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Abstract

Artificial intelligence (AI) has emerged as a transformative force across healthcare, and dentistry is no exception. With advances
in machine learning, computer vision, and big data analytics, Al systems now assist clinicians in diagnosis, treatment planning,
and patient management. This review provides a comprehensive overview of current Al applications in dentistry, including
diagnostic imaging, orthodontics, restorative dentistry, endodontics, and oral pathology. It also highlights major challenges such
as data limitations, ethical issues, algorithmic bias, and clinical integration barriers. Finally, the paper discusses future directions
for Al in dentistry, emphasizing explainable Al, interdisciplinary collaboration, and regulatory frameworks that ensure patient
safety and trust. Al holds tremendous potential to revolutionize oral healthcare, but its success will depend on responsible
development, validation, and implementation.
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Introduction

Artificial intelligence (AI) refers to the ability of computer
systems to perform tasks that traditionally require human
intelligence, including perception, reasoning, learning, and
decision-making. Over the past decade, Al has demonstrated
significant success in domains such as image recognition, natural
language processing, and autonomous systems. In dentistry, Al
is being increasingly adopted to enhance diagnostic accuracy,

automate routine tasks, and improve treatment outcomes|1-36].

The convergence of digital imaging technologies, such as
cone-beam computed tomography (CBCT), intraoral scanners,
and digital radiography, with Al algorithms has created new
opportunities for precision dentistry. Machine learning (ML) and
deep learning (DL), subsets of Al, can analyze large amounts of
dental data to detect patterns, identify abnormalities, and assist
in clinical decision-making [37-54].

Al-based systems have been developed for caries detection,
periodontal assessment, orthodontic treatment planning, and
prosthetic design. These technologies not only improve efficiency
but also help in early disease detection and personalized patient
care. However, despite significant promise, several challenges
hinder the full-scale adoption of Al in dental practice, including
data privacy, standardization, regulatory issues, and the need for
clinician acceptance [55-67].

This review explores the current landscape of Al applications
in dentistry, examines existing challenges, and discusses future
directions to enable responsible and effective integration into

clinical workflows.

Current Applications of Artificial Intelligence in
Dentistry Al in Diagnostic Imaging
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Diagnostic imaging has been one of the earliest and most
successful applications of Al in dentistry. Convolutional neural
networks (CNNs) have been extensively used to interpret
panoramic, periapical, and CBCT images. Al systems can detect
dental caries, periapical lesions, and bone loss with accuracy

comparable to or exceeding that of human experts.

For instance, deep learning algorithms have demonstrated high
sensitivity in detecting proximal caries and apical periodontitis
from radiographs. Similarly, Al tools aid in identifying
maxillofacial fractures, impacted teeth, and cysts from CBCT
scans. Integration with computer-aided detection systems allows
radiologists and clinicians to cross-verify diagnoses, reducing

human error and interpretation time [68-78].

Orthodontics and Treatment Planning

In orthodontics, Al plays a major role in automated cephalometric
landmark detection, malocclusion classification, and treatment
outcome prediction. Al models can analyze 2D and 3D images

to plan tooth movements and predict treatment durations.

Companies have begun integrating Al-driven software into
clear aligner systems to optimize aligner design and movement
sequences. Predictive analytics also help orthodontists estimate
treatment success rates and identify cases requiring complex

interventions.

Restorative and Prosthetic Dentistry
Al-assisted CAD/CAM

Manufacturing) systems are revolutionizing restorative dentistry.

(Computer-Aided Design and
Machine learning algorithms help design crowns, bridges,
and veneers that accurately fit patient anatomy. Furthermore,
generative Al surface

techniques can predict occlusal

morphology, improving restoration function and aesthetics.

In prosthodontics, Al contributes to digital smile design and
simulation, enabling clinicians to visualize esthetic outcomes
before treatment. The combination of 3D printing and Al further

enhances customization and efficiency [79-83].

Endodontics

Al models assist in detecting periapical lesions, determining
working length, and predicting treatment outcomes. Deep
neural networks have achieved promising results in classifying
root canal morphology and identifying missed canals from
radiographic data. Predictive models also estimate post-treatment
success rates, helping endodontists make more informed clinical

decisions.

Periodontology and Oral Pathology

Al supports early detection of periodontal diseases by analyzing
clinical parameters such as probing depth, radiographic bone
loss, and patient demographics. In oral pathology, image
recognition algorithms are used to differentiate between benign
and malignant lesions from histopathological slides. Al-based
screening tools for oral cancer can analyze photographs of
mucosal lesions to identify suspicious areas, particularly useful

for remote or underserved populations.

Benefits and Impact of Al in Dental Practice

The integration of AI in dentistry provides multiple

benefits:
1. Improved Diagnostic Accuracy: Al reduces
subjectivity and enhances the consistency of image
interpretation.

2. Time Efficiency: Automated systems can analyze
images or data faster than manual methods.

3. Personalized Care: Al supports evidence-based
treatment planning tailored to patient-specific factors.

4. Education and Training: Al-driven simulators
help dental students practice procedures in virtual
environments.

5. Accessibility: Al-based teledentistry platforms expand

access to oral healthcare in remote regions.

Challenges in Implementing Al in Dentistry
Despite its potential, several obstacles hinder widespread clinical

integration.

Data Quality and Availability

Al systems require large, diverse, and high-quality datasets
for training. However, dental data are often fragmented across
institutions and lack standardization. Variations in image
resolution, equipment, and patient demographics can lead to bias
in Al models.

Ethical and Legal Concerns

Al introduces ethical dilemmas related to patient privacy, data
ownership, and informed consent. The use of patient data for
training algorithms raises questions about confidentiality and
data security. Moreover, determining liability in the case of Al-

related diagnostic errors remains legally ambiguous.

Algorithmic Bias

If Al models are trained on non-representative datasets, they
may perform poorly across diverse populations. This can lead to
inequities in diagnosis or treatment recommendations.
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Clinical Integration and Acceptance

Clinicians may resist adopting Al systems due to lack of trust or
fear of replacement. Successful integration requires transparent
algorithms, user-friendly interfaces, and continuous education.

Al should complement, not replace, clinical expertise.

Regulatory and Validation Issues

Al tools for clinical use must undergo rigorous validation
and approval by regulatory bodies such as the FDA or EMA.
Currently, the absence of standardized evaluation criteria limits

the safe deployment of Al applications in dentistry.

Future Directions
The future of Al in dentistry will likely focus on creating more

transparent, collaborative, and human-centered systems.

Explainable and Transparent Al
Future systems should be interpretable, allowing clinicians to
understand how conclusions are reached. Explainable Al (XAI)

frameworks can increase trust and accountability.

Interdisciplinary Collaboration

Collaboration between dentists, computer scientists, and
engineers is essential to develop clinically relevant Al tools.
Interdisciplinary research can ensure that models are grounded

in real-world dental needs.

Integration with Big Data and Personalized Dentistry

Combining Al with genomic, behavioral, and environmental
data could enable personalized prevention and treatment
strategies. Predictive models may identify individuals at high

risk for dental diseases before clinical symptoms appear.

Al in Dental Education
Al-driven simulators and virtual reality systems will continue
to enhance dental education, allowing students to practice

procedures in risk-free environments and receive real-time
feedback.

Ethical Frameworks and Policy Development

Governments and professional organizations should establish
ethical guidelines and legal frameworks governing the use of Al
in dentistry. Transparency, data protection, and patient-centered

care must remain core principles.

Conclusion

Artificial intelligence is poised to revolutionize dentistry

by enhancing diagnostic precision, optimizing treatment
planning, and improving patient outcomes. From radiographic
interpretation to digital prosthetic design, Al applications are
reshaping the way clinicians diagnose and manage oral diseases.
However, challenges related to data quality, ethics, and clinical

integration remain significant barriers to widespread adoption.

The future of Al in dentistry lies in developing transparent,
validated, and ethically grounded systems that complement
human expertise rather than replace it. With ongoing research,
collaboration, and regulatory support, Al has the potential to

make dentistry more precise, accessible, and patient-centered.
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