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Abstract— Urgent diagnosis of Osteoarthritis (OA) along with accurate assessment of its severity helps both improve patient results and facilitate 

prompt intervention. The proposed diagnostic system uses Recurrent Neural Networks (RNNs) in cloud-based configuration to detect OA in knee 

X-ray images while also classifying their severity levels. The system analyzes MRI slices sequentially for RNN-based classification and provides 

superior results including 99.53% accuracy together with 94.62% precision and 93.72% recall. Through cloud computing the system enables 

adaptable storage and processing that expands when dealing with big datasets. The preprocessing operations of noise removal and image 

normalization and data augmentation are completed in order to enhance image quality and optimize feature retrieval. The proposed scheme 

delivers superior outcomes than PSPNet-HHT-Fuzzy Logic model by producing better results for classification accuracy as well as precision and 

recall. The research demonstrates that RNN-based cloud computing models hold potential for early diagnosis together with monitoring and 

management of OA while demonstrating possible applications to different musculoskeletal disorders in the future. 
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I. INTRODUCTION  

Osteoarthritis functions as a long-lasting disorder which creates 

joint deterioration together with disability alongside pain. 

Patients achieve better outcomes through proper interventions 

after the diagnosis and accurate assessment of OA severity [1], 

[2], [3]. Medics use both clinical assessments and X-ray and 

MRI scans to detect osteoarthritis severity based on images of 

joint structures that show disease progression [4], [5]. The 

monitoring and diagnosis of OA especially benefits from 

complex artificial intelligence techniques and machine learning 

methods which are described in [6], [7], [8]. Sequence data 

analysis serves as a strength of machine learning algorithms 

allowing them to effectively process time-series data that 

indicates OA severity evolution [9]. Artificial intelligence 

systems identify characteristic patterns inside clinical and 

imaging data which normal analysis methods often miss so that 

evaluations become more accurate and automated. Applications 

of machine learning methods can distinguish the healthy from 

diseased areas in OA joint tissues based on MRIs and X-rays 

[10], [11]. The use of such methods within research studies has 

led to improved detection of OA stages and developmental 

patterns in combined clinical and image-based databases [12], 

[13]. The need for a superior diagnostic method exists because 

physical joint examinations and X-ray tests prove to be 

imprecise and insufficiently scalable for immediate and 

accurate diagnosis. 

RNNs serve as the core learning method within this 

proposed solution which tackles the issues of current methods. 

Sequences of medical patient data can be effectively processed 

by RNNs because these networks detect patterns that 

correspond to the natural progression of OA. By using RNNs 

users can detect delicate changes associated with declining OA 

leading to superior automated evaluations of OA severity [14], 

[15]. Through their integration with Cloud resources RNN-

based models enhance almost every aspect of OA severity 

forecasting and disease monitoring. Cloud platforms deliver the 

solution for processing extensive volume of data through their 

available computational power and storage capabilities that 

models need to train effectively [16]. The diagnostic technology 

infrastructure establishes universal access for health providers 

worldwide which enhances both speed of detection and 

effectiveness of OA diagnosis. The cloud analyses data shared 

across multiple institutions to make OA evaluations more 

precise and dependable thus creating more accurate outcomes 

[17]. The developed system integrates imaging information 

parallel with clinical records to create forecasts for OA severity 

levels and assess patient recovery while supplying healthcare 

providers with essential treatment-related insights. The system 

helps clinical practitioners in their evaluation work while 

improving their ability to manage OA [18]. Modern AI-based 

diagnostic tools serve as important tools that both cut down 

diagnostic periods and sharpen the accuracy of OA severity 

assessments [19]. A technological breakthrough occurred 
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through the combination of RNN technology and cloud 

infrastructure for OA diagnosis and monitoring automation 

which simplifies diagnoses while boosting prediction accuracy 

to extend OA monitoring solutions for global healthcare 

providers and their patients. 

A. Problem Statement 

The rising worldwide occurrence of Osteoarthritis (OA) 

demands healthcare institutions to develop emerging diagnostic 

tools capable of diagnosing the disease at early stages before 

complications develop [20]. Medical diagnosis through reading 

X-ray and MRI scans manually is commonly time-consuming 

yet expensive and produces limited results across different 

patient demographics [21]. The manual evaluation methods 

display two major problems: they induce human mistakes 

which create incorrect diagnoses and produce inconsistent 

results [22]. Medical practitioners require next-generation deep 

learning-based RNN detection models to create precise real-

time systems for the detection of OA which provides superior 

diagnostic results beyond traditional diagnostic methods [23]. 

Medical organizations using RNNs together with cloud 

computing achieve better efficiency when dealing with large 

quantities of imaging and clinical data while ensuring medical 

providers can securely access this information. The diagnostic 

process becomes accelerated as this solution enables remote 

monitoring and telemedicine which improves both OA patient 

management and care [24]. 

B. Objectives 

• Utilize end-to-end medical imaging data and patient history 

to construct an all-around dataset of varied stages of 

osteoarthritis severity for accurate prediction. 

• Synthesize and preprocess the collected data by removing 

noise, image normalization, and data augmentation to have 

consistent input for the RNN model. 

• Use safe, scalable cloud storage technologies to archive the 

patient information and medical imaging for consistent 

access while maintaining data security and privacy. 

• Extract informative characteristics from radiographic 

images and apply a RNN to forecast the severity of 

osteoarthritis based on such characteristics. 

• Assess the performance of the RNN model using accuracy, 

precision, and recall metrics to establish its performance 

towards predicting osteoarthritis severity. 

II. LITERATURE SURVEY 

A series of research studies during the previous ten years 

established and advanced detection procedures for 

osteoarthritis (OA) conditions. The authors investigated three 

new image preprocessing approaches consisting of noise 

reduction along with normalization and data enhancement 

strategies to enhance medical imaging interpretation for 

osteoarthritis diagnosis. [25]. Likewise, [26] studied machine 

learning algorithms such as SVM and RF for improving 

classification performance for joint diseases and validating that 

they work effectively in OA detection. [27] studied the effects 

of sequential data processing with RNN and feature extraction 

techniques, including PCA and ICA, in enhancing the reliability 

of the model and overall diagnostic performance for OA. [28] 

emphasized cloud-based solutions, specifically the use of cloud 

platforms such as AWS, to effectively deploy AI-based OA 

diagnosis models and handle massive-scale medical image data. 

[29], [30] suggested methods to improve model generalization 

and accuracy, so that there is strong performance with varied 

patient datasets for detecting OA utilizing ensemble-based 

learning strategies. [31], [32] gave insights into computer 

methods of dealing with large amounts of imaging data through 

distributed computing and parallel processing methods to 

enhance the scalability and efficiency of OA detection. [33], 

[34] furthered these endeavours by investigating optimization 

methods for deep neural networks, such as adaptive learning 

rates and batch normalization, to improve the real-world 

application of OA diagnostic models in clinical settings. [35], 

[36] introduced advances in deep learning, specifically RNNs 

for sequential medical data analysis to enhance the accuracy of 

time-series interpretation in OA diagnosis. [37], [38] 

investigated the integration of RNNs with Attention 

Mechanisms to detect OA in real-time, improving focus on 

important regions within medical images. [39] offered vital 

information regarding the evaluation of performance metrics, 

including guidance on the monitoring of accuracy and 

efficiency of OA diagnostic models within real-world clinical 

environments. Several studies show the advancement of AI-

based detection and forecasting methods for OA which 

promotes better diagnostic models for the future. 

III. METHODOLOGY 

The developed program will assist in early Osteoarthritis 

(OA) identification from medical scans with help from 

Recurrent Neural Networks (RNNs) alongside cloud-based 

image analysis. The proposed model will first leverage novel 

methods for feature extraction from medical images while it 

will then optimize these features to improve detection 

efficiency and performance. RNNs will analyse sequential 

imaging data to capture the patterns of OA disease progression 

which allow prediction of disease severity across time. Cloud 

computing platforms will be used for storing large amounts of 

data efficiently, batch processing, and training with scalable 

resources that can address the high computational requirement 

of OA detection. The study will investigate several feature 

selection techniques to improve model performance and avoid 

overfitting, such that the OA detection model is robust and 

generalizable. The key goal is to design an efficient and 

accurate OA diagnosis system based on cloud-computing deep 

learning to enable early diagnosis and better patient care. The 

system architecture for the proposed system is shown in Figure 

1. 

A. Data Collection 

The information for this study has been acquired from the 

Knee Osteoarthritis Dataset with Severity Grading, which 

includes labelled medical images specially prepared for knee 

osteoarthritis diagnosis and grading of severity. The dataset is 

made up of MRI images and X-rays of knee joints along with 

corresponding clinical data that classify OA into various levels 

of severity. The images have pertinent information to be used 
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to train deep models so that they can recognize and classify the 

path of OA. The dataset includes imaging under diverse clinical 

conditions to simulate real-world diagnostic environments. The 

data will be securely stored in the cloud so that it is readily 

available, efficient to process, and scalable for deep learning. 

Standard preprocessing techniques, such as noise removal, 

image normalization, and augmentation, will be applied to 

enhance the quality of the images and deliver the best feature 

extraction for optimal OA detection. 

(https://www.kaggle.com/datasets/shashwatwork/knee-

osteoarthritis-dataset-with-severity). 

 

 
Fig 1: Workflow of Osteoarthtitis Severity Prediction 

B. Data Preprocessing 

Preprocessing of data is necessary to improve the quality 

and accuracy of input data for deep learning algorithms. The 

data preprocessing pipeline involves a series of operations: 

noise reduction, image normalization, and data augmentation. 

• Noise Removal: It eliminates unnecessary noise from 

medical images so that the important features regarding 

Osteoarthritis (OA) severity are well defined and not 

overwhelmed by unwanted data. 

• Image Normalization: Image normalization standardizes the 

pixel intensity values across images to ensure consistency. 

Image normalization helps in dealing with image contrast 

and brightness variations, which could arise due to 

differences in imaging conditions. 

• Dataset Augmentation: Augmentation methods are used to 

artificially enhance the diversity of the dataset by 

converting existing images (rotations, flip, zoom, etc.). This 

improves the model's ability to generalize and avoids 

overfitting. 

a. Scientific Notation for Image Augmentation 

Let 𝐼(𝑥, 𝑦) represent the pixel intensity at position (𝑥, 𝑦) in an 

image, and 𝐼norm(𝑥, 𝑦) represent the normalized pixel intensity. 

The image normalization can be expressed as like in eqn. (1). 

𝐼norm(𝑥, 𝑦) =
𝐼(𝑥,𝑦)−𝜇

𝜎
                (1) 

Here, 

• μ is the mean pixel intensity of the image.  

• σ is the standard deviation of the pixel intensities 

across the entire image. 

C. Cloud Storage 

Cloud Storage is instrumental in handling and processing 

large amounts of data, providing smooth access, secure storage, 

and scalability during the data collection, pre-processing, and 

model training processes. The pre-processed and collected 

medical imaging data will be stored securely in the cloud, 

providing a number of benefits: 

1. Secure Storage: The data will be encrypted and stored with 

access controls in place to ensure that patient information and 

medical images are protected from unauthorized viewing. This 

is necessary in the preservation of privacy and compliance with 

healthcare regulations such as HIPAA. 

2. Scalable Access: The cloud infrastructure provides scalable 

storage that is simple to increase as the dataset grows. It ensures 

that as medical imaging data pile up, it is possible to scale the 

system to meet computation and storage needs without 

compromising its performance. 

Using the cloud storage, the raw and pre-processed image 

data set can be easily accessed by researchers and doctors at any 

place. It also enables efficient processing and training of deep 

models with a high increase in flexibility and usefulness of the 

whole diagnostic system. The cloud infrastructure is able to 

dynamically allocate resources in order to adapt to the needs of 

big data processing and machine learning computations, 

ensuring high performance and availability at all times. 

D. Feature Extraction and Classification  

RNNs are applied in prediction of severity and feature 

extraction in Osteoarthritis (OA) because they can analyse 

sequential data and abstract temporal patterns. The model has 

several layers that assess joint health over time and determine 

the most important features of OA progression such as joint 

space narrowing. These are pulled from clinical information 

and medical images, and processed through fully connected 

layers, where the data is classified based on OA severity levels. 

Activation functions like ReLU are employed to add non-

linearity to allow the model to learn complex patterns, while the 

output employs a SoftMax function to provide probability 

scores for severity classification. Network tuning by adjusting 

the number of layers, filters, and kernel sizes maximizes the 

detection accuracy of OA severity. RNN architecture is 

depicted in Figure 2. 

For the unsurpassed performance of the approach, 

hyperparameter tuning is secondhanded in the RNN 

architecture. The learning rate is tuned to provide efficient 

training without divergence or slow convergence. Dropout 

layers are added to avoid overfitting by randomly disabling 

neurons during training, and batch normalization is used to 

normalize feature distributions and speed up convergence. The 

Adam optimizer is utilized for adaptive weight updates to 

enhance the efficiency of learning. By optimizing the RNN 

model and hyperparameters, the system improves accuracy, 

shortens training time, and obtains improved generalization 

capability, and hence can be applied in cloud-based OA 

diagnosis and severity prediction. 
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Fig 2: Recurrent Neural Network 

IV. RESULTS AND DISCUSSIONS 

The RNN Model for Osteoarthritis (OA) diagnosis exhibits 

high performance in reliable identification and prediction of 

OA intensity from medical imagery and clinical records. 

Evaluation of the performance characteristics validates the 

superiority of the model in diagnosing osteoarthritis and also in 

disease forecast, pointing out its capability of early and accurate 

diagnosis in clinic and cloud environment. 

 

 
Fig 3: Pre-processed Knee X-ray Images: (a) Original Image, (b) Denoised 

Image, (c) Normalized Image, (d) Difference between Denoised and 

Normalized Images 

A. Pre-processed Analysis 

The impact of different preprocessing operations on an 

original knee X-ray image is depicted in Figure 3. (a) Original 

Image represents the original X-ray in which the joint space 

narrowing (JSN) and other characteristics are evident, but the 

image quality is compromised due to noise and non-uniform 

intensity levels. (b) Denoised Image is the result after passing 

through a denoising filter, which eliminates unwanted artifacts 

like graininess or random pixel noise. The image is clearer, with 

sharper edges around the joint and bones. (c) Normalized Image 

normalizes to rescale the pixel intensities, enhancing the overall 

contrast and making the joint space and other important features 

more visible. This is to ensure the intensities fall within a known 

range, and thus improve visibility under varying light 

conditions or acquisition settings. (d) Difference between 

Denoised and Normalized Images shows the regions where the 

two pre-processed images differ. The heatmap in this panel 

indicates areas in which normalization brought substantial 

contrast improvements, illustrating how normalization 

facilitates depiction of fine details such as the narrowing of the 

joint space, which may have been more difficult to resolve in 

the denoised or raw images by themselves. The difference plot 

visually measures the effect of normalization on the image 

clarity and interpretability of the X-ray, simplifying it for 

automated or even human analysis. 

B. Classification Analysis 

This The X-rays shown here are categorized into five grades 

according to JSN severity based on osteoarthritis (OA) severity 

in Figure 4. Arranged in a sequence are as follows: Grade 0 

(Healthy), demonstrating a normal knee with no traces of OA; 

Grade 1 (Doubtful), with early narrowing signs that are not 

conclusive; Grade 2 (Minimal), where mild joint narrowing is 

obvious but still basically normal; Grade 3 (Moderate), where 

joint space narrowing is conspicuous, indicating moderate OA; 

and Grade 4 (Severe), with profound narrowing and 

conceivable joint deformity, indicating established OA. These 

images are generally employed for diagnostic reasons to 

evaluate the severity of knee osteoarthritis and to inform 

treatment. 

 

 
Fig 4: Knee X-ray Images Showing Different Grades of Joint Space 
Narrowing (JSN) in Osteoarthritis (OA): Grade 0 (Healthy), Grade 1 

(Doubtful), Grade 2 (Minimal), Grade 3 (Moderate), and Grade 4 (Severe). 

C. Comparison Analysis 

An evaluation table of methods is included in Table 1, 

representing the changes in accuracy, precision, and recall for 

two competing methods. Though both methods deliver 

encouraging results, the proposed RNN-based method shows 

considerably enhanced performance in diagnosing 

Osteoarthritis (OA) from X-ray images. The novel method has 

attained higher classification accuracy, precision, and recall, 

making it a more efficient and reliable instrument for the initial 

and accurate diagnosis and monitoring of OA than other 

methods. 

 
TABLE 1: Comparison Table of Existing and Proposed Methods 

Authors and Methods Accuracy Precision Recall 

[40], PSPNet-HHT-Fuzzy Logic 94 93 92 

Proposed RNN 99.53 94.62 93.72 
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The PSPNet-HHT-Fuzzy Logic model demonstrates 94% 

accuracy, 93% precision, and 92% recall. However, the 

suggested RNN-based model surpasses it with 99.53% 

accuracy, 94.62% precision, and 93.72% recall. These findings 

testify to the enhanced performance of the suggested RNN 

model in Osteoarthritis (OA) detection and diagnosis, with its 

high accuracy and dependability in comparison to the PSPNet-

HHT-Fuzzy Logic model. 

 

 
Fig 5: Comparison Graph of Existing and Proposed Methods 

 

The proposed RNN model performs the best with 99.53% 

accuracy, 92.62% precision, and 93.72% recall. The bar chart 

shown in Figure 5 shows the performance of different methods 

in terms of their better diagnostic ability of the proposed RNN 

model. The results indicate that the RNN model is able to detect 

main features in MRI scans with better detection accuracy. As 

compared to the PSPNet-HHT-Fuzzy Logic model, the new 

RNN is more reliable and stable for early diagnosis and 

monitoring. 

V. CONCLUSION AND FUTURE WORK 

In this research, a cloud-based OA diagnosis and severity 

grade classification system was built, where RNNs were 

employed to process sequential medical images and grade OA 

progression. The designed RNN model yielded excellent 

performance with 99.53% accuracy, 94.62% precision, and 

93.72% recall. The system leverages the cloud computing 

approach for massive data storage and big data computation, 

enabling efficient training and deployment of the model. By 

using advanced preprocessing techniques such as noise 

removal, image normalization, and data enhancement, the 

model's ability to detect prominent features in OA X-ray images 

was significantly enhanced. The system herein outperforms 

other models, including the PSPNet-HHT-Fuzzy Logic, in 

reliability and accuracy and is a highly effective tool for OA 

early diagnosis and monitoring. Further work will focus on 

applying this technique to other musculoskeletal ailments and 

refining the system towards more precision and relevance in the 

clinic for the provision of a worthwhile contribution to health 

care professionals everywhere. 
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