectiveness of this crucial process of diagnosis and classification by utilising vision transformers. The 

field of computer vision is revolutionising the diagnosis and treatment of osteoarthritis in the knee by 

offering assessments that are more accurate, objective, and data- driven. Both the efficacy of healthcare 

services in this area and the quality of life for those with osteoarthritis in the knee could be greatly 

enhanced by this technology [11]. Image Analysis: Computer vision algorithms are used to process and 

evaluate medical photographs of the knee joint. These techniques can be used to quantify osteophytes, 

or bone spurs, and other common signs of osteoarthritis in the knee. By automating the image processing 

process, computer vision can assist medical personnel in diagnosing patients more quickly and 

accurately [12]. Using large datasets of knee images, machine learning and deep learning techniques 

can be used to train models that predict the likelihood of developing osteoarthritis, classify the disease's 

severity, and monitor the disease's progression [13]. Because these models are trained on patterns and 

correlations revealed in the data, the diagnoses they enable are more accurate and dependable (Figure 2). 

 
Artificial Intelligence and Deep Learning 

The AI utilised in this work is called deep learning. Which employed vision transformers as a means 

of classification within the healthcare system,the knee itself [9]. The domains of medical imaging and 

healthcare have demonstrated significant potential for artificial intelligence (AI) that goes by the name 

"deep learning," or AI for short. Deep learning technologies are increasingly being used in the diagnosis, 

prognosis, and treatment of degenerative joint illnesses, including knee osteoarthritis (KOA), a common 

condition affecting the knee joint [14]. Particularly, convolutional neural networks (CNNs) and other 

neural network architectures have demonstrated remarkable proficiency in the extremely precise 

analysis of medical images [15]. The capacity of deep learning models to automatically extract features 

and patterns from medical images allows for more accurate and timely diagnosis. Studies show that 

deep neural network designs are commonly used in medical picture processing. According to studies 

conducted over the past few years, deep neural network designs have been widely used in medical image 

analysis, and they have demonstrated reliable results that are encouraging for tasks like categorising, 

identifying, and segmenting knee OA. As seen in Figure 3, artificial intelligence is applied in a variety 

of umbrella activities within KOA [16]. 
 

Figure 2. Various technologies in KOA. 
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Applications of deep learning in healthcare must deal with issues including data protection, 

interpretability, and legal compliance [10]. To ensure the safe and successful deployment of deep 

learning models in clinical settings, cooperation between medical experts, data scientists, and regulatory 

agencies is essential [17] (Figure 4). 

 

PROPOSED ARCHITECTURE 

In this study, we present a unique architectural framework that makes use of visual transformers to 

classify images. Modern visual transformers are integrated into the picture classification domain by our 

suggested approach [18]. By utilising transformers, which are often recognised for their effectiveness 

in natural language processing tasks, this architectural innovation offers a viable path forward for the 

advancement of computer vision by taking on challenging image categorization problems [19]. By 

doing this study, we hope to further the continuous development of image classification techniques by 

showcasing the benefits and efficacy of this design when compared to current approaches [20]. 

 

Architecture for the vision transformer in steps. 

1. Create patches from an image in step 1. 

2. Make the patches more efficient 

3. Create lower-dimensional linear embeddings from flattened patches. 

4. Positions of embedding 

5. Enter the sequence as an input into a conventional transformer encoder. 

6. Before executing the model, thoroughly oversee it using a huge dataset. 

7. Improve the downstream dataset for the image classification dataset (Figure 5). 

 

Figure 3. Umbrella activities within KOA. 

 

Figure 4. KOA and applications. 
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Figure 5. Proposed architecture for KOA classification. 

By combining the advantages of both architectural paradigms, hybrid models that combine Vision 

Transformers (ViTs) and Convolutional Neural Networks (CNNs) provide a useful method for 

categorising knee osteoarthritis. Here is a method for using these models. The main benefit of using a 

hybrid model is that it combines the feature extraction expertise of CNNs, which are excellent at 

identifying local patterns and structures, with the self-attention capacities of ViTs, which are renowned 

for successfully identifying relationships and global context in data. Improved classification 

performance in the diagnosis of osteoarthritis in the knee may result from this fusion. Ensuring the 

clinical importance and dependability of the model's predictions, while also addressing ethical concerns 

and data protection considerations, requires close collaboration with medical experts and domain 

specialists. While both vision transformers (ViTs) and convolutional neural networks (CNNs) are 

powerful tools for processing and analysing images, they have various features and advantages. 

 
Understanding the Global Context 

Vision Transformers automatically capture the image's global dependencies. Transformers can 

interpret a picture in its entirety, unlike CNNs, which are dependent on local receptive fields and pooling 

operations. This makes Transformers ideal for tasks requiring the knowledge of long-range connections, 

like object relationships and scene context. 

 

Interpretable Attention 

Transformers enable you to comprehend which visual regions contribute to particular predictions by 

using self-attention mechanisms to provide interpretability. For jobs where model explainability is 

crucial, this may be crucial. 

DISCUSSION AND ANALYSIS 

Research in this area can focus on a number of areas, such as creating deeper learning models that 

are easier to understand, integrating multimodal data (for example, X-rays and patient history), and 

investigating cutting-edge architectures like Vision Transformers. Future research should focus on 

assessing the practical clinical utility of deep learning in the diagnosis of osteoarthritis in the knee. the 

methods for using a Vision Transformer model to diagnose knee osteoarthritis. Included are data 

preparation, model construction, training, evaluation, detection, interpretability, clinical validation, 
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ethical considerations, and suggestions for additional study. Remember that certain implementation 

specifics, such as importing and processing images, may vary based on the dataset and the requirements 

of your study. Vision Transformers is a notable development in computer vision that opens up new 

options for knee osteoarthritis categorization. The primary objective of the proposed study is to apply 

the capabilities of Vision Transformers—which were first developed for natural picture 

understanding—and adapt them for usage in the specific context of medical imaging in order to identify 

and classify knee osteoarthritis. Vision transformers, which are based on the Transformer architecture, 

are becoming more and more common because to their ability to extract long-range interdependence 

and global context from images. This is especially useful in the case of osteoarthritis in the knee because 

accurate classification requires assessing both the joint and its surrounding tissues. Unlike conventional 

Convolutional Neural Nets (CNNs), Vision Transformers are not limited by fixed-size input and may 

adapt to various image resolutions. Make strategies to involve patients in decision-making and to 

educate them about the use of virtual reality technology (ViTs) in their care. Ensuring patients 

understand and are comfortable with these technology is critical. 

 

CONCLUSION 

The study of knee osteoarthritis with Vision Transformers (ViTs) is an exciting area with many 

applications. Here, we present a Vision Transformer (ViT) model that is intended to identify and 

categorise osteoarthritis in the knee. As ViTs develop and demonstrate their worth in a range of 

contexts, there are several possible directions to pursue in the treatment of osteoarthritis in the knee: 

Examine how to combine several data sources to improve the accuracy and robustness of knee 

osteoarthritis diagnosis. This may include combining clinical data, patient history, genetic data, and 

medical pictures (such as MRIs and X-rays) with other data in order to provide a complete picture of 

the illness. The use of Vision Transformers in the treatment of knee osteoarthritis holds great potential 

for improving patient outcomes and advances in medical imaging technology. ViTs can help with early 

detection, accurate diagnosis, and personalised treatment planning of osteoarthritis in the knee by 

addressing data accessibility, model interpretability, and clinical validation. Our ultimate objective is 

to apply the suggested Vision Transformer architecture for classifying and evaluating the severity of 

osteoarthritis in the knee. The Vision Transformer's planned architecture is a shining example of how 

cutting-edge technology can be used to improve healthcare. As this research journey continues, the 

dedication remains focused on achieving a harmonic blend of state-of-the-art technology, moral 

principles, and practical application, with the ultimate goal of improving patient care and diagnostic 

accuracy in the treatment of knee osteoarthritis. 
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