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Abstract. A major global health concern is knee osteoarthritis, which is
frequently identified by conventional radiographic grading schemes like the
Kellgren-Lawrence scale. Reliance on X-ray pictures, however, may cause a
delayed diagnosis. Convolutional neural networks (CNNs), in particular, are deep
learning techniques that have been the subject of recent research aimed at
improving diagnostic efficiency and accuracy. Eight CNN-based adaptive neural
network models were examined for the diagnosis of knee osteoarthritis. These
models were trained and verified using a large dataset of knee X-rays, and then
their ability to classify the severity of osteoarthritis in the knee was thoroughly
examined. According to our findings, the best-performing model outperformed
the others, with an astounding accuracy of 98.73%. This study highlights how
deep learning models, in particular CNNs, can increase knee osteoarthritis
diagnosis accuracy and speed.

Keywords: Deep Learning, X-rays, Adaptive neural network, Gradient descent
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1 Introduction

The Osteoarthritis (OA) of the knee, a prevalent musculoskeletal disease, necessi-
tates accurate diagnostic and therapeutic approaches due to its significant impact on
individuals and healthcare resources. Recent developments in machine learning (ML)
and artificial intelligence (Al), particularly deep learning (DL), present promising paths
for accurate disease evaluation, while older methods rely on subjective assessments and
qualitative tests. Based on radiographic imaging, the Kellgren-Lawrence (KL) grading
system has long been used to determine the severity of osteoarthritis[ 1] [2]. However,
its reliance on subjective interpretation and qualitative assessments poses limitations,
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leading to diagnostic inaccuracies and suboptimal treatment decisions. To address these
challenges, our research aims to explore DL strategies for accurately classifying OA
severity using knee joint radiographs. We evaluate various DL architectures, including
VGG16, EfficientNetB7, DenseNet169, MobileNet, VGG19, NASNetlarge, Xception,
and InceptionV3 leveraging annotated datasets and rigorous model training. Our goal
is to develop a robust predictive model capable of objectively categorizing different
levels of knee OA severity. By harnessing DL-based diagnostic tools, clinicians can
gain valuable insights into disease progression, treatment responses, and patient out-
comes. Early detection facilitated by these tools enables personalized interventions and
proactive management strategies, ultimately improving patient care and optimizing re-
source allocation. Although the KL grading system primarily focuses on structural
changes observed in X-rays, it may not always correlate perfectly with clinical symp-
toms. Thus, healthcare professionals must consider additional factors, such as patient
symptoms and functional status, when managing knee OA comprehensively.

The Kellgren-Lawrence (KL) grading system, developed in 1957, is widely used to
classify osteoarthritis (OA) severity in the knee based on X-ray imaging. It ranges from
Grade 0 (no signs of OA) to Grade 4 (severe OA), assessing structural changes like
osteophytes and joint space narrowing. However, it may not always correlate perfectly
with patients' clinical symptoms [9]. Healthcare professionals primarily use this system
for knee OA but may adapt it for other affected joints. While valuable for monitoring
disease progression and guiding treatment decisions, comprehensive management re-
quires considering additional factors such as patient symptoms and functional status.

our research represents a significant contribution to the intersection of DL-driven
healthcare and musculoskeletal medicine. By working together, we hope to close the
gap that exists between contemporary technology and clinical practice, improving knee
OA diagnosis, treatment, and prognosis in the process.
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Fig. 1. Kellgren-Lawrence Grading System.

2 Literature Review

The diagnosis and treatment of knee osteoarthritis have been utilizing deep learning
(DL) approaches more and more, since they demonstrate great promise for improving
early detection, intervention, and treatment planning. With the Kellgren-Lawrence
grading system for early detection and intervention, DL models have shown a revolu-
tionary impact on knee OA diagnosis and management. The studies extensive datasets
of clinical and knee X-ray images demonstrate the robustness and generalizability of
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the established models, which mark advancements in improving healthcare outcomes.
Beyond the limitations of typical machine learning techniques, a thorough assessment
of DL models for KOA severity prediction has been carried out. These  papers note
important challenges, such as low dataset diversity and the hazards of overfitting,
despite encouraging results, highlighting the necessity for ongoing research efforts to
improve DL models for KOA prediction.

DL models, like as Convolutional Neural Networks (also known as CNNs) and
recurrent neural network models (RNNs), have been used in KOA for detection and
classification in addition to severity prediction. While highlighting the impressive
sensitivity and accuracy shown in earlier research, these also highlight ongoing issues
including interpretability and the need for big, diverse datasets to support the resilience
and generalizability of the model. A novel federated learning approach has been intro-
duced to address class imbalance, thereby enhancing the accuracy and reliability of
multiclass classification tasks. This innovative methodology signifies a step forward in
refining DL models for KOA diagnosis and management by tackling critical gaps in
existing approaches. Further innovation is seen in a knee cartilage segmentation method
utilizing Generative Adversarial Networks (GANs) with transfer learning. Addressing
the challenges associated with heterogeneous clinical MRI data, this approach presents
a significant breakthrough in improving segmentation accuracy, thereby advancing
diagnosis and treatment planning for knee OA. The role of advanced MRI techniques
and artificial intelligence in OA assessment has been explored, advocating for improved
accuracy and efficiency in diagnosis and monitoring. This discussion lays the ground-
work for future research aiming to harness Al capabilities for enhanced clinical
decision-making in knee OA management. A comprehensive overview of image
segmentation techniques for knee OA research highlights the benefits and limitations
of both classical and DL-based methods, serving as a valuable resource for researchers.
This holistic perspective facilitates informed decision-making in method selection
based on specific research requirements, contributing to the interdisciplinary
collaboration between medical research and artificial intelligence for transformative
advancements in knee OA diagnosis and management. Variations in accuracy and loss
measures are observed during training and validation when comparing deep learning
models for knee osteoarthritis (KOA)[12]. For each classification task, a large number
of photos must be manually classified by an expert to aid in model training. This study
lays the groundwork for an orthopedic department to transition to a complete automated
suggestion system. Such a system would provide OA surgeons with vital inputs that
would enable them to prioritize patient care based on the model's output, plan patient
therapy, and evaluate surgical options. All things considered, these results demonstrate
how revolutionary KOA diagnosis and treatment decision-making procedures may be
using MobileNet and related models[2]. A number of significant changes can be made
to improve the precision of our knee osteoarthritis (KOA) categorization method. Batch
normalization, first of all, helps stabilize and expedite the training process by
normalizing the input data layer by modifying and scaling the activations. Gradient
descent optimization makes it possible to suit the KOA dataset's unique properties more
precisely. Furthermore, by including more layers in the neural network architecture, it
may be possible to identify more intricate patterns and features in the photos, which
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would enhance the model's capacity to correctly categorize KOA severity levels. Our
goal is to greatly improve our classification model's efficacy and accuracy in identify-
ing KOA by extending and modifying its architecture. This will allow for better
treatment choices improved patient outcomes.

3 Methodology

A neural network, employing the KL. method, analyzes radiography data to diagnose
knee osteoarthritis (KOA) and assess its severity. It classifies OA grades based on
learned patterns from radiographic images.

3.1 InputData

A dataset of 1650 photographs was split into the following grades for the purpose of
knee osteoarthritis (OA) detection: 514 level 0, 477 level 1, 232 level 2, 221 level 3,
and 206 level 4. Subsets of the dataset were separated out to be used for train (70%),
test (10%), and validating (20%) in order to optimize the parameters of the deep
learning model, avoid overfitting, and adjust hyperparameters. By preventing
hyperparameter customization based on testing data, this segregation guarantees
optimal performance on unseen data.

3.2 Pre-Processing

Convolutional neural networks, also referred to as CNNs, are widely utilized in
orthopedic osteoarthritis analysis using deep learning to extract information from med-
ical images such as X-rays. The process involves training the CNN with labeled data to
learn osteoarthritic patterns, validating its performance on a separate dataset, and finally
testing its effectiveness on unseen data. Regularization techniques and hyperparameter
tuning are essential for optimizing the model's performance.

3.3 Convolutional Layers

Convolutional Neural Networks (CNNs) evaluate images using filters, small
matrices with weights, through convolution. This process filters the input image,
calculates dot products in overlapping parts, and generates a feature map highlighting
identified features, allowing the network to identify patterns, edges, and textures. CNNs
often include additional layers like pooling and fully connected layers to further
improve and interpret features beyond initial extraction. Through a hierarchical ap-
proach, the network gradually comprehends complex representations, enhancing its
ability to classify and comprehend images comprehensively without duplication.

3.4 Activation Layer

Leaky ReLU is an activation function employed in neural networks to introduce a
slight gradient for negative inputs, unlike traditional ReLU which sets negative values
to zero. This characteristic mitigates "dying neurons" and the vanishing gradient
problem in deep networks, enhancing learning stability. Leaky ReLU efficiently
addresses ReLLU's dead neuron limitation while maintaining computational efficiency,
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contributing to its widespread adoption in deep learning. Its inclusion in knee osteoar-
thritis (KOA) analysis with Kellgren-Lawrence (KL) grading allows for a modest,
positive gradient for negative inputs, preventing neurons from becoming dormant. This
adjustment improves network stability during training, crucial for accurately estimating
KL grades in osteoarthritis cases. By incorporating Leaky ReLU, neural networks
effectively handle variations in KL grading data, leading to improved performance and
more dependable predictions of disease severity.

3.5 Pooling Layer

In CNNs, the pooling layer typically follows the convolutional layer, down sampling
by selecting maximum or average values from specified areas in the feature map. This
reduces spatial dimensions while maintaining original content, enhancing model effi-
cacy and reducing overfitting risk.

3.6 Fully Connected Layer

The fully connected layer of a neural network made up of convolutional neurons
(CNN) is essential for deciphering characteristics from earlier layers and, eventually,
for classifying images. By flattening the output into a one-dimensional vector and
passing it through multiple layers with weighted sums and non-linear activation
functions like Leaky ReLU, the fully connected layer generates a probability
distribution across classes, identifying the predicted class based on the highest
probability. This layer is integral to the network's pattern recognition and classification
capabilities.  Additionally, CNNs excel in image recognition due to their specialized
convolution operation, allowing them to scan images continuously to identify specific
features.

Our methodology focuses on enhancing the accuracy of convolutional neural
networks (CNNs) through adaptive architecture design and Leaky Rectified Linear Unit
(ReLU) activation functions. We begin by selecting diverse and relevant datasets,
preprocessing them to ensure uniformity and augmenting them to increase variability.
Our baseline CNN architecture comprises alternating convolutional and pooling layers
with Leaky ReL U activation functions to introduce non-linearity and dropout layers to
mitigate overfitting. We progressively increase model depth by adding convolutional
blocks, optimizing depth through iterative experimentation while applying
regularization techniques data augmentation. Hyperparameters are fine-tuned, and
optimization algorithms such as Adam are employed. We explore advanced
architectural enhancements like residual connections and attention mechanisms.
Performance evaluation is conducted using standard metrics, and statistical analysis
validates performance improvements. The trained model is deployed, with ongoing
monitoring and periodic retraining to maintain accuracy and adaptability.
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4 Results and Discussions

A comparison was conducted among various deep learning models utilized for knee
osteoarthritis (KOA) detection, considering both accuracy and loss metrics during train-
ing and validation. Results showed a wide range of performance, with different detec-
tion rates across these models. NASNetLarge and InceptionV3 emerged as the most
accurate models, achieving remarkable accuracy of 98.73%. Notably, we have gradient
decent optimization, making our project unique, and improving the accuracy of all mod-
els. EfficientNetB7 demonstrated the highest loss. These findings demonstrate the ef-
fectiveness of InceptionV3 in creating an image classification system for osteoarthritis
in the knee based on KL-grade severity.

Table 1. Comparison of Eight Distinct Learning Models Validation, Training
Accuracy and Loss.

Model Name Val- Train- Val- Train-
Accuracy Accuracy Loss loss
IDenseNet169 0.9697 0.9436 0.1041 | 0.2308
[EfficientNetB7 0.3115 0.2703 1.985 1.6602
VGGl6 0.9674 0.9248 0.994 0.2082
MobileNet 0.9800 0.9945 0.1113 | 0.0120
INASNetLarge 0.9873 0.9697 0.0699 | 0.1031
VGG19 0.9606 0.9248 0.1436 | 0.1945
InceptionV3 0.9873 0.9824 0.0612 | 0.0633
Xception 0.9673 0.9042 0.1131 | 0.2874

First X-ray analysis and decision-making phases can be automated by choosing the
best models for classifying OA medical pictures. To support model training, a large
number of photos must be manually classified by knowledgeable people. This work
provides significant information for OA surgeons to evaluate surgical treatments,
patient management, and prioritise care for patients based on model outputs. It also lays
the foundation for the implementation of a throughout its entirety device
recommendation system in orthopedic departments. It's also important to note that the
model's training time has been drastically lowered, with each epoch taking only 20
seconds and each step taking 126 milliseconds. Occupational activities have been
identified in previous reviews as possible risk factors for osteoarthritis (OA) of the
knee; however, few studies have produced quantitative data, probably because the
literature covers a wide variety of risk variables and assessments. therapy decisions can
be aided by deep learning (DL) algorithms, which can differentiate between
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radiographic OA with no symptoms and symptomatic OA that needs therapy. With
companies developing in models of prediction for hospitalized patients and patient data
management, the incorporation of DL into healthcare has greatly enhanced patient care.
Appropriate sample size consideration in relation to model predictors is necessary to
ensure dependable predictive performance. Machine learning algorithms' robustness is
significantly impacted by the amount and quality of the dataset, particularly with regard
to image data. With deep learning (DL) emerging and providing customized solutions
for healthcare requirements, the future of the field of healthcare seems bright. For first
diagnosis, a dependable and accurate device would be especially helpful in places
where radiology specialists are not readily available. To enhance image analysis and
facilitate continuous network learning, DL systems can incorporate radiologist reports
and image data. Al usage in orthopedics is dominated by deep learning techniques
combined with clinical pictures. Transfer learning improves the ability to learn from
one dataset in order to generate predictions on other datasets.

Table 2. Comparison of EfficientNetB7 and NASNetLarge's Confusion Matrix,
Training Loss, and Accuracy
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Table 3. Comparison of Xception, DenseNet169, VGG16, and InceptionV3's
Accuracy, Confusion Matrix, and Training Loss
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Table 4. Comparison of MobileNet and VGG19 Accuracy, Training Loss, and
Confusion Matrix

MobileNet

Confusion Matrix Training Loss and Accuracy

label

ue

l
Doubtfy
d

L o 5 o 1s
Predicted label Epoch #

VGG19

Confusion Matrix

Training Loss and Accuracy
Normal

a00

Doubtful

abel

Tue

200

100

Mid {

=

Pradicted label

5 Conclusion

Even though our KOA project produced remarkable results with an astounding
accuracy rate of 98.73%, further research is still needed to fully understand
osteoarthritis (OA) of the knee prediction models. The intricacy of radiographic
indicators and risk factors from knee x-rays necessitates continued research to develop
and validate prediction models across diverse populations. The integration of such
models into everyday clinical practice could greatly enhance clinical decision-making,
providing clinicians with valuable tools for early detection and personalized
management of KOA. Therefore, it is essential to refine and modify these models and
their associated parameters to explore their performance and accuracy levels,
particularly concerning the impact of tuning and epochs. Future efforts will focus on
advancing these prediction models to ensure their effectiveness across various
demographic groups and healthcare settings. By optimizing parameters and refining the
models, we aim to empower clinicians with reliable tools for KOA diagnosis and
management, ultimately improving patient outcomes and quality of life. This ongoing
research reflects our commitment to advancing musculoskeletal medicine and
addressing the evolving challenges of KOA diagnosis and management.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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