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ABSTRACT

Artificial intelligence (Al) is transforming dentistry by introducing diagnostic and treatment
planning support tools with unprecedented accuracy and efficiency. This review aims to analyze
the current impact of Al, evaluating its applications, challenges, and ethical considerations for
responsible integration. In the diagnostic field, algorithms demonstrate high accuracy in caries
detection, periodontal disease quantification, and lesion identification, reducing interobserver
variability. In treatment planning, Al optimizes orthodontics through digital simulations and
remote monitoring, guides implant placement with maximum precision, and customizes
aesthetic restorations. However, its implementation faces barriers such as cost, learning curve,
and technical challenges. Critical issues such as professional responsibility, data privacy, and
algorithmic bias require robust ethical frameworks. It is concluded that Al does not replace
the professional, but rather enhances their capabilities, requiring a balanced adoption that
prioritizes patient safety and equity in access to these innovations.
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RESUMEN

La inteligencia artificial (IA) esta transformando la Estomatologia al introducir herramientas
de apoyo al diagnostico y planificacion de tratamientos con una precision y eficiencia sin
precedentes. Esta revision tiene como objetivo analizar el impacto actual de la IA, evaluando
sus aplicaciones, desafios y consideraciones éticas para una integracion responsable. En
el ambito diagnostico, los algoritmos demuestran una elevada precision en la deteccion de
caries, cuantificacion de la enfermedad periodontal e identificacion de lesiones, reduciendo la
variabilidad interobservador. En la planificacion de tratamientos, la IA optimiza la ortodoncia
mediante simulaciones digitales y seguimiento remoto, guia la colocacion de implantes con
maxima precision y personaliza restauraciones estéticas. Sin embargo, su implementacion
enfrenta barreras como el coste, la curva de aprendizaje y desafios técnicos. Cuestiones criticas
como la responsabilidad profesional, la privacidad de datos y el sesgo algoritmico exigen
marcos éticos robustos. Se concluye que la IA no sustituye al profesional, sino que potencia sus
capacidades, requiriendo una adopcion equilibrada que priorice la seguridad del paciente y la
equidad en el acceso a estas innovaciones.

Palabras clave: Odontologia; Inteligencia Artificial; Planificacion de Atencion al Paciente;
Ortodoncia.
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INTRODUCTION

Artificial Intelligence (Al) in Stomatology is defined as the ability of computer systems
to perform tasks that traditionally require human cognition.” These tasks include analyzing
diagnostic images, assisting with clinical decision-making, planning complex treatments, and
using natural language processing to improve patient interaction.

Although its clinical application is a recent phenomenon, the theoretical foundations of
Al date back to 19th- and 20th-century visionaries such as Ada Lovelace and Leonardo Torres
Quevedo.™ However, the practical realization of these concepts has been made possible by
the convergence of three technological factors over the last decade: the development of more
sophisticated deep learning algorithms, the availability of large digitized data sets, and access
to unprecedented computing power through graphics processing units (GPUs).

Academic and clinical interest in this field has grown exponentially. A recent bibliometric
analysis® reveals that the number of scientific publications on Al in dentistry increased 16-fold
in just five years, demonstrating an unprecedented acceleration in research and development,
driven by continuous improvements in algorithms and access to larger volumes of data.

The development of an effective dental Al solution follows a well-defined life cycle that
depends on the synergy between three essential components. First, the availability of high-
quality data is critical, as the system’s performance is directly proportional to the quality and
quantity of the training data, which must be anonymized and meticulously labeled by experts.
The quality of the source image is a determining factor, as low-resolution images or artifacts
can lead to inaccurate results.

Second, the development of robust and generalizable algorithms, predominantly based
on deep learning, is required to maintain accuracy when faced with new data from different
populations and equipment.® Finally, the algorithms must be implemented in integrated
clinical platforms that are intuitive, offer real-time results, and connect with existing practice
management systems (PMS) and digital radiology systems to maximize their usefulness and
efficiency.®

This interdependence underscores that Al in dentistry is not simply software, but a complex
system. Its successful implementation requires a robust data infrastructure, advanced
algorithmic science, and careful integration into the clinical environment.

Despite this rapid development and obvious potential, the effective integration of Al into
daily dental practice faces substantial challenges that have not been adequately addressed in
a comprehensive manner.

There is a critical gap between the technical capabilities demonstrated in research settings
and routine clinical application, marked by practical, ethical, and adoption barriers. Therefore,
this study aims to describe the current landscape of Al use in dentistry.

DEVELOPMENT
Application of Al in diagnosis
Diagnostic imaging

The application of Al in diagnostic imaging is one of the most significant advances in
modern dentistry. By acting as a clinical decision support system, this technology enhances
professionals’ ability to detect, analyze, and quantify pathologies with unprecedented accuracy
and consistency.

Al algorithms are applied to the entire spectrum of dento-maxillofacial imaging modalities,
including panoramic, periapical, bitewing radiographs, and cone beam computed tomography
(CBCT).® Using computer vision techniques, these systems perform complex tasks that are
traditionally time-consuming and subject to human variability. These tasks include segmentation,
which enables precise identification and delineation of anatomical structures such as individual
teeth or the inferior alveolar nerve canal; classification, for the diagnosis of pathological
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conditions such as caries or periapical lesions; and landmark localization, which is essential
for cephalometric analysis in orthodontics and for planning orthognathic surgery.® Al-s ability
to analyze 3D CBCT images is particularly transformative, as it allows for detailed volumetric
assessment of the patient-s anatomy, which is indispensable for specialties such as implantology
and oral surgery.®?

Caries detection

Caries detection is the area where Al has demonstrated the most immediate and robust
clinical value. Its main advantage lies in identifying incipient lesions, especially interproximal
ones, which, because of their subtlety, can go unnoticed by the human eye in the early stages.”
The scientific evidence supporting this capability is solid: a systematic review and meta-analysis
evaluating 14 studies concluded that Al systems, predominantly based on Convolutional Neural
Networks (CNNs), demonstrate high accuracy, sensitivity, and specificity for caries detection.®
Individual studies have reported an accuracy of 97,1 % for root caries.®

Arevealing finding comes from direct comparative research, where one study!'” demonstrates
that artificial intelligence (Al) significantly improves accuracy in caries treatment planning.
The Al system alone achieved an accuracy score (F1-score) of 0,71, outperforming dental
students, whose average was 0,586. Crucially, when students used Al as a second opinion, their
performance increased markedly. This collaborative framework was especially beneficial for
participants with lower initial performance, highlighting the potential of Al as a support and
standardization tool in dental training and practice.

Therefore, the value of Al in this field lies not only in increased detection sensitivity but also
in standardizing the diagnostic threshold, leading to more consistent and equitable treatment
decisions. ™

Periodontal disease assessment

Al is transforming the assessment of periodontal disease by facilitating the transition from
qualitative assessment to quantitative, data-driven analysis. Algorithms can analyze X-rays
to measure alveolar bone loss, a key indicator of periodontitis progression, with millimeter
precision. This objective quantification represents a paradigm shift, allowing clinicians to obtain
precise metrics (e.g., “3,2 mm bone loss”) rather than subjective descriptions, facilitating
accurate monitoring of treatment response over time.? Beyond radiographic analysis, Al is
applied to the examination of clinical images; one study showed that an Al model could detect
signs of gingivitis in intraoral photographs with 92 % sensitivity and 94 % specificity.® This
application opens the door to remote monitoring of gingival health.

Identification of oral lesions and support in oncology

The diagnostic scope of Al extends to the identification of a wide range of oral lesions,
including periapical lesions, root fractures, cysts, tumors, and soft-tissue lesions with
precancerous potential. In oral oncology, where early detection is critical, Al shows immense
potential. Deep learning models trained on histopathological images or clinical photographs are
being developed to assist in classifying lesions and differentiating between benign and malignant
ones.*" By analyzing subtle patterns imperceptible to the human eye, these systems can serve
as effective screening tools, facilitating early detection of oral cancer and risk prediction for
patients.® Al>s ability to process and correlate vast amounts of data makes it a powerful ally
in the management of complex and potentially life-threatening oral diseases.

Treatment planning and execution
Artificial intelligence is redefining workflows across multiple dental specialties, transforming
treatment planning from a process predominantly based on clinical experience to one guided by
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data, accurate simulations, and an unprecedented degree of personalization.

Precision Orthodontics

Orthodontics stands out as one of the pioneering specialties in the cross-cutting integration
of Al across all phases of treatment.® In the diagnosis and planning stage, Al has fully automated
cephalometric analysis, performing tasks that required meticulous manual tracing in seconds
with accuracy comparable to that of experts. By analyzing X-rays and 3D models, Al accurately
identifies skeletal and dental problems, laying the foundation for a robust treatment plan.” In
the design and simulation phase, algorithms predict with high precision the sequence of tooth
movements for clear aligners, with the creation of a «digital avatar» of the patient being a
powerful tool that not only improves planning accuracy but also facilitates communication and
treatment acceptance by previewing the final result.™® Finally, in follow-up, Al-based platforms
catalyze a teleodontology model;" by analyzing images captured by the patient with their
smartphone, progress is monitored, deviations are detected, and in-person visits are reduced,
laying the foundation for a proactive and predictive care paradigm.

Al-Guided Implantology

In the field of implantology, where precision is crucial, artificial intelligence delivers a level
of accuracy and safety unattainable with traditional methods. Optimal planning begins with
the analysis of CBCT scans to generate a detailed 3D model of the patient-s anatomy, allowing
the ideal position, angle, and depth of the implant to be determined, taking into account bone
density, proximity to vital structures, and prosthetic requirements. 2%

Based on this digital planning, Al designs customized surgical guides manufactured via 3D
printing and directs the surgeon’s drill to the exact position planned during the procedure,
minimizing invasiveness, reducing surgical time, and dramatically increasing the predictability
of the outcome.?” At the forefront of this specialty, synergy with assisted robotics uses Al
planning to guide a robotic arm that provides haptic feedback to the surgeon, promising to
minimize human error and standardize excellence in complex procedures.?

Restorative and Cosmetic Dentistry

Artificial intelligence is democratizing access to high-end results in restorative and cosmetic
dentistry through automation and personalization.®? In the aesthetic field, smile design is
being revolutionized by Al software that uses photographs and facial scans to generate realistic
simulations of different treatments (veneers, crowns), allowing patients to actively participate
in the design of their smile through a «digital avatar» that improves final satisfaction.

For dental laboratories, generative Al automates CAD/CAM design; platforms such as 3Shape
Automate® can automatically design an anatomically functional crown or bridge in minutes
from an intraoral scan, increasing productivity and standardizing design quality 24 hours a
day.@® Algorithms also analyze 3D scans to customize prosthetics (crowns, bridges, dentures)
with exceptional precision, adapting to each patient’s individual morphology and improving

aesthetics, function, and comfort while reducing the need for manual adjustments in the chair.
@n

Challenges, limitations, and ethical considerations

Despite its enormous potential, the integration of artificial intelligence in dentistry faces
significant challenges and profound ethical considerations that require critical analysis for
responsible adoption. This technological transformation entails technical, financial, legal, and
moral barriers that must be addressed systematically.
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Barriers to adoption

The implementation of Al in daily clinical practice faces significant practical obstacles that
hinder its widespread adoption. The cost of implementation represents a considerable financial
barrier, including not only software (often via subscription) but also specialized hardware and
staff training, which can be prohibitive for small clinics compared to large dental organizations.
2829 At the same time, the learning curve requires adequate training for professionals to
understand the capabilities of the system, interpret its results, and effectively integrate it into
their workflows, with the risk of over-reliance or misuse if the technology is not thoroughly
understood.®® In addition, technical and data challenges persist where the maxim «garbage
in, garbage out» is particularly relevant, as the effectiveness of algorithms critically depends
on the quality of input data; radiographic images with artifacts or low resolution generate
unreliable analyses, compounded by false positives and interoperability challenges between
software systems that can create data silos.®3"

Responsibility, legal implications, and the role of clinical judgment

The introduction of a non-human agent into clinical decision-making raises complex questions
about professional and legal responsibility.? There is overwhelming consensus that Al should
be considered a tool to support diagnosis and planning, never a substitute for the clinical
judgment, experience, and empathy of the professional.®® However, the ultimate responsibility
lies unequivocally with the dentist, who must supervise, interpret, and, if necessary, override
the system-s suggestions.®*3% This dynamic creates a legal dilemma that has not yet been fully
resolved by case law: in the event of a diagnostic error by the algorithm that causes harm to
the patient, who is liable?

Data privacy and cybersecurity

The training and operation of Al systems require the processing of large volumes of extremely
sensitive health data, which demands the highest standards of privacy and cybersecurity.®® It
is imperative to ensure the confidentiality of patient data throughout the entire Al lifecycle,
including transparent communication about its use and obtaining explicit consent.®> At the
same time, dental clinics, especially smaller ones, are vulnerable targets for cyberattacks due
to often less robust security infrastructures, where a data breach can compromise patient
privacy and lead to serious legal and reputational consequences, making compliance with
regulations such as HIPAA or GDPR a non-negotiable requirement.®”

Algorithmic Bias

Algorithmic bias represents one of the most subtle and dangerous ethical challenges, with
direct implications for healthcare equity.® Al algorithms learn from the data they are trained on,
so if these datasets are not representative of the diversity of the population (underrepresenting,
for example, certain ethnic groups, genders, or socioeconomic conditions), the algorithm may
be less accurate for those groups,©® perpetuating and even amplifying existing inequalities in
care.® Additionally, there is the risk of automation bias, a cognitive bias whereby professionals
tend to rely excessively on the recommendations of the automated system, accepting them
without adequate critical scrutiny, which can lead to algorithm errors going undetected and
propagating into patient care.“

Recommendations for the responsible integration of Al into dental clinical practice

To reap the benefits of Al and mitigate its risks, it is imperative to develop strategic
recommendations for the different actors in the dental ecosystem. Successful implementation
requires a coordinated approach that addresses educational, technical, and ethical aspects
comprehensively.
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Dental professionals must take a proactive role in preparing for the digital age.“" Al literacy
is the fundamental basis, so professionals must acquire basic knowledge about the functioning,
capabilities, and limitations of these systems, integrating continuing education in digital
dentistry as a professional priority.“? On this basis, it is crucial to adopt a «trust but verify»
stance, using Al as an assistant for decision-making while maintaining critical oversight of its
recommendations, remembering that the ultimate responsibility always lies with human clinical
judgment. Complementarily, Al-generated visualizations should be used as educational tools to
improve communication with patients, explain clinical conditions, and facilitate their informed
participation in therapeutic decisions.

For their part, dental service organizations have a responsibility to create an environment
conducive to the safe and ethical integration of these technologies.®“ This begins with
investing in a robust technological infrastructure that includes high-quality imaging systems,
interoperable software, and, critically, robust cybersecurity measures to protect sensitive
patient data. At the same time, they must develop clear ethical and governance protocols that
systematically address informed consent, data privacy, legal liability management, and periodic
auditing for potential algorithmic biases. Finally, before any implementation, a comprehensive
cost-benefit analysis must be conducted that evaluates not only the financial return on
investment (operational efficiency, case acceptance), but also tangible clinical benefits, such
as improved diagnostic quality and patient outcomes.

CONCLUSIONS

Artificial intelligence is emerging as a transformative technology in dental practice, redefining
the paradigms of diagnosis, treatment planning, and patient follow-up. The evidence reviewed
demonstrates its ability to increase diagnostic accuracy, particularly in the detection of caries
and periodontal disease, as well as to improve procedures in orthodontics, implantology, and
restorative stomatology through personalization and predictive simulation. However, this
integration is not without significant challenges. Responsible adoption requires overcoming
technical, financial, and training barriers while critically addressing fundamental ethical
issues such as data privacy, algorithmic fairness, and delineating professional responsibility.
The future of Al in dentistry does not lie in replacing the clinician, but in enhancing their
capabilities and establishing a synergistic collaboration in which human judgment retains its
central role. Successful implementation will depend on a collective commitment to continuing
education, the development of robust ethical frameworks, and the prioritization of equity in
access to these innovations, ensuring that the benefits translate into tangible and equitable
improvements in oral health.
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