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Abstract: 

Osteoporosis, a progressive bone disease, significantly increases fracture risk. Early detection is vital for preventative 

measures. This study investigates the application of Convolutional Neural Networks (CNNs) for automated 

osteoporosis detection using medical images. We propose a CNN model trained on a labelled dataset of knee x-ray 

images to classify normal and osteoporotic bone structures. The paper talks about the model development, training 

process, and evaluation for accuracy in osteoporosis detection. The patients using the proposed model will be 

connected with resources for diagnosis, treatment, and support. 
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I. INTRODUCTION 

Osteoporosis stands as an unsolvable issue in the realm 

of metabolic bone pathologies. It weakens the skeletal 

framework, rendering it susceptible to fractures upon 

minimal trauma. This disease has turned into a global 

health crisis, afflicting a staggering number exceeding 

200 million individuals worldwide. The osteoporotic 

fractures occur every three seconds, with a bone-

chilling statistic of 8.9 million annually. For physicians 

to be aware and to identify at-risk patients, 

understanding the risk factors and appropriately 

diagnose the disease is crucial. Several factors such as 

gender, age, body mass index (BMI), height, body 

weight, levels of physical activity, nutritional status, 

family history, calcium, and vitamin D intake, back 

pain, and other endocrine and cardiometabolic factors 

are associated with osteoporosis and very important in 

diagnosing it during lifetime.  

Traditional methods such as laboratory dual-energy X-

ray absorption (DXA) are widely used metric for BMD 

and bone strength. But they are expensive, limited, and 

time consuming. Therefore, the quest for more robust 

and readily available methods for screening, diagnosis, 

and ongoing monitoring of patients with osteoporosis 

remains an imperative. 

This paper explores the potential of Convolutional 

Neural Networks (CNNs) for automated osteoporosis 

detection using medical images. CNNs are a powerful 

deep learning technique adept at extracting salient 

features from imagery data and performing image 

classification tasks with high accuracy. By leveraging 

CNNs, we aim to develop a non-invasive, cost-

effective, and accurate method for osteoporosis 

detection. This research investigates the efficacy of 

CNNs in classifying osteoporosis based on knee X-

rays. The paper details the development of a CNN 

model, its training process on a labelled medical image 

dataset, and its evaluation for osteoporosis detection 

accuracy.  

This study has a two-pronged approach to tackling 

osteoporosis. The first goal is to pinpoint risk factors 

within clinical data, including physical attributes, 

personal history, and past medical conditions. By 

leveraging classification algorithms as screening tools, 

healthcare professionals and patients can gain a 

heightened awareness of individual susceptibility to 

osteoporosis.[4] This early detection allows for 

preventative measures to be implemented before the 

disease progresses and leads to complications. The 

effectiveness of interventions like medications, fall 

prevention strategies, and lifestyle modifications has 

been well-documented. Studies have shown a 
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significant reduction in fracture risk (ranging from 21% 

to 66%) for patients who follow these measures. 

However, despite the availability of potent drugs, 

osteoporosis and associated fractures remain a 

persistent challenge. Concerns regarding medication 

side effects have driven a focus on exercise as a safe 

and cost-effective preventative approach.[2] Physical 

activity plays a crucial role in promoting 

musculoskeletal health by increasing muscle mass, 

stimulating bone tissue through mechanical stress, and 

boosting osteoblast activity (bone-building cells). 

Given the demonstrably positive effects of exercise on 

bone health, ensuring accessibility to suitable and 

effective exercise programs for both doctors and 

patients becomes paramount. The second goal of this 

study is to develop an artificial intelligence system that 

can personalize dietary recommendations to optimize 

health outcomes.[5] 

 

 

II.  METHODOLOGY 

A. Data Acquisition 

The research utilizes a substantial dataset specifically 

designed for knee joint analysis. This dataset is 

comprised of 1,650 digital X-ray images. These 

images were carefully acquired from well-regarded 

hospitals and diagnostic centers.[9] This ensures a high 

level of image quality and consistency, which is crucial 

for training machine learning algorithms. The X-rays 

themselves were captured using a specific model of X-

ray machine, the PROTEC PRS 500E. The original 

images are 8-bit grayscale images. The image data is 

stored with each pixel having a value between 0 (black) 

and 255 (white) to represent different shades of Gray. 

Each X-ray has been meticulously labelled by two 

medical experts. This labelling follows the Kellgren 

and Lawrence grading system, a standardized 

method for classifying osteoarthritis severity in knee 

joints based on X-ray appearance. Having two experts 

independently label the images helps ensure accuracy 

and reduces the risk of bias. A novel approach for 

automatically extracting the cartilage region, also 

known as the region of interest (ROI) has been 

followed.  

This dataset is used because this research is developing 

an automated system to identify the specific area of the 

knee joint most crucial for analysis, potentially 

streamlining the process and reducing human error.  

 

 
Fig.1.: Labelled X-ray Image Data 

 

B. Model Architecture 

The CNN model was constructed using the Keras deep 

learning library. A sequential model architecture was 

adopted, stacking convolutional and dense layers. The 

model comprised of three convolutional layers, each 

followed by a ReLU activation function and max 

pooling layer. The number of filters used in each 

convolutional layer are (128, 64, 32) with a kernel size 

of (3, 3). However, the specific configuration can be 

optimized based on experimentation. 

A flatten layer was used to transform the high-

dimensional convolutional feature maps into a one-

dimensional vector. Dropout layers with rates like 

(0.2, 0.1) were incorporated to prevent overfitting. 

Two densely connected layers with (128, 64) neurons 

and ReLU activation were employed for further feature 

extraction and classification. 

The final output layer consisted of five neurons with 

a SoftMax activation function. The number of 

neurons in the final layer corresponds to the number of 

osteoporosis severity classes as per the grading system 

used (e.g., 0 - Normal, 1-4 - severe). 

 

C. Model Training and Evaluation 

The model was compiled using the categorical cross-

entropy loss function suitable for multi-class 

classification problems. The Adam optimizer was 

chosen for efficient gradient descent during training. 

Accuracy was selected as the primary metric to 

evaluate the model's performance in classifying 

osteoporosis severity levels. 

 

 

III.  SYSTEM DESIGN 

3.1 System Architecture: 

The system consists of the following components: [1] 

User interface: Allows users to upload X-ray images, 

enter other relevant information, and view the predicted 

osteoporosis and bone density results. [2] Image 

processing: It extracts the relevant features from the 

X-ray images, such as identifying the bones in the 
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image and calculating their density. [3] Machine 

learning: Predicts osteoporosis based on the extracted 

features. [4] Database: Stores the X-ray images, user 

information, and predicted osteoporosis and bone 

density results. [5] Bone health monitoring system: 

Allows users to track their bone health over time by 

storing their X-ray images and predicted results. The 

system then generates reports the user's bone density is 

changing over time. [6] Location-based medical 

support: Finds and contacts nearby professionals 

specializing in osteoporosis by using the user's location 

to display a list. 

 
Fig.2.: System Architecture 

IV.  RESULTS AND ANALYSIS 

The performance of the CNN model in classifying 

osteoporosis severity levels based on knee X-ray 

images: 

 

 
Fig.3.: Training Loss and Accuracy Graph 

 

Fig.3. shows a Training Loss and Accuracy graph for 

the model with 84% accuracy. 

 

 
Fig.4.: Confusion Matrix 

 

 
Fig.5.: Prediction Outputss 

V.  LIMITATIONS 

The research subjects for osteoporosis majorly happen 

to be elderly people. This group contains people over 

the age of 70. There is a significant lack of research 

being done on subjects aged 18 to 25. This results in a 

lack of nuanced measurements, which leads to partial 

osteoporosis prediction and assessment. 

 

 

VI.  FUTURE SCOPE 

While CNNs show promise for osteoporosis detection, 

future research holds exciting possibilities. Combining 

data sources (X-rays, DXA scans) with patient details 

(multimodal data fusion) could improve accuracy. 

Explainable AI could build trust in clinical settings. 3D 

CNNs for analyzing detailed scans might enable earlier 

osteoporosis detection. Training on diverse datasets 

and developing mobile applications could improve 

accessibility and generalizability. Integrating with 

electronic health records and predicting fracture risk 

are promising avenues for personalized treatment and 
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preventative measures. By exploring these future 

directions, CNN-based osteoporosis detection can be 

refined for significant public health impact. 

 

  

VII.  CONCLUSION 

To conclude, our work focuses on developing AI based 

tools that can help with automated osteoporosis 

detection using knee X-ray images. The CNN model 

can classify normal and osteoporotic bone structures, 

demonstrating the feasibility of this approach. 

Our work strives to help people track their symptoms, 

medications, and lifestyle choices. Additionally, our 

work also emphasizes the need for providing people 

with personalized reminders and support. 

Our findings suggest that CNNs can offer a non-

invasive, potentially cost-effective, and accurate 

method for osteoporosis detection. This technology 

holds significant promise for improving early diagnosis 

and facilitating timely interventions to prevent 

fractures and their associated complications. 

However, further research is necessary to explore the 

future directions discussed, such as multimodal data 

fusion, explainable AI integration, and mobile 

applications. By addressing these areas, we can refine 

CNN-based osteoporosis detection and pave the way 

for its widespread clinical adoption, ultimately 

contributing to improved patient care and reduced 

healthcare burden. 
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