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Abstract 

 

Recently, deep learning has profoundly transformed the analysis of medical images, 

particularly in dental radiology, where panoramic X-rays play a central role in diagnosis and 

treatment planning. This thesis focuses on the development of advanced deep learning 

methods to automate the analysis of these images, with the goal of proposing accurate, robust, 

and clinically applicable models. This work follows a step-by-step approach, in which each 

stage addresses a limitation identified in the previous one. It begins with a review of recent AI 

applications in dental imaging, emphasizing the possible uses of convolutional neural 

networks as well as the challenges related to data diversity and model generalization. 

First, we propose a method for semantic segmentation of teeth based on the U-Net 

architecture and its advanced variants (Attention U-Net, U-Net3+, and Transformer U-Net), 

trained using transfer learning, achieving Dice coefficients ranging from 94.64\% to 96.98\%. 

However, this step reveals a limitation: the inability to distinguish an individual tooth from its 

neighbor. This finding guide subsequent work toward instance segmentation using YOLOv8-

Seg models, enabling precise localization of each tooth, which is particularly useful in 

orthodontics and forensic dentistry. 

An end-to-end deep learning system based on YOLOv11 was then developed for the 

automatic detection, segmentation, numbering, and diagnosis of teeth from raw panoramic 

radiographs, achieving an average precision (AP) of 0.987 for detection and segmentation. 

However, pathological classification stagnates at an F1 score of 0.82 due to the imbalance 

between rare and common pathological classes. This imbalance is then addressed using 

generative diffusion augmentation (Stable Diffusion XL), which generates realistic synthetic 

samples for the minority classes; when combined with a ViT+ResNet50 hybrid model, this 

approach raises the F1 score to 96.41\% (precision 95.77\%, Cohen’s Kappa 0.947, MCC 

0.948). 

This research offers solid, experimentally validated methodological advances, from 

semantic segmentation to instance segmentation, then to a unified diagnostic system and a 

generative solution to address class imbalance, bringing automated dental imaging closer to 

real-world clinical use that is fast, comprehensive, and reliable. 
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