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ABSTRACT

Osteoporosis is a progressive bone disease characterized by decreased bone mineral density (BMD)
and an increased risk of fractures, especially among elderly individuals and postmenopausal women.
Early detection is crucial to prevent severe complications and improve quality of life. In this project,
we propose an Al-based Osteoporosis Detection System that analyzes both clinical patient data and
Dual-Energy X-ray Absorptiometry (DXA) images to accurately classify bone health status into three
categories: Normal, Osteopenia, and Osteoporosis. The methodology incorporates multiple machine
learning models, including Random Forest, Support Vector Machine (SVM), Gradient Boosting,
XGBoost, LightGBM, and a Multilayer Perceptron (MLP), trained using clinical attributes such as BMD,
T-score, age group, and height. Additionally, a Convolutional Neural Network (CNN) is used to analyze
DXA scan images for supportive prediction. The system automatically provides personalized lifestyle
recommendations, including diet, exercise, and safety precautions based on the predicted condition.
The experimental results show that the Random Forest classifier achieved the highest accuracy among
clinical models, while the CNN demonstrated reliable classification on image data. This unified
framework enables fast, non-invasive, and cost-effective screening of osteoporosis, assisting clinicians
in early diagnosis and preventive healthcare management.

Keywords: Osteoporosis, Bone Mineral Density, DXA Image Analysis, Machine Learning,
Convolutional Neural Network, Clinical Decision Support System, Healthcare Automation, Disease
Prediction
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1.INTRODUCTION

The project centres on the critical need for accurate and early detection of Osteoporosis in modern
healthcare systems. Osteoporosis, being a serious bone disorder, requires precise assessment of bone
mineral density and structural integrity to prevent fractures and long-term complications. According
to the World Health Organization, early assessment at the primary healthcare level is essential for
reducing the global burden of osteoporosis [1]. However, existing diagnostic methods face challenges
in effectively identifying early-stage bone deterioration, highlighting the necessity for a more efficient
and accessible approach.

The current osteoporosis detection systems have notable shortcomings. Challenges include
dependence on expensive DXA scanning equipment, limited availability in rural areas, delayed
diagnosis often occurring only after fractures, and reliance on expert interpretation. Studies by John
A. Kanis emphasize that fracture risk assessment and diagnosis are often delayed due to limitations in
current clinical practices [2], [8]. Additionally, incomplete clinical evaluation and lack of integrated
analysis further reduce diagnostic accuracy. These limitations underscore the need for a more reliable
and intelligent solution. The project aims to address the deficiencies of current osteoporosis detection
systems by proposing a solution based on Artificial Intelligence, specifically using Machine Learning
and Deep Learning techniques. Artificial Intelligence is an advanced computational approach that
enables automated analysis and pattern recognition from large datasets, as described by lan
Goodfellow et al. [3]. Machine Learning models, supported by frameworks such as Scikit-learn, analyze
clinical data efficiently [4], [11], while Deep Learning models, including architectures like Deep
Residual Learning, process DXA images to extract meaningful features [5].

Recent research in medical imaging, such as X-ray image analysis for osteoporosis diagnosis,
demonstrates the effectiveness of combining shallow and deep learning approaches for improved
detection accuracy [6]. Furthermore, global studies highlight the increasing prevalence of
osteoporosis and the need for scalable diagnostic solutions [7], with hormonal and physiological
factors also playing a key role in bone health [9]. The system integrates these advanced techniques
using modern tools such as TensorFlow [10] and datasets from repositories like UCI Machine Learning
Repository [12], creating an accurate and consistent prediction framework. As a result, this technology
can be used to develop a reliable and efficient system for classifying bone health conditions, enabling
early diagnosis and supporting preventive healthcare strategies.

1.1 PURPOSE

The purpose of this project is to develop a user-friendly Al-based system for the early detection of
Osteoporosis, enabling timely diagnosis of bone health conditions, improving prediction accuracy, and
supporting preventive healthcare. Early identification of osteoporosis is essential to reduce fracture
risk and long-term complications, as emphasized by the World Health Organization [1]. The proposed
system integrates clinical data analysis and DXA image processing to deliver fast and reliable
diagnostic results. By leveraging Machine Learning techniques for analyzing patient data and Deep
Learning models for extracting features from medical images, the system enhances prediction
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accuracy and consistency [3], [4]. Advanced deep learning architectures, such as Deep Residual
Learning, further improve image-based diagnosis [5].

Additionally, the system aims to reduce dependency on manual diagnosis and expert interpretation,
addressing key limitations in traditional methods [2]. By utilizing modern tools like TensorFlow [10]
and Scikit-learn [11], the proposed solution ensures scalability, efficiency, and adaptability. This
approach also enhances accessibility to osteoporosis screening, especially in resource-limited and
rural areas where advanced diagnostic facilities are scarce. Furthermore, the system promotes
awareness through personalized health recommendations, contributing to improved patient care,
better clinical decision-making, and enhanced quality of life [7], [9].

1.2 MOTIVATION

The motivation behind implementing an Al-based system for detecting Osteoporosis is to improve
early diagnosis, reduce dependency on expensive diagnostic methods, and minimize the risk of
undetected bone deterioration. Osteoporosis is a growing global health concern, with increasing
prevalence among aging populations, particularly in developing countries like India [7], [8]. Early
detection plays a crucial role in preventing fractures and associated disabilities, as highlighted by the
World Health Organization [1]. Traditional diagnostic approaches rely heavily on costly DXA scanning
equipment and expert interpretation, which are not always accessible in rural and resource-limited
areas [2]. This creates a strong need for an efficient, affordable, and scalable solution. By integrating
Machine Learning and Deep Learning techniques, the proposed system becomes faster, more reliable,
and capable of providing accurate predictions with minimal human intervention. Advanced deep
learning models, such as Deep Residual Learning, have shown significant improvements in medical
image analysis [5], while foundational work in deep learning supports robust pattern recognition from
large datasets [3].

Furthermore, the use of modern frameworks like TensorFlow [10] and Scikit-learn [11] enables the
development of scalable and efficient solutions. This innovative approach enhances accessibility to
healthcare technology, particularly in underserved regions, and supports automated, data-driven
decision-making. Ultimately, this system promotes preventive healthcare, raises awareness about
bone health, and facilitates timely medical intervention. By addressing existing gaps in osteoporosis
diagnosis, it contributes to improved patient outcomes and better quality of life [9].

1.3 PROBLEM STATEMENT

The current process for detecting Osteoporosis is often expensive, time-consuming, and highly
dependent on specialized diagnostic equipment and expert interpretation. Techniques such as DXA
scanning, while effective, are costly and not widely accessible, especially in rural and resource-limited
settings. As a result, diagnosis is frequently delayed, increasing the risk of fractures and long-term
complications. Studies indicate that osteoporosis is often identified only after severe outcomes,
highlighting inefficiencies in existing diagnostic practices [2], [8]. In many regions, particularly in
developing countries like India, limited access to healthcare facilities further exacerbates this issue.
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The rising prevalence of osteoporosis among aging populations adds to the urgency of addressing this
problem [7]. According to the World Health Organization, early detection and intervention are critical
to reducing the global burden of osteoporosis-related fractures [1]. Additionally, current systems rely
heavily on manual evaluation and lack integrated analysis of clinical data and imaging information,
leading to inconsistencies and reduced diagnostic accuracy. These limitations emphasize the need for
a more efficient, scalable, and intelligent solution.

To address these challenges, there is a need for a user-friendly system based on Artificial Intelligence
that ensures accurate, accessible, and early diagnosis. By integrating Machine Learning for clinical data
analysis and Deep Learning for DXA image processing, the proposed system can automate detection
and improve reliability [3], [4]. Modern tools such as TensorFlow [10] and Scikit-learn [11] further
support the development of an efficient and scalable framework. This system aims to reduce
dependency on manual diagnosis, simplify the screening process, and promote preventive healthcare.
Ultimately, it seeks to improve early detection and enhance patient outcomes, particularly in regions
with limited medical infrastructure.

2. LITERATURE SURVEY

Artificial Intelligence provides an effective solution to overcome the limitations of traditional
osteoporosis detection methods. Conventional techniques like DXA rely on Bone Mineral Density
(BMD) and expert interpretation, which are costly and less accessible. Machine learning algorithms
such as Random Forest and SVM can analyze clinical data to predict osteoporosis risk with high
accuracy. Deep learning models like CNN are used to analyze DXA images and detect subtle bone
structure changes. Combining clinical data and image analysis improves diagnostic performance
compared to single methods. Studies show that hybrid models provide better accuracy and reliability
in prediction. Large datasets containing both clinical and image data play a key role in improving
model performance.

[1] Estrogens and androgens in skeletal physiology and pathophysiology Author: Almeida, M., et
al. (2017) This study highlights the critical role of sex hormones, particularly estrogen and
testosterone, in maintaining skeletal growth, mineral metabolism, and bone strength. The authors
explain how estrogen deficiency during menopause accelerates bone resorption by activating
osteoclasts, which leads to rapid bone mass loss in women. The study also describes the gradual
decline of androgens in aging men as a contributing factor to late-onset bone weakening. Hormone
signaling pathways regulating bone turnover are discussed in detail, offering strong clinical insights
into the causes of postmenopausal osteoporosis. The paper emphasizes the need for hormone
replacement therapy or targeted drug interventions to prevent fragility fractures. This reference
supports the biological background section of the project and justifies why osteoporosis prediction
must consider gender and hormonal status.

[2] Effect of force direction on femoral fracture load Author: Keyak, ].H., Skinner, H.B., & Fleming,
J.A. (2001) This research focuses on biomechanical aspects of hip fracture, explaining how different
fall directions affect the stress distribution at the femoral neck. Using computational simulation and

IJISEA — editor@ijisea.org Page 157



http://www.ijisea.org/
mailto:editor@ijisea.org

ISSN: 2582 - 6379
IJISEA Publications

International Journal for Interdisciplinary Sciences and Engineering Applications
IJISEA - An International Peer- Reviewed Journal
2026, Volume 7 Issue 2

www.ijisea.org

mechanical testing, the authors prove that small variations in fall impact direction can drastically
change fracture risk. The study explains why elderly individuals with weak muscle control and poor
balance are more vulnerable to hip fractures. This reference is important in understanding why
osteoporosis leads to severe fracture outcomes even from minor falls. The study validates the real
world need for early Al-based osteoporosis risk prediction.

[3] Peripheral bone structure and mortality among rural older adults Author: Jammy, G.R., et al.
(2022) This paper investigates how bone strength measured using peripheral quantitative computed
tomography (pQCT) is associated with survival rate in older people. The research conducted on rural
Indian populations reveals a strong correlation between lower muscle density, weaker bone geometry,
and higher mortality risk. The findings establish osteoporosis as not merely a bone-related condition
but a health threat influencing long-term survival. The study emphasizes the importance of screening
in resource-limited communities, directly aligning with the system’s goal to provide low-cost and
accessible Al screening tools. It also supports the inclusion of precautionary recommendations based
on clinical risk.

[4] Changes in trabecular pattern of femur as an index of osteoporosis Author: Singh, M., Nagrath,
AR. & Maini, P. (1970) This classical study introduces an early radiographic method for diagnosing
osteoporosis by observing changes in femoral trabecular bone patterns. It explains how bone
microarchitecture becomes sparse, discontinuous, and degraded as osteoporosis progresses. The
research highlights that structural deterioration occurs earlier than measurable density loss, making
image-based feature extraction critically important. This supports the deep learning module of the
project that classifies DXA image texture variations. It also explains why hip DXA scans are highly
reliable in diagnosing osteoporosis severity and fracture risk.

[5] Construction of the femoral neck during growth determines its strength in old age Author:
Yukun Bao, Zhongyi Hu This study examines growth patterns of the femoral neck and how childhood
and adolescent bone development affects fracture risk during aging. It shows that bone structural
integrity built early in life protects against osteoporosis later. The authors link early nutrition,
genetics, and physical activity to adult BMD outcomes. This reference emphasizes the importance of
early bone health awareness and preventive strategies, validating the recommendation module that
encourages lifelong bone-strengthening habits. The study also reinforces the need for early diagnosis,
which is an essential goal of the Al-based system.

3. METHODOLOGY

3.1 System Architecture

Implementation is the phase where the designed system is developed and deployed using
programming tools. The proposed Al-based osteoporosis detection system is divided into the

following modules:

Data Acquisition
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Data Pre-processing

Clinical Data Analysis

DXA Image Analysis

Prediction & Recommendation
User Interface Module (Streamlit)

This module is responsible for collecting input data required for the system. It includes clinical data
such as Bone Mineral Density (BMD), T-score, age, and height, along with DXA medical images of bones
(hip and spine). Users can manually enter clinical values or upload DXA images through the Streamlit
interface.

DATA PREPROCESSING MODULE:
In this module, the collected data is prepared for model processing. Clinical data is cleaned, encoded,
and normalized to ensure consistency. DXA images are resized, converted into numerical format, and

normalized to improve model performance. This step ensures accurate and efficient prediction.

CLINICAL DATA ANALYSIS MODULE (ML):

This module applies machine learning algorithms such as Random Forest, Support Vector
Machine (SVM), and XGBoost to analyze clinical parameters. The models learn patterns from the
dataset and classify bone health into Normal, Osteopenia, or Osteoporosis categories.

DXA IMAGE ANALYSIS MODULE (CNN):

This module uses a Convolutional Neural Network (CNN) to analyze DXA images. The model

extracts bone texture and structural features to identify bone density loss. It helps in detecting

osteoporosis even when changes are not clearly visible.

PREDICTION AND RECOMMENDATION MODULE:
This module generates the final prediction by combining outputs from clinical and image
analysis. It displays the predicted class along with probability scores. Additionally, it provides

personalized health recommendations such as diet, exercise, and lifestyle precautions.
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Fig: 3.1 System Architecture
3.2 Use case Diagram

The use case diagram represents the interaction between users and the system. In this project, the
main actors include Admin, Doctor, and User. The system allows users to input clinical data, upload

DXA images, and receive predictions along with recommendations.

Upload clinical ¢
values /DXA
images

Manage System Doctor

)

Monitor Logs

o
|\
b

Admin

recomandations

Fig:3.2 Use case Diagram
3.3 Class Diagram

In software engineering, a class diagram in the Unified Modeling Language (UML) is a type of static
structure diagram that describes the structure of a system by showing the system's classes, their

attributes, operations (or methods), and the relationships among the classes. It explains which class
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contains information. The class diagram is used to refine the use case diagram and define a detailed
design of the System. The class diagram classifies the actors defined in the use case diagram into a set
of interrelated classes. The relationship or association between the classes can be either an "is-a" Or

"has-a" relationship.

User

+ userld : String
+ name : String ¢~ ————  read/write
«depends on >

+ email : String
- passwordHash : String

+ login()
+ createRequest() y
+ sendMessage() A
X e Database
+ viewNotifications() readAniie =
3 "| + patientsTable : Table
1
! «<depends on > + appointmentsTable: Table
1 * + messagesTable : Table
I
! "
Doctor Admin & rea‘xd(enn.ty)
; —— : : lg— - — - p| + Wwrite(entity)
+ doctorld : String «depends on > + adminld : String «depends on> + update(entity)
+ name : String + name : String + delete(entity)
+ epealinfo : String + role : String
+ viewAppointments() + manageUsers()
+ addNotes() + manageScheduling()
+ sendMessage() + generateReports()
+ viewNotifications() + viewNotifications()

Fig: 3.3 Class Diagram

4. RESULTS

Doctor Consultation Interface - Osteoporosis Detection System Dashboard

The image represents a Doctor Consultation Module within an Al-powered Osteoporosis Detection
System. This interface is designed to connect patients with healthcare professionals for expert
guidance and diagnosis support. At the top, the dashboard displays the system title “Osteoporosis
Detection System”, along with a subtitle indicating that predictions are performed using clinical data
or DXA images. This highlights the integration of advanced Artificial Intelligence techniques for
medical analysis. The interface includes a section labeled “Available Doctors”, where users can select
a doctor from a dropdown list. This feature enables patients to choose healthcare professionals for
consultation, making the system interactive and user-friendly.

Below this, detailed information about a selected doctor, Dr. Ayesha Khan, is displayed. The profile
includes:

e Specialization in Rheumatology and metabolic bone diseases

e Years of experience (12 years)

e Hospital affiliation (Metro Bone & Joint Institute)
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e (Contact details such as phone number and email
e Medical license information

A professional profile image of the doctor is also shown, enhancing trust and authenticity.

Overall, this module plays a crucial role in bridging the gap between automated Al predictions and
human expertise. It allows patients to seek medical advice, supports clinical decision-making, and
ensures that the system not only provides predictions but also facilitates expert consultation. This
improves accessibility to healthcare services, especially in remote areas, and contributes to better
diagnosis and patient care.

Osteoporosis Detection System

Al-based prediction using Clinical Data or DXA Images
&~ Available doctors

Choose a doctor

Dr. Ayesha Khan — dr.ayesha@example.com ~

Dr. Ayesha Khan

Profile photo Specialization: Rheumatology & Metabolic Bone Disease
Experience: 12 years

Hospital / Clinic: Metro Bone & Joint Institute

Phone: +91 98765 43210

Email: drayesha@example.com

License: MCI-RH-2012-44102

Fig: 4.1 Doctor Consultation Interface - Osteoporosis Detection System Dashboard

Normal Mode Chat with Doctor

The image shows a Doctor Chat Module within the Al-based Osteoporosis Detection System. This
interface is designed to enable real-time communication between patients and healthcare
professionals after prediction results are generated. At the top, the system title “Osteoporosis
Detection System” is displayed, indicating that the platform integrates clinical data and DXA image-
based analysis using Artificial Intelligence. A navigation option such as “Back to Predictions” allows
users to return to the diagnosis section easily.

The main section, labeled “Chat with Doctor”, provides the following features:

IJISEA — editor@ijisea.org Page 162



http://www.ijisea.org/
mailto:editor@ijisea.org

ISSN: 2582 - 6379
IJISEA Publications

International Journal for Interdisciplinary Sciences and Engineering Applications
IJISEA - An International Peer- Reviewed Journal
2026, Volume 7 Issue 2

www.ijisea.org

e Doctor Selection Dropdown: Users can select a doctor (e.g., Dr. Ayesha Khan) for
consultation.

e Message Type Options: Users can choose between Normal and Emergency, helping prioritize
urgent medical communication.

e Chat Area: Displays messages and system notifications (e.g., “No messages yet. Start the
conversation!”).

e Message Input Box: Allows users to type and send messages directly to the doctor.

On the left sidebar, user profile details and navigation options such as “Chat with Doctor” are visible, making the
interface structured and easy to navigate. This module plays an important role in enhancing patient care by combining
Al-based predictions with human medical expertise. It allows patients to clarify doubts, seek immediate guidance, and
receive personalized medical advice. Overall, the feature improves accessibility, supports timely intervention, and
strengthens the effectiveness of the osteoporosis detection system.

2 VEERAVALLI YASWANTH
(Patient)

Osteoporosis Detection System

based prediction using Clinical Data or DXA Images

Log Out

Chat with Doctor

Fig: 4.2 Normal Mode Chat with Doctor
Emergency Mode chat with Doctor

The image illustrates the Emergency Chat Module within the Al-based Osteoporosis Detection System.
This feature is specifically designed to handle urgent communication between patients and doctors,
enhancing the responsiveness of the platform. At the top, the interface displays the system title
“Osteoporosis Detection System”, indicating that the platform utilizes Artificial Intelligence for
analyzing clinical data and DXA images. A navigation option such as “Back to Predictions” allows users
to return to the diagnosis results page.

In the “Chat with Doctor” section:
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e Adoctor (e.g., Dr. Ayesha Khan) is selected from the dropdown list.

e The Message Type option is set to Emergency, distinguishing it from normal queries.

¢ A highlighted notification (in yellow) clearly states: “Emergency section selected - doctor will
see this as urgent.” This ensures priority handling of critical cases.

Below this, the chat interface includes:

¢ A message display area (currently showing no messages)
e Atextinput box for typing messages
e A “Send” button for communication

The left sidebar contains user profile information and navigation options, maintaining consistency in
the dashboard layout. This module is important for providing timely medical intervention in critical
situations. By prioritizing urgent messages, it ensures that patients receive faster responses from
healthcare professionals. Overall, this feature strengthens the system’s ability to support real-time
decision-making, improve patient safety, and deliver efficient healthcare services.

2 VEERAVALLI YASWANTH
(Patient)

Osteoporosis Detection System

1 using Clinical Data or DXA Images

Log Out

Chat with Doctor

Dr. Ayesha Khan (dr.ayesha@example.com v

Fig:4.3 Emergency Mode chat with Doctor
User Output
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Fig: 4.4 User Output
5. CONCLUSION AND FUTURE SCOPE

1. Refinement of Bias Mitigation

Techniques Further advancements in vector space correction can enhance the accuracy of bias
detection and mitigation in NLP models. Developing dynamic correction mechanisms that adapt to
evolving linguistic and cultural trends will improve fairness in Al-driven hiring.

2. Integration with Explainable AI (XAI)

Explainability in Al-driven resume screening remains a challenge. Future research can focus on
integrating bias mitigation techniques with explainable Al frameworks, allowing recruiters to

understand and validate model decisions.
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3. Cross-Linguistic and Multicultural Applications

Expanding bias mitigation techniques to support multilingual and culturally diverse hiring processes
will be crucial. Research can explore how different languages and socio-cultural factors impact NLP-
based recruitment tools.

4. Real-Time Bias Detection and Correction

Implementing real-time monitoring systems that detect and correct bias dynamically during the hiring
process will enhance fairness. Adaptive algorithms can continuously learn from new data and
minimize emerging biases.

5. Ethical Al Frameworks for Recruitment Future

Studies can contribute to the development of standardized ethical guidelines and compliance
frameworks for Al-driven hiring. Collaboration with policymakers and industry leaders can help
establish regulatory measures.

6. Expansion to Other HR Functions

Bias mitigation techniques can be extended beyond resume screening to other HR applications such
as employee performance evaluation, promotion recommendations, and workforce planning,
ensuring fairness across the entire employee lifecycle.

7. Hybrid Approaches with Deep Learning and Reinforcement Learning

Combining vector space correction and data augmentation with advanced deep learning and
reinforcement learning techniques can further improve the accuracy and fairness of Al-driven hiring
systems.

8. Industry-Specific Customization

Different industries require unique skill sets and evaluation criteria. Future research can explore
industry-specific customization of Al models to ensure fair and effective hiring practices across

various domains.
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