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Abstract

Artificial Intelligence (AI) has emerged as a
transformative force in various sectors, and dentistry is no
exception. From patient management to diagnosis, treatment
planning, and clinical applications, AI technologies are enhancing
the efficiency and accuracy of dental care. AI can streamline
administrative tasks, assist in diagnosing dental diseases, predict
the risk of conditions like oral cancer, and enhance treatment
outcomes in fields such as prosthodontics, periodontology, and
pediatric dentistry. In addition, AI has the potential to address
broader public health concerns, including reducing healthcare
costs and addressing workforce shortages. However, despite its
vast potential, AI cannot fully replace human dentists, as it lacks
clinical intuition, empathy, and the personal touch critical to
healthcare delivery. This paper explores the evolving role of AI
in dentistry, its various applications, and its implications for the
future of the profession.
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Introduction
The human brain, one of the most captivating parts of the body, has long

intrigued scientists and researchers. Despite years of effort, the scientific community
has yet to develop a perfect model that replicates the human brain. The field of artificial
intelligence (AI), introduced by John McCarthy in 1956, has been a major focus in
this pursuit. Sometimes referred to as machine intelligence, AI is a branch of applied
computer science. Often called the “fourth industrial revolution,” AI utilizes computer
technology to mimic human-like thinking, decision-making, and intelligent behavior.1

As electronic devices continue to play a significant role in people’s lives, AI
has made it possible to utilize and analyze data from these devices. AI is growing
and advancing quickly across various fields. It can learn from human knowledge
and perform tasks that would typically need human intelligence. One definition of
AI is “the study and creation of computer systems that can carry out tasks usually
requiring human intelligence, such as visual perception, speech recognition,
decision-making, and language translation.”2

AI systems exist in various forms, from rule-based expert systems to more
advanced systems that learn from data to make predictions. The latter category
includes machine learning systems, which utilize a wide array of tools, methods,
and algorithms. Machine learning involves AI techniques where models are “trained”
on datasets—referred to as training data—to uncover statistical patterns. These
models then apply what they’ve learned to new, unseen data (test data) to recognize
similar patterns. This ability to detect patterns supports a range of applications,
such as classification (assigning data points to specific categories), regression
(estimating numerical values based on input), and clustering (grouping data based
on similarities or other characteristics).3

AI is being increasingly integrated into healthcare, offering potential benefits
and support in various ways. Several studies highlight the rapid advancements of AI in
recent years and indicate that, soon, it could become a standard tool in modern dentistry.4

Role of Artificial Intelligence in The Field of Dentistry
Role of Artificial Intelligence in Patient Management

 The AI-powered software supports a wide range of patient management
functions, including:

 Organizing and coordinating appointments based on both the patient’s and
the practitioner’s availability.
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 Alerting dental professionals to any relevant medical history before each
visit.

 Sending timely reminders to both patients and dental providers about routine
checkups, particularly for individuals at increased risk of dental problems due
to genetic predispositions or lifestyle habits (e.g., recommending periodontal
exams for diabetic patients or oral cancer screenings for tobacco users).

 Handling documentation tasks and managing insurance processes.
 Assisting in clinical diagnoses and helping develop treatment plans.
 Setting up alerts for patients participating in tobacco or smoking cessation

programs.
 Providing emergency tele-assistance when the dentist is unavailable during

urgent dental situations.
 Additionally, the software enables the creation of a detailed and easily

accessible virtual patient database. It efficiently organizes and stores critical
information, including dental records, extraoral images, and radiographs,
which supports faster and more accurate diagnoses. Features like voice
recognition and interactive user interfaces further streamline the completion
of various dental tasks.5

Artificial Intelligence in Diagnosis and Treatment of Dental Diseases
Artificial Intelligence in Oral Medicine and Maxillofacial Radiology

AI plays a valuable role in detecting and categorizing lesions within the oral
cavity, particularly by identifying potentially dangerous changes in the mucosa that
may signal premalignant or malignant transformations. Advanced tools such as artificial
neural networks and genetic algorithms show great promise in precisely estimating
the size of unerupted canines and premolars during the mixed dentition phase.
Additionally, these technologies can effectively predict tooth surface loss, a common
and irreversible condition characterized by the noncarious degradation of dental hard
tissues, which results from a combination of physiological, pathological, or functional
causes. Machine learning algorithms can also help detect abnormal or normal lymph
nodes in head and neck images, provided they are trained by a radiologist to analyze
thousands of labeled images, distinguishing between normal and abnormal findings.5

Artificial Intelligence in Prosthetic Dentistry
To achieve an ideal aesthetic prosthesis, factors such as facial dimensions,

anthropological data, ethnicity, and patient preferences are integrated using a design
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assistant known as RaPid. This system combines computer-aided design (CAD),
knowledge-based tools, and databases within a logical framework. By incorporating
AI, RaPid aids dentists throughout the digital impression process, ensuring a precise
and tailored prosthesis.6

AI in Oral Pathology
Following histological and histochemical evaluations, AI enhances pathology

by analyzing extensive tissue section data and identifying intricate details vital for
diagnosis and clinical decisions. Moreover, AI can accurately predict oral cancer
risk on a large scale by analyzing genetic predispositions within the population.4

AI in Periodontology
Periodontitis, a widespread condition affecting billions globally, can lead to

tooth mobility and loss if left untreated. Early diagnosis is crucial. Currently, diagnosis
relies on clinical indicators such as probing depth and gum recession, with the
Periodontal Screening Index (PSI) used to assess attachment loss. However, these
methods often lack consistency and are highly dependent on the clinician’s expertise,
potentially resulting in overlooked localized damage. AI can help overcome these
limitations by providing more objective, reliable evaluations.2

AI in Maxillofacial Surgery
Several studies explore the integration of digital technologies in maxillofacial

surgery, including robotic-assisted techniques for treating head and neck cancers
and the fusion of implantology with prosthodontics. While advancements have been
made toward fully automated implant placement, challenges remain regarding
precision and dependability. For example, a pilot study using a six-axis robotic arm
showed improved accuracy in zygomatic implant procedures. Researchers
recommend incorporating haptic feedback in future models to further enhance
surgical precision.
AI in Pediatric Dentistry

In pediatric dentistry, AI-powered devices designed for pain management
are helping to establish needle-free techniques. Additionally, tools like virtual reality
games, animations, 4D goggles, and movies help manage children’s behavior during
dental procedures, making visits more comfortable and less stressful.
AI in Public Health Dentistry

AI-based virtual dental assistants can carry out administrative tasks—like
appointment scheduling and reminders—more efficiently and with fewer errors than
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humans. These systems can also provide alerts based on genetic or lifestyle risks
and assist in diagnosis and treatment planning. AI enables a more participatory model
of care, empowering patients through data sharing and self-monitoring. Continuous,
non-invasive data collection allows for a more accurate understanding of oral health
trends over time, potentially lowering diagnostic and treatment costs. It also helps
mitigate issues such as workforce shortages and supports public health goals outlined
by the World Health Organization. Despite its promise, AI’s role in public health is
still emerging, with more emphasis needed on how social determinants affect AI-
driven outcomes. Nonetheless, AI can significantly boost the efficiency of public
health systems.9

AI in Endodontics
Artificial intelligence is playing an expanding role in endodontics, particularly

in diagnosis and treatment planning. AI systems can identify subtle anomalies, down
to a single pixel, that may be missed by even the most experienced clinicians, leading
to more accurate assessments and improved patient outcomes. Some of its
applications in endodontics are outlined in Figure 01.

Other Dental Applications of AI
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Impact of artificial intelligence on dentists
While there is much discussion about AI’s potential to revolutionize dentistry,

doubts persist about whether it will ever fully replace dentists. Dentistry carried out
by machines, without human involvement, does not equate to genuine clinical care.
Machines lack the clinical intuition, subtle perception, and empathy that are essential
for delivering personalized healthcare and maintaining professional standards. The
most compelling aspect of human-to-human interaction is difficult to replicate in
computer programming.7

Limitations
1. Technological Dependence: The reliance on advanced AI technologies may

be a limitation, as it requires consistent updates, maintenance, and specialized
knowledge to operate effectively.

2. Integration with Existing Systems: Integrating AI into existing dental
practices and healthcare infrastructure can be challenging and costly,
especially for small-scale practitioners.

3. Data Privacy and Security: Handling patient data through AI raises concerns about
data privacy, security, and compliance with healthcare regulations (e.g., HIPAA).
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4. Accuracy and Reliability: While AI has shown promising results in
diagnostics, its accuracy and reliability are still being studied, and its use in
critical decision-making may face challenges in terms of trust and validation.

5. Lack of Human Touch: Despite AI’s ability to assist in various aspects of
dental care, it lacks the human qualities of empathy, intuition, and clinical
judgment, which are essential in-patient interactions and healthcare delivery.

Conclusion
The integration of Artificial Intelligence into dentistry presents significant

advancements, enhancing diagnostic precision, treatment planning, and patient
management across various specialties. From improving clinical accuracy in
radiology and prosthetics to managing patient appointments and administrative tasks,
AI offers considerable benefits in both clinical and operational settings. However,
while AI shows great potential, it is unlikely to replace the essential role of human
dentists in clinical decision-making and patient care. The human touch, clinical
intuition, and personalized care provided by professionals remain indispensable in
dental practice. Future research and development of AI in dentistry should focus on
overcoming current limitations, improving system integration, and ensuring the
ethical, secure, and human-centered implementation of AI technologies in healthcare.
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