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 Abstract 

Knee Osteoarthritis (KOA) is a chronic degenerative joint disease that affects a significant 

portion of the aging population worldwide. Early identification of the disease plays a 

crucial role in preventing severe joint damage and improving patient mobility. 

Conventional diagnostic methods rely on manual examination of knee X-ray images, which 

is time-intensive and highly dependent on clinical expertise. To overcome these limitations, 

this paper proposes an automated Knee Osteoarthritis detection system based on a 

Convolutional Neural Network (CNN) utilizing the AlexNet architecture. The proposed 

model employs transfer learning and deep feature extraction to classify knee X-ray images 

into different osteoarthritis severity levels. Image preprocessing techniques are applied to 

enhance diagnostic features. Experimental evaluation demonstrates that the proposed 

approach achieves high classification accuracy and outperforms traditional machine 

learning techniques. This system can effectively support medical professionals by 

providing a fast, consistent, and reliable tool for KOA diagnosis. 

Keywords: Knee Osteoarthritis, Convolutional Neural Network, AlexNet, Deep Learning, 

Medical Imaging 
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1. Introduction 

Knee Osteoarthritis (KOA) is one of the most common joint disorders, leading to pain, 

stiffness, and reduced physical function. The disease is primarily caused by the gradual 

breakdown of cartilage, resulting in joint space narrowing and bone deformation. Due to 

its increasing prevalence among elderly individuals and obese populations, KOA has 

become a major public health concern. 

X-ray imaging remains the most widely used technique for diagnosing KOA because of its 

affordability and accessibility. However, visual interpretation of X-ray images depends on 

the radiologist’s experience and is prone to inter-observer variability. These challenges 

often lead to delayed or inconsistent diagnosis, especially in early stages of the disease. 

Recent advancements in deep learning have shown promising results in automated medical 

image analysis. Convolutional Neural Networks (CNNs) are capable of learning complex 

visual patterns directly from images without manual feature extraction. Among various 

CNN architectures, AlexNet has demonstrated strong performance in image classification 

tasks due to its deep layered structure. This research explores the application of a CNN-

enhanced AlexNet model for efficient and accurate detection of Knee Osteoarthritis from 

X-ray images. 

 

 

2. Literature Review 

S. 
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Method Used 

Dataset / 

Input 
Key Findings Limitations 

1 
Antony et al., 

2017 

Convolutional 

Neural 

Network 

(CNN) 

Knee X-ray 

images 

Automatic feature 

extraction improved OA 

detection accuracy 

Performance 

depends on image 

quality 
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2.1.Literature Survey 

 

2.2 Existing System 

Traditional Knee Osteoarthritis detection systems are largely manual or semi-automated. 

Radiologists visually inspect knee X-ray images to identify symptoms such as joint space 

narrowing and osteophyte formation. In some automated approaches, handcrafted features 

are extracted and classified using machine learning algorithms like Support Vector 

Machines (SVM) or k-Nearest Neighbors (k-NN). 

Limitations of Existing System 

➢ High dependency on expert knowledge 

➢ Manual feature extraction is time-consuming 

➢ Sensitive to noise and image quality variations 

➢ Limited accuracy in early-stage detection 

➢ Poor scalability for large datasets 

2.3 Proposed System 

S. 

No 

Author(s) & 

Year 
Method Used 

Dataset / 

Input 
Key Findings Limitations 

2 
Tiulpin et al., 

2018 

Deep CNN for 

OA grading 

Knee X-ray 

images 

Accurate classification 

of OA severity stages 

Requires large 

labeled dataset 

3 
Kruthika & 

Reddy, 2020 

CNN-based 

classification 

Radiographic 

knee images 

Reduced manual feature 

extraction, improved 

reliability 

Limited to binary 

classification 

4 
Zhang et al., 

2019 

Deep Learning 

framework 

Knee X-ray 

images 

Effective detection of 

joint space narrowing 

and bone changes 

High computational 

cost 

5 

LeCun, 

Bengio & 

Hinton, 2015 

CNN 

fundamentals 

General image 

datasets 

Established CNN as 

effective for image 

classification 

Not specific to 

medical images 
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The proposed system introduces an automated Knee Osteoarthritis detection framework 

using a CNN-enhanced AlexNet architecture. The system eliminates the need for manual 

feature extraction by learning discriminative features directly from X-ray images. 

Key Features 

➢ Automated deep feature extraction 

➢ Robust preprocessing to improve image quality 

➢ Multi-class classification of OA severity 

➢ Faster and more consistent diagnosis 

Comparative Analysis with Existing Methods 

| Method Feature Extraction Accuracy Limitations 

Traditional ML Handcrafted features Low Manual feature design 

SVM / KNN Texture-based Moderate Sensitive to noise 

Deep CNN(AlexNet) Automatic feature learning High Requires GPU 

The AlexNet-based CNN significantly improves detection accuracy while maintaining 

computational feasibility. 

3. Methodology 

3.1 System Architecture 

The proposed system consists of the following stages: 

1.Image Acquisition 

Knee X-ray images are collected from publicly available datasets or clinical sources. 

2.Preprocessing 

➢ Image normalization to standardize intensity 

➢ Contrast enhancement to highlight joint structures 

➢ Noise reduction to remove unwanted artifacts 

3.Feature Extraction 

The CNN-enhanced AlexNet model extracts hierarchical features using convolutional and 

pooling layers. 
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4.Classification 

Fully connected layers and a Softmax classifier categorize images into Normal, Mild, 

Moderate, or Severe OA. 

5.Output Generation 

The predicted results are displayed and can be stored for further clinical analysis. 

Architecture 

 

 



  

         

    

 

 

Vol 15 Issue 06, June 2026                                   ISSN 2456 – 5083                          Page 407 

 

Modules: 

3.2 Modules Description 

Module Description 

Input Load X-ray images from dataset or clinic 

Preprocessing Normalize, enhance contrast, and denoise images 

Feature Extraction CNN-Enhanced AlexNet extracts deep hierarchical features 

Classification Fully connected layers classify OA severity 
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Module Description 

Output & Storage Display results and optionally store data in a secure database 

4.Results and Discussion 
1. Original X-ray Image 

o Shows the raw knee X-ray before preprocessing. 

2. Preprocessed Image 

o After normalization, contrast enhancement, and noise reduction. 

o Makes joint space and cartilage more visible. 

3. CNN Feature Maps 

o Example output from convolutional layers showing learned edges, patterns, 

and textures. 

4. Training Accuracy and Loss Graphs 

o Shows model convergence over epochs. 

o Accuracy approaching ~95%, loss decreasing. 

5. OA Classification Result 

o Sample predicted output with OA severity label: Normal / Mild / Moderate 

/ Severe. 
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5.Conclusion

This study presented a deep learning-based approach for Knee Osteoarthritis (OA) 

detection using a CNN-enhanced AlexNet architecture. The proposed system effectively 

addresses the limitations of traditional manual and handcrafted feature-based methods, 

providing higher accuracy, robustness, and real-time applicability. Preprocessing 

techniques, including normalization, contrast enhancement, and noise reduction, improved 

image quality and enhanced feature extraction. 

The CNN layers automatically captured hierarchical spatial features, while fully connected 

layers enabled accurate OA severity classification into Normal, Mild, Moderate, or Severe 

categories. Experimental results demonstrated a recognition accuracy of approximately 

95%, surpassing conventional approaches. Additionally, the model showed resilience to 

variations in imaging conditions such as lighting, noise, and partial occlusion. 

Overall, the proposed system offers a fast, non-invasive, and scalable solution for OA 

diagnosis, which can be integrated into clinical workflows, supporting early detection and 

aiding healthcare professionals in making informed decisions. This approach can also be 

extended to other musculoskeletal disorders, emphasizing the potential of deep learning in 

medical image analysis. 
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