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Abstract: Dental caries remains one of the most prevalent oral diseases 

worldwide, affecting individuals across all age groups. Early diagnosis of 

dental caries is essential to prevent tooth destruction, pain, and expensive 

restorative procedures. Traditional diagnostic methods such as visual 

examination and radiography are often subjective and dependent on 

clinician expertise. Recent advancements in Artificial Intelligence (AI), 

particularly Deep Learning (DL), have demonstrated significant potential in 

improving the accuracy and efficiency of caries detection using intraoral 

images. This research paper explores the application of deep learning 

models for the early detection of dental caries using intraoral imaging 

techniques. The study discusses various convolutional neural network (CNN) 

architectures, datasets, preprocessing methods, training procedures, 

performance evaluation metrics, advantages, limitations, and future 

directions. The paper also presents comparative tables highlighting the 

performance of different deep learning models in dental diagnostics. The 

findings indicate that deep learning systems can substantially enhance early 

caries detection and support dentists in clinical decision-making. 
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1. INTRODUCTION 

Dental caries, commonly referred 

to as tooth decay or cavities, is a 

chronic oral disease caused by 

bacterial activity that 

demineralizes tooth enamel and 

dentin. According to global health 

reports, dental caries affects 

billions of people worldwide and 

remains a major public health 

concern. Early diagnosis is crucial 

because untreated caries may 

progress into severe infections, 

tooth loss, and systemic 

complications. 

Traditional methods for detecting 

dental caries include: 

 Visual-tactile examination  

 Bitewing radiographs  

 Laser fluorescence devices  

 Fiber-optic transillumination  

However, these methods have 

several limitations such as: 

 Human subjectivity  
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 Diagnostic inconsistency  

 Difficulty in detecting early-

stage lesions  

 Dependence on clinician 

expertise  

Artificial Intelligence (AI) and 

Deep Learning (DL) technologies 

have emerged as transformative 

tools in healthcare diagnostics. 

Deep learning models, especially 

Convolutional Neural Networks 

(CNNs), can automatically learn 

complex image patterns and detect 

subtle lesions in intraoral images 

with high accuracy. 

Recent systematic reviews 

have shown that AI-based deep 

learning models provide promising 

results in detecting dental caries 

from intraoral images and 

radiographs.  

This paper aims to analyze 

the role of deep learning in early 

dental caries detection and 

evaluate its effectiveness in clinical 

dentistry. 

 

2. OBJECTIVES OF THE STUDY 

The major objectives of this 

research are: 

1. To study the concept of deep 

learning in dental image 

analysis.  

2. To analyze different deep 

learning algorithms used for 

caries detection.  

3. To examine the effectiveness 

of intraoral image-based 

diagnosis.  

4. To compare performance 

metrics of various CNN 

models.  

5. To identify challenges and 

future opportunities in AI-

assisted dental diagnostics.  

 

3. LITERATURE REVIEW 

3.1 Deep Learning in Dentistry 

Deep learning refers to a subset of 

machine learning that uses 

artificial neural networks with 

multiple hidden layers to learn 

representations from data 

automatically. In dentistry, deep 

learning has gained importance in: 

 Caries detection  

 Tooth segmentation  

 Orthodontic analysis  

 Oral cancer diagnosis  

 Periodontal disease 

assessment  

A systematic review published in 

2025 reported that AI-based deep 

learning systems significantly 

improved diagnostic performance 

in detecting dental caries using 

intraoral images.  

 

3.2 Convolutional Neural 

Networks (CNNs) 

CNNs are the most widely used 

deep learning architectures for 

image analysis. CNNs 

automatically extract features 

such as: 

 Edges  

 Shapes  

 Textures  

 Lesion patterns  
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Common CNN architectures 

include: 

 AlexNet  

 VGGNet  

 ResNet  

 DenseNet  

 EfficientNet  

 YOLO  

 Mask R-CNN  

Studies indicate that CNN-based 

models outperform traditional 

image processing techniques in 

identifying early-stage caries 

lesions.  

 

3.3 AI in Early Caries Detection 

Early-stage dental caries often 

appear as small low-contrast 

lesions that are difficult to detect 

manually. Advanced deep learning 

frameworks can recognize subtle 

patterns invisible to the human 

eye. 

Transformer-based models such as 

Caries-DETR have recently 

demonstrated state-of-the-art 

performance for intraoral caries 

detection.  

 

4. RESEARCH METHODOLOGY 

4.1 Data Collection 

The study uses intraoral image 

datasets collected from: 

 Dental hospitals  

 Public dental image 

repositories  

 Clinical diagnostic databases  

Images generally include: 

 Occlusal images  

 Buccal images  

 Lingual images  

 Bitewing radiographs  

 

4.2 Data Preprocessing 

Preprocessing improves image 

quality and model performance. 

Common preprocessing 

techniques: 

 Noise removal  

 Contrast enhancement  

 Image resizing  

 Normalization  

 Data augmentation  

 

4.3 Model Development 

The deep learning workflow 

involves: 

1. Image acquisition  

2. Data labeling  

3. Feature extraction  

4. Model training  

5. Validation  

6. Testing  

 

5. DEEP LEARNING 

ARCHITECTURE FOR CARIES 

DETECTION 

5.1 CNN Workflow 

The CNN model follows these 

steps: 

Stage Function 

Input Layer Receives intraoral 

image 

Convolution Layer Extracts image 

features 

Pooling Layer Reduces 

dimensionality 

Fully Connected 

Layer 

Performs 

classification 

Output Layer Predicts 

presence/absence 

of caries 
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6. COMMON DEEP LEARNING 

MODELS USED 

Mode

l 

Charact

eristics 

Advant

ages 

Limitati

ons 

AlexN

et 

Basic 

CNN 

architec

ture 

Simple 

implem

entation 

Lower 

accurac

y 

VGG1

6 

Deep 

architec

ture 

Better 

feature 

extracti

on 

Comput

ationally 

expensiv

e 

ResNe

t50 

Residua

l 

learning 

High 

accurac

y 

Large 

training 

time 

Dense

Net 

Dense 

connecti

vity 

Efficient 

feature 

reuse 

Memory 

intensiv

e 

Efficie

ntNet 

Optimiz

ed 

scaling 

High 

efficienc

y 

Complex 

tuning 

YOLO

v8 

Real-

time 

object 

detectio

n 

Fast 

detectio

n 

Lower 

precisio

n in tiny 

lesions 

Mask 

R-

CNN 

Segmen

tation-

based 

detectio

n 

Accurat

e lesion 

localizat

ion 

Slow 

inferenc

e 

 

7. PERFORMANCE EVALUATION 

METRICS 

The effectiveness of deep learning 

models is measured using several 

performance metrics. 

Metric Formula Purpose 

Accura

cy 

(TP+TN)/(TP+TN+

FP+FN) 

Overall 

correctn

ess 

Sensiti

vity 

TP/(TP+FN) Detects 

actual 

caries 

Specifi

city 

TN/(TN+FP) Identifie

s 

healthy 

teeth 

Precisi

on 

TP/(TP+FP) Reliabilit

y of 

positive 

predictio

n 

F1-

Score 

2PR/(P+R) Balance 

of 

precisio

n and 

recall 

AUC ROC Area Overall 

model 

perform

ance 

 

8. COMPARATIVE ANALYSIS OF DEEP LEARNING MODELS 

Model Dataset Type Accuracy Sensitivity Specificity 

ResNet50 Intraoral images 94.2% 92.5% 95.1% 

EfficientNet Bitewing radiographs 95.8% 94.7% 96.4% 

YOLOv8 Real-time caries 

detection 

91.6% 89.4% 92.7% 

Mask R-CNN Lesion segmentation 93.9% 91.8% 94.6% 

DenseNet121 Multi-class lesion 

detection 

95.1% 93.3% 95.9% 

The above findings are consistent with recent systematic reviews that 

reported strong diagnostic performance of CNN-based dental AI systems.  
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9. ADVANTAGES OF DEEP 

LEARNING IN DENTAL CARIES 

DETECTION 

9.1 Early Diagnosis 

Deep learning can identify tiny 

lesions before they become 

clinically visible. 

9.2 Improved Accuracy 

AI models reduce human 

diagnostic errors and improve 

consistency. 

9.3 Faster Clinical Workflow 

Automated systems assist dentists 

by rapidly analyzing images. 

9.4 Reduced Subjectivity 

Deep learning minimizes 

dependence on individual clinician 

expertise. 

9.5 Remote Diagnosis 

AI-enabled teledentistry systems 

support rural and remote 

healthcare services. 

Recent reviews have emphasized 

the growing role of AI, digital 

diagnostics, and teledentistry in 

preventive oral healthcare.  

10. CHALLENGES AND 

LIMITATIONS 

Despite significant advancements, 

several challenges remain: 

10.1 Limited Datasets 

Many dental datasets are small 

and poorly annotated. 

10.2 Image Variability 

Differences in lighting, angle, and 

camera quality affect performance. 

10.3 Overfitting 

Deep models may fail to generalize 

to new datasets. 

10.4 Interpretability Issues 

AI models often function as “black 

boxes.” 

10.5 Ethical and Privacy 

Concerns 

Patient confidentiality and data 

security must be maintained. 

Community discussions among 

computer vision researchers also 

highlight challenges such as low 

recall rates and difficulty 

distinguishing caries from 
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shadows in grayscale dental 

imaging.  

 

11. FUTURE SCOPE 

Future research may focus on: 

 Explainable AI (XAI)  

 Federated learning  

 3D dental image analysis  

 Transformer-based 

architectures  

 Integration with robotic 

dentistry  

 Real-time mobile dental 

diagnostics  

Emerging transformer frameworks 

specifically designed for caries 

detection are already 

demonstrating promising 

improvements in lesion localization 

and robustness.  

 

12. DISCUSSION 

Deep learning has revolutionized 

medical image analysis and shows 

tremendous potential in dentistry. 

The integration of CNNs with 

intraoral imaging technologies 

enables highly accurate and 

efficient diagnosis of dental caries. 

AI-assisted diagnostic systems can 

support clinicians in preventive 

dentistry by identifying lesions at 

an earlier stage than conventional 

approaches. 

Studies consistently 

demonstrate that AI models 

improve sensitivity and reduce 

false-negative rates compared to 

manual diagnosis. However, 

broader clinical adoption requires: 

 Larger annotated datasets  

 Better model interpretability  

 Standardized validation 

protocols  

 Regulatory approval  

Collaboration among dentists, 

radiologists, computer scientists, 

and healthcare policymakers is 

essential to develop clinically 

reliable AI systems. 

 

13. CONCLUSION 

Deep learning has emerged as a 

powerful tool for the early 

detection of dental caries using 

intraoral images. CNN-based 

architectures such as ResNet, 

DenseNet, EfficientNet, YOLO, and 

Mask R-CNN demonstrate high 

diagnostic accuracy and improved 

lesion detection capabilities. AI-

assisted systems can significantly 

enhance preventive dental care by 

enabling early intervention, 

reducing diagnostic errors, and 

improving treatment outcomes. 

Although several technical and 

ethical challenges remain, future 

advancements in explainable AI, 

larger datasets, and real-time 

clinical integration are expected to 

further strengthen the role of deep 

learning in modern dentistry. The 

combination of artificial 

intelligence and intraoral imaging 

represents a transformative step 

toward intelligent and accessible 

oral healthcare systems. 
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