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ABSTRACT: Artificial intelligence (Al) is
increasingly transforming periodontology by
enhancing diagnostic accuracy, treatment planning,
disecase prediction, and patient management.
Advanced Al technologies, including machine
learning, deep learning, computer vision, and natural
language processing, are being integrated into
various aspects of periodontal care, such as
radiographic interpretation, automated disease
detection, risk assessment, and prognosis
evaluation. These innovations facilitate the early
identification of periodontal conditions, improve the
assessment of disease severity, and support the
development of individualized treatment strategies.
Al-based applications also contribute to automated
periodontal charting, remote patient monitoring, tele
dentistry, and clinical decision-support systems,
thereby improving efficiency, consistency, and
overall patient outcomes. Furthermore, AI has
demonstrated potential in periodontal education,
implantology, and the analysis of complex clinical
datasets. Despite these promising developments,
several challenges hinder widespread adoption,
including concerns related to data security, patient
privacy, algorithm transparency, bias, reliability,
and the need for comprehensive clinical validation.
This review highlights the evolving role of Al in
periodontology and  discusses its  current
applications,  benefits, limitations, ethical
considerations, and future prospects in advancing
periodontal diagnosis, treatment, and patient-
centered care.
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I. INTRODUCTION

Artificial intelligence (Al) refers to the simulation of
human intelligence by machines, particularly
computer systems designed to perform tasks that
typically require cognitive abilities such as learning,
reasoning, and decision-making. Over the past

decade, Al has rapidly evolved and revolutionized
various sectors, including healthcare, engineering,
finance, and education. Artificial intelligence (Al),
which mimics human cognitive functions, has
emerged as a significant innovation in healthcare.!

Artificial intelligence is revolutionizing dentistry
by improving accuracy, reducing errors, and
enhancing clinical efficiency. It supports various
functions such as patient management, diagnosis,
and treatment planning while promoting predictive,
preventive, and personalized dental care, ultimately
improving patient’s Oral Health Related Quality of
Life (OHRQoL).? In dental radiology, Al has
significantly improved the interpretation and
analysis of imaging data. Advanced Al systems are
capable of detecting dental pathologies such as
interproximal caries through the evaluation of
bitewing radiographs with high accuracy and
consistency.? In orthodontics, Al assists clinicians in
developing treatment plans, predicting therapeutic
outcomes, and simulating facial aesthetic changes
before and after treatment.* Within the field of oral
and maxillofacial pathology, AI has been
extensively explored for its ability to identify
tumours, malignancies, and other pathological
conditions using radiographic, microscopic, and
ultrasonographic images. Al-based systems also
support the detection of anatomical structures and
abnormalities in radiographs, including nerves,
tongue musculature, and salivary glands.’ In
prosthetic dentistry, the integration of artificial
intelligence (AI) with CAD/CAM technology has
improved treatment accuracy and chairside
efficiency by enabling the precise digital design and
computer-assisted fabrication of customized dental
prostheses.’

Periodontics is a specialized branch of dentistry
concerned with the prevention, diagnosis, and
treatment of diseases affecting the supporting
structures of teeth, including the gingiva,
periodontal ligament, cementum, and alveolar bone.
Periodontal diseases are among the most prevalent
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chronic inflammatory diseases worldwide and are
associated with systemic conditions such as diabetes
mellitus,  cardiovascular  diseases, adverse
pregnancy outcomes, respiratory diseases, and
rheumatoid arthritis.” Conventional periodontal
diagnosis relies heavily on clinical examination,
periodontal probing, radiographic interpretation,
and clinician experience. However, these methods
may be subjective, time-consuming, and prone to
inter-examiner variability. Al technologies have the
potential to improve periodontal care by supporting
early disease detection, reducing diagnostic
subjectivity, and assisting clinicians in evidence-
based decision-making. However, despite these
advantages, several challenges remain regarding the
integration of Al into routine clinical practice,
including concerns related to data quality, reliability
of Al models, and ethical considerations. This
review explores the role of artificial intelligence in
periodontology, focusing on its applications in
diagnosis, treatment planning, prognosis prediction,

and patient management.

Artificial Intelligence in Periodontal Disease
Detection

Several studies have investigated the application of
artificial intelligence in the automated detection of
periodontal diseases using clinical images such as
intraoral photographs and radiographs. Deep
learning models have demonstrated high accuracy in
identifying periodontal bone loss from panoramic
radiographs, while convolutional neural networks
(CNNs) have shown effectiveness in detecting
gingival bleeding from intraoral images. These
advancements indicate that Al-based systems can
support clinicians in the early diagnosis and
detection of periodontal diseases with improved
accuracy and efficiency.”®

Al for Risk Assessment in Periodontal Disease

Assessing the risk of periodontal disease
progression is essential for planning effective
preventive measures and therapeutic interventions.
Artificial intelligence (AI) technologies can analyze
various risk determinants, including demographic
characteristics, medical history, lifestyle-related
factors, and clinical findings, to predict the
likelihood of future periodontal deterioration and
related complications. These predictive systems
enable clinicians to identify individuals at greater
risk at an early stage and facilitate timely
management. Several studies have explored the
application of Al algorithms in detecting periodontal
diseases using clinical, intraoral, and radiographic

images. J. Krois and colleagues developed a deep-
learning model capable of detecting periodontal
bone loss, while Balaei and coworkers utilized
convolutional neural networks (CNNs) to identify
gingival bleeding. These findings highlight the
significant potential of Al in supporting the early
diagnosis of periodontal diseases.”!°

Al in Individualized Treatment Planning
Individualized treatment planning plays a major role
in achieving successful periodontal outcomes and
improving patient satisfaction. Al-based systems are
capable of analyzing patient-specific information,
such as periodontal parameters, genetic indicators,
and personal treatment preferences, to formulate
customized treatment approaches. Allahverdi and
Akcan (2019) proposed a decision-support system
that combined fuzzy logic with genetic algorithms to
improve periodontal treatment planning. By
integrating  clinical protocols with  patient
expectations, Al-assisted treatment planning can
promote Dbetter compliance, enhance clinical
decision-making, and contribute to improved long-
term oral health outcomes.!!

Automated Radiographic Analysis

Deep learning-based Al algorithms have shown
considerable potential in the analysis of dental
radiographic ~ images. These systems can
independently detect early manifestations of
periodontitis, including alveolar bone loss and
periodontal pocket formation, thereby enhancing
diagnostic precision, consistency, and objectivity.
Al-assisted radiographic interpretation reduces the
possibility of human error and supports more
reliable  periodontal assessment.Al-powered
software can analyze digital radiographs in real time
and automatically measure bone levels as well as
identify  alveolar defects. Such automated
assessment enables clinicians to recognize
periodontal destruction at an earlier stage compared
with conventional diagnostic approaches, thereby
facilitating prompt intervention and improved
disease management.'?

Al-Powered Teledentistry and Virtual Dental
Consultations'

The integration of artificial intelligence (Al) into
telemedicine and teledentistry has significantly
improved access to remote periodontal care. Al-
enabled teledentistry platforms facilitate virtual
consultations, allowing patients to communicate
with periodontists, discuss oral health concerns, and
obtain preliminary evaluations without the need for
an in-person clinic visit. These platforms employ
Al-based image analysis techniques to assess oral
health conditions using uploaded photographs or
live video feeds, thereby assisting in the
identification of periodontal problems and providing
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initial diagnostic suggestions and treatment
recommendations. Al-supported teledentistry can
enhance early detection, improve patient
monitoring, and support continuity of care.
Furthermore, this technology helps bridge the gap
between patients and dental specialists, especially in
rural, underserved, and remote communities where
access to periodontal care may be limited. By
enabling timely professional guidance and early
intervention, Al-powered virtual dental
consultations contribute to improved accessibility
and delivery of oral healthcare services. '

Cone Beam Computed Tomography (CBCT)
Analysis

Artificial intelligence (AI) has advanced the
interpretation of cone beam computed tomography
(CBCT) images by enabling detailed three-
dimensional visualization of periodontal structures.
Machine learning (ML) models can accurately
identify periodontal abnormalities and assess bone
resorption, thereby improving the evaluation of
complex periodontal anatomy.Al-assisted CBCT
analysis can provide more precise measurements of
furcation involvement, alveolar bone height, and
clinical attachment loss when compared with
conventional manual assessment methods. This
enhanced accuracy supports early diagnosis,
comprehensive treatment planning, and improved
management of periodontal diseases.'*

Al in Patient Management and Follow-Up
Continuous monitoring of oral health status and
treatment outcomes is essential for effective
periodontal disease management and prevention of
recurrence. Artificial intelligence (AlI) technologies,
including natural language processing (NLP) and
predictive analytics, can evaluate electronic health
records (EHRs) and patient-reported data to monitor
disease  progression and assess treatment
effectiveness over time.For instance, J. Krois and
colleagues (2019) developed an Al-based platform
capable of real-time assessment of periodontal
parameters and patient-reported symptoms. The
integration of Al-supported monitoring systems into
routine periodontal practice can help clinicians
detect early indications of disease recurrence,
facilitate timely intervention, and reduce the risk of
further complications.®

Differentiation Between Aggressive and Chronic
Periodontitis

Feres and colleagues conducted a study using a
support vector machine (SVM)-based classifier to
analyze the subgingival microbiome. The objective
of the study was to evaluate whether the presence
and distribution of 40 bacterial species could
accurately differentiate generalized aggressive
periodontitis in younger adults from generalized

chronic periodontitis. The findings demonstrated the
potential of AI- and machine learning—based
approaches in improving the classification and
diagnosis of different forms of periodontal disease.’
Natural Language Processing (NLP) for Clinical
Notes

Natural language processing (NLP) algorithms can
evaluate unstructured clinical notes, case records,
and reports to extract important information related
to a patient’s periodontal condition. This enables
efficient retrieval of patient history and supports
clinical decision-making by providing a detailed
overview of periodontal status. According to Sanjay
B. Khanagar, NLP-based systems can improve the
organization and interpretation of clinical data,
thereby enhancing treatment planning and patient
management. '’

Personalized and Al-Supported Periodontal
Education

Conventional periodontal education commonly
relies on standardized teaching models, which may
encourage rote memorization rather than the
development of practical clinical skills. Artificial
intelligence (Al)-driven augmented reality (AR) and
virtual reality (VR) simulators provide interactive
and dynamic periodontal models that can
significantly enhance the learning experience. While
AR integrates digital information into real-world
clinical views, VR creates immersive virtual
environments that allow students to practice
procedures in a realistic setting. Although AR and
VR technologies are increasingly being incorporated
into dental education, their application in
periodontology is still relatively limited. Simulators
such as PerioSim provide haptic feedback to
improve tactile learning during periodontal
procedures; however, they may not accurately
simulate parameters such as periodontal pocket
depth and furcation involvement. More advanced
systems, including Haptodont, have attempted to
overcome these limitations by improving the
precision of probing and simulation techniques.
Recent advancements in Al-assisted AR/VR
simulators also support personalized learning by
adapting training modules to individual learning
styles, skill levels, and clinical scenarios. Such
innovations can improve clinical competence,
decision-making abilities, and preparedness for real-
world periodontal patient care.®

Smart Diagnostic Tools

Al-powered diagnostic tools, including mobile
applications and web-based platforms, can support
both clinicians and patients in the assessment and
monitoring  of periodontal  health.  These
technologies may offer features such as self-
evaluation, continuous monitoring, and
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individualized oral health recommendations based
on patient-specific risk factors. Such tools can
encourage early detection of periodontal problems
and promote preventive oral healthcare practices.'®
Integration with Electronic Health Records
(EHRs)

Al technologies can be integrated with electronic
health record (EHR) systems to enable smooth
access to patient information and improve
communication among healthcare professionals.
This integration ensures that periodontal data are
easily accessible for coordinated and comprehensive
patient care. Clemens Scott Kruse (2017)
emphasized that Al-supported EHR integration
contributes to a more holistic and efficient approach
to oral healthcare management by facilitating
interdisciplinary collaboration and data-driven
clinical decisions.!”

Applications of Al in Implantology

Artificial intelligence (AI) has increasingly been
incorporated into implantology to improve the
efficiency, precision, and predictability of implant-
supported restorations. Lerner and colleagues
introduced a technique for fabricating implant-
supported monolithic zirconia crowns (MZCs)
cemented to hybrid abutments using Al integrated
with computer-aided design (CAD) software. The
incorporation of Al into the digital workflow
enhanced the efficiency of crown fabrication by
reducing production time, costs, and technical
errors. A retrospective evaluation of 106 implant-
supported MZCs demonstrated a three-year survival
rate of 99.0% and a success rate of 91.3%,
highlighting the clinical reliability of this approach.
In addition, identifying implant systems can be
difficult when clinicians are unfamiliar with the
specific implant design. To address this issue,
Takahashi and colleagues investigated the use of
deep learning (DL)-based object detection software
to recognize implant systems from panoramic
radiographs. The researchers suggested that this Al-
assisted approach could greatly support clinicians in
diagnosing and  managing  implant-related
complications more effectively.'®

Disadvantages and Ethical Concerns of
Artificial Intelligence in Periodontics

Although artificial intelligence (AI) has
considerable potential to transform periodontics, its
implementation is associated with several
limitations and ethical challenges. Major concerns
include the protection of patient data privacy, the
possibility of algorithmic bias, and the need for
continuous validation and improvement of Al
systems. To ensure the safe and effective use of Al
in periodontal practice, transparency, ethical
responsibility, and adherence to established clinical

guidelines must be maintained. As Al technologies
become increasingly integrated into healthcare,
ethical and regulatory considerations gain greater
importance. Key issues include safeguarding patient
confidentiality, obtaining informed consent for Al-
assisted procedures, ensuring transparency in
algorithm-based decision-making, and minimizing
biases that may affect clinical outcomes.!
Regulatory authorities and professional
organizations play a critical role in developing
policies and standards that guide the ethical
application of Al in periodontics. Furthermore,
regular monitoring, auditing, and validation of Al
systems are essential to maintain their reliability,
accuracy, and ethical integrity. Periodontists and
dental professionals should remain updated on
advancements in Al technologies and actively adapt
to evolving guidelines and best practices related to
their clinical application.?

Future Directions for Research

Future investigations into the application of artificial
intelligence (Al) in periodontology should prioritize
well-designed multicentre clinical studies to
comprehensively  evaluate the performance,
reliability, and generalizability of Al-based systems
in routine clinical practice. The development of
large, diverse, and high-quality datasets representing
different populations and clinical scenarios is
essential to enhance the accuracy, robustness, and
applicability of Al-driven diagnostic and therapeutic
tools. Establishing standardized frameworks,
validation protocols, and evidence-based guidelines
will further promote consistency and reproducibility
across various healthcare settings.

In addition, future research should address ethical,
legal, and regulatory considerations associated with
Al implementation, including issues related to
patient confidentiality, informed consent, data
security, algorithm transparency, and
accountability. Greater emphasis should also be
placed on understanding how Al can be effectively
integrated into clinical workflows and decision-
support systems, enabling clinicians to make more
informed and efficient treatment decisions while
maintaining professional oversight. Furthermore,
economic evaluations assessing cost-effectiveness,
scalability, and accessibility are necessary to
determine the practicality of incorporating Al
technologies into routine periodontal care,
particularly in resource-limited settings.
Conclusion

Artificial intelligence is increasingly reshaping
periodontology by improving diagnostic precision,
facilitating  evidence-based  decision-making,
enhancing treatment planning, and supporting
disease prediction and prognosis. Through the
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utilization of advanced algorithms and data-driven
approaches, Al has the potential to streamline
clinical processes, reduce professional workload,
and improve overall healthcare efficiency. Despite
these advantages, successful implementation
requires overcoming challenges related to regulatory
approval, standardization, clinical integration,
professional training, infrastructure development,
and sustainable financial support.

Importantly, Al should be viewed as an adjunctive
technology rather than a substitute for clinical
expertise. While Al can assist in analyzing complex
datasets and generating valuable insights, the
interpretation of findings, individualized treatment
planning, ethical judgment, and delivery of
compassionate patient-centered care remain the
responsibility of dental professionals. Consequently,
the future of periodontology lies in a collaborative
model in which Al augments the capabilities of

clinicians, ultimately enhancing the quality,
efficiency, and accessibility of periodontal
healthcare.
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