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ABSTRACT
Periodontitis is a multifactorial inflammatory disease characterized by progressive destruction of the periodontal supporting tissues, resulting from complex interactions between microbial biofilm and host immune responses. Conventional diagnostic approaches, including periodontal probing and radiographic evaluation, are limited by examiner variability and challenges in interpreting multiple interacting risk factors. In recent years, Artificial Intelligence (AI) has emerged as a promising adjunct in periodontology, enhancing diagnostic precision, risk assessment, and personalized treatment planning. AI applications in clinical periodontology include Natural Language Processing (NLP) for structured data extraction and improved clinical documentation, as well as machine learning and deep learning models for radiographic and clinical analysis. Artificial Neural Networks (ANNs) and Convolutional Neural Networks (CNNs) have demonstrated high accuracy in detecting periodontal bone loss, classifying disease severity, identifying implant systems, and predicting disease progression. Integration of radiographic, clinical, and multi-omics datasets further supports comprehensive risk profiling and precision-based care. Additionally, AI-assisted biomarker analysis using saliva and gingival crevicular fluid shows potential for non-invasive early detection. Emerging technologies such as smartphone-based monitoring systems, AI-enabled oral hygiene devices, and augmented/virtual reality–based educational tools enhance patient engagement and professional training. Despite challenges including data privacy concerns, ethical considerations, high implementation costs, and limited large-scale clinical validation, AI represents a valuable assistive technology that strengthens clinical decision-making and advances personalized periodontal care. This article aims to comprehensively discuss the current applications of artificial intelligence in periodontology, highlighting recent advancements, clinical implications, limitations, and future perspectives for integrating AI into routine periodontal practice.
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INTRODUCTION
Periodontitis is a polymicrobial infection initiated and amplified by the host’s inflammatory response, ultimately leading to the destruction of periodontal supporting tissues. The disease process involves intricate molecular mechanisms that stimulate host-derived proteolytic enzymes, causing degradation of marginal periodontal ligament fibres, apical displacement of the junctional epithelium, and progressive extension of subgingival biofilm along the root surface. Achieving an accurate clinical diagnosis remains difficult for practitioners. Routine assessment relies on periodontal probing to evaluate soft tissues and radiographic imaging to assess alveolar bone status. Nevertheless, these conventional techniques are subject to considerable variability between and within examiners because of differences in probing force and radiographic projection geometry. Moreover, the multifactorial nature of periodontitis, involving numerous interacting risk determinants, further complicates diagnostic interpretation. In this context, artificial intelligence (AI) has emerged as a valuable approach for integrating complex data patterns and improving the precision and understanding of disease diagnosis and underlying causes [1][2].
SCOPE OF AI IN CLINICAL PERIODONTOLOGY
Patient Record Maintenance
The adoption of artificial intelligence (AI) technologies—particularly Natural Language Processing (NLP)—can significantly improve documentation practices. NLP is a branch of AI that allows computers to process, interpret, and generate human language in a meaningful manner. Clinical records often contain large volumes of unstructured narrative text, such as progress notes, which can be converted into useful clinical insights through NLP-based analysis [3].
One widely recognized NLP-based system is ChatGPT developed by OpenAI (San Francisco, USA). Research has demonstrated the use of NLP to evaluate the agreement between gingivitis diagnoses based on the 2018 classification criteria—specifically bleeding on probing percentage (BOP%)—and descriptions of gingival inflammation recorded in clinical notes. Although the model achieved excellent performance with a 98% F1-score, the findings indicated that relying solely on BOP% without considering visible clinical signs could result in either underestimation or overestimation of disease severity [4].
In addition to supporting documentation and diagnosis, NLP algorithms can analyze patient feedback and reviews to identify patterns in patient experiences, thereby guiding improvements in treatment strategies and patient satisfaction. Furthermore, NLP-powered conversational tools can deliver clear, personalized information about periodontal health, provide practical self-care recommendations, and help patients better manage their condition.
Integrating NLP technologies into routine tasks such as periodontal charting can enhance workflow efficiency, reduce administrative demands, and allow clinicians to dedicate more time to individualized patient care and treatment planning. This approach supports the principles of personalized periodontics, enabling dental professionals to provide more precise and patient-centred care [4].
Risk assessment and prediction:
Periodontitis is a multifactorial inflammatory disease linked to various systemic conditions and influenced by multiple risk determinants. Although numerous studies have examined its association with systemic disorders, most emphasize disease mechanisms rather than predictive modelling, limiting their application in individualized risk forecasting. Tooth loss, a frequent outcome of advanced untreated disease, further highlights the need for effective early prediction tools, yet it is rarely used as a primary endpoint in research.
Early identification of individuals at risk for disease progression or tooth loss would enable timely preventive interventions and reduce associated physical, psychological, and financial burdens. Current periodontal classification systems incorporate certain risk factors such as smoking and diabetes, and several risk assessment models use clinical and behavioural variables to estimate disease progression.
Recent studies employing Artificial Neural Networks (ANN) have demonstrated promising accuracy in predicting periodontitis progression using demographic and clinical parameters. However, existing models do not incorporate patient-specific genetic data or comprehensive biological profiles, including microbiome or other omics-based markers. Integrating multi-omics data may uncover complex biomarker interactions, improve understanding of disease pathways, and enhance precision-based risk prediction in periodontics [5].
AI In Diagnosing and Monitoring Periodontal Diseases:
Maintaining periodontal health requires thorough screening, including comprehensive clinical examination supported by imaging techniques. Radiographic methods serve as non-invasive adjuncts for detecting and monitoring periodontal bone loss (PBL), assessing disease severity, and evaluating treatment outcomes. Although applications of artificial intelligence (AI) in periodontology are still emerging, studies have demonstrated its usefulness in analysing panoramic and periapical radiographs to identify bone loss, determine disease stage and grade, and recognize implant systems.
Deep learning models—particularly convolutional neural networks (CNNs)—have shown performance comparable to or exceeding that of clinicians in detecting and quantifying PBL and in classifying disease severity. Intraoral photographs have also been analyzed using automated systems to identify gingivitis, gingival recession, and dental plaque with varying accuracy across primary and permanent dentitions.
AI has additionally been applied to implant dentistry, where CNN-based systems can detect and differentiate implant types from radiographs. This capability is clinically important due to the growing prevalence of implant-related complications such as peri-implantitis. Large multicentre investigations have reported that deep learning models can classify implant systems accurately while requiring substantially less time than dental practitioners. Machine learning methods have also been used to analyse peri-implant immune and microbial profiles, enabling patient clustering and individualized risk prediction for disease progression and response to regenerative therapy.
Overall, AI-assisted diagnostic tools support more precise clinical decision-making, improve efficiency, and facilitate tailored treatment strategies, thereby advancing the goals of personalized periodontics [6].
Early detection and Screening:
Periodontal diseases are traditionally diagnosed by probing the gingival sulcus to identify periodontal pockets, a method that is technique-sensitive and subject to examiner variability. Moreover, pockets are usually detected only after the disease has progressed to an irreversible stage, highlighting the need for earlier detection. While blood biomarkers are widely used in medicine, their invasive nature may reduce patient compliance. In contrast, dentistry offers accessible non-invasive fluids—particularly saliva, gingival crevicular fluid, and tongue coatings—with saliva being the most extensively studied due to easy collection and its reflection of systemic health [13].
Advances in omics technologies have enabled identification of numerous molecular biomarkers related to periodontal disease, generating large datasets suitable for artificial intelligence (AI) analysis. However, AI-based biomarker research in periodontology remains limited. Existing studies have primarily used machine learning to analyse metabolomic or microbiomics profiles, including comparisons of oral microbiota in periodontal disease with systemic conditions such as rheumatoid arthritis. Despite the limited number of studies, AI-assisted integration of multi-omics data shows strong potential for early detection and personalized risk assessment. Ultimately, deeper understanding of disease mechanisms through these biomarkers may enable development of non-invasive self-testing tools for precise prediction of periodontal disease onset and progression.
Self-testing kits are widely recognized in healthcare, particularly for pregnancy and blood glucose monitoring, and their adoption expanded significantly during the COVID-19 pandemic. Similar approaches could be adapted for periodontal diseases using non-invasive samples such as saliva, tongue scrapings, or gingival crevicular fluid, although home collection of GCF may be challenging. Existing chairside kits (e.g., Perio scan, Periogard, Perio check) target individual biomarkers, which may limit diagnostic comprehensiveness compared to multi-biomarker platforms [8].
Smartphone-based self-monitoring represents another promising strategy. High-resolution mobile imaging, combined with artificial intelligence (AI), enables patients to capture intraoral photographs for remote assessment. Studies have shown that AI-supported monitoring with digital reminders can enhance compliance, improve oral hygiene behaviours, reduce plaque levels, and yield better periodontal outcomes during follow-up. Ongoing clinical trials are further evaluating the feasibility of self-recorded intraoral images for periodontal assessment. AI-powered applications could automatically identify early signs of gingivitis or inadequate oral hygiene and provide personalized feedback, while potentially alerting dental or medical professionals when intervention is required [12].
Early detection facilitates timely preventive strategies, particularly reinforcement of oral hygiene practices—the foundation of periodontal disease prevention. Although biofilm quantity does not always directly correlate with disease severity, maintaining effective plaque control is known to reduce disease risk. Powered toothbrushes equipped with AI-based tracking features can monitor brushing patterns and duration, guiding users toward improved techniques and enhancing adherence.
Overall, the integration of AI-enabled early detection and self-monitoring tools represents a significant advancement toward personalized periodontics, empowering both patients and clinicians to achieve more proactive and precise care [7].
Personalized and Ai-supported Periodontal Education:
Traditional periodontal training commonly uses standardized models mounted in phantom heads for probing and scaling practice. However, repeated use of identical models may promote memorization rather than true clinical skill development and does not accurately replicate real patient variability. To address this limitation, augmented reality (AR) and virtual reality (VR)–based simulators with haptic feedback have been introduced to create dynamic, interactive training environments. AR overlays digital information onto the real-world view, while VR immerses learners in a fully simulated environment [9].
Although AR/VR simulators have been successfully applied in various dental disciplines—improving student engagement and learning outcomes—their application in periodontology remains limited. Existing periodontal simulators, such as PerioSim and Haptodont, allow tactile training with virtual instruments and haptic feedback. Some systems enable detection of periodontal pockets and measurement of probing forces, though earlier versions had limitations in measuring pocket depth or assessing furcation involvement. More recent prototypes demonstrate improved accuracy in probing depth measurement and force control, typically maintaining probing forces below clinically acceptable thresholds [11].
With further technological advancements, AR/VR simulators could offer varied, case-specific clinical scenarios for each learner, minimizing memorization and enhancing competency. Integration of adaptive haptic feedback can also help students refine probing pressure—an essential component of accurate periodontal examination.
Beyond procedural training, AR/VR technologies support personalized education by tailoring simulations to individual learning needs and skill levels. Exposure to diverse virtual clinical scenarios prepares students to manage patient-specific conditions, thereby strengthening clinical readiness and advancing the principles of personalized periodontics [10][14].
AI Applications In Periodontology:
AI can assist in the early diagnosis of periodontal disease in periodontics by examining radiographs for alterations in periodontal tissue and bone density, which makes earlier treatment possible. AI applications are expanding, especially in digital 3D treatment planning, where intraoral 3D pictures are aligned with cone-beam computed tomography (CBCT) data. AI can assist in identifying the best implant location, which can enhance success rates and minimize issues [16].
By analyzing patient data such as medical history, lifestyle, and genetic information, AI helps develop personalized treatment plans by forecasting disease advancement and determining the best procedures.
illness based on clinical and radiographic characteristics. By improving data analysis for diagnosis and treatment planning, artificial intelligence (AI) technologies are revolutionizing periodontal therapy [18]. New AI models can identify the onset of periodontitis, allowing for individualized and prompt treatment strategies. In periodontal treatment, several AI models are used, each with its own set of features:
Deep CNN model: Successfully identifies harmed teeth.
U-Net and Mask R-CNN offer precise outlines of periodontal tissue elements like the alveolar bone and periodontal ligament.
The VGG-16 model predicts the seriousness of periodontal.
Faster R-CNN: Precisely assesses the severity of bone loss on radiographs.
Deep learning algorithms: With great effectiveness, they classify periodontal abnormalities in radiographic images and forecast treatment results [15].
Difficulties With AI:
Data Privacy and Security: Protecting sensitive patient information is a top priority and requires strong security protocols. AI can assist with this by enforcing secure access, encrypting data, spotting threats, and monitoring network activity.
Lack of Standardization: Variations in AI methodologies and a lack of standardized regulations can result in inconsistent outcomes in various clinical settings.
Professional Training: Dental professionals must receive sufficient instruction to comprehend the abilities and limitations of AI, as well as to adeptly interpret and utilize AI insights in clinical decision-making.
Significant Implementation Costs: The upfront costs of AI technologies can be high.
Problems with Sensitivity and Specificity: The accuracy and dependability of AI in various patient groups may be impacted by possible algorithmic biases.
Ethical and Legal Problems: Issues include accountability, patient privacy, informed consent, and transparency in algorithmic decision-making.
Restricted Clinical Validation: The majority of studies use small-scale trials as opposed to large-scale clinical testing, which impedes complete integration [19].
Latest developments:
Artificial Neural Networks (ANNs): ANNs are modeled after the human brain and learn intricate patterns for activities like time series analysis and image recognition.
Convolutional Neural Networks (CNNs): Tailored for image processing, CNNs extract features from images for applications like tooth segmentation and anomaly detection [18].
Random Forest (RF) and Support Vector Machines (SVM): These are statistical learning approaches employed in dentistry for tasks such as classification, detection, segmentation, and prediction.
Genetic Algorithms: These optimization methods, which are based on natural selection, can be used to improve dental prosthetics and treatment planning.
Hybrid AI methods: These combine various AI techniques to enhance their effectiveness in solving complex dental issues [17].
CONCLUSION:
AI provides substantial benefits, including improved diagnostic precision, customized treatment plans, and better patient experiences, despite these challenges. AI is seen as a helpful assistive instrument that enhances, not replaces, the crucial role that clinicians play in delivering patient-centered care.
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