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‘ ABSTRACT ’ Background: Artificial intelligence (Al) is increasingly integrated into healthcare to support clinical decision-making

through advanced data analysis and pattern recognition. In dentistry, digital records, radiographic imaging, cone-beam
computed tomography, and intraoral scanning have generated large datasets suitable for Al-driven evaluation. Al-based decision support systems
(DSS) help reduce diagnostic variability and improve clinical efficiency. Aim: To review the applications of artificial intelligence—driven
decision support systems in clinical dental practice and assess their impact across dental specialties. Methods: A narrative review of peer-
reviewed literature was conducted focusing on artificial neural networks, convolutional neural networks, and random forest models applied in
cariology, periodontics, endodontics, prosthodontics, orthodontics, implant dentistry, and oral mucosal diseases. Results: Al-driven DSS
demonstrated improved diagnostic accuracy and consistency, with performance comparable to experienced clinicians. Limitations include
ethical concerns, data quality, and explainability issues. Conclusion: Al-based DSS are valuable adjuncts to clinical expertise and have the
potential to enhance patient outcomes when ethically implemented
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( KEYWORDS : Artificial intelligence; Dentistry; Machine learning; Diagnostic imaging; Oral diseases; Clinical decision support)

INTRODUCTION

Artificial intelligence (AI) refers to the ability of computer systems to
emulate human cognitive processes such as learning, reasoning,
problem-solving, and decision-making. Over the past few decades, Al
has gained remarkable attention in healthcare due to its capability to
analyze extensive datasets, identify complex patterns, and provide
evidence-based recommendations that enhance clinical decision-
making and efficiency' *. The integration of Al technologies has
profoundly transformed healthcare delivery, enabling predictive
analytics, automated diagnostics, and personalized treatment
planning*’.

In dentistry, which has traditionally relied on clinician expertise and
manual interpretation of diagnostic data, a digital transformation is
underway. The adoption of electronic dental records, digital
radiographs, cone-beam computed tomography (CBCT), and intraoral
scanning has generated massive volumes of clinical data suitable for
Al-based analysis®  *. Conventional diagnostic approaches are often
limited by inter- and intra-observer variability, time constraints, and
subjective bias. Al-driven decision support systems (DSS) aim to
overcome these limitations by offering objective, data-driven insights
that assist clinicians in diagnosis, risk assessment, treatment planning,
and predicting treatment outcomes' °.

By enabling early detection of pathology, optimized treatment
workflows, and accurate prognostic assessment, Al has the potential to
significantly improve clinical outcomes and patient satisfaction.
Furthermore, Al facilitates patient education, enhances
communication, and supports preventive dental strategies, which are
critical components of modern dental practice. This article explores
the historical evolution, core Al models, current applications across
dental specialties, limitations, ethical considerations, and future
directions of Al-driven DSS in clinical dentistry’ 4¢°.

Historical Evolution Of Ai In Healthcare & AIM

The integration of Al into healthcare can be traced back to the 1960s,
when early automated systems were introduced to improve laboratory
diagnostics and reduce human error''. Sequential analysis systems, for
example, were developed to streamline biochemical testing, enabling
faster and more accurate clinical measurements''. These systems

marked the first steps toward using computational methods to assist
clinicians in data interpretation.

During the 1970s and 1980s, rule-based expert systems emerged as
decision support tools. They relied on logical frameworks derived
from clinical guidelines and literature to assist in tasks such as
antimicrobial selection and disease diagnosis'>. While innovative,
these systems were limited in flexibility and could not adapt to new
data or learn from outcomes.

The advent of machine learning (ML) and deep learning (DL)
revolutionized Al in healthcare. Unlike rigid rule-based systems, ML
algorithms can learn from large datasets, recognize complex patterns,
and improve over time. Coupled with increased computational power
and the availability of high-resolution medical imaging, these models
have surpassed traditional methods in pattern recognition, predictive
modeling, and diagnostic accuracy' . Consequently, Al has been
integrated into medical imaging, prognosis prediction, and dental
radiology, providing the foundation for Al-driven DSS in dentistry'4 .
In dentistry, the transition from analog to digital workflows-including
intraoral scanning, CBCT imaging, and electronic patient records-has
generated rich datasets that can be analyzed using Al algorithms. These
advancements have laid the groundwork for the widespread adoption
of Al in clinical decision support systems, which aim to standardize
care, reduce variability, and enhance patient outcomes.

REVIEW OF LITERATURE

A growing body of literature has demonstrated the utility of Al in
dentistry across various domains, including diagnostics, disease
classification, and treatment planning. Khanagar et al.® conducted a
systematic review highlighting improvements in diagnostic accuracy
and workflow efficiency through Al-based systems. Similarly,
Abusalim et al." reported that deep learning algorithms consistently
outperform traditional diagnostic approaches in detecting dental caries
and periodontal disease.

In cariology, neural network—based models have shown high
sensitivity and specificity in detecting early dental caries. Geetha et
al.”® reported that back-propagation neural networks achieved
remarkable accuracy in digital radiograph interpretation, while
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Prados-Privado et al.>” validated the reliability of neural networks in
a systematic review. Casalegno et al.?® applied deep learning to near-
infrared transillumination images, enabling early caries detection with
high precision. These models not only enhance diagnostic confidence
but also facilitate preventive care by identifying lesions before they
progress.

Endodontics has benefitted substantially from Al integration. Endres
et al.* developed a deep learning algorithm capable of identifying
periapical lesions on radiographs with accuracy comparable to expert
clinicians. Qu et al.'® demonstrated that machine learning models
could predict outcomes in endodontic microsurgery, aiding clinicians
in treatment planning, risk assessment, and prognostication.

Prosthodontics has also seen Al-driven transformation. Cakmak et
al.?? demonstrated that deep learning—designed anterior crowns met
esthetic, functional, and morphological requirements, supporting the
clinical feasibility of Al-assisted prosthetic workflows. Katsumata*
highlighted AlI's expanding role in three-dimensional imaging and
diagnostics, improving implant planning, prosthetic rehabilitation,
and occlusal assessment.

Despite these advancements, ethical concerns such as algorithmic
bias, lack of explainability, and regulatory challenges remain
prevalent. Tripathi et al.3? emphasized the importance of
transparency, clinician oversight, and the preservation of human
judgment in Al-assisted dental care. Ensuring standardized datasets,
data privacy compliance, and regulatory adherence are critical for safe
Al deployment'®2034,

METHODS & CORE ARTIFICIALINTELLIGENCE MODELS
INDENTISTRY

Artificial Neural Networks (ANNs)

Artificial neural networks are computational models inspired by the
human brain, comprising interconnected nodes (neurons) that process
input data through weighted connections®*. ANNs are capable of
learning complex, nonlinear relationships and continuously improving
with new data. In dentistry, ANNs have been applied to dental caries
detection, periodontal disease classification, prognosis prediction, and
treatment planning, offering a flexible and adaptive approach to
decision support.

Convolutional Neural Networks (CNNs)

Convolutional neural networks are deep learning architectures
specifically designed for image analysis* >, CNNs extract hierarchical
features from dental radiographs, CBCT scans, and intraoral images,
making them particularly effective in detecting carious lesions,
periapical pathology, alveolar bone loss, and temporomandibular joint
disorders. Studies have demonstrated that CNN-based models often
surpass conventional diagnostic methods in accuracy, reproducibility,
and efficiency.

Random Forest Classifiers

Random forest classifiers are ensemble learning methods that combine
multiple decision trees to improve predictive accuracy and reduce
overfitting'” '®. These models are valuable for risk assessment,
prognosis estimation, and treatment outcome prediction, particularly
in endodontics and periodontics. By integrating diverse clinical
parameters, random forest classifiers provide comprehensive, data-
driven recommendations that support clinical decision-making.

Al In Periodontal Disease Diagnosis

Periodontal disease is a leading cause of tooth loss and systemic
inflammation. Early detection and intervention are critical for
successful management®. Al-based systems have shown remarkable
capability in detecting alveolar bone loss and classifying periodontal
disease severity using panoramic and periapical radiographs'®. These
systems enhance diagnostic consistency, reduce observer variability,
and provide quantifiable metrics that can guide evidence-based
interventions. Moreover, Al facilitates longitudinal monitoring of
disease progression, enabling personalized treatment strategies and
improving patient adherence.

AlIn Cariology

Al-driven diagnostic models enhance the detection and classification
of dental caries, particularly in early-stage or proximal lesions ?’.
Deep learning algorithms trained on radiographs and transillumination
images provide objective, reproducible diagnostic outputs, reducing
human error and improving preventive care®. By integrating Al into

caries risk assessment, clinicians can develop individualized
preventive strategies, monitor high-risk patients, and optimize
restorative treatment plans, ultimately reducing the incidence of
advanced decay and tooth loss.

Decision Support Systems In Endodontics

Endodontic treatment relies heavily on accurate interpretation of
radiographs and anatomical assessments. Al applications in this field
include detection of periapical lesions, root fracture identification,
canal morphology assessment, working length estimation, and
prognosis prediction* 8. Al-assisted DSS reduces procedural errors,
improves treatment planning, and enhances outcomes in complex
cases. Evidence indicates that Al models can match or surpass
experienced endodontists in diagnostic performance, enabling
clinicians to make informed decisions efficiently.

Al Applications In Prosthodontics And Orthodontics

In prosthodontics, Al supports digital smile design, crown fabrication,
and implant planning?®® *. These systems allow precise customization,
reduce chairside time, and optimize functional and esthetic results. Al
models can also simulate occlusal forces and predict long-term
restoration performance, enhancing clinical outcomes.

In orthodontics, Al facilitates automated cephalometric landmark
identification, malocclusion classification, and prediction of treatment
duration' °. By analyzing large datasets, Al can suggest optimized
treatment strategies, predict tooth movement, and monitor patient
compliance. This integration improves clinical efficiency, reduces
human error, and ensures consistent treatment outcomes.

AlInImplant Dentistry

Al applications in implantology include implant detection, surgical
planning, and outcome prediction®® *'. Deep learning models identify
optimal implant positions, assess bone quality, and predict post-
surgical prognosis. Integration with virtual reality, intraoral scanning,
and guided surgery platforms enhances precision, reduces
complications, and improves patient satisfaction®” **. Al also enables
automated planning for multiple implants, complex edentulous cases,
and immediate loading protocols, expanding the scope of implant
rehabilitation.

ATl Applications In Oral Mucosal Diseases

Oral lichen planus is a persistent inflammatory disorder affecting the
oral mucosa and adjacent epithelial tissues. It is clinically
characterized by flat, purplish lesions that commonly involve the
gingiva, buccal mucosa, and other intraoral soft tissues. Accurate
diagnosis generally requires a comprehensive approach that includes
clinical assessment, adjunctive laboratory tests, and appropriate
imaging modalities. In a recent study, Keser et al.” utilized a
convolutional neural network employing the Inception v3 framework
to evaluate intraoral photographic images for automated classification
of oral lichen planus. The proposed deep learning model achieved a
diagnostic accuracy of 100%, underscoring the effectiveness of
artificial intelligence—based image analysis as a reliable tool for the
early detection and diagnosis of oral mucosal pathologies.

Ethical Considerations And Limitations

Despite its potential, Al adoption in dentistry faces significant
challenges. Data privacy, algorithmic bias, high implementation costs,
and lack of transparency remain major concerns®? *. Over-reliance on
Al without clinician oversight can result in diagnostic errors or ethical
dilemmas.

Explainable A, which allows clinicians to understand the reasoning
behind algorithmic recommendations, is critical for trust and
accountability. Regulatory compliance, clinician training, patient
consent, and standardized clinical datasets are essential to ensure
ethical and effective Al integration. Additionally, disparities in dataset
representation may lead to biased predictions, necessitating diverse
and inclusive data collection for robust Al models'® 2034

FUTURE DIRECTIONS & RESULT

The future of Al in dentistry includes the development of explainable,
real-time Al models that integrate seamlessly into clinical
workflows'*. Personalized treatment planning, continuous learning
algorithms, and predictive risk assessment will enhance preventive,
restorative, and surgical care.

Emerging trends include Al-assisted robotic procedures, augmented
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reality for surgical guidance, multimodal data integration
(radiographs, CBCT, intraoral scans, and clinical data), and predictive
analytics for complex cases®” *. Al can also support teledentistry,
enabling remote diagnostics, patient monitoring, and virtual
consultations. As Al matures, interdisciplinary collaboration among
clinicians, engineers, policymakers, and regulatory authorities will
ensure safe, ethical, and effective implementation.

CONCLUSION

Artificial intelligence-driven decision support systems are
transforming clinical dental practice by improving diagnostic
accuracy, treatment planning, workflow efficiency, and patient
outcomes. Across specialties-cariology, endodontics, prosthodontics,
orthodontics, and implantology-Al serves as a valuable adjunct to
clinician expertise. Responsible implementation, ethical oversight,
clinician training, and continuous validation are essential to maximize
Al's benefits while maintaining patient safety and professional
judgment. With ongoing advancements and careful integration, Al has
the potential to revolutionize dental care, enabling more precise,
personalized, and efficient treatment strategies.
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