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Abstract. This study investigates the YOLOv11 deep learning architecture for
detecting chronological age from dental panoramic X-ray images, which is vital
for dentistry and forensic science. By leveraging a diverse dataset and employ-
ing preprocessing techniques, the model effectively extracts age-related dental
features with high accuracy. This non-invasive age estimation framework en-
hances patient management and legal investigations. Future research will aim to
improve prediction accuracy through larger datasets, transfer learning, and mul-
timodal approaches.
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1.Introduction

Accurate estimation of chronological age is crucial in dentistry and forensic science,
where traditional methods can be subjective and time-consuming. This study
leverages the YOLOv11 (You Only Look Once version 11) deep learning architecture
to detect age-related features in dental panoramic X-ray images. By utilizing a diverse
dataset and employing preprocessing techniques like normalization and augmentation,
the research aims to enhance model performance and accuracy. The framework
enables non-invasive age estimation, improving patient management and supporting
legal investigations. While acknowledging limitations, the study emphasizes the need
for larger, more diverse datasets. Future research will explore transfer learning and
multimodal approaches to further enhance prediction accuracy, representing a
significant advancement in age estimation methodologies.

1.1  Research Objectives

The suggested article's main research goals are:
ROI1: To develop an efficient and accurate method for estimating chronological age
from dental panoramic X-ray images using the YOLOV11 architecture.
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RO2: To leverage the advanced object detection capabilities of YOLOv11 to extract
meaningful spatial features from dental images, addressing challenges related to vari-
ability in dental development, health conditions, and image quality.

RO3: To compile a diverse dataset of dental panoramic X-ray images sourced from
various clinics and institutions, ensuring representation across different ages, genders,
and dental health conditions.

RO4: To implement preprocessing techniques, such as normalization and augmenta-
tion, to enhance image quality and improve the robustness of the YOLOv11 model.
ROS5: To evaluate the performance of the YOLOv11 model in terms of accuracy, pre-
cision, and mean average precision, comparing it with traditional age estimation
methods and other machine learning models.

2 Review Methodology

This study outlines a review methodology for chronological age detection using den-
tal panoramic images and deep learning techniques. A systematic search of academic
databases was conducted with keywords like "chronological age detection" and
"YOLOv11," screening over 300 articles for relevance. From this, 150 articles were
selected for in-depth analysis. The review focuses on findings from reputable journals
to assess the effectiveness of YOLOv11 and other models in age estimation. The goal
is to identify gaps in the literature and provide recommendations for future research
directions.

3 Sustainability

Chronological age detection aims to develop and validate advanced deep learning
models, including hybrid approaches that combine ResNet50 and vision transformers,
for accurate age estimation from dental panoramic images. This involves creating
fully automated systems that utilize panoramic radiographs for efficient and reliable
chronological age calculation, significantly aiding forensic odontology and clinical
practices. Additionally, the study will explore various feature extraction techniques to
assess their effectiveness in enhancing age detection accuracy from dental images,
focusing on both local and global features. This comprehensive approach seeks to
bridge the gap between traditional methods and modern Al technologies in dental age
estimation.

4 Proposed System

To address the limitations of existing systems, a lightweight YOLOV11 architecture is
proposed for age prediction from dental panoramic X-ray images. The system is de-
signed to efficiently learn and extract spatial features from images, perform regression
for age estimation, and overcome challenges like variability in dental structures and
limited dataset sizes.
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4.1 Features of the Proposed System

The system introduces a YOLOv11 model specifically designed for age regression
tasks. By leveraging the strengths of YOLOvVI11, which excels in real-time object de-
tection, the proposed architecture efficiently extracts features relevant for age estima-
tion. Key components include:

e Convolutional Layers: Capture spatial patterns in dental X-rays, such as
tooth morphology, growth stages, and structural changes.

e Pooling Layers: Reduce spatial dimensions to enhance computational effi-
ciency.

e Regression Layer: Perform age estimation based on the detected features.

e Dropout Layers: Reduce overfitting risks by introducing regularization dur-
ing training.

4.2  Data Preprocessing

Images are resized to a consistent resolution of 128x128 pixels for standardization.
Pixel values are normalized to [0, 1] to improve model convergence. These prepro-
cessing steps ensure that the YOLOv11 model focuses on meaningful patterns while
mitigating noise and irrelevant variations.

4.3 Loss Function

The system utilizes Mean Squared Error (MSE) as the loss function, emphasizing
larger errors more heavily to ensure precise age predictions.

4.4 Threshold-Based Evaluation

A custom accuracy metric is defined to measure predictions within a specified range
of +3 years, providing an application-relevant measure of performance.

4.5 Dataset Details

1. Data Collection
The dataset for this project was collected in real time from multiple dental
sources, including hospitals, dental clinics, and research institutions. The
goal was to create a diverse dataset covering a wide range of ages and dental
conditions for accurate chronological age estimation.

e  Vishnu Dental Clinic



Chronological Age Detection Using Dental Panoramic Images 545

e Dental Hospitals & Clinics: Radiography images were
obtained from partner hospitals and private dental clinics
with the consent of patients.

e Academic & Research Institutions: Collaborations with
dental colleges and forensic research centers provided ac-
cess to labeled radiography images.

2. Ethical Considerations

e Informed Consent: All patients provided consent before their radi-
ography images were used for research purposes.

e Anonymization: Personally identifiable information (names, pa-
tient IDs) was removed to comply with HIPAA and GDPR privacy
regulations.

o Institutional Approval: The study received approval from the Eth-
ical Review Board of participating institutions.

3. Dataset Composition

e Radiography images were collected and labeled with corresponding
chronological ages. The dataset was structured as follows:

e  Children: 3,000 (5 - 12 years)

e Adolescents: 3,500 (13 - 18 years)

e Adults: 3,500 (19 - 60 years)

¢ Gender Distribution: Balanced across male and female subjects.

e Dental Conditions: Included cases with normal development, im-
pacted teeth, missing teeth, and dental anomalies.

4.6  Data Preprocessing

Image Format: All scans were standardized to PNG format.

Resolution: Images were resized to 128x128 pixels for consistency.
Normalization: Pixel values were scaled between 0 and 1 for uniformity.
Data Augmentation: Techniques such as rotation, flipping, and zooming
were applied to balance underrepresented age groups.

4.7  Processing Requirements

e  Normalization

Pixel values were scaled between 0 and 1 by dividing by 255 to enhance model train-
ing stability.

Standardized pixel intensities ensure consistent brightness and contrast across images.
Noise Reduction & Enhancement

Gaussian Blurring: Smoothens images by reducing high-frequency noise.
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Histogram Equalization: Adjusts contrast levels to highlight dental structures.
Adaptive Thresholding: Enhances edges of teeth and jawbones, aiding in feature ex-
traction.

e Data Augmentation

Rotation: £10° to account for slight head tilts during imaging.

Flipping: Horizontal flips to generalize across left- and right-side variations.
Zooming: Random zoom-in/out to mimic different distances from the X-ray source.
Dataset Splitting

Training Set (70%): Used for model learning.
Validation Set (20%): Helps fine-tune hyperparameters and prevent overfitting.
Test Set (10%): Assesses the final model’s generalization ability.

5 Methodologies
5.1 YOLOVv11 (You Only Look Once)

YOLOVI11 is an advanced object detection model that can be adapted for chrono-
logical age estimation by identifying key dental structures in panoramic X-rays. Un-
like traditional CNNs, YOLOv11 excels in detecting teeth, root development, and
pulp chamber size, which are crucial for age prediction. Its real-time processing capa-
bility enables faster and more efficient analysis of large datasets. By localizing dental
features before feeding them into a regression model, YOLOv11 improves accuracy
while reducing manual annotation dependency. This approach enhances automated
age estimation for forensic and clinical applications.

6 Implementation

The implementation of the proposed system involves several key steps, including data
preprocessing, model training, and evaluation. The following outlines the process:

6.1 Import Necessary Modules

A YAML (Yet Another Markup Language) file is a lightweight, human-readable for-
mat used for configuration in machine learning projects, including YOLO. In this
context, the data.yaml file stores dataset paths and class names, such as molar and
premolar, for object detection. The YAML Python module loads this file, enabling the
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script to map class IDs from label files to their respective names. This mapping is
crucial for interpreting YOLO model detections and associating them with the correct
dental categories.

6.2  Age Estimation Based on Dental Features

This code estimates a person’s age by analyzing the number and types of detected
teeth from a YOLO-based object detection system. It first retrieves individual tooth
counts from the class counts dictionary, categorizing them into molars, premolars,
canines, and incisors. The script then calculates total classes, which represents the
total number of detected teeth, and applies predefined conditions to classify the sub-
ject into an appropriate age group.

6.3  Algorithm

e Input: Raw dental panoramic images in .jpg or .png format
e  Output: Estimated chronological age of individuals identified with high ac-
curacy
1. Data Preprocessing
LoadData = LoadRawlmages(.jpg or .png)
ResizedImages = Resizelmages(LoadData, target size = (640, 640))
NormalizedImages = Normalize(ResizedImages)
(TrainSet, ValSet, TestSet) = SplitData(NormalizedImages)
2. Self-Supervised Pretraining with YOLOv11
YOLOvV11 Model = InitializeYOLOv11()
BoundingBoxes, Labels = GenerateAnnotations(batch)
DetectedFeatures = DetectFeatures(YOLOv11_Model, batch)
Loss = ComputeDetectionLoss(DetectedFeatures, BoundingBoxes,
Labels)
e UpdateWeights(YOLOv11 Model, Loss)
e  PretrainedYOLOv11_Model = SaveModel(YOLOv11_ Model)
3. Fine-Tuning with Labeled Age Data
e FineTunedModel = LoadModel(PretrainedYOLOv11_Model)
InputData = GetFeatures(batch)
TargetLabel = GetAgeLabels(batch)
HiddenRepresentation = GetHiddenLayer(InputData)
Output = Classify(HiddenRepresentation, FineTunedModel)
AgeClassificationLoss = ComputeAgeLoss(Output, TargetLabel)
UpdateWeights(FineTunedModel, AgeClassificationLoss)
4. Model Evaluation and Comparative Analysis
e  Metrics = ComputeMetrics(EvaluateModel(FineTunedModel, Test-
Set))
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e TrainModel(Model, TrainSet)
e Metrics[Model] = ComputeMetrics(EvaluateModel(Model, Test-
Set))
5. Output Results
e PredictedAges = Classify(FineTunedModel, TestSet)
e OutputResults(PredictedAges)

7 Key Discoveries and Discussions

7.1 Research and Public Health Contributions:

The ability to estimate age from dental panoramic images contributes to epidemiolog-
ical studies and public health research. Understanding age-related dental health trends
can inform preventive measures and health policies aimed at specific age groups,
ultimately improving community health outcomes.

7.2 Streamlined Processes Through Al Integration:

The integration of advanced Al technologies, such as YOLOv11, streamlines the age
estimation process, making it more efficient and accessible for dental professionals.
This technological advancement reduces the time and resources required for age de-
tection, allowing for quicker decision-making in clinical and forensic settings.

7.3 Improved Patient Management:

Accurate age estimations enable dental practitioners to tailor treatments to the specific
needs of different age groups, leading to enhanced patient management and improved
outcomes. This personalized approach fosters better patient relationships and satisfac-
tion.

7.4 Educational and Training Opportunities:

The methodologies developed for chronological age detection serve as valuable edu-
cational tools for dental students and professionals. They enhance understanding of
dental development and age-related changes, contributing to the overall education and
training in the field.
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8 Future Scope

The future scope of chronological age detection using dental panoramic images is
promising, with opportunities for integrating multimodal approaches that combine
dental imaging with other modalities and clinical data to enhance accuracy. Ad-
vancements in deep learning techniques, including the development of hybrid models,
can improve feature extraction and age prediction capabilities. The creation of larger
and more diverse datasets will facilitate better model generalization across different
populations. Implementing real-time age estimation systems in clinical settings can
streamline treatment planning, while addressing ethical and legal considerations will
ensure responsible use in forensic contexts. Additionally, personalized treatment plans
based on age-related dental health trends, exploration of transfer learning to reduce
the need for extensive labeled datasets, and conducting longitudinal studies to track
dental development over time will further enhance the utility of age detection. Inter-
disciplinary collaboration among data scientists, dental professionals, and forensic
experts will foster innovation, and the methodologies developed may also find appli-
cations in fields such as anthropology and pediatrics, broadening the impact of this
technology.

9 Conclusion

Chronological age detection using dental panoramic images represents a significant
advancement in both forensic science and clinical dentistry. The integration of deep
learning technologies, particularly the YOLOv11 architecture, has enhanced the accu-
racy and efficiency of age estimation, providing a non-invasive method that is both
reliable and practical. This approach not only aids in identifying individuals in foren-
sic investigations but also supports dental professionals in making informed treatment
decisions tailored to the developmental stages of their patients. As research continues
to evolve, the potential for integrating multimodal data, expanding datasets, and refin-
ing algorithms will further improve the robustness of age detection methodologies.
The implications of this technology extend beyond immediate applications, paving the
way for interdisciplinary collaborations and innovations that can enhance patient care
and contribute to public health initiatives. Ultimately, chronological age detection
stands to transform how age-related dental assessments are conducted, leading to
better outcomes in both clinical and forensic settings.
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