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ABSTRACT

The introduction of Artificial Intelligence into global markets, including the health sector, is currently transforming the
nature of medical and dental care and treatment.The merits of this intelligent technology can be put to use to reduce the
human workload and improve the efficiency and quality of work. However the integration of artificial intelligence (Al) in
dentistry has sparked considerable debate regarding its implications for the discipline.On one hand, Al can improve
healthcare outcomes and operational efficiency by providing notable improvements in diagnostic accuracy, treatment
planning, and patient management.The identification of dental illnesses can be transformed by technologies like machine
learning algorithms and image recognition software, allowing for early intervention and individualized treatment.
Additionally, Al facilitates streamlining of administrative processes and improves patient engagement through Advanced
educational tools. Conversely, the possibility of relying too much on technology, Data privacy and the danger of
undervaluing the human component of patient care are among the issues that raises concern. Moreover, unequal access to
Al technologies could increase the already-existing disparities in oral healthcare delivery systems.

It is important to check if the benefits of Al in dentistry outweigh its challenges. Though AI presents remarkable
opportunities for improvement, it must be implemented thoughtfully to ensure it serves as a boon rather than a bane to the
discipline.
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INTRODUCTION

The term Artificial Intelligence(Al) was coined by Emeritus Stanford Professor John McCarthy in 1955 and was defined
as “the science and engineering of making intelligent machines.” Over the past 20 years the field of Al has undergone
astounding growth and development because of the advancement in three main components of modern Al technology - Big
data, Processing power, and Al algorithms.['l What Al is doing in medicine today,was no less than a science fiction about
a few decades ago.Al in dentistry is growing more popular with time and is used for robotic assisted surgeries, radiography,
imaging , pathology and caries detection and electronic record keeping [ Numerous researches on applications of Al in
dentistry are under progress or being implemented in multiple areas including disease prognosis, diagnostics, decision-
making, treatment planning, and outcome prediction.

METHODOLOGY

This narrative study summarises the existing uses of artificial intelligence in dentistry. A literature search was conducted
in PubMed, Scopus, and Google Scholar, with keywords such as 'artificial intelligence',' machine learning', 'deep learning',
and 'dentistry'. Studies written in English between 2010 and 2025 were examined. Articles addressing clinical applications
of Al in diagnosis, treatment planning, and dental education were selected, but editorials, comments, and research unrelated
to dental practice were excluded. Relevant data were gathered and organised into subject areas to present a qualitative
synopsis of Al applications, results, and future prospects in dentistry.

EMERGENCE AND EVOLUTION OF ARTIFICIAL INTELLIGENCE

Alan Turing published a paper “Computing Machinery and Intelligence” in the 1950 issue of Mind. He described Al as
“machines thinking”. He conducted a test, the ‘Turing Test’.Despite the lack of consensus on whether machines have
successfully passed the Turing Test, the test itself has been instrumental in driving progress and innovation in artificial
intelligence.

In 1956, John McCarthy, and others gathered for the Dartmouth Summer Research Project where the phrase Artificial
Intelligence (AI) was first used.

Newell and Simon (1955) created "The Logic Theorist," which is regarded as the first Al software, heralding the creation
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of contemporary Al

In the 1990s interest in Al rekindled and new projects were proposed.

2010-2020: Technological development and Al Reinnasance-The emergence of convolutional neural networks (CNNs)
enabled automated detection of root caries, bone lesions, periodontal disease, and interpretation of panoramic radiographs.
2025 -Dartmouth became the first Ivy League college to introduce Al on an institutional scale, collaborating with Anthropic
and Amazon Web Services. Across campus, Al is used to revolutionise health care and forecast climate change.

Present -Artificial intelligence is extensively employed for automated orthodontic treatment planning, teledentistry, and
record keeping.

ARTIFICIAL INTELLIGENCE: CURRENT AND EMERGING ROLES IN DENTISTRY

Al can improve healthcare outcomes and operational efficiency by providing improved diagnosis, treatment alternatives
and patient management. In dentistry the application of Al can be broadly classified into 4 categories : Diagnosis, Treatment
planning, Decision-making, and Outcome prediction.It also facilitates streamlining of administrative
processes,identification of dental illnesses and improves patient engagement through advanced educational tools.In its
present form, Al has a role to play in almost every sphere of dentistry, Dental education -Virtual Patient simulators are a
great tool for the young minds who are learning the skill, managing patient records, Oral Radiodiagnosis, Oral and
Maxillofacial Surgery, Conservative dentistry, Orthodontics ,Prosthodontics, Patient education and numerous other fields.
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Figure 1 : Applications of Al in dentistry across different specialties and clinical workflows

1. Role of Al in the field of Radiodiagnosis:

Al systems can be utilized in Oral medicine for image analysis, radiography diagnosis, and picture quality enhancement.
Recent developments in the field are mainly based on utilizing Convolutional neural networks(CNN), which are capable
of image categorization, detection, segmentation, registration, creation, and refinement. ‘White’ from University of
California,Los Angeles created the "ORAD-Oral Radiographic Differential Diagnosis" system in 1995 which was an early
form of Artificial Intelligence which provided differential diagnosis of Oral diseases. This system allowed the user to enter
a patient's radiographic and clinical characteristics, after which a list of differential diagnosis was displayed. The ability of
Al systems depends on the accuracy of the data provided and will forever require human assistance and supervision.

a) Diagnosis,Caries detection and image analysis:
Studies conducted on Al by Orhan et al and Kim et al for diagnosing a variety of conditions like caries, disease of
periodontium, osteosclerosis, cysts & tumors of the orofacial region , disorders of the maxillary sinus or TMJ disorders
have been proved to be accurate.**! Clinical imaging data from multiple sources have been successfully integrated into
Al models for dental caries diagnosis. Notably, in 2019, convolutional neural networks (CNNs) were applied to near-
infrared transillumination images, demonstrating improved accuracy and efficiency in detecting dental cavities.[’! In 2020,
Cantu et al. assessed a deep learning model for detecting carious lesions on bitewing radiographs.) The network
outperformed dentists in accuracy, highlighting its promise for early caries detection.Danks et al. (2021) used a deep neural
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network to quantify periodontal bone loss from periapical radiographs of 63 patients. The network was trained to detect
dental landmarks, achieving an 89.9% accuracy in key point identification, and subsequently measured bone loss based on
these landmarks.[) Further enhancements through larger datasets, cross-validation, and continued algorithm refinement can
improve the performance of Al.Incorporating Al in sinus assessment may substantially improve diagnostic accuracy and
reduce misdiagnoses. A recent study introduced a CNN model designed to assist radiologists in interpreting CBCT images.
The model demonstrated the ability to detect and segment mucosal thickening as well as mucosal retention cysts of the
maxillary sinus.!® Diagnosing salivary gland tumors can be challenging due to their rarity and similar morphologic features.
Machine learning, employing a recursive partitioning technique, analyzed 115 malignant tumor samples across 12
cytologic variables. The decision tree(DT) model outperformed conventional assessment by narrowing differential
diagnosis and enhancing diagnostic accuracy.”) CNN algorithms have epitomised sucess in diagnosing cancer.Notably,
Warin et al. used CNN to detect oral potentially malignant disorders and oral squamous carcinomas in intraoral optical
scans.['% In 2021, Orhan et al. applied Al to Temporomandibular Joint MRI scans to identify condylar osseous changes
and disk derangements.”! Kim et al. (2019) compared the performance of deep convolutional neural networks (DCNN)
combined with computer-aided diagnosis (CAD) for diagnosing osteoporosis in panoramic radiographs with experts
opinion. The DCNN.CAD model had a high level of agreement with radiologists' diagnoses, indicating that it has the
potential to assist in timely identification.!!

b) Image quality improvement:

Digital picture devices have been widely used in a variety of sectors, including remote sensing and person
recognition.!!'Lighting and noise are just two of the many instances of elements that impact the processing of the acquired
picture, which results in a deteriorated image from the latent observation.To eliminate the noise and retrieve the original
latent observation, image de-noising techniques are crucial.Varied techniques for the same have been used since the
1980s.The proposed denoising techniques recover the latent clean picture by initially utilizing a Neural Network(NN)
with both added noise and known shift-invariant blur function. Researches to enhance the quality of blurred photos and
increase the sharpness and contrast using CNNs are still under process .It can prove to be a breakthrough in tackling the
problem of motion artifact in the acquired images.'?!

2. Role of Al in Implantology -

Artificial intelligence (Al) transforms dental implant navigation systems, making implant procedures more precise,
efficient, and predictable.Al, including machine learning techniques, processes 3D scans, digital impressions, and tissue
data to plan the optimal implant positions.!'*! Al is capable of mapping bone structures with 96.4% accuracy, reducing
planning time and errors compared to manual methods. This makes it possible for surgeons to achieve consistent
outcomes.!'*I Robotic systems that combine Al and mechanics produce extremely precise implant insertion designs by
incorporating data on bone density, jaw architecture, and surrounding structures like nerves or sinuses .Thereby, reducing
hazards such as bone damage."!

3. Role of AI in Orthodontics -

In clinical practice,the use of intraoral photos and orthodontic study models is critical for dental analysis. However,
manually analysing these tests is both time-consuming and labour-intensive.Talaat et al. used the “YOLO-You only Look
Once’ algorithm to detect malocclusion (particularly, teeth crowding or spacing, abnormal overjet or overbite, and
crossbite) from intraoral pictures. The findings demonstrated an excellent accuracy rate of 99.99%.['6 Clinical experience
enables orthognathic surgeons to provide comprehensive treatment techniques that enhance results. When developing and
creating splints,surgeons employ CT or CBCT models to automatically register 3D craniomaxillofacial characteristics.Al-
powered software can recognise landmarks, quickly analyse digital cephalometric data, advise healthcare decisions, and
estimate treatment outcomes. Presurgical orthopaedics, speech,pathology identification, and predicting outcome of cleft
lip and palate surgery are all examples of Al applications and the results revealed accuracy of 85-95.6%.!7)

4. Role of Al in Oral Surgery:

In oral surgery, Al is utilized for diagnosis, cephalometric analysis, preoperative planning, intraoperative assessment,
outcome evaluation, and postoperative follow-up.Al-assisted robots can help automate complex tasks like tissue resection
by adjusting laser settings in real time. In a multicenter study, the ‘CARLO- Cold Ablation Robot-Guided Laser Osteotome’
system was able to achieve osteotomy accuracy within 2 mm deviation in 96% of cases.Al-assisted robots in oral surgery
can help automate complicated operations, such as tissue excision, by adjusting laser settings in real time based on feedback
from the operating environment. Al-powered robots may execute monotonous jobs more accurately, reducing human error
and increasing medical outcomes.CARLO combines a robotic arm, optical tracking, and an Er:YAG laser to execute pre-
planned osteotomies using Al-driven navigation algorithms.!'8! A multicenter study of 28 midface osteotomies performed
with CARLO revealed 100% technical success, 96% of cuts falling within 2 mm of the anticipated trajectory, and no
device-related adverse effects. The median cutting time was 7 minutes, and real-time intraoperative re-planning was doable.
This confirmed the system's safety, accuracy, and clinical application as one of the first Al-integrated !
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5. Role of AI in Periodontics:

Artificial intelligence has developed as a technique for diagnosing periodontitis and classifying periodontal diseases.
Researchers used CNNs to improve the accuracy of detection. For example, Krois et al. used a CNN to identify periodontal
bone loss (PBL) on panoramic radiographs, while Lee et al. evaluated the performance of an algorithm based on CNN in
automatically recognising periodontally compromised teeth.!”]

6. Role of AI in Prosthodontic:

Ding described a 3D-DCGAN network for crown reconstruction that uses 3D data during the process, which produces
morphology that is very similar to genuine teeth.The combination of AI, CAD/CAM, and 3D/4D printing results in an even
more effective and simplified process.Al has also been used to match shades and forecast debonding in CAD/CAM
restorations. Current Machine Learning algorithms are focused to aid in the design and customising removable dentures,
and categorising dental arch types and forecasting facial appearance in edentulous individuals.[*"!

7. Role of Al in Forensic dentistry:

The development of teeth follows a typical pattern, and Forensic dentistry is frequently employed for estimating the age,
gender and identifying people. To overcome poor picture quality, magnification, reduced contrast, distortion and
superimposition of dental radiographs several automated programs have been developed like the ‘Label tree’ proposed by
Zhang et al*'-Nassar and Ammar invented an automated identification program based on CNNs for postmortem
identification utilizing the dental radiographs.??)As most of the forensic assessments require accurate measurements of the
hard tissue structures, these values are often affected by the observer’s subjective assessment. Al provides a possible
approach to solve this issue and facilitate impartial decision-making It can help in identification of individuals in cases of
mass accidents or disasters.

8. Role of Al in teaching and learning- Dentistry

Dentistry has always been extremely specialized, needing a blend of clinical insight, practical abilities, and academic
understanding. But the introduction of Al and cutting-edge technology has opened up new avenues for raising the standard
of instruction and practice to train the budding dentists better .[**! For example, students may immerse themselves in
realistic clinical scenarios via virtual reality, which improves their comprehension of intricate dental procedures and
methods.!**!

Similarly, 3D printing and haptic instruments make it possible to create precise models, which improves hands-on practice
experience of the pupils.Thus, enhancing student’s confidence and skill when carrying out complex treatments.[*>! Large
language models and Foundation models(LLMs and FMs) such as chat GPT,LaMDA and PaLM (Google), and LLaMA
(Meta)have demonstrated promising outcomes in medical education and practice, including the ability to solve problems,
ask and respond to questions, summarize and create content.”®! Additionally, LLMs and FMs may be put to use for
developing educational content like lesson plans, quizzes, and assessments.”?”! This method of teaching can also be utilized
as an assessment tool to generate different case scenarios and assess a pupil's knowledge. This can sharpen the diagnostic
ability and critical thinking skills.Al can analyze medical literature and provide doctors with updates, recommendations
and latest advancements in their respective field.

a) Augmented Reality

Al allows scholars to practice complex procedures on virtual patients without risking harm to real patients. For
instance,Image Navigation’s DentSim Simulator pairs AR with a mannequin on which the tutor can perform procedures
and receive immediate feedback. With a virtual reality camera,surgeons can stream operations all across the globe and this
can cater to a larger group of students.

b) Virtual reality

It can help patients visualize a calming landscape which may help by distracting them and improving the overall experience
of visiting a dentist. It also helps the students to work with concentration without much physical resistance from the
patient.[?8!

9. Role of Al in record keeping-

AT has been increasingly adopted to alleviate documentation burden, improve clinician efficiency, and enhance healthcare
delivery. These systems automate tasks such as data entry and charting, reduce administrative workload, and improve
record accuracy through large-scale data analysis.The landscape of Al-driven medical documentation tools continues to
evolve, with the introduction of a wide range of innovative solutions.

LIMITATIONS AND CHALLENGES-THE PERILS OF ARTIFICIAL INTELLIGENCE
An Al system's ability to function well depends on the network design and parametric settings, but it also requires adequate
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training data with minimal errors.”?! Al readings are not always entirely trustworthy and an expert opinion is always
required. It is crucial to understand that the data produced by Al might include prejudices or inaccuracies, requiring careful
examination, testing, and development of operational guidelines or safeguards by educators or clinicians to guarantee
compliance with ethical standards and to promote evidence-based practices.[**!

Although the combination of Al, data science, and evidence-based dentistry (EBD) has great potential, its application
presents major hurdles. Addressing ethical, technological, and practical challenges is crucial for the new paradigm's
success.

a) Data Privacy and Security:

Al-driven systems depend on extensive clinical datasets, frequently encompassing sensitive patient information.
Consequently, protecting data integrity, preventing unauthorized access, and adhering to regulatory requirements such as
HIPAA remain critical challenges in the ethical implementation of Al in healthcare.According to Mirsky et al. CT scans
can be manipulated to artificially inject or remove lung tumors from the pictures. When radiologists were unaware of the
attack, this hack had a success rate of 99.2% for cancer injection and 95.8% for cancer removal. ?° This might have major
implications for patient safety and treatment. Therefore, there is an urgent need to enhance the security of DICOM and
hospital systems to protect patient’s medical data

b) Algorithmic Bias:

Because Al systems rely on historical clinical data for training, any imbalance or underrepresentation within these datasets
can introduce systematic bias. Such bias may compromise diagnostic performance and contribute to inequitable clinical
decision-making, particularly among underserved or minority populations. Addressing data diversity and transparency is
therefore essential to ensure fairness and reliability in Al-driven healthcare applications.

¢) Transparency:

It is challenging for humans to instinctively comprehend the intricate decision-making process of AI. Many Al models
operate as “black boxes,” with opaque decision-making processes that may limit clinician trust, hinder patient
understanding, and create ambiguity regarding legal accountability in the event of Al-related errors."Black-box" problems
are the issues faced by researchers or physicians in understanding the mechanism and basis of interpretation of Al neural
networks. % In addition, the use of Al introduces complexity to the informed consent process, requiring clinicians to
clearly explain to the patients how Al is applied, its potential benefits.

d) Technological gap:

The high cost of developing, purchasing, and maintaining Al technologies can be prohibitive, particularly for smaller,
independent practices. This can lead to a technology gap, where only well-funded practices or large dental service
organizations can afford to leverage these tools, potentially worsening healthcare disparities.

e) Integration with existing practices:

Al systems must be compatible with existing dental workflows, such as electronic health records and management software,
as integration difficulties and a steep learning curve can limit adoption.

Unequal access to Al technologies could increase the already-existing disparities in oral healthcare delivery systems. There
is also a risk of students becoming overly reliant on Al and neglecting the need to develop critical thinking,problem-solving
skills and the habit of referring to textbooks.When it comes to complicated implantology settings, current Al language
models perform moderately but inconsistently.*!] Continuous validation, open documentation of model versions, and
professional oversight are still required before incorporating such technologies into dental education or clinical decision-
making.*”) Replacement of humans by machines could lead to unemployment as well ,though this is a highly debatable
topic as empiricists believe that Al can never replace human intelligence.

ETHICS AND REGULTIONS IN INTEGRATING Al IN CLINICAL PRACTICE AND RESEARCH

A frequent design in Al research is to compare Al-assisted practice with conventional procedures lacking Al aid. The
replicability of such study results in actual practice is usually unclear, as studies frequently fail to specify how people
integrate the results of Al into their decision-making process, known as human-Al interaction. Human responses to Al
outputs are likely to differ.Guidelines for measuring the performance of Al-assisted human operators, rather than model
creation and performance, should be developed. While CONSORT-AI clearly demands a full account of how Al output was
perceived and acted on by the user, including both planned paths and thresholds for entrance into these pathways.
However,TRIPOD+AI and CLAIM 2024 do not particularly address human-Al interactions.*3! SaMD is software used to
diagnose, treat, and/or manage a patient's medical condition. This is often done by pairing SaMD with a medical device to
analyse data and detect or diagnose transient events that might go undetected in periodic physical examinations.Over the
700 FDA-approved Al medical devices, nearly 300 are utilised in radiology. The FDA recognised that traditional medical
device regulations were not designed for Al, and since 2021, it has issued several guidance documents based on joint
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discussions and research among the Center for Biologics Evaluation and Research (CBER), Center for Drug Evaluation
and Research (CDER), Center for Devices and Radiological Health (CDRH), and Office of Combination Products.

FUTURE SCOPE:

“The future of dentistry is not about artificial intelligence versus human intelligence, but artificial intelligence with human
intelligence.’The integration of Al and data science in evidence-based dentistry (EBD) aims to create a more adaptable,
predictive, and personalized healthcare system. For this, several critical areas of effort are required. The subsequent research
shall extend beyond detection into prediction and prevention . By utilising patient-specific data, including genetics,analysis
of the oral microbiota , lifestyle factors and leveraging large-scale clinical data, Al can anticipate the likelihood of
developing caries and Periodontal diseases. This will enable highly personalised, proactive preventive care
strategies.Establishing clear ethical principles and regulatory requirements is crucial for future research.The development
of Explainable Al (XAI) should be emphasised, providing experts a clear explanation of how an Al system arrived at a
specific decision.New regulatory procedures are needed to evaluate safe, and effective Al technologies before integrating
them into clinical practice.**! Universal guidelines for integrating Al in healthcare should be designed and implemented
to ensure algorithmic transparency, ethical accountability, and equitable access to evidence-based care across diverse
populations.

CONCLUSION:

With expansion of datasets and refinement of algorithms Al could assist clinicians in complex decision-making, streamline
routine procedures, and optimize patient outcomes. It holds immense potential to transform industries and improve human
capabilities however, this transformative potential comes with significant risks, and without careful oversight it may have
adverse effects.The benefits of Al are exciting and scientists believe that progress and caution should go hand in hand to
safeguard against its potential dangers.Moving forward, robust validation studies, standardized reporting guidelines,
interdisciplinary collaboration, and ethical governance will be essential to ensure safe, equitable, and evidence-based
implementation.

Machine Learning

Neural Networks

OUPUT:

Diagnosis
Prediction
Prognosis
Treatment Planning

Figure 2: Schematic representation of primary subsets of artificial intelligence (AI).
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