
© April 2025 | IJIRT | Volume 11 Issue 11 | ISSN: 2349-6002 

IJIRT 175848 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 4565 

Dental Caries Detection System 
 

 

Harish Ragavendra S1, Sumesh B2, Shesathri3, Mr. T. Maria Mahajan4,  

1,2,3 Student, Nehru Arts and Science College (Autonomous), Coimbatore - 641105, India, 
4Assistant Professor, Nehru Arts and Science College (Autonomous), Coimbatore - 641105, India 

 

Abstract—Dental caries, commonly known as tooth 

decay, is one of the most widespread chronic diseases 

affecting people of all age groups. Early detection and 

timely treatment are essential to prevent further oral 

health complications. This project, the Dental Caries 

Detection System, is a deep learning-based solution 

designed to automatically identify dental caries from 

intraoral or X-ray images, aiding dentists and healthcare 

professionals in diagnosis. 

The system enables users to upload a dental image, which 

is then analyzed using advanced image processing and 

convolutional neural network (CNN) techniques to detect 

the presence and severity of caries. Upon detection, the 

system visually highlights affected regions and classifies 

the type of decay. In addition, it generates a diagnostic 

summary that can be emailed directly to healthcare 

providers for further action. 

This solution is designed to support clinical decision-

making, especially in rural or underserved areas where 

access to dental specialists may be limited. It minimizes 

the chances of human error in interpretation, accelerates 

diagnosis, and improves the overall quality of patient 

care. 

Future enhancements may include real-time video 

analysis for dental screenings, integration with patient 

management systems, and the use of AI to suggest 

treatment plans based on the severity and location of 

decay. 

In the field of modern dentistry, early and accurate 

detection of dental caries plays a crucial role in ensuring 

effective treatment and preventing further oral health 

complications. Traditional diagnostic techniques often 

depend heavily on manual visual inspection and 

radiographs, which may lead to subjective 

interpretations and inconsistencies. To address these 

challenges, this paper proposes the design and 

development of a Dental Caries Detection System 

(DCDS) that integrates image processing and machine 

learning techniques for the automated identification of 

carious lesions. The system offers a robust, efficient, and 

user-friendly platform that processes intraoral images, 

enhances diagnostic precision, and supports real-time 

clinical decision-making. Using technologies such as 

Python, OpenCV, and a trained convolutional neural 

network (CNN), the system evaluates dental imagery for 

signs of decay with high accuracy. By leveraging data-

driven insights and AI capabilities, the DCDS enhances 

diagnostic workflows, reduces human error, and 

improves overall patient care outcomes in dental 

practices. 

 

Index Terms—Dental caries, Deep learning, Image 

processing, CNN, Diagnostic system, Email alert, Dental 

health. 

 

I. INTRODUCTION 

 

Dental caries, commonly known as tooth decay, is 

among the most prevalent oral health problems 

affecting people globally. Early detection is crucial for 

effective treatment and prevention of further tooth 

structure deterioration. Traditional diagnostic methods 

such as visual examination or radiograph analysis 

require professional expertise and may still miss initial 

lesions. 

The Dental Caries Detection System aims to 

revolutionize dental diagnostics by providing an 

automated solution using deep learning and computer 

vision. The system allows dental professionals to 

upload intraoral images or X-rays, which are analyzed 

for signs of decay. If caries are detected, the system 

highlights the affected regions and optionally sends a 

notification to the practitioner. 

This AI-driven diagnostic tool enhances the accuracy 

and efficiency of cavity detection, minimizes human 

error, and supports timely intervention. Its integration 

into dental workflows can improve patient outcomes 

and streamline clinical operations. 

 

Objectives 

The primary objective of the Dental Caries Detection 

System is to develop an intelligent and automated tool 

that can identify tooth decay in dental images using 

deep learning techniques. The system is aimed at 

improving diagnostic accuracy, reducing manual 
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effort, and supporting timely treatment. The key 

objectives include: 

Automated Caries Detection – Design and implement 

a deep learning-based model capable of accurately 

identifying dental caries from intraoral or radiographic 

images. Gender Classification  

Image Preprocessing and Enhancement – Apply 

advanced image processing techniques to enhance 

image quality for better feature extraction and 

analysis. 

Caries Classification – Classify the detected caries 

based on their severity (e.g., initial, moderate, or 

advanced) to assist in treatment planning. 

User-Friendly Interface – Develop a simple interface 

that allows users (such as dentists or patients) to 

upload dental images and receive instant diagnostic 

feedback. 

Visual Highlighting of Affected Areas – Overlay 

detection results on the input image to clearly indicate 

the regions affected by caries. 

Automated Diagnostic Report Generation – Generate 

a detailed report summarizing findings, which can be 

saved or sent via email for clinical reference. 

Remote Access and Tele-dentistry Support – Enable 

remote diagnostics to assist patients in areas with 

limited access to dental care professionals. 

Cost-Effective Solution – Provide an affordable 

diagnostic support tool that reduces the reliance on 

expensive dental imaging software and manual 

analysis. 

 

II. OVERVIEW 

 

The Dental Caries Detection System is an AI-powered 

application developed to assist in the early 

identification and classification of tooth decay through 

image analysis. Utilizing deep learning and computer 

vision techniques, the system processes dental 

images—such as intraoral photographs or 

radiographs—to detect signs of caries with high 

precision. 

 

The application features a user-friendly interface that 

allows dentists, technicians, or patients to upload 

dental images for analysis. Once an image is 

submitted, the system performs preprocessing to 

enhance visual quality, followed by a deep neural 

network model trained to identify decay. The system 

then marks affected areas on the image and provides a 

severity classification (e.g., mild, moderate, or severe 

caries). 

 

In addition to visual detection, the system generates a 

diagnostic summary that can be exported or emailed 

directly to healthcare professionals for review. This 

capability not only supports in-clinic assessments but 

also facilitates remote consultations in tele-dentistry 

scenarios. 

 

By automating the detection process, the system 

reduces diagnostic time, improves accuracy, and 

supports timely intervention. Furthermore, it can be 

enhanced in the future to handle other dental 

abnormalities, support real-time video feed analysis, 

and integrate with digital health records for 

streamlined clinical workflow. 

 

System Study 

Problem Statement 

Tooth decay, or dental caries, is a prevalent and 

persistent oral health issue that often goes unnoticed in 

its early stages due to the subtle nature of its 

symptoms. Traditional diagnostic methods, such as 

visual inspection and manual interpretation of X-rays, 

rely heavily on clinical expertise and can vary between 

practitioners. This can lead to missed diagnoses or 

inconsistent evaluations, especially in environments 

with limited access to dental professionals. 

 

Moreover, routine screenings can be time-consuming 

and may not be feasible in large-scale or rural health 

programs. The lack of automation also increases the 

chances of human error and delays in initiating 

treatment. Therefore, there is a need for an intelligent, 

efficient, and scalable solution that can support early 

and accurate detection of dental caries without the 

constant involvement of specialists. 

 

The proposed Dental Caries Detection System 

addresses this challenge by providing an AI-driven 

platform capable of analysing dental images, 

identifying early signs of caries, and assisting in 

clinical decision-making. It aims to enhance 

diagnostic reliability, reduce time and cost, and extend 

access to quality dental care through automation and 

remote support. 
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III. SYSTEM DESIGN 

 

 

The Dental Caries Detection System is structured into 

several interconnected modules that work together to 

analyze dental images, detect decay, and provide 

actionable feedback. The system is built with a 

modular and scalable architecture that supports image 

processing, AI-based detection, and user interaction. 

User Interface (UI): 

   Allows users (dentists, technicians, or patients) to 

upload dental images (X-rays or intraoral photos). 

   Provides input fields or options for selecting image 

type or specifying patient ID (optional). 

   Displays detection results, including visual 

markers on affected areas and a diagnosis summary. 

Image Processing Module: 

• Prepares uploaded images by applying 

enhancement techniques such as contrast 

adjustment, noise reduction, and resizing. 

• Converts the image into a format suitable for input 

into the detection model. 

Deep Learning Detection Module: 

• Utilizes a trained convolutional neural network 

(CNN) to analyse the image for signs of dental 

caries. 

• Identifies and localizes decayed regions using 

bounding boxes or heatmaps. 

• Classifies the detected decay based on severity 

(e.g., mild, moderate, severe). 

Alert and Report Generation Module: 

• Provides a visual alert on the interface if caries is 

detected. 

• Generates a detailed report including diagnostic 

insights, affected tooth regions, and suggested 

next steps. 

• Offers an option to email the report to healthcare 

providers or store it in a local/external system. 

Optional Notification System: 

• Sends email alerts or messages to notify dental 

practitioners or clinics of new cases needing 

review. 

• Supports tele-dentistry applications by enabling 

remote consultations based on the uploaded data. 

 

IV. SYSTEM FLOW 

 

The workflow of the Dental Caries Detection System 

outlines how an input dental image is processed and 

analysed to detect caries and generate results. Below 

is the step-by-step process followed by the system: 

Image Upload by User: 

• The user (dentist, technician, or patient) uploads a 

dental image—such as a bitewing X-ray or 

intraoral photograph—through the system's user 

interface. 

• The uploaded image is displayed for confirmation 

and preview. 

Image Preprocessing: 

• The system performs image enhancement 

techniques to improve visual clarity. 

• Common preprocessing steps include resizing, 

grayscale conversion, contrast enhancement, and 

noise filtering to prepare the image for analysis. 

Caries Detection using AI Model: 

• The pre-processed image is passed to a deep 

learning model (typically a CNN). 

• The model scans the image for regions that show 

signs of dental caries. 

• Detected caries are highlighted using bounding 

boxes, masks, or heatmaps on the image. 

Classification of Detected Caries: 

• The system assesses the severity of each detected 

lesion (e.g., early-stage, moderate, or advanced). 

• This helps in prioritizing treatment and guiding 

clinical decisions. 

Diagnosis & Decision Logic: 

If caries is detected: 

The system shows a “Caries Detected” message. 

If no signs of decay are found: 

The system displays a “No Caries Detected” message, 

indicating a healthy dental condition. 

Report Generation and Notifications: 

A diagnostic report is generated, including: 

• Image with visual markers. 

• Severity classification. 

• Suggested recommendations. 
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Output Display: 

The system displays the results on the user interface: 

• Processed image with highlights. 

• Diagnostic message. 

• Option to download or email the report. 

 

V. EXISTING SYSTEM 

 

Currently, the detection and diagnosis of dental caries 

rely heavily on traditional clinical practices, which 

include physical examination and manual 

interpretation of dental radiographs. While these 

methods are widely used and well-established, they 

come with several limitations, especially in terms of 

efficiency, consistency, and accessibility: 

Manual Clinical Examination: 

• Dentists visually inspect the teeth using tools like 

mirrors, probes, and lights. 

• This process depends entirely on the experience 

and skill of the practitioner. 

• Early-stage caries, particularly in hidden or tight 

areas, may go unnoticed. 

X-Ray Analysis: 

• Dental X-rays (bitewing, periapical, panoramic) 

are used to detect caries not visible to the naked 

eye. 

• Interpretation is manual, requiring a trained eye to 

identify small dark spots or irregularities. 

• Subtle lesions or overlapping structures can be 

difficult to interpret correctly. 

Limited Use of Technology: 

• While some clinics use image enhancement 

software, these tools often lack intelligent analysis 

or automation. 

• No built-in decision support or classification of 

decay severity is typically provided. 

Lack of Automation: 

• The absence of automated tools means longer 

diagnosis times and increased chances of human 

error. 

• Repetitive image assessments can cause fatigue 

and reduce diagnostic accuracy over time. 

Limitations of the Existing System 

• Subjective Evaluation – Results vary based on the 

examiner’s experience. 

• Time-Consuming – Manual image interpretation 

slows down the diagnosis. 

• Missed Early Signs – Initial decay may not be 

visible or detectable without advanced tools. 

•  No Digital Record Keeping – Paper-based 

assessments limit follow-up and data analysis 

• Limited Scalability – Not suitable for mass dental 

screening or tele-dentistry applications. 

 

VI. PROPOSED SYSTEM 

 

• The Dental Caries Detection System leverages 

deep learning and image processing techniques to 

accurately identify dental caries from 

radiographic images or intraoral photographs. The 

system is designed to provide a reliable, fast, and 

automated solution for dental diagnostics, 

reducing reliance on manual inspection and 

increasing diagnostic precision. 

• This system uses convolutional neural networks 

(CNNs) trained on large datasets of dental images 

to detect the presence and location of cavities. 

Once a dental image is uploaded, it undergoes 

preprocessing to enhance clarity and contrast. The 

model then analyses the image to detect carious 

lesions and visually marks the affected regions, 

aiding the dentist in clinical assessment.  

Comparison Between Existing and Proposed Systems: 

Feature Existing 

System 

Proposed System 

Detection 

Method 

Manual 

diagnosis 

through 

visual 

inspection. 

Automated image 

analysis using AI 

and deep learning 

Accuracy Moderate 

(Subjective 

and 

experience-

dependent) 

High (Trained 

CNN models 

reduce diagnostic 

errors) 

Automation 

Minimal 

(Requires 

professional 

evaluation) 

Fully automated 

detection and 

marking of 

carious regions. 

Scalability 

Limited 

(One-on-one 

clinical setup) 

Scalable 

(Supports 

integration 

into remote 

and mobile 



© April 2025 | IJIRT | Volume 11 Issue 11 | ISSN: 2349-6002 

IJIRT 175848 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 4569 

dental 

platforms) 
 

Caries 

Classification 

No (Requires 

dentist input 

for 

interpretation) 

Yes (System 

identifies and 

highlights 

decayed 

regions 

automatically) 
 

Real-Time 

Alerts 
No 

Yes (Instant 

visual results 

and optional 

email 

notifications) 
 

Cost 

Efficiency 

High cost 

(Requires 

clinic visits 

and expert 

review) 

Cost-effective 

(Reduces chair-

time and supports 

tele-dentistry) 

 

By addressing the drawbacks of traditional systems 

and incorporating gender classification and automated 

alerts, the proposed system ensures better crowd 

management, safety, and compliance with occupancy 

regulations. 

Module Description 

Image Input & User Interface Module: 

• Allows users to upload dental X-rays or intraoral 

images for cavity analysis. 

• Provides an intuitive interface for image selection 

and submission. 

• Displays visual results including highlighted 

caries regions and diagnostic indicators. 

Image Processing Module: 

• Processes the uploaded dental image to enhance 

clarity for analysis. 

• Applies image preprocessing techniques such as 

grayscale conversion, contrast enhancement, 

noise reduction, and resizing. 

• Converts images into optimized input formats 

suitable for the deep learning model. 

Caries Detection Module: 

• Employs deep learning models (e.g., CNN, 

YOLO, or TensorFlow frameworks) trained to 

detect dental caries. 

• Accurately identifies and localizes carious lesions 

within the tooth structure. 

• Provides segmentation of decayed and healthy 

areas for precise diagnostic output. 

Diagnosis & Alert Module: 

• Evaluates the detection output to determine the 

presence of dental caries. 

• Displays a diagnostic message on the interface, 

accompanied by a visual overlay marking affected 

areas. 

• Triggers an alert or recommendation for further 

dental examination in case of detected anomalies. 

Email Notification Module: 

• Sends automated email notifications to dentists or 

registered clinics when caries are detected. 

• Facilitates quick follow-up and supports remote 

diagnosis or second opinions. 

• Includes diagnostic details and image references 

in the alert. 

Result Display Module: 

• Presentation of Results: Displays the final output 

in a well-organized structure. 

• Key Metrics: Shows the total count of detected 

dental caries, the classification results, and the 

current system status. 

• Log Details: Provides comprehensive logs for 

future analysis and continuous improvement of 

the system. 

 

VII. CONCLUSION 

 

The Dental Caries Detection System offers a state-of-

the-art solution for identifying dental decay using 

advanced deep learning algorithms and computer 

vision techniques. By leveraging these technologies, 

the system ensures accurate detection and 

classification of dental caries, providing a more 

efficient diagnostic tool for dental professionals. 

With its ability to analyse X-ray images or other 

diagnostic images for dental issues, the system 

supports faster, more precise decisions, helping in 

early detection and treatment. The integration of 

machine learning not only improves diagnostic 

accuracy but also streamlines the workflow, offering 

significant time and cost savings compared to 

traditional diagnostic methods. 

Moreover, the system’s capacity to operate without 

extensive manual intervention increases its 
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accessibility and makes it an invaluable tool in both 

clinical and remote settings. Future enhancements, 

including real-time image processing, cloud-based 

analysis, and integration with dental practice 

management systems, will further enhance its 

functionality and scalability. 
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