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INTRODUCTION

Artificial intelligence (AI) is an emerging technology in
healthcare that enables computer systems to perform tasks
requiring human intelligence, including learning, reasoning,
and pattern recognition. Advances in computational power,
large datasets, and machine learning algorithms have
expanded the role of Al in medical and dental sciences.!?

In dentistry, Al technologies such as machine learning and
deep learning are increasingly used to enhance diagnostic
accuracy, treatment planning, and clinical decision-making.
These systems can analyze dental radiographs, cone-beam
computed tomography images, and clinical records to assist
clinicians in identifying oral diseases more efficiently.4

Al applications have been reported across several dental
specialties, including oral radiology, orthodontics,
prosthodontics, and implantology, as well as in the early
detection of oral cancer.57 Despite these advancements,
challenges such as data privacy concerns, high
implementation costs, and the need for large high-quality
datasets remain.8?

Overview of Artificial Intelligence

Artificial intelligence (Al) is an evolving field of computer
science focused on developing systems capable of
performing tasks that typically require human intelligence,
such as learning, reasoning, and decision-making. Al
technologies use advanced algorithms to analyze large
datasets, recognize patterns, and generate predictions that
support professional decision-making in various domains,
including healthcare.'? Artificial intelligence systems in
dentistry follow a systematic workflow that includes data
collection, preprocessing, model training, and prediction.
These steps enable Al algorithms to learn patterns from dental
datasets and assist clinicians in diagnosis and treatment
planning(Figure 1).

In recent years, the use of Al in healthcare has expanded
rapidly due to the availability of digital data, improvements in
computational power, and advancements in machine
learning techniques. These technologies are widely applied in
medical imaging, disease diagnosis, predictive analytics,
and clinical decision support systems.?

In dentistry, Al has gained increasing importance with the
growth of digital dentistry, electronic health records, and
advanced imaging techniques such as cone-beam computed
tomography. Al systems can assist clinicians in interpreting
radiographic images, predicting disease progression, and
improving treatment planning, thereby enhancing the quality
and efficiency of patient care.45

Figure 1. Schematic representation of the artificial
intelligence workflow in dentistry.
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Components of Artificial Intelligence

Artificial intelligence systems are built on several key
technologies that enable machines to analyze data,
recognize patterns, and generate meaningful outputs. Among
these, machine learning, deep learning, and neural networks
are the most widely used in healthcare. These technologies
allow Al systems to process large datasets and improve
performance through experience. In dentistry, Al components
are used to analyze radiographic images, clinical
photographs, and patient records, assisting clinicians in
diagnosis and treatment planning.67

Machine Learning

Machine learning (ML) is a major branch of artificial
intelligence that allows computers to learn patterns from data
and make predictions without explicit programming. ML
algorithms analyze large datasets to generate predictive
models that support clinical decision-making.!? ML methods
are commonly classified into supervised learning,
unsupervised learning, and reinforcement learning.
Supervised learning uses labeled datasets to predict
outcomes, such as detecting dental caries or periodontal bone
loss from radiographs. Unsupervised learning identifies
hidden patterns in unlabeled datasets, which can help
classify disease patterns or patient risk groups.
Reinforcement learning learns through feedback and has
potential applications in robotic dentistry and automated
treatment planning.®45 ML models are increasingly used for
disease prediction, diagnosis, and preventive strategies in
dentistry.

Deep Learning

Deep learning (DL) is a specialized subset of machine
learning that uses multi-layered neural networks to analyze
complex datasets. Unlike traditional ML methods, deep
learning can automatically extract important features directly
from raw data.” One of the most widely used architectures is
the convolutional neural network (CNN), which is highly
effective in analyzing medical images.® In dentistry, deep
learning algorithms are used to detect dental caries,
periapical lesions, and periodontal bone loss from
radiographs and CBCT scans. These systems have
demonstrated diagnostic accuracy comparable to
experienced clinicians in certain imaging tasks.® Deep
learning is also used in orthodontics for automated
cephalometric landmark detection and in oral pathology for
analyzing histopathological images.1©
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Neural Networks

Artificial neural networks (ANNs) are computational models
inspired by the structure of the human brain. They consist of
interconnected neurons organized into input, hidden, and
output layers, which process data and generate predictions.!!
Neural networks are highly effective in pattern recognition
and are widely used in dental applications such as caries
detection, periodontal disease classification, orthodontic
treatment prediction, and implant planning.!?!?® With
increasing data availability, neural networks continue to
improve their predictive accuracy, making them valuable tools
for enhancing diagnostic precision and clinical decision-
making in dentistry.14

Applications of Artificial Intelligence in Modern Dentistry
Artificial intelligence has rapidly transformed modern
dentistry by improving diagnostic accuracy, treatment
planning, and patient management. Al technologies are now
being applied across multiple dental specialties, including
oral medicine, orthodontics, prosthodontics, implantology,
periodontology, and oral radiology. These systems analyze
large datasets such as radiographs, clinical photographs,
and patient records to support clinicians in making accurate
clinical decisions.!5

Figure 2. Major applications of artificial intelligence in
dentistry.

Artificial Intelligence in Oral Medicine

In oral medicine, artificial intelligence has shown promising
potential in the early detection and diagnosis of oral diseases,
particularly oral potentially malignant disorders and oral
cancer. Al algorithms can analyze clinical photographs and
histopathological images to identify abnormal tissue patterns
associated with malignant transformation. Early detection of
oral cancer is critical for improving patient survival rates, and
Al-based diagnostic systems can assist clinicians in
identifying suspicious lesions at an early stage.”®

Additionally, machine learning models can analyze patient
medical histories, lifestyle factors, and clinical findings to
predict the risk of developing oral diseases. These predictive
tools can assist clinicians in implementing preventive
strategies and monitoring high-risk patients more effectively.”’

Artificial Intelligence in Orthodontics

Artificial intelligence has become increasingly important in
orthodontics, particularly in the areas of diagnosis, treatment
planning, and outcome prediction. Al-based systems can
automatically identify cephalometric landmarks on
radiographic images and perform cephalometric analyses
with high accuracy. These automated systems reduce the time
required for manual landmark identification and improve
measurement reliability. "

Machine learning algorithms can also analyze facial and
dental structures to predict orthodontic treatment outcomes

and determine optimal treatment strategies. These
technologies enable orthodontists to develop personalized
treatment plans and improve overall treatment efficiency.'®

Artificial Intelligence in Prosthodontics

In prosthodontics, artificial intelligence has significantly
enhanced digital dentistry workflows. Al-powered software
integrated with CAD/CAM technologies enables precise
design and fabrication of dental prostheses such as crowns,
bridges, and dentures. These systems analyze patient-
specific anatomical data to create restorations that are both
functionally and aesthetically optimized.”

Digital smile design systems powered by Al can analyze
facial features, dental proportions, and smile dynamics to
create personalized treatment plans. This approach improves
patient satisfaction by providing highly aesthetic and
customized prosthetic restorations.?!

Artificial Intelligence in Implantology

Artificial intelligence plays an important role in implant
dentistry by assisting clinicians in implant planning and
surgical procedures. Al algorithms can analyze CBCT images
to evaluate bone density, identify anatomical landmarks, and
determine optimal implant placement positions.??

Al-based implant planning software can also generate
surgical guides that improve the accuracy and predictability
of implant placement procedures. These technologies help
reduce surgical complications and improve long-term implant
success rates.?®

Artificial Intelligence in Periodontology

Artificial intelligence has demonstrated significant potential
in the diagnosis and management of periodontal diseases.
Machine learning algorithms can analyze radiographic
images to detect periodontal bone loss and classify the
severity of periodontal disease.”

Al systems can also analyze patient risk factors such as
smoking, systemic diseases, and oral hygiene habits to
predict periodontal disease progression. These predictive
models enable clinicians to implement early intervention
strategies and provide personalized treatment plans for
patients.”

Artificial Intelligence in Oral Radiology

Dental radiology is one of the most extensively studied areas
of Al application in dentistry. Deep learning algorithms can
analyze dental radiographs and CBCT scans to detect
various pathological conditions, including dental caries,
periapical lesions, cysts, tumors, and impacted teeth.”

Al-based radiographic analysis systems can assist clinicians
in identifying subtle radiographic changes that may not be
easily detectable during manual interpretation. These
technologies enhance diagnostic accuracy and reduce the
risk of human error, ultimately improving patient care.”

Advantages of Artificial Intelligence in Dentistry

Artificial intelligence offers several advantages that improve
the efficiency and accuracy of dental diagnosis and treatment
planning. One of the key benefits is its ability to rapidly
analyze large volumes of clinical data, including
radiographic images, patient records, and clinical
photographs, thereby supporting faster diagnosis and better
clinical decision-making.!2

Al systems have also demonstrated high diagnostic accuracy
in detecting dental caries, periodontal bone loss, periapical
lesions, and other oral pathologies from radiographic
images. Deep learning algorithms can identify subtle
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changes that may be overlooked during manual
interpretation, reducing diagnostic errors.?

In addition, Al enhances treatment planning and clinical
workflow. Al-based tools can analyze patient data, predict
treatment outcomes, and assist clinicians in selecting
appropriate treatment strategies, particularly in orthodontics
and restorative dentistry.’

Artificial intelligence also supports digital dentistry through
integration with CAD/CAM systems, enabling precise design
and fabrication of dental prostheses. Furthermore, machine
learning models can help in preventive dentistry by predicting
the risk of oral diseases and assisting clinicians in
implementing early preventive measures.*®

Finally, Al-based decision support systems provide evidence-
based recommendations by comparing patient data with
large clinical databases, thereby assisting dental
professionals in making more informed clinical decisions.’

Challenges and Limitations of Artificial Intelligence in
Dentistry

Despite its advantages, the implementation of artificial
intelligence in dentistry faces several challenges. One major
concern is data privacy and security, as Al systems require
large datasets containing sensitive patient information.
Ensuring the protection and confidentiality of such data
remains a critical issue.’

Another limitation is the need for large, high-quality datasets
for training machine learning algorithms. Incomplete or
biased data can reduce the accuracy and reliability of Al
predictions.[] Additionally, the high cost of advanced imaging
systems, computational infrastructure, and specialized
software can limit the adoption of Al technologies, particularly
in developing countries."

There is also a lack of standardized regulations and
guidelines governing the clinical use of Al in dentistry, which
raises concerns regarding accountability and legal
responsibility in Al-assisted decisions. Furthermore, Al cannot
replace the clinical expertise and judgment of dental
professionals; instead, it should be considered a supportive
tool that assists clinicians in diagnosis and treatment
planning.!12

Future Perspectives of Artificial Intelligence in Dentistry
Artificial intelligence is expected to play an increasingly
significant role in the future of dentistry by enabling more
accurate diagnosis, personalized treatment planning, and
improved patient care.!® Emerging technologies, including Al-
integrated robotic systems, may assist clinicians in
performing precise procedures such as implant placement
and endodontic treatments. "

Al also has strong potential in predictive and preventive
dentistry, where algorithms can analyze patient data and risk
factors to identify individuals at higher risk of oral diseases,
enabling early intervention and preventive care.![] In
addition, Al may enhance tele-dentistry and remote patient
monitoring, allowing clinicians to evaluate oral conditions
using digital images from remote locations and improving
access to dental care.™®

With continued advancements in deep learning and neural
networks, more sophisticated diagnostic systems are
expected to emerge, capable of detecting oral diseases at
earlier stages and significantly improving clinical efficiency
and patient outcomes. "’

CONCLUSION

Artificial intelligence has emerged as a transformative
technology in modern dentistry, offering significant potential
to improve diagnostic accuracy, treatment planning, and
patient management. Advances in machine learning, deep
learning, and neural network technologies have enabled the
development of sophisticated Al systems capable of
analyzing large volumes of clinical and radiographic data.
These technologies have demonstrated promising
applications across multiple dental specialties, including oral
medicine, orthodontics, prosthodontics, implantology,
periodontology, and oral radiology.!

Despite several challenges such as data privacy concerns,
high implementation costs, and the need for large datasets,
the benefits of Al in dentistry are substantial. With continued
research and technological advancements, artificial
intelligence is expected to play an increasingly significant
role in shaping the future of dental healthcare. The integration
of Al technologies into clinical practice has the potential to
enhance diagnostic capabilities, improve treatment
outcomes, and ultimately provide better oral healthcare for
patients worldwide.!
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