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Abstract
Artificial intelligence (AI) has rapidly evolved over the past two 
decades, driven by advancements in digital imaging, machine 
learning, and computational power. In dentistry, AI has begun 
to transform tasks previously dependent on human expertise, 
offering opportunities to enhance diagnosis, treatment planning, 
and patient care. Applications range from identifying normal and 
pathological oral structures to optimizing decision-making and 
improving treatment outcomes. This review discusses both present 
applications and potential future directions for AI in oral healthcare.
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Introduction
Artificial intelligence (AI), once considered science 
fiction, is now a fast-expanding technology across 
healthcare.1 It enables machines to perform tasks 
traditionally reliant on human judgment, reducing 
pre- and post-operative complications. In dentistry, 
AI contributes to diagnostics, treatment planning, 
laboratory procedures, and even education.2 This 
review outlines current uses of AI in oral medicine 
and dentistry and explores its future potential.

AI, a discipline within computer science, designs 
systems capable of executing complex tasks. Early 

AI relied on rule-based systems, such as detecting 
lesions in radiographs based on preset thresholds.1 
Modern applications depend on machine learning 
(ML) and deep learning (DL), which learn from data 
rather than explicit programming.3 ML algorithms 
recognize and generalize patterns in large datasets, 
similar to how a child learns to recognize animals 
through repeated exposure. DL extends this by using 
hierarchical networks, with artificial neural networks 
(ANNs) as the most common subtype. In dentistry, 
convolutional neural networks (CNNs) have been 
especially effective for image interpretation.4
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Applications of AI Across Dental Specialties
Oral Radiology
CNNs demonstrate high accuracy in detecting anato- 
mical structures on radiographs. Models trained 
on periapical images can identify teeth with 
precision comparable to expert clinicians.2,3 CNNs 
have also shown strong performance in detecting 
carious lesions, achieving accuracy and sensitivity 
surpassing conventional visual diagnosis.4,5 These 
algorithms enhance radiographic interpretation by 
improving both efficiency and reliability.

Periodontics
Periodontal diseases present diagnostic challenges, 
as no single test can fully differentiate aggressive 
from chronic periodontitis.6-10 ANNs trained on 
immunologic parameters such as leukocyte counts 
and cytokine levels have achieved 90–98% accuracy 
in classification.11 Similarly, deep CNNs have been 
applied to predict the prognosis of periodontally 
compromised teeth (PCT), with diagnostic accuracy 
rates between 76–81% and extraction predictions 
between 73–83%.12-14 Premolars are more accurately 
diagnosed than molars due to anatomical simplicity.

Orthodontics
In orthodontics, treatment planning often involves 
decisions regarding extractions. ANNs have been 
developed to assist in these decisions, using clinical 
indices to predict the need for tooth removal in 
malocclusion cases.6,7,14 These systems achieved 
80–93% accuracy, supporting clinical judgment and 
enhancing predictability.

Oral Pathology
Early detection of oral lesions is critical, particularly for 
potentially malignant conditions. CNNs have demons- 
trated accuracy rates of 80–83% for detecting head 
and neck cancer lesions, comparable to specialist  
performance.15-20 CNN algorithms have also been used  
to differentiate ameloblastomas from keratocystic 
odontogenic tumors with accuracy exceeding 83%, 
while significantly reducing diagnostic time.21

Endodontics
Root canal morphology is highly variable, compli- 
cating endodontic treatment. Cone-beam computed 
tomography (CBCT) is the gold standard for assess- 
ment, though radiation exposure limits its use.22 AI-
based CNN algorithms have been applied to CBCT 

and panoramic radiographs to classify root canal 
morphology with accuracy around 87%.21,23-25 While 
manual segmentation remains a limitation, these 
tools provide valuable diagnostic assistance.

Despite advancements, AI implementation in 
dentistry faces obstacles. Data privacy and secure 
sharing are central concerns since AI requires large 
clinical datasets.22,23 Ensuring patient anonymity 
and compliance with ethical standards is crucial. 
Regulatory frameworks, such as the FDA’s 'Software 
as a Medical Device' category, provide oversight to 
safeguard innovation and patient safety.23

Accountability also poses challenges—questions 
remain about whether responsibility lies with the 
clinician or the algorithm developer in case of adverse  
outcomes. Legal and ethical frameworks must 
evolve to address these concerns.22 Additionally, 
interpretability is essential for clinical acceptance. 
AI performance depends on high-quality training 
data, and poorly labeled datasets can compromise 
outcomes.24 Clinicians must be able to understand 
and justify AI-driven decisions. Enhancing algorithm 
transparency and explainability remains a priority.

Conclusion
AI should be seen as an adjunct rather than a 
replacement for dental professionals. Its integration 
requires robust training, ethical safeguards, and 
transparency. Dental curricula must adapt to 
incorporate AI literacy. Beyond clinical support, AI is 
merging with virtual and augmented reality to create 
mixed-reality applications that aid in education and 
surgical planning.24 As research expands, AI promises  
to become an essential partner in enhancing efficiency,  
accuracy, and patient care in dentistry.
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