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Abstract
The integration of artificial intelligence (AI) into dental care holds the promise of revolutionizing the field
by enhancing the accuracy of dental diagnosis and treatment. This paper explores the impact of AI in dental
care, with a focus on its applications in diagnosis, treatment planning, and patient engagement. AI-driven
dental imaging and radiography, computer-aided detection and diagnosis of dental conditions, and early
disease detection and prevention are discussed in detail. Moreover, the paper delves into how AI assists in
personalized treatment planning and provides predictive analytics for dental care. Ethical and privacy
considerations, including data security, fairness, and regulatory aspects, are addressed, highlighting the
need for a responsible and transparent approach to AI implementation. Finally, the paper underscores the
potential for a collaborative partnership between AI and dental professionals to offer the best possible care
to patients, making dental care more efficient, patient-centric, and effective. The advent of AI in dentistry
presents a remarkable opportunity to improve oral health outcomes, benefiting both patients and the
healthcare community.
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Introduction And Background
Dental care plays a pivotal role in maintaining overall health and well-being. The oral cavity is essential for
our ability to speak and consume food and serves as a gateway to the rest of the body. Poor oral health can
lead to various systemic diseases, including cardiovascular problems, diabetes, and respiratory ailments.
Consequently, the significance of dental care extends beyond a radiant smile; it is an integral component of
comprehensive healthcare [1]. In recent years, a technological revolution has dramatically transformed the
healthcare landscape. Innovations in medical imaging, diagnostics, and treatment methods have greatly
enhanced patient care. Technology integration into healthcare has ushered in a new era, allowing for more
accurate and efficient procedures and improved patient outcomes [2].

Artificial intelligence (AI) has emerged as a game-changing technology in healthcare, offering innovative
solutions to long-standing challenges. Like other branches of healthcare, dentistry is undergoing a
significant transition toward AI adoption. This transformation is driven by the potential of AI to
revolutionize dental diagnosis, treatment planning, and patient engagement. The utilization of AI in
dentistry promises to provide more precise, efficient, and personalized oral care [3]. This paper aims to
explore the exciting frontier of AI in dental care and its implications for both professionals and patients. The
following sections will delve into the various aspects of this new era of dental care, including its applications
in diagnosis, treatment planning, and patient engagement. Additionally, the paper will address the ethical
and privacy considerations accompanying AI integration in dentistry, as well as the challenges and future
directions for this evolving field. Through a comprehensive examination of these topics, we seek to
illuminate the potential of AI in ushering in a brighter future for dental care.

Review
Artificial intelligence in dentistry
Artificial intelligence (AI) refers to developing computer systems capable of performing tasks that typically
require human intelligence. These tasks encompass various activities, including problem-solving, learning,
perception, reasoning, and decision-making. AI systems leverage advanced algorithms, machine learning,
and data analysis to simulate human-like cognitive functions, enabling them to process and analyze large
volumes of data at a rapid pace [4].

AI Applications in Healthcare and Dentistry

AI has found extensive applications across the healthcare sector, revolutionizing how medical professionals
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diagnose, treat, and manage patient care. In dentistry, AI is making significant strides in image analysis,
diagnosis, treatment planning, and patient engagement. AI-driven systems can analyze dental records,
radiographs, and intraoral images to detect abnormalities, assist in treatment decisions, and provide
personalized recommendations. Moreover, AI applications extend to dental practice management, offering
scheduling, billing, and patient communication tools to enhance patient experience. The application of AI in
dentistry is described in Figure 1 [5].

FIGURE 1: Application of AI in dentistry
Image created by the authors

AI: artificial intelligence

Benefits of AI in Dental Care

Enhanced accuracy: AI in dentistry can process vast amounts of dental data, including X-rays, images, and
patient records, with exceptional precision. AI algorithms can detect subtle abnormalities and patterns that
may go unnoticed by human clinicians. This enhanced accuracy can lead to more precise and early diagnoses
of dental conditions, ultimately improving patient outcomes. For example, AI can help identify cavities, gum
diseases, or oral cancer at earlier stages when treatment is more effective [6].

Efficiency: AI automates various routine tasks in dental practices, such as data entry, image analysis, and
appointment scheduling. This automation significantly reduces the time required for administrative work,
allowing dental professionals to focus more on patient care. It also minimizes the chances of human error in
tasks such as record-keeping, which can substantially impact the efficiency and accuracy of the practice [6].

Personalized care: AI systems can analyze a patient's dental history and health data to create highly
personalized treatment plans. AI can recommend specific oral hygiene routines and preventive measures by
considering individual patient needs. This tailored approach ensures that patients receive care well-suited to
their unique circumstances, which can lead to improved oral health outcomes [3].

Early detection and prevention: AI-powered algorithms can detect oral health issues early. For instance, AI
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can identify signs of dental decay or periodontal disease before they become symptomatic. This early
detection allows for timely intervention and the implementation of preventive measures. Preventing dental
problems from progressing to more serious stages benefits the patient's health and can also reduce the long-
term cost of treatment [7].

Improved patient experience: AI-driven patient engagement tools are vital in enhancing the patient
experience. These tools can facilitate communication between patients and dental professionals, providing
educational resources to help patients understand their treatment options and oral health. AI-driven
chatbots or virtual assistants can also assist patients in scheduling appointments, sending reminders, and
answering common queries, making it easier for patients to engage with their dental care. Ultimately, this
improves patient satisfaction and compliance with recommended treatments and follow-up appointments
[8].

Overview of AI Techniques Used in Dentistry

Machine learning: Machine learning involves training algorithms on extensive datasets of dental images
and patient records. These algorithms learn to recognize patterns, anomalies, and correlations within the
data. In dentistry, machine learning is frequently used for image analysis, such as identifying dental caries,
bone fractures, or abnormalities in X-rays and other dental images. It can also assist in diagnosing
conditions based on radiographic and clinical data, contributing to more accurate and efficient diagnoses [9].

Natural language processing (NLP): NLP focuses on the interaction between computers and human language.
In dentistry, NLP can understand and interpret textual information in dental records, patient histories,
clinical notes, and reports. It enables AI systems to extract meaningful insights from unstructured text,
which can aid in understanding a patient's medical history, treatment plans, and progress. NLP can also help
automate documentation and extract valuable information from large volumes of text-based data [10].

Computer vision: Computer vision is a field of AI that enables machines to process and interpret visual
information. In dentistry, computer vision techniques are crucial for analyzing radiographs, intraoral
images, and other visual data. AI systems can use computer vision to identify and assess dental conditions
such as cavities, gum diseases, or abnormalities in the oral cavity. Additionally, it can track the progress of
orthodontic treatments and monitor changes in oral health over time [11].

Predictive analytics: AI-driven predictive models in dentistry are essential for forecasting various aspects of
patient care and dental practice operations. For instance, predictive analytics can estimate patient
outcomes, predict disease progression, and assess the likely success of different treatment options. This
helps tailor treatment plans to individual patients, make decisions based on data-driven insights, and
improve the overall quality of care. In addition, predictive analytics can assist in optimizing appointment
scheduling, resource allocation, and inventory management within a dental practice, thereby enhancing
operational efficiency [12].

AI in dental diagnosis
AI-Driven Dental Imaging and Radiography

Image enhancement: AI algorithms can enhance dental images by improving the clarity and visibility of
details. This can be particularly valuable in dental radiography, where subtle anomalies might not be easily
discernible in standard images. Dental professionals can use AI for image enhancement to identify potential
dental issues more effectively, even in challenging cases. Enhanced images can reveal finer details, aiding in
the early detection and diagnosis of dental conditions [13].

Image analysis: AI's image analysis capabilities are crucial in automating the identification of common
dental conditions. For example, AI can be trained to recognize and diagnose cavities, periodontal diseases,
impacted teeth, and other dental anomalies in radiographs and intraoral images. This improves the speed
and accuracy of diagnoses and ensures that dental professionals do not overlook any important findings,
contributing to better patient care and outcomes [7].

Automation: AI can assist in automating various aspects of the radiographic process. This includes capturing
images, positioning X-ray equipment, and ensuring image quality. Automation reduces the workload on
dental staff and minimizes the potential for human error. By maintaining consistent imaging techniques and
quality across different patients, AI can help produce more reliable diagnostic images and improve patient
care [14].

Computer-Aided Detection and Diagnosis of Dental Conditions

Cavity detection: AI-powered systems excel at accurately detecting and quantifying dental cavities. They can
identify cavities at their earliest stages, often before they are visible to the naked eye or even on
conventional X-rays. Early detection is crucial because it enables timely intervention and treatment,
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preventing the progression of cavities to more extensive and severe dental problems. By using AI for cavity
detection, dentists can provide more proactive and effective patient care, ultimately preserving oral health
[15].

Periodontal disease assessment: AI algorithms can assess the severity of periodontal diseases by analyzing
dental images and clinical data. This analysis helps dentists determine the appropriate treatment plans and
monitor the condition's progression over time. The early assessment and monitoring of periodontal diseases
are essential for preventing further damage to the gums and supporting structures, potentially reducing the
need for more invasive treatments. AI provides a more comprehensive and accurate periodontal health
evaluation [16].

Oral cancer screening: AI tools play a significant role in the early detection of oral cancer. By analyzing
images of oral lesions, including tissue discolorations or irregularities, AI can help identify potential signs of
oral cancer. Early detection is critical for improving the chances of successful treatment and potentially
saving lives. AI-based oral cancer screening tools can be valuable to routine dental check-ups, providing an
extra layer of vigilance in monitoring patients' oral health [17].

Early Detection and Prevention of Dental Diseases

Analyzing patient records: AI can efficiently analyze extensive patient histories and records to identify risk
factors associated with oral health. By mining this data, AI can recognize patterns and correlations that may
not be apparent through manual examination. This information allows dental professionals to offer
personalized preventive recommendations to individual patients. For instance, if AI identifies a patient's
susceptibility to gum disease due to their medical history and habits, it can suggest tailored preventive
measures, such as more frequent cleanings or specific oral hygiene practices [18].

Predictive analytics: AI-driven predictive models are instrumental in forecasting disease progression within
preventive dentistry. These models analyze a patient's historical data and predict how their oral health may
evolve over time. This assists dental professionals in designing treatment plans that address potential issues
before they become more complicated. By utilizing predictive analytics, dentists can intervene early and
implement preventive measures, thus reducing the risk of severe dental problems in the future [7].

Patient education: AI can significantly influence patient education regarding oral health and hygiene. AI-
driven systems can provide patients with personalized information, advice, and recommendations based on
their dental records and specific needs. This encourages patients to adopt preventive measures and fosters
better compliance with dental recommendations. For example, AI-powered educational tools can send
automated reminders for regular check-ups, explain the importance of specific oral care routines, and
answer patient queries, all of which contribute to a more informed and engaged patient population [19].

AI in treatment planning
AI-Assisted Treatment Planning and Decision Support

Data analysis: AI excels at sifting through large volumes of patient records, dental images, and other
relevant data to extract meaningful insights. By analyzing this data, AI can identify the most suitable
treatment options for individual patients based on their conditions and medical histories. For example,
when presented with a patient's dental records and X-rays, AI can help identify the most appropriate
treatment approach, considering the severity of dental issues, patient preferences, and prior treatment
success rates. This data-driven decision-making improves the accuracy of treatment planning and ensures
that patients receive care tailored to their unique needs [20].

Evidence-based guidance: AI algorithms leverage extensive datasets and clinical research to recommend
treatment strategies that align with best practices and evidence-based clinical guidelines. AI systems can
stay up-to-date with the latest developments in dentistry, ensuring that the guidance provided aligns with
the most current knowledge. By drawing on this wealth of data and research, AI can assist dental
professionals in making informed and evidence-based decisions. This enhances the quality of care and
reduces the chances of outdated or suboptimal treatment approaches [3].

Real-time support: Dental professionals can access AI-driven decision support systems during patient
consultations, facilitating real-time treatment planning discussions. AI can provide valuable insights,
suggest treatment options, and offer information to the dentist and the patient. This real-time support
enhances the quality of care by ensuring that dental professionals have the most up-to-date information
during patient interactions. It also helps make informed decisions, answer patient queries on the spot, and
foster a more collaborative approach to treatment planning [21].

Customized Treatment Plans for Patients

Tailored interventions: AI excels in generating treatment plans highly tailored to individual patients. By
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analyzing a patient's unique needs, preferences, and health history, AI can propose treatments that are not
only effective but also patient-centered. For example, suppose a patient has specific medical conditions or
sensitivities, in that case, AI can suggest treatment options that consider these factors, ensuring that the
chosen interventions are safe and suitable for that particular patient. This level of personalization enhances
the quality of care and increases patient satisfaction [22].

Treatment alternatives: AI can present patients with various treatment options, complete with information
on the associated benefits and risks. Patients can then make more informed decisions about their oral health
and treatment plans. AI can explain the pros and cons of each option, as well as the expected outcomes and
potential side effects. This informed decision-making empowers patients to choose the best treatment with
their preferences, budget, and long-term oral health goals, fostering a sense of agency and participation in
their care [12].

Multidisciplinary collaboration: AI can facilitate multidisciplinary collaboration in complex cases requiring
input from various dental specialists. Different dental professionals, such as orthodontists, oral surgeons,
and periodontists, can work together on comprehensive treatment plans. AI can streamline communication
and data sharing among these specialists, ensuring that each aspect of the treatment plan is well-
coordinated. This collaboration can result in more efficient and effective care for patients with complex oral
health issues, as it leverages the expertise of multiple dental disciplines to provide a holistic and integrated
approach to treatment [23].

Predictive Analytics in Dental Treatment

Outcome prediction: AI can estimate the likely outcomes of dental procedures, providing valuable insights
to patients and practitioners. For patients, this means understanding what to expect from a particular
treatment, including potential risks and benefits. This informed decision-making empowers patients to
make choices that align with their preferences and goals. For dental practitioners, outcome prediction helps
in treatment planning by considering various factors, such as the patient's oral health and medical
history and the chosen procedure. By relying on AI-generated predictions, dental professionals can design
more effective and patient-centered treatment plans, improving patient satisfaction and successful
treatment outcomes [24].

Disease progression modelling: AI algorithms are adept at creating models to predict how dental conditions
may evolve over time. These models consider disease history, patient demographics, and environmental
influences. By forecasting disease progression, dental professionals can intervene early to prevent or
mitigate worsening conditions. For instance, in the case of periodontal disease, AI can predict how the
disease may advance and recommend personalized monitoring and preventive measures. This proactive
approach enhances patient care by addressing potential issues before they become more complicated,
ultimately preserving oral health [25].

Treatment success assessment: AI can assess the success of ongoing dental treatments by comparing the
progress against predefined criteria and benchmarks. This assessment helps in identifying whether a
treatment is achieving its intended goals. If AI detects deviations or potential issues, it can suggest
adjustments to the treatment plan or alternative approaches. This real-time feedback and support are
invaluable in maintaining treatment efficacy and ensuring patients receive the best care. By continuously
monitoring treatment success, dental professionals can make data-driven decisions, improving the
likelihood of successful outcomes and reducing the risk of treatment failure or complications [6].

Patient experience and engagement
AI-Driven Patient Education and Communication

Educational content: AI can generate informative and easily understandable educational materials, such as
videos, articles, and interactive presentations, to educate patients about dental conditions, treatments, and
preventive care. This content can be tailored to each patient's specific needs and preferences, ensuring that
they have access to accurate and personalized information. By delivering educational content, AI empowers
patients to make informed decisions about their oral health and encourages them to maintain good dental
hygiene proactively. Informed patients are more likely to comply with treatment recommendations and
adopt preventive measures, leading to better oral health outcomes [26].

Interactive chatbots: AI-driven chatbots are invaluable tools for engaging with patients in real time. They
can answer questions, provide information, and guide patients through various aspects of oral health,
including posttreatment care. These chatbots offer a convenient and immediate source of patient support,
enhancing patient engagement and satisfaction. Chatbots can be available around the clock to provide
information, alleviate concerns, and offer assistance, thereby improving the overall patient experience and
reducing the burden on dental staff for routine queries [27].

Appointment reminders: AI-powered systems can send automated reminders and notifications to patients,
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helping reduce no-shows and improving appointment adherence. These reminders can be customized to the
patient's preferred communication method, such as SMS, email, or phone calls. By leveraging AI for
appointment reminders, dental practices can better manage their schedules and optimize the utilization of
resources. Patients benefit from timely notifications, ensuring they do not miss important appointments
essential for preventive and ongoing dental care [28].

Personalized Oral Health Recommendations

Tailoring advice: AI systems excel at analyzing a patient's dental records, habits, and risk factors to create
specific recommendations for maintaining oral health. These recommendations can include dietary
suggestions, hygiene routines, and lifestyle modifications. By considering individual patient data, AI can
generate personalized advice that is more relevant and more likely to be followed. For instance, if a patient
has a history of enamel erosion, AI can recommend dietary changes to reduce acid exposure. This
personalized approach ensures that patients receive guidance that aligns with their unique circumstances,
increasing the likelihood of better oral health [29].

Preventive measures: AI can identify potential oral health risks by analyzing patient data and suggesting
targeted preventive measures. This proactive approach ensures that patients maintain their oral well-being,
such as recommending more frequent dental check-ups for individuals with higher risk factors or suggesting
using specific oral care products. By leveraging AI to predict and prevent oral health issues, dental
professionals can intervene early, potentially reducing dental problems and minimizing the associated
patient costs and discomfort [7].

Customized treatment plans: When dental treatment is required, AI can propose treatment plans tailored to
patients' unique needs and preferences. For example, if a patient needs a dental crown, AI can recommend
materials and procedures that align with the patient's aesthetic preferences and budget. This
personalization enhances patient satisfaction and ensures that treatment plans are effective and
harmonized with the patient's goals and expectations. Customized treatment plans contribute to a more
patient-centered approach to dental care [30].

Improved Patient Compliance and Follow-Up Care

Reminders and alerts: AI can send automated reminders for various aspects of oral care, such as follow-up
dental appointments, medication schedules, and oral hygiene routines. These reminders ensure that
patients remain consistent with their care plans and do not miss important appointments or treatments. By
keeping patients informed and on track, AI helps improve adherence to recommended care regimens,
resulting in better oral health outcomes. Automated reminders reduce the risk of missed appointments and
support patients in maintaining their oral hygiene and treatment schedules [31].

Progress tracking: AI can assist patients in monitoring their oral health progress over time. This feature lets
patients see the benefits of adhering to recommended care routines and treatments. By tracking
improvements in oral health, patients can gain motivation and confidence in their chosen care plans. This
visual feedback can reinforce positive behaviors and encourage patients to follow their dental professional's
recommendations, contributing to better long-term oral health [7].

Telehealth options: AI can facilitate virtual consultations and follow-up care, making it more convenient for
patients to seek advice and treatment guidance. This is particularly valuable for minor concerns or
postoperative check-ups where in-person visits are unnecessary. Telehealth options save patients time and
may reduce the need for physical visits to the dental clinic. Additionally, it can be an essential tool in
emergencies, allowing patients to receive timely advice and support from their dental professionals without
needing immediate in-person care. Telehealth options enhance patient convenience and access to dental
services, especially when physical visits are challenging [32].

Ethical and privacy considerations
Data Security and Patient Privacy in AI-Powered Dentistry

Data protection: AI in dentistry relies heavily on collecting and analyzing sensitive patient data, including
medical records and diagnostic images. Robust data protection measures are essential to ensure patient
privacy and maintain data integrity. These measures include safeguarding against unauthorized access, data
breaches, and data leaks. Data protection is a matter of regulatory compliance and an ethical responsibility
to protect patients' sensitive information. Dental practices and AI developers must implement strict access
controls, secure data storage, and conduct regular security audits to identify and address potential
vulnerabilities [6].

Anonymization and encryption: Anonymization and encryption are key techniques to protect patient
privacy in AI applications. Anonymization involves removing or altering personally identifiable information
(PII) from patient data to ensure that the data cannot be linked to specific individuals. Strong encryption
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protocols secure data when it is transmitted or stored. These techniques make it extremely difficult for
unauthorized parties to access or decipher sensitive patient information, reducing the risk of data breaches.
Implementing anonymization and encryption is crucial when sharing data with AI systems or transferring
data between healthcare providers and AI developers [33].

Consent and transparency: Patients have a right to know how their data will be used, especially regarding AI-
powered healthcare applications. Dental practitioners and AI developers must be transparent about
collecting, storing, and utilizing patient data for AI purposes. Patients should provide informed consent,
understanding and agreeing to how their data will be used in AI applications. This transparency and consent
comply with legal and ethical standards and build trust between patients, dental professionals, and AI
developers. It ensures that patients know AI's potential benefits and uses in their healthcare and can make
informed decisions about their participation [34].

Ethical Concerns and AI in Healthcare

Bias and fairness: AI algorithms can inadvertently inherit biases in their training data, leading to
discriminatory outcomes in healthcare. Dentists and AI developers must be vigilant in identifying and
mitigating bias to ensure equitable care for all patients. This involves continuously monitoring AI systems
for biases and taking corrective actions when bias is detected. Having diverse and representative training
data and employing fairness-aware algorithms that minimize bias in AI-driven decisions are essential.
Ensuring fairness in AI applications in dentistry is a legal and ethical imperative and essential for providing
equitable healthcare to all patients [35].

Accountability and transparency: The responsibility for AI-driven dental care must be clearly defined. Dental
professionals and AI developers should establish mechanisms for transparency and accountability in AI
systems. This includes tracking and auditing AI decisions and outcomes, identifying the responsible party in
case of errors or adverse events, and having mechanisms to address issues promptly. Transparency is crucial
to building trust in AI systems and ensuring that patients and healthcare providers understand how
decisions are made and who is accountable when things go wrong [36].

Informed decision-making: Patients should be aware of AI systems involved in their care. They should have
the right to opt out or seek human consultation. Informed decision-making means that patients understand
how AI is used in their treatment and can choose whether to include AI recommendations in their care plan.
This empowers patients and respects their preferences, ensuring they participate actively in healthcare
decisions. Informed consent and the option for human consultation are important elements of patient-
centered care in the context of AI [37].

Regulatory and Legal Aspects

Compliance with regulations: AI-powered dentistry must adhere to established regulations and legal
frameworks, such as the Health Insurance Portability and Accountability Act (HIPAA) in the United States
and other relevant laws in different countries. Compliance with regulations is critical to ensure that patient
data is handled with the utmost care and by legal requirements. These regulations provide a framework for
safeguarding patient privacy, securing sensitive health information, and defining how AI applications can be
used in healthcare. Compliance is a legal requirement and crucial to maintaining patient trust and data
security [38].

Certification and accreditation: Dental AI systems should undergo rigorous testing and receive appropriate
certifications to ensure their safety, efficacy, and reliability. Regulatory bodies and professional
organizations should establish guidelines for approving and monitoring AI applications in healthcare.
Certification and accreditation processes help validate the quality and safety of AI systems, ensuring that
they meet established standards and are suitable for use in clinical settings. This is essential to protect
patient safety and to give dental practitioners confidence in the technology they employ [39].

Liability and malpractice: Legal frameworks must address liability questions when AI is involved in dental
diagnosis or treatment planning. It is important to determine who is responsible in cases of errors or adverse
outcomes. This includes defining the roles and responsibilities of dental professionals, AI developers, and
healthcare institutions in the event of AI-related malpractice or adverse events. Addressing liability
concerns ensures that patients have recourse in the case of negligence or harm while also providing clear
guidelines for dental practitioners and AI developers regarding their legal obligations [40].

Challenges and future directions
Current Challenges in AI Implementation in Dental Care

Data quality and quantity: High-quality and extensive datasets are crucial for training AI models effectively.
In dentistry, acquiring such data can be challenging due to privacy concerns and the limited availability of
large-scale datasets. Patients' dental records are sensitive; sharing them for research can be subject to
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stringent privacy regulations. Dental professionals and AI developers must work to anonymize and
aggregate data while maintaining data quality to ensure that AI systems are accurate and reliable [41].

Regulatory barriers: The regulatory environment for AI in healthcare, including dentistry, is complex and
continually evolving. Navigating and ensuring compliance with these regulations can be a significant
challenge. Regulatory bodies such as the FDA in the United States have specific requirements for approving
and using medical AI applications. Staying up-to-date with evolving regulations and complying with them
are essential but can be time-consuming and require significant legal and regulatory expertise [42].

Integration into practice: Integrating AI into dental practices requires investments in technology and staff
training. While AI has the potential to enhance patient care and streamline operations, it often involves
costs associated with purchasing and implementing AI systems, as well as training dental professionals to
use them effectively. Smaller practices may find these investments challenging, and some dental
professionals may resist incorporating AI into their established workflows. Successful integration may
require change management strategies to ensure a smooth transition [6].

Bias and fairness: Mitigating bias in AI algorithms used for dental diagnosis and treatment planning is an
ongoing challenge to ensure equitable dental care. AI systems can inherit biases from the data they are
trained on, which can lead to unfair or discriminatory outcomes. Dental practitioners and AI developers
must continually work to identify and address bias, employ fairness-aware algorithms, and ensure that AI
applications provide equitable patient care. This involves continuously monitoring and refining AI systems
to minimize bias and enhance fairness [24].

Research and Development in AI Dentistry

Advancements in image analysis: Ongoing research is dedicated to improving AI algorithms for the analysis
of dental images. This includes radiographs, intraoral photographs, and 3D scans. The goal is to enhance the
accuracy and efficiency of image analysis to detect various dental conditions, such as caries, periodontal
diseases, and abnormalities. Advanced image analysis AI systems are designed to identify these conditions at
their earliest stages, often before they are visible to the human eye or even conventional X-rays. This early
detection can significantly impact treatment outcomes by allowing timely intervention, reducing the need
for more invasive procedures, and improving patient outcomes [6].

Personalized treatment planning: Researchers are developing AI systems to create even more individualized
and patient-centric treatment plans. These AI systems consider various factors, including genetic
predisposition, lifestyle choices, and environmental influences. Considering these diverse variables, AI can
provide highly personalized recommendations for preventive measures and treatment options. For instance,
AI may analyze a patient's genetic data to predict their susceptibility to certain oral health conditions and
suggest personalized strategies to mitigate those risks. This personalized approach to treatment planning
aims to optimize patient outcomes and experiences by tailoring care to individual needs and preferences [5].

Tele-dentistry and remote monitoring: The development of AI-enabled remote monitoring tools is poised to
revolutionize the accessibility of dental care, particularly in underserved areas or during public health crises.
Tele-dentistry applications can connect patients with dental professionals remotely, allowing for
consultations, follow-up care, and the monitoring of oral health conditions through video calls, images, and
other data-sharing methods. AI plays a crucial role in these applications by helping remotely assess and
monitor patients' oral health. This expands access to dental care and ensures that patients receive timely
guidance and interventions, particularly when in-person visits are challenging or limited, as was the case
during the COVID-19 pandemic [43].

Future Prospects and Advancements

AI-driven robotic dentistry: Integrating AI with robotic systems is poised to revolutionize dental
procedures. AI-driven robotic dentistry can enhance precision and automation in tooth drilling, implant
placement, and orthodontic adjustments. These robots can operate with precision that exceeds human
capabilities, reducing the risk of human error and improving treatment outcomes. This technology can make
dental procedures more efficient, less invasive, and less painful for patients, contributing to better patient
experiences and outcomes [44].

Augmented reality (AR) and virtual reality (VR) in education: AI-powered augmented reality (AR) and virtual
reality (VR) applications can potentially transform dental education and training. Dental students and
practitioners can benefit from immersive experiences that simulate real clinical scenarios, providing a safe
environment for learning and practicing various dental procedures. AI can enhance these experiences by
providing real-time guidance and feedback to learners. This approach accelerates the learning curve and
offers a dynamic and engaging way to train dental professionals, ultimately leading to higher competence
and confidence [45].

Predictive analytics for public health: AI can be used for predictive analytics in public health. By analyzing
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vast datasets, AI can forecast oral health trends and identify at-risk populations. This information can be
valuable for public health agencies and policymakers in developing more effective preventive programs and
interventions. For example, AI can help design community-level preventive programs targeting specific
demographics or geographic regions with a higher prevalence of oral health issues. These interventions can
improve public health and reduce healthcare costs [46].

Global access to dental care: AI-driven tele-dentistry and portable diagnostic devices can expand access to
dental care, even in remote or underserved regions. Tele-dentistry allows patients to consult with dental
professionals remotely, reducing the need for physical visits. Portable diagnostic devices equipped with AI
can aid in early disease detection and monitoring, particularly in areas with limited access to dental
facilities. This technology democratizes dental care, making it more accessible to underserved populations
and addressing oral health disparities on a global scale [47].

Conclusions
In conclusion, integrating artificial intelligence (AI) into dental care marks the dawn of a transformative era.
The profound impact of AI on dental diagnosis and treatment is indisputable, presenting myriad benefits.
These range from elevating the precision of dental imaging and facilitating computer-aided detection and
diagnosis to streamlining personalized treatment planning and predicting patient outcomes. These
advancements can revolutionize dentistry, rendering it more efficient, patient-centric, and effective.
However, it is imperative to emphasize the necessity for a collaborative synergy between AI and dental
professionals. Specifically, it would be valuable to delve into concrete ways in which dental practitioners and
AI can collaboratively ensure AI's responsible and ethical use in patient care. AI should be positioned as a
complementary tool that enhances the expertise of dental practitioners rather than a replacement. By
fostering a partnership between AI and dental experts, we can guarantee this technology's responsible and
ethical application, upholding the highest standards of patient privacy and data security. This collaborative
approach enhances patient care and contributes to a brighter and healthier future for dental practice,
benefiting patients, practitioners, and the healthcare system at large.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Aastha Mahesh Batra, Amit Reche

Acquisition, analysis, or interpretation of data:  Aastha Mahesh Batra, Amit Reche

Drafting of the manuscript:  Aastha Mahesh Batra, Amit Reche

Critical review of the manuscript for important intellectual content:  Aastha Mahesh Batra, Amit
Reche

Supervision:  Aastha Mahesh Batra, Amit Reche

Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. National Institutes of Health: Oral health in America: advances and challenges. National Institute of Dental

and Craniofacial Research, Bethesda, MD; 2021. https://www.nidcr.nih.gov/sites/default/files/2021-12/Oral-
Health-in-America-Advances-and-Challenges.pdf.

2. AI in medical imaging market will grow to $14,423.15 million over next 10 years . (2023). Accessed:
November 9, 2023: https://www.biospace.com/article/ai-in-medical-imaging-market-will-grow-to-14-423-
15-million-over-next-10-years/.

3. Dhopte A, Bagde H: Smart smile: revolutionizing dentistry with artificial intelligence . Cureus. 2023,
15:e41227. 10.7759/cureus.41227

4. What is artificial intelligence (AI)?. (2023). Accessed: November 9, 2023:
https://www.ibm.com/topics/artificial-intelligence.

5. Bohr A, Memarzadeh K: Chapter 2 - the rise of artificial intelligence in healthcare applications . Artificial
intelligence in healthcare. Academic Press, Cambridge, MA; 2020. 25-60. 10.1016/B978-0-12-818438-

2023 Mahesh Batra et al. Cureus 15(11): e49319. DOI 10.7759/cureus.49319 9 of 11

javascript:void(0)
javascript:void(0)
https://www.nidcr.nih.gov/sites/default/files/2021-12/Oral-Health-in-America-Advances-and-Challenges.pdf
https://www.biospace.com/article/ai-in-medical-imaging-market-will-grow-to-14-423-15-million-over-next-10-years/
https://www.biospace.com/article/ai-in-medical-imaging-market-will-grow-to-14-423-15-million-over-next-10-years/
https://dx.doi.org/10.7759/cureus.41227
https://dx.doi.org/10.7759/cureus.41227
https://www.ibm.com/topics/artificial-intelligence
https://www.ibm.com/topics/artificial-intelligence
https://dx.doi.org/10.1016/B978-0-12-818438-7.00002-2
https://dx.doi.org/10.1016/B978-0-12-818438-7.00002-2


7.00002-2
6. Agrawal P, Nikhade P: Artificial intelligence in dentistry: past, present, and future . Cureus. 2022, 14:e27405.

10.7759/cureus.27405
7. Patil S, Albogami S, Hosmani J, et al.: Artificial intelligence in the diagnosis of oral diseases: applications

and pitfalls. Diagnostics (Basel). 2022, 12:1029. 10.3390/diagnostics12051029
8. Al Kuwaiti A, Nazer K, Al-Reedy A, et al.: A review of the role of artificial intelligence in healthcare . J Pers

Med. 2023, 13:951. 10.3390/jpm13060951
9. Arsiwala-Scheppach LT, Chaurasia A, Müller A, Krois J, Schwendicke F: Machine learning in dentistry: a

scoping review. J Clin Med. 2023, 12:937. 10.3390/jcm12030937
10. Pethani F, Dunn AG: Natural language processing for clinical notes in dentistry: a systematic review . J

Biomed Inform. 2023, 138:104282. 10.1016/j.jbi.2023.104282
11. Farook TH, Ahmed S, Jamayet NB, Dudley J: Computer vision with smartphone microphotography for

detection of carious lesions. Intell-Based Med. 2023, 8:100105. 10.1016/j.ibmed.2023.100105
12. Vodanović M, Subašić M, Milošević D, Savić Pavičin I: Artificial intelligence in medicine and dentistry . Acta

Stomatol Croat. 2023, 57:70-84. 10.15644/asc57/1/8
13. Anil S, Porwal P, Porwal A: Transforming dental caries diagnosis through artificial intelligence-based

techniques. Cureus. 2023, 15:e41694. 10.7759/cureus.41694
14. Hardy M, Harvey H: Artificial intelligence in diagnostic imaging: impact on the radiography profession . Br J

Radiol. 2020, 93:20190840. 10.1259/bjr.20190840
15. Bhattacharjee N: Automated dental cavity detection system using deep learning and explainable AI . AMIA Jt

Summits Transl Sci Proc. 2022, 2022:140-8.
16. Cholan P, Ramachandran L, Umesh SG, PS, Tadepalli A: The impetus of artificial intelligence on periodontal

diagnosis: a brief synopsis. Cureus. 2023, 15:e43583. 10.7759/cureus.43583
17. García-Pola M, Pons-Fuster E, Suárez-Fernández C, Seoane-Romero J, Romero-Méndez A, López-Jornet P:

Role of artificial intelligence in the early diagnosis of oral cancer. A scoping review . Cancers (Basel). 2021,
13:4600. 10.3390/cancers13184600

18. Huang H, Zheng O, Wang D, et al.: ChatGPT for shaping the future of dentistry: the potential of multi-
modal large language model. Int J Oral Sci. 2023, 15:29. 10.1038/s41368-023-00239-y

19. Artificial intelligence in dentistry. (2023). Accessed: September 13, 2023: https://www.dental-
tribune.com/news/artificial-intelligence-in-dentistry/.

20. Anil S, Sudeep K, Saratchandran S, Sweety VK: Revolutionizing dental caries diagnosis through artificial
intelligence. IntechOpen. 2023, 10.5772/intechopen.112979

21. Mahdi SS, Battineni G, Khawaja M, Allana R, Siddiqui MK, Agha D: How does artificial intelligence impact
digital healthcare initiatives? A review of AI applications in dental healthcare. Int J Inf Manag Data Insights.
2023, 3:100144. 10.1016/j.jjimei.2022.100144

22. Johnson KB, Wei WQ, Weeraratne D, et al.: Precision medicine, AI, and the future of personalized health
care. Clin Transl Sci. 2021, 14:86-93. 10.1111/cts.12884

23. Scott J, Biancardi AM, Jones O, Andrew D: Artificial intelligence in periodontology: a scoping review . Dent J
(Basel). 2023, 11:43. 10.3390/dj11020043

24. Schwendicke F, Samek W, Krois J: Artificial intelligence in dentistry: chances and challenges . J Dent Res.
2020, 99:769-74. 10.1177/0022034520915714

25. Fatima A, Shafi I, Afzal H, et al.: Advancements in dentistry with artificial intelligence: current clinical
applications and future perspectives. Healthcare (Basel). 2022, 10:2188. 10.3390/healthcare10112188

26. Thurzo A, Strunga M, Urban R, Surovková J, Afrashtehfar KI: Impact of artificial intelligence on dental
education: a review and guide for curriculum update. Educ Sci. 2023, 13:150. 10.3390/educsci13020150

27. Wang A, Qian Z, Briggs L, Cole AP, Reis LO, Trinh QD: The use of chatbots in oncological care: a narrative
review. Int J Gen Med. 2023, 16:1591-602. 10.2147/IJGM.S408208

28. Perri-Moore S, Kapsandoy S, Doyon K, et al.: Automated alerts and reminders targeting patients: a review of
the literature. Patient Educ Couns. 2016, 99:953-9. 10.1016/j.pec.2015.12.010

29. Tadin A, Poljak Guberina R, Domazet J, Gavic L: Oral hygiene practices and oral health knowledge among
students in Split, Croatia. Healthcare (Basel). 2022, 10:406. 10.3390/healthcare10020406

30. Sivakumar A, Thangaswamy V, Ravi V: Treatment planning in conservative dentistry . J Pharm Bioallied Sci.
2012, 4:S406-9. 10.4103/0975-7406.100305

31. Mohammed H, Rizk MZ, Wafaie K, Ulhaq A, Almuzian M: Reminders improve oral hygiene and adherence to
appointments in orthodontic patients: a systematic review and meta-analysis. Eur J Orthod. 2019, 41:204-
13. 10.1093/ejo/cjy045

32. Haleem A, Javaid M, Singh RP, Suman R: Telemedicine for healthcare: capabilities, features, barriers, and
applications. Sens Int. 2021, 2:100117. 10.1016/j.sintl.2021.100117

33. Majeed A: Attribute-centric anonymization scheme for improving user privacy and utility of publishing e-
health data. J King Saud Univ - Comput Inf Sci. 2019, 31:426-35. 10.1016/j.jksuci.2018.03.014

34. Kiseleva A, Kotzinos D, De Hert P: Transparency of AI in healthcare as a multilayered system of
accountabilities: between legal requirements and technical limitations. Front Artif Intell. 2022, 5:879603.
10.3389/frai.2022.879603

35. Panch T, Mattie H, Atun R: Artificial intelligence and algorithmic bias: implications for health systems . J
Glob Health. 2019, 9:010318. 10.7189/jogh.09.020318

36. Felzmann H, Villaronga EF, Lutz C, Tamò-Larrieux A: Transparency you can trust: transparency
requirements for artificial intelligence between legal norms and contextual concerns. Big Data Soc. 2019,
6:10.1177/2053951719860542

37. Richardson JP, Smith C, Curtis S, Watson S, Zhu X, Barry B, Sharp RR: Patient apprehensions about the use
of artificial intelligence in healthcare. NPJ Digit Med. 2021, 4:140. 10.1038/s41746-021-00509-1

38. Pesapane F, Bracchi DA, Mulligan JF, et al.: Legal and regulatory framework for AI solutions in healthcare in
EU, US, China, and Russia: new scenarios after a pandemic. Radiation. 2021, 1:261-76.
10.3390/radiation1040022

39. WHO outlines considerations for regulation of artificial intelligence for health . (2023). Accessed: November

2023 Mahesh Batra et al. Cureus 15(11): e49319. DOI 10.7759/cureus.49319 10 of 11

https://dx.doi.org/10.7759/cureus.27405
https://dx.doi.org/10.7759/cureus.27405
https://dx.doi.org/10.3390/diagnostics12051029
https://dx.doi.org/10.3390/diagnostics12051029
https://dx.doi.org/10.3390/jpm13060951
https://dx.doi.org/10.3390/jpm13060951
https://dx.doi.org/10.3390/jcm12030937
https://dx.doi.org/10.3390/jcm12030937
https://dx.doi.org/10.1016/j.jbi.2023.104282
https://dx.doi.org/10.1016/j.jbi.2023.104282
https://dx.doi.org/10.1016/j.ibmed.2023.100105
https://dx.doi.org/10.1016/j.ibmed.2023.100105
https://dx.doi.org/10.15644/asc57/1/8
https://dx.doi.org/10.15644/asc57/1/8
https://dx.doi.org/10.7759/cureus.41694
https://dx.doi.org/10.7759/cureus.41694
https://dx.doi.org/10.1259/bjr.20190840
https://dx.doi.org/10.1259/bjr.20190840
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9285146/
https://dx.doi.org/10.7759/cureus.43583
https://dx.doi.org/10.7759/cureus.43583
https://dx.doi.org/10.3390/cancers13184600
https://dx.doi.org/10.3390/cancers13184600
https://dx.doi.org/10.1038/s41368-023-00239-y
https://dx.doi.org/10.1038/s41368-023-00239-y
https://www.dental-tribune.com/news/artificial-intelligence-in-dentistry/
https://www.dental-tribune.com/news/artificial-intelligence-in-dentistry/
https://dx.doi.org/10.5772/intechopen.112979
https://dx.doi.org/10.5772/intechopen.112979
https://dx.doi.org/10.1016/j.jjimei.2022.100144
https://dx.doi.org/10.1016/j.jjimei.2022.100144
https://dx.doi.org/10.1111/cts.12884
https://dx.doi.org/10.1111/cts.12884
https://dx.doi.org/10.3390/dj11020043
https://dx.doi.org/10.3390/dj11020043
https://dx.doi.org/10.1177/0022034520915714
https://dx.doi.org/10.1177/0022034520915714
https://dx.doi.org/10.3390/healthcare10112188
https://dx.doi.org/10.3390/healthcare10112188
https://dx.doi.org/10.3390/educsci13020150
https://dx.doi.org/10.3390/educsci13020150
https://dx.doi.org/10.2147/IJGM.S408208
https://dx.doi.org/10.2147/IJGM.S408208
https://dx.doi.org/10.1016/j.pec.2015.12.010
https://dx.doi.org/10.1016/j.pec.2015.12.010
https://dx.doi.org/10.3390/healthcare10020406
https://dx.doi.org/10.3390/healthcare10020406
https://dx.doi.org/10.4103/0975-7406.100305
https://dx.doi.org/10.4103/0975-7406.100305
https://dx.doi.org/10.1093/ejo/cjy045
https://dx.doi.org/10.1093/ejo/cjy045
https://dx.doi.org/10.1016/j.sintl.2021.100117
https://dx.doi.org/10.1016/j.sintl.2021.100117
https://dx.doi.org/10.1016/j.jksuci.2018.03.014
https://dx.doi.org/10.1016/j.jksuci.2018.03.014
https://dx.doi.org/10.3389/frai.2022.879603
https://dx.doi.org/10.3389/frai.2022.879603
https://dx.doi.org/10.7189/jogh.09.020318
https://dx.doi.org/10.7189/jogh.09.020318
https://dx.doi.org/10.1177/2053951719860542
https://dx.doi.org/10.1177/2053951719860542
https://dx.doi.org/10.1038/s41746-021-00509-1
https://dx.doi.org/10.1038/s41746-021-00509-1
https://dx.doi.org/10.3390/radiation1040022
https://dx.doi.org/10.3390/radiation1040022
https://www.who.int/news/item/19-10-2023-who-outlines-considerations-for-regulation-of-artificial-intelligence-for-health


9, 2023: https://www.who.int/news/item/19-10-2023-who-outlines-considerations-for-regulation-of-
artificial-intelligence-for-he....

40. Roganović J, Radenković M, Miličić B: Responsible use of artificial intelligence in dentistry: survey on
dentists’ and final-year undergraduates’ perspectives. Healthcare (Basel). 2023, 11:1480.
10.3390/healthcare11101480

41. Aldoseri A, Al-Khalifa KN, Hamouda AM: Re-thinking data strategy and integration for artificial
intelligence: concepts, opportunities, and challenges. Appl Sci. 2023, 13:7082. 10.3390/app13127082

42. McKee M, Wouters OJ: The challenges of regulating artificial intelligence in healthcare comment on
“clinical decision support and new regulatory frameworks for medical devices: are we ready for it? - a
viewpoint paper”. Int J Health Policy Manag. 2023, 12:7261. 10.34172/ijhpm.2022.7261

43. Fricton J, Chen H: Using teledentistry to improve access to dental care for the underserved . Dent Clin North
Am. 2009, 53:537-48. 10.1016/j.cden.2009.03.005

44. Liu L, Watanabe M, Ichikawa T: Robotics in dentistry: a narrative review . Dent J (Basel). 2023, 11:62.
10.3390/dj11030062

45. Dzyuba N, Jandu J, Yates J, Kushnerev E: Virtual and augmented reality in dental education: the good, the
bad and the better. Eur J Dent Educ. 2022, 10.1111/eje.12871

46. Alharthi H: Healthcare predictive analytics: an overview with a focus on Saudi Arabia . J Infect Public Health.
2018, 11:749-56. 10.1016/j.jiph.2018.02.005

47. Batra P, Tagra H, Katyal S: Artificial Intelligence in teledentistry. Discoveries (Craiova). 2022, 10:153.
10.15190/d.2022.12

2023 Mahesh Batra et al. Cureus 15(11): e49319. DOI 10.7759/cureus.49319 11 of 11

https://www.who.int/news/item/19-10-2023-who-outlines-considerations-for-regulation-of-artificial-intelligence-for-health
https://dx.doi.org/10.3390/healthcare11101480
https://dx.doi.org/10.3390/healthcare11101480
https://dx.doi.org/10.3390/app13127082
https://dx.doi.org/10.3390/app13127082
https://dx.doi.org/10.34172/ijhpm.2022.7261
https://dx.doi.org/10.34172/ijhpm.2022.7261
https://dx.doi.org/10.1016/j.cden.2009.03.005
https://dx.doi.org/10.1016/j.cden.2009.03.005
https://dx.doi.org/10.3390/dj11030062
https://dx.doi.org/10.3390/dj11030062
https://dx.doi.org/10.1111/eje.12871
https://dx.doi.org/10.1111/eje.12871
https://dx.doi.org/10.1016/j.jiph.2018.02.005
https://dx.doi.org/10.1016/j.jiph.2018.02.005
https://dx.doi.org/10.15190/d.2022.12
https://dx.doi.org/10.15190/d.2022.12

	A New Era of Dental Care: Harnessing Artificial Intelligence for Better Diagnosis and Treatment
	Abstract
	Introduction And Background
	Review
	Artificial intelligence in dentistry
	FIGURE 1: Application of AI in dentistry

	AI in dental diagnosis
	AI in treatment planning
	Patient experience and engagement
	Ethical and privacy considerations
	Challenges and future directions

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


