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ABSTRACT

The application of artificial intelligence (Al) in dentistry is revolutionizing the way oral
healthcare is delivered, enhancing diagnostic accuracy and treatment outcomes. As dental
professionals face increasing patient demands and complex case presentations, Al technologies
offer innovative solutions to streamline processes and improve efficiencies. From advanced
imaging analysis to predictive analytics, Al assists dentists in diagnosing conditions such as
cavities and periodontal disease at earlier stages, ultimately facilitating timely interventions.
Furthermore, Al-driven tools aid in treatment planning by providing tailored recommendations
based on individual patient data, fostering a more personalized approach to care. Beyond
diagnostics and treatment, Al enhances administrative tasks, reduces operational costs, and
optimizes patient engagement through interactive platforms. By leveraging machine learning
algorithms, dental practices can analyze patient data for insights that inform preventive care
strategies, reinforcing the shift towards proactive dental health management. Despite the
challenges, including data privacy concerns and the need for professional acceptance, the
integration of Al in dentistry holds immense potential. This transformative technology not only
promises to elevate the standard of care but also enables dental professionals to focus more on
patient relationships and comprehensive treatment.
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Introduction

Artificial Intelligence (Al) has emerged as a transformative force across various fields, and dentistry is no
exception. The integration of Al technologies in dental practice enhances diagnostic accuracy, optimizes
treatment planning, and improves patient experiences. As the demand for precision and efficiency in dental
care continues to rise, Al-driven solutions are increasingly being employed to meet these expectations.®

Al encompasses a range of technologies, including machine learning, computer vision, natural language
processing, and robotics. In dentistry, these technologies facilitate the analysis of vast amounts of dental data,
aiding both clinical decision-making and operational processes. For instance, machine learning algorithms can

analyze radiographic images for early detection of dental conditions, such as cavities or periodontal disease,
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with a level of accuracy that rivals or surpasses human practitioners.?3

Moreover, Al can streamline administrative functions, reducing the burden of routine tasks such as
appointment scheduling, patient follow-up, and record management. By automating these processes, dental
professionals can spend more time focusing on delivering high-quality patient care. Additionally, Al-driven
predictive analytics can enhance patient outcomes by identifying at-risk individuals based on historical data,
leading to timely interventions.*®

The application of Al also extends to patient engagement, where chatbots and virtual assistants support patients
in accessing information, managing appointments, and answering common queries. This leads to improved
patient satisfaction and retention, vital components in the competitive landscape of dental care.®
Furthermore, Al has potential in personalized treatment planning. By analyzing patient-specific data and
outcomes, Al can help customize treatment strategies that align with individual patient needs and preferences,
fostering a more personalized approach to dental care.7

In conclusion, the incorporation of Al in dentistry is revolutionizing the field by enhancing diagnostic
capabilities, optimizing clinical workflows, and ultimately improving patient outcomes and experiences. As
technology continues to evolve, the synergy between Al and dental practice promises to unlock new avenues

for innovation, efficiency, and patient care excellence.

Al History Overview
The journey of Artificial Intelligence (Al) began in the mid-20th century, rooted in dreams of creating
machines that could mimic human intelligence.}®
Early Beginnings (1950s-1960s):
e 1950: Alan Turing introduced the Turing Test to assess a machine's ability to exhibit intelligent
behavior.
e 1956: The Dartmouth Conference marked Al's official birth, introducing Al as a field of study and
exploration.
Formative Years (1960s-1970s):
e Development of simple Al programs, like checkers and chess players.
e Eliza, an early natural language processing computer program, was created in 1966 to simulate
conversation.
Winter Periods and Revivals (1970s-1990s):

e The Al field faced winters due to unmet expectations and funding cuts.
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e Resurgence in the 1980s with expert systems, designed to emulate human decision-making in specific
areas.
Modern Era (2000s-Present):
e Machine learning and deep learning have revolutionized Al, thanks to advancements in data
acquisition, algorithms, and computing power.
e Al applications range from personal assistants like Siri and Alexa to advanced systems in healthcare,

finance, and autonomous vehicles.

Working Principles of Al
Data Acquisition: Al systems utilize vast amounts of data from diverse sources, acting as the foundational
building block for learning.
Machine Learning: A subset of Al, where systems improve through experience. Algorithms identify patterns
in data to make predictions or decisions without being explicitly programmed for specific tasks.

e Supervised Learning: Trains Al models with input-output pairs.

e Unsupervised Learning: Identifies hidden patterns in input data.

¢ Reinforcement Learning: Optimizes decision making through rewards and penalties.
Neural Networks: Inspired by the human brain, these networks consist of layers that process information
progressively, enhancing data abstraction and representation.
Natural Language Processing (NLP): Enables machines to understand and interact using human language,
facilitating tasks like translation and sentiment analysis.
Computer Vision: Allows Al to interpret and understand visual data, enabling facial recognition, object
detection, and classification.
Al's continued evolution relies on its ability to mimic human-like reasoning and learning, fuelling innovations
across industries.
Various applications of Al in dentistry:3%7-12
Diagnosis and Treatment Planning of Oral Disease: Al significantly enhances the diagnosis and treatment
planning of oral diseases by utilizing machine learning algorithms to analyze dental radiographs and clinical
data. These technologies can identify various conditions, such as cavities, periodontal disease, and oral cancer,
with remarkable accuracy, allowing dentists to create more effective and personalized treatment plans. The

ability to integrate patient histories, symptoms, and diagnostic images ensures that treatment approaches are

Paras Mehta. (2025). Application of Artificial Intelligence in Dentistry: A Review. MAR Dental Sciences & Oral
Rehabilitation (2025) 5:9



Paras Mehta, MAR Dental Sciences & Oral Rehabilitation (2025) 5:9. Page 5 of 09

tailored to individual needs, ultimately leading to improved patient outcomes and satisfaction.

Patient Management: Al applications in patient management streamline administrative processes, improving
the overall efficiency of dental practices. Scheduling systems powered by Al help optimize appointment
bookings, reducing wait times and ensuring better resource allocation within the clinic. Additionally, Al-
driven chatbots and virtual assistants enhance patient engagement by providing timely information about
treatment options, appointment reminders, and post-treatment care instructions, thereby fostering a more
informed and satisfied patient base.

Prosthodontics: In prosthodontics, Al facilitates the design and manufacturing of dental prostheses, such as
crowns, bridges, and dentures. Advanced imaging and scanning technologies allow for precise digital
impressions, while Al algorithms assist in creating customized prosthetic designs that fit each patient’s unique
anatomy. This innovation not only improves the accuracy and comfort of dental restorations but also
accelerates the fabrication process, enabling quicker turnaround times for patients.

Orthodontics: Al is revolutionizing orthodontics by providing advanced tools for diagnosis, treatment
planning, and progress monitoring. Digital orthodontic systems utilize Al to analyze facial and dental
structures, allowing for more precise predictions regarding tooth movement and treatment effectiveness. The
integration of Al supports the development of customized aligners and braces, while monitoring technologies
enable orthodontists to track patients’ progress remotely, ensuring timely adjustments and improved treatment
outcomes.

Endodontics: In endodontics, Al enhances the detection of root canal anomalies and aids in determining the
complexity of cases. Machine learning models analyze clinical data and radiographs to predict treatment
success rates and guide dentists in choosing the most effective strategies. Furthermore, Al-driven tools can
assist in locating canal systems, improving the efficiency and success of root canal treatments while
minimizing the risk of complications.

Oral Surgery: Al applications in oral surgery streamline pre-operative planning, intra-operative guidance,
and post-operative assessments. Surgical simulations powered by Al allow practitioners to visualize
anatomical structures and plan procedures with enhanced accuracy. Real-time feedback and image analysis
during surgery help guide interventions, reducing the risk of complications and improving overall surgical
outcomes, while Al-driven assessments post-surgery facilitate better patient recovery and follow-up care.
Periodontics: In periodontics, Al aids in the early detection and management of periodontal diseases through
data analysis and risk assessment tools. By evaluating patient records, radiographs, and clinical findings, Al

systems can identify individuals at high risk for periodontal issues, allowing for timely intervention.
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Additionally, Al can assist in designing personalized treatment protocols, monitoring disease progression, and
improving patient compliance with preventive measures.

Pediatric Dentistry: Al's role in pediatric dentistry encompasses enhanced diagnostic capabilities, patient
management, and treatment customization. With its ability to analyze developmental patterns and risk factors,
Al can aid pediatric dentists in recognizing dental issues early, facilitating timely treatment. Moreover, Al-
powered tools help to engage young patients through interactive technologies, making dental visits more
enjoyable and educational while optimizing treatment approaches specifically tailored to children's unique
needs.

Advantages of Artificial Intelligence in Dentistry

The integration of advanced technology in healthcare offers numerous benefits that enhance overall patient
care. One significant advantage is increased diagnostic accuracy, allowing healthcare providers to make
informed decisions based on precise data. This leads to optimized treatment planning tailored to individual
patient needs. Additionally, technology streamlines administrative tasks, improving efficiency and reducing
the burden on staff. Predictive analytics contributes to preventive care strategies, promoting early intervention
and minimizing complications. Enhanced patient engagement is fostered through interactive platforms that
encourage active participation in one’s health journey. Remote monitoring capabilities enable real-time
assessment, while data-driven decision-making leads to more effective outcomes. Furthermore, operations
experience cost reductions, making healthcare more accessible. Improved patient education ensures
individuals are well-informed about their conditions and treatments, fostering a collaborative approach to
health. Finally, the commitment to continuous learning and improvement in healthcare practices ultimately

elevates the standard of care provided to patients.316

Limitations of Al Assisted Dentistry

Despite the advantages of advanced technology in healthcare, several challenges persist that hinder its
widespread adoption. One major issue is the limited understanding of complex cases, where technology may
not fully capture the nuances of individual patient scenarios. Additionally, high initial implementation costs
pose a significant barrier for many practices, making it difficult to invest in new systems. Concerns regarding
data privacy and security further complicate the transition, as stakeholders must ensure that sensitive patient
information is adequately protected. The effectiveness of technology also depends heavily on the quality of

data input, posing risks if inaccurate information is submitted. Moreover, resistance from dental professionals,
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often rooted in concerns about job security and changes in practice dynamics, can obstruct integration efforts.
The absence of regulatory standards for technology use in dental care adds another layer of complexity, raising
questions about accountability and consistency. There is also a potential for misinterpretation of results derived
from technological tools, which could lead to inappropriate clinical decisions. Technology integration presents
its own set of challenges, and systems may require continuous updates and maintenance to remain effective.
Finally, an increased reliance on technology may reduce human interaction in patient care, potentially

impacting the rapport and trust essential for effective healthcare delivery. 1316

Future Perspectives

The future of Artificial Intelligence (Al) in dentistry holds immense promise, driven by advancements in
technology and increasing acceptance among dental professionals. As Al algorithms become more
sophisticated, the precision of diagnostics and treatment planning will continue to improve. Future applications
may include the development of Al-driven tools that provide real-time analysis of intraoral scans and
radiographs, enabling dentists to make immediate clinical decisions. Additionally, the integration of Al with
emerging technologies like augmented reality (AR) and virtual reality (VR) could revolutionize dental training
and patient education by offering immersive learning experiences. Furthermore, continuous data collection
from Al systems will facilitate a deeper understanding of patient behaviors and treatment outcomes, enabling
more personalized and effective care strategies.

The potential for Al to enhance preventive dentistry is another future prospect. With advanced predictive
analytics, Al can analyze patient histories and lifestyle factors to identify those at risk for dental issues,
allowing for early interventions. This proactive approach can shift the focus of dentistry from reactive
treatment to preventive care, ultimately improving overall oral health outcomes for patients. Collaborations
between tech companies and dental professionals will play a crucial role in driving innovation and ensuring

that Al tools are tailored to meet the specific needs of the dental community.

Conclusion

In conclusion, the integration of Artificial Intelligence in dentistry represents a significant evolution in the
field, with the potential to transform patient care, enhance operational efficiency, and improve clinical
outcomes. While various applications of Al are currently being utilized, the future holds even greater
opportunities for innovation, particularly in diagnostics, treatment customization, and preventive care.

However, addressing the limitations and challenges associated with implementing Al—such as data privacy,
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cost, and professional acceptance—will be essential for its successful adoption. As the field evolves, it is
crucial for dental professionals to engage with Al technologies, ensuring that these tools are effectively
integrated into practice to enhance the quality of care. The collaboration between Al and dentistry has the
potential to not only elevate the standard of care but also redefine the future of oral health.

References

1. Chen YW, Stanley K, Att W. Artificial intelligence in dentistry: current applications and future
perspectives. Quintessence Int. 2020;51(3):248-257

2. Chen YW, Stanley K, Att W. Corrigendum: Atrtificial intelligence in dentistry: current applications
and future perspectives. Quintessence Int. 2020;51(5):430.

3. Grischke J, Johannsmeier L, Eich L, Griga L, Haddadin S. Dentronics: Towards robotics and artificial
intelligence in dentistry. Dent Mater. 2020 Jun;36(6):765-778.

4. Mahesh Batra A, Reche A. A New Era of Dental Care: Harnessing Artificial Intelligence for Better
Diagnosis and Treatment. Cureus. 2023 Nov 23;15(11):e49319.

5. Thorat V, Rao P, Joshi N, Talreja P, Shetty AR. Role of Artificial Intelligence (Al) in Patient Education
and Communication in Dentistry. Cureus. 2024 May 7;16(5):e59799.

6. Al Nassan W, Bonny T, Obaideen K: A Customized Convolutional Neural Network for Dental
Bitewing Images Segmentation. presented at: The International Conference on Electrical and Computing
Technologies and Applications, 2022 (ICECTA’2022) 2022.

7. Hung KF, Ai QYH, King AD, et al. : Automatic detection and segmentation of morphological changes
of the maxillary sinus mucosa on cone-beam computed tomography images using a three-dimensional
convolutional neural network. Clin. Oral Investig. 2022;26(5):3987-3998.

8. Khanagar SB, Al-Ehaideb A, Maganur PC, et al. : Developments, application, and performance of
artificial intelligence in dentistry—A systematic review. Journal of dental sciences. 2021;16(1):508-522.
10.1016/j.jds.2020.06.019

9. Tandon D, Rajawat J, Banerjee M: Present and future of artificial intelligence in dentistry. Journal of
oral biology and craniofacial research. 2020;10(4):391-396. 10.1016/j.jobcr.2020.07.015

10. Schwendicke F, Samek W, Krois J: Artificial intelligence in dentistry: chances and challenges. J. Dent.
Res. 2020;99(7):769-774. 10.1177/0022034520915714

11. Surovkova J, Haluzova S, Strunga M, et al. : The New Role of the Dental Assistant and Nurse in the

Age of Advanced Artificial Intelligence in Telehealth Orthodontic Care with Dental Monitoring: Preliminary

Paras Mehta. (2025). Application of Artificial Intelligence in Dentistry: A Review. MAR Dental Sciences & Oral
Rehabilitation (2025) 5:9



Paras Mehta, MAR Dental Sciences & Oral Rehabilitation (2025) 5:9. Page 9 of 09

Report. Appl. Sci. 2023;13(8):5212. 10.3390/app1308521

12. Bonny T, Al Nassan W, Obaideen K, Al Mallahi MN, Mohammad Y, El-Damanhoury HM.
Contemporary Role and Applications of Artificial Intelligence in Dentistry. F1000Res. 2023 Sep 20;12:1179.
doi: 10.12688/f1000research.140204.1. PMID: 37942018; PMCID: PMC10630586.

13. Bindushree V, Sameen R, Vasudevan V, et al. : Artificial intelligence: In modern dentistry. Journal of
Dental Research and Review. 2020;7(1):27.

14, Shan T, Tay FR, Gu L. Application of Artificial Intelligence in Dentistry. J Dent Res. 2021
Mar;100(3):232-244. doi: 10.1177/0022034520969115. Epub 2020 Oct 29. PMID: 33118431.

15.  Grischke J, Johannsmeier L, Eich L, Griga L, Haddadin S. Dentronics: Towards robotics and artificial
intelligence in dentistry. Dent Mater. 2020 Jun;36(6):765-778. doi: 10.1016/j.dental.2020.03.021. Epub 2020
Apr 27. PMID: 32349877.

16. Dhopte A, Bagde H. Smart Smile: Revolutionizing Dentistry With Artificial Intelligence. Cureus. 2023
Jun 30;15(6):e41227. doi: 10.7759/cureus.41227. PMID: 37529520; PMCID: PMC10387377.

Medtronic

Paras Mehta. (2025). Application of Artificial Intelligence in Dentistry: A Review. MAR Dental Sciences & Oral
Rehabilitation (2025) 5:9


https://news.medtronic.com/index.php?s=20303

