
J Stoma Dent Res, 2025 www.oaskpublishers.com

Review Article

Transforming Dental Care: A Comprehensive Review of AI Technologies

Omid Panahi1* and Shabnam Dadkhah2

1Centro Escolar University, School of Dentistry, Manila, Philippines
2Shahid Beheshti University of Medical Sciences, School of Dentistry, Tehran, Iran

*Corresponding author
Omid Panahi, Centro Escolar University, School of Dentistry, Manila, Philippines.

Received: January 16, 2025; Accepted: February 03, 2025; Published: February 08, 2025

Journal of Stomatology & Dental Research

Page: 1 of 5

Citation: Omid Panahi, Shabnam Dadkhah. Transforming Dental Care: A Comprehensive Review of AI Technologies. J Stoma Dent Res. 2025. 3(1): 1-5. 
DOI: doi.org/10.61440/JSDR.2025.v3.16

Keywords: Artificial Intelligence, Dentistry, Diagnostics, 
Treatment Planning, Patient Care, Teledentistry, Machine 
Learning, Deep Learning, Oral Health.

Introduction
The 21st century has witnessed an unprecedented surge in 
technological advancements, profoundly impacting nearly 
every facet of human life. Within the healthcare sector, this 
technological revolution has manifested in the form of artificial 
intelligence (AI), a field of computer science dedicated to 
creating machines capable of performing tasks that typically 
require human intelligence. From diagnostics and treatment 
planning to patient care and administrative workflows, AI is 
rapidly transforming the landscape of modern medicine [1-5]. 
Dentistry, a critical component of overall healthcare, is also 
experiencing a significant paradigm shift driven by the integration 
of AI-powered tools and techniques. This burgeoning field, often 
referred to as “intelligent dentistry” or “AI in dentistry,” holds 
immense potential to revolutionize how dental professionals 
operate and how patients receive care.

For centuries, dental practice has relied heavily on clinical 
experience, visual assessment, and traditional diagnostic methods 
like radiographs. While these approaches remain fundamental, they 
are inherently subject to human limitations, such as subjectivity 
in interpretation, variations in skill levels, and the potential for 
oversight. AI offers a powerful solution to these challenges by 
providing objective, data-driven insights that can augment clinical 
judgment and enhance the accuracy and efficiency of dental 
procedures [6-8]. The ability of AI algorithms to analyze vast 
amounts of data, identify complex patterns, and make predictions 
with remarkable precision is opening up new frontiers in dental 
diagnostics, treatment planning, and patient management.

The driving force behind this transformation is the convergence 
of several key factors. First, the exponential growth of 
computing power and the availability of large datasets, including 
dental images, patient records, and research publications, have 
provided the necessary fuel for training sophisticated AI models. 
Second, advancements in machine learning (ML), a subfield of 
AI focused on enabling computers to learn from data without 
explicit programming, have yielded powerful algorithms capable 
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of tackling complex dental problems [9,10]. In particular, deep 
learning (DL), a subset of ML that utilizes artificial neural 
networks with multiple layers to extract high-level features from 
data, has demonstrated exceptional performance in tasks such as 
image recognition, natural language processing, and predictive 
modeling [9-11].

The applications of AI in dentistry are diverse and rapidly 
expanding. In diagnostics, AI algorithms are being used to 
analyze radiographic images (e.g., bitewings, panoramic 
radiographs, cone-beam computed tomography) for the detection 
of caries, periodontal bone loss, and oral cancer with accuracy 
often exceeding that of human examiners. AI-powered tools are 
also assisting in cephalometric analysis, automating the tedious 
process of measuring and analyzing craniofacial structures for 
orthodontic treatment planning. In treatment planning, AI can 
generate personalized treatment plans based on patient-specific 
data, predict treatment outcomes, and simulate the effects of 
different treatment options. Furthermore, AI is enhancing patient 
care through chatbots that provide 24/7 access to information and 
support, personalized oral hygiene recommendations based on 
individual risk profiles, and remote monitoring of patients’ oral 
health status. Even administrative tasks, such as appointment 
scheduling, claims processing, and inventory management, are 
being streamlined through AI-powered solutions.

The potential benefits of AI in dentistry are substantial. By 
improving diagnostic accuracy, AI can lead to earlier detection 
of dental diseases, enabling timely intervention and better patient 
outcomes. Increased efficiency through automation of routine 
tasks can free up dental professionals to focus on more complex 
cases and enhance patient interaction. Personalized treatment 
plans tailored to individual patient needs can optimize treatment 
effectiveness and improve patient satisfaction. Moreover, AI 
can enhance access to care, particularly in underserved areas, 
through teledentistry and remote monitoring technologies.

However, the integration of AI into dental practice is not without 
its challenges. One key challenge is the need for large, high-
quality datasets to train and validate AI models [12,13]. Data 
privacy and security are also critical considerations, as sensitive 
patient information must be protected. Ethical concerns 
surrounding the use of AI in healthcare, such as algorithmic bias, 
transparency, and accountability, must be carefully addressed. 
Furthermore, the regulatory landscape for AI in dentistry is still 
evolving, and clear guidelines and standards are needed to ensure 
safe and effective implementation. The cost of implementing 
AI technologies and the need for adequate training for dental 
professionals are also important factors to consider.

Despite these challenges, the momentum behind AI in dentistry is 
undeniable. As AI technologies continue to advance and mature, 
their integration into dental practice is expected to become 
increasingly seamless and widespread [14,15]. This review aims 
to provide a comprehensive overview of the current state of AI 
in dentistry, exploring its diverse applications, discussing its 
potential benefits and challenges, and offering insights into the 
future direction of this rapidly evolving field. By embracing the 
power of AI, the dental profession can unlock new possibilities 
for improving patient care, enhancing clinical practice, and 
transforming the future of oral health.

Challenges
Data-Related Challenges
•	 Data Availability and Quality: AI algorithms, especially 

deep learning models, require vast amounts of high-quality, 
labeled data for training and validation. In dentistry, this 
translates to large collections of diverse dental images 
(radiographs, CBCT scans, intraoral photos), patient 
records, and clinical data. Obtaining such comprehensive 
datasets can be difficult due to privacy concerns, data silos 
between dental practices, and the lack of standardized 
data formats. Furthermore, the quality of data can vary 
significantly, affecting the performance and reliability of AI 
models.

•	 Data Bias: AI models are trained on existing data, which may 
reflect existing biases in dental practice. For example, if a 
model is trained primarily on data from a specific population 
group, it may not perform as accurately on patients from 
different demographic backgrounds. Addressing bias in data 
is crucial to ensure fairness and equity in AI-driven dental 
care.

•	 Data Privacy and Security: Dental data contains sensitive 
patient information that must be protected in accordance 
with regulations like HIPAA. Implementing robust data 
security measures and ensuring compliance with privacy 
regulations are essential for the responsible use of AI in 
dentistry.

Technical and Implementation Challenges
•	 Algorithm Generalizability: AI models trained on data 

from one specific setting (e.g., a particular dental clinic or 
imaging device) may not generalize well to other settings. 
Ensuring the generalizability of AI algorithms across 
diverse patient populations, imaging modalities, and clinical 
environments is a significant challenge.

•	 Explain ability and Transparency: Many AI models, 
particularly deep learning models, operate as “black boxes,” 
making it difficult to understand how they arrive at their 
conclusions [16]. This lack of explain ability can hinder trust 
and acceptance among dental professionals and patients. 
Developing more transparent and interpretable AI models 
is crucial for building confidence in AI-driven dental care.

•	 Integration with Existing Workflows: Integrating AI tools 
into existing dental workflows can be complex and require 
significant changes in practice management and clinical 
procedures. Ensuring seamless integration and providing 
adequate training for dental professionals are essential for 
successful AI adoption.

•	 Cost of Implementation: Implementing AI technologies 
can involve significant upfront costs, including software 
licenses, hardware upgrades, and training expenses. This 
can be a barrier for smaller dental practices or those with 
limited resources.

Ethical and Regulatory Challenges
•	 Ethical Considerations: The use of AI in dentistry raises 

several ethical concerns, including: 
o	 Algorithmic Bias: As mentioned earlier, bias in data can 

lead to unfair or discriminatory outcomes.
o	 Autonomy and Responsibility: Clarifying the roles and 

responsibilities of dentists and AI systems in decision-
making is crucial.
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o	 Patient Consent and Transparency: Ensuring that patients 
understand how AI is being used in their care and obtaining 
their informed consent is essential.

•	 Regulatory Framework: The regulatory landscape for AI 
in dentistry is still evolving. Clear guidelines and standards 
are needed to ensure the safety, effectiveness, and ethical 
use of AI technologies in dental practice.

Acceptance and Adoption Challenges
•	 Trust and Acceptance: Some dental professionals may be 

hesitant to adopt AI technologies due to concerns about job 
displacement, lack of understanding, or fear of relying on 
machines [17,18]. Building trust and acceptance among dental 
professionals through education, training, and demonstration 
of the benefits of AI is crucial for its widespread adoption.

•	 Patient Perception: Patients may also have concerns about 
the use of AI in their dental care, such as privacy concerns 
or fear of impersonal care. Addressing these concerns 
through clear communication and transparency is essential 
for patient acceptance.

Benefits
The integration of AI into dentistry offers a wide range of 
potential benefits for patients, dental professionals, and the 
overall healthcare system [16,17]:

Enhanced Diagnostics
•	 Improved Accuracy and Efficiency: AI algorithms can 

analyze dental images (radiographs, CBCT scans, intraoral 
photos) with high accuracy and speed, often surpassing 
human capabilities in detecting subtle anomalies and early 
signs of disease. This leads to more accurate diagnoses and 
earlier interventions [19,20].

•	 Early Disease Detection: AI can identify early signs of 
dental caries, periodontal disease, and oral cancer that might 
be missed by the human eye, enabling timely treatment and 
preventing disease progression.

•	 Objective and Consistent Analysis: AI provides objective 
and consistent analysis of dental images, reducing 
subjectivity and variability in interpretations between 
different clinicians.

Optimized Treatment Planning
•	 Personalized Treatment Plans: AI can analyze patient 

data (medical history, clinical findings, imaging data) to 
generate personalized treatment plans tailored to individual 
needs and preferences.

•	 Predictive Modeling: AI can predict the likelihood of 
treatment success and potential complications, helping 
dentists make more informed treatment decisions and 
improve patient outcomes [12,17].

•	 Virtual Treatment Simulation: AI allows dentists to 
simulate different treatment options and visualize the 
potential outcomes, improving patient communication and 
treatment acceptance.

Enhanced Patient Care
•	 Improved Patient Experience: AI-powered tools can 

enhance patient communication, education, and engagement, 
leading to a more positive patient experience.

•	 Personalized Oral Hygiene Recommendations: AI 
can analyze patient data to provide tailored oral hygiene 
recommendations, promoting better oral health habits and 
preventing dental diseases.

•	 Remote Patient Monitoring: AI-enabled devices can 
remotely monitor patients’ oral health status, allowing 
for early detection of potential problems and timely 
intervention.

•	 Increased Access to Care: Teledentistry platforms powered 
by AI can extend dental care to underserved populations and 
remote areas, improving access to care for all.

Increased Efficiency and Productivity
•	 Automation of Routine Tasks: AI can automate routine 

tasks such as appointment scheduling, claims processing, 
and inventory management, freeing up dental staff to focus 
on more complex tasks and patient care.

•	 Streamlined Workflows: AI can streamline dental 
workflows, improving efficiency and productivity in dental 
practices [21].

•	 Reduced Costs: By improving efficiency and reducing 
errors, AI can help reduce costs associated with dental care 
[22].

Advancements in Dental Research
•	 Data Analysis and Pattern Recognition: AI can analyze 

large datasets of dental data to identify patterns and trends 
that may not be apparent to human researchers, leading to 
new insights into dental diseases and treatments.

•	 Drug Discovery and Development: AI can accelerate the 
discovery and development of new drugs and therapies for 
dental diseases.

Improved Education and Training
•	 AI-Powered Training Tools: AI can be used to develop 

interactive training tools for dental students and 
professionals, improving their skills and knowledge.

•	 Personalized Learning: AI can personalize learning 
experiences based on individual needs and learning styles.

Future Works
The field of AI in dentistry is rapidly evolving, and several 
exciting avenues for future research and development are 
emerging:

Enhanced Diagnostic Capabilities
•	 Multimodal Data Integration: Future AI systems will likely 

integrate data from multiple sources, such as radiographic 
images, clinical photographs, patient records, and even 
genetic information, to provide a more comprehensive and 
accurate assessment of patient’s oral health.

•	 Real-time Diagnostics: The development of real-time 
AI diagnostic tools that can analyze data during dental 
procedures could further enhance diagnostic accuracy and 
efficiency.

•	 AI-powered Biosensors: Integrating AI with biosensors 
could enable continuous monitoring of oral health 
parameters, such as pH levels, bacterial activity, and 
inflammatory markers, allowing for early detection of 
disease and personalized preventive strategies.
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Advanced Treatment Planning and Robotics
•	 AI-driven Surgical Planning and Robotics: AI could 

be used to develop highly precise surgical plans and 
guide robotic systems for dental implant [3,8] placement, 
periodontal surgery, and other surgical procedures, 
improving accuracy and minimizing invasiveness.

•	 Personalized Treatment Simulation: AI could create 
highly realistic virtual simulations of different treatment 
options, allowing patients to visualize the potential outcomes 
and make more informed decisions about their care.

•	 Development of Novel Biomaterials: AI could accelerate 
the discovery and development of new biomaterials for 
dental restorations, implants, and tissue regeneration.

Enhanced Patient Care and Teledentistry
•	 AI-powered Chatbots with Enhanced Natural Language 

Processing: Future chatbots could be more sophisticated, 
capable of understanding complex patient queries, providing 
personalized advice, and even conducting basic oral health 
screenings remotely.

•	 AI-driven Personalized Oral Hygiene Coaching: AI 
could analyze individual patient data and provide highly 
personalized oral hygiene coaching, including tailored 
recommendations for brushing, flossing, and other 
preventive measures.

•	 Integration of AI with Virtual and Augmented Reality: 
Combining AI with virtual and augmented reality 
technologies could create immersive and engaging patient 
education and training experiences.

Addressing Challenges and Ethical Considerations
•	 Development of Explainable AI (XAI) Models: Research 

efforts will focus on developing more transparent and 
interpretable AI models, increasing trust and acceptance 
among dental professionals and patients.

•	 Addressing Data Bias and Ensuring Fairness: More 
research is needed to identify and mitigate bias in dental 
data and ensure that AI systems provide fair and equitable 
care for all patient populations.

•	 Establishing Ethical Guidelines and Regulatory 
Frameworks: Collaborative efforts between researchers, 
dental professionals, policymakers, and industry stakeholders 
are needed to establish clear ethical guidelines and regulatory 
frameworks for the development and deployment of AI in 
dentistry.

Interdisciplinary Collaboration and Data Sharing
•	 Promoting Interdisciplinary Collaboration: Future 

progress in AI in dentistry will rely on strong interdisciplinary 
collaboration between dentists, computer scientists, 
engineers, and other experts.

•	 Establishing Data Sharing Platforms: Creating secure 
and standardized data sharing platforms could facilitate the 
development of more robust and generalizable AI models.

Conclusion
The integration of artificial intelligence (AI) is ushering in a new 
era for dentistry, offering transformative potential across the entire 
spectrum of dental practice. AI algorithms have demonstrated 
remarkable capabilities in analyzing dental images, detecting subtle 
anomalies, and predicting treatment outcomes, often surpassing 

human capabilities in speed and precision. This translates to 
earlier disease detection, more personalized treatment plans, and 
ultimately, improved patient outcomes. AI-powered tools can 
enhance patient communication and education, promote better oral 
hygiene habits, and even extend access to care for underserved 
populations through teledentistry. By automating routine tasks 
and streamlining workflows, AI can also increase efficiency and 
productivity in dental practices, freeing up dental professionals to 
focus on more complex cases and patient interaction.

While the potential of AI is immense, its successful integration 
into dentistry requires careful consideration of several key 
challenges. Data availability, quality, and bias are crucial factors 
that can significantly impact the performance and reliability of 
AI models. Ethical considerations surrounding data privacy, 
algorithmic bias, and transparency must be addressed to ensure 
responsible and equitable use of AI. Furthermore, the development 
of clear regulatory frameworks and the establishment of trust 
and acceptance among dental professionals and patients are 
essential for widespread adoption.
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