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ABSTRACT

Arti𿿿cial�intelligence�(AI)�has�emerged�as�a�transformative�technology�in�healthcare,�
offering unprecedented opportunities for improving diagnosis, treatment planning, 
prognosis, and personalized patient care. In periodontology, AI applications have 
expanded rapidly owing to advances in machine learning (ML), deep learning (DL), 
computer vision, and natural language processing. These technologies facilitate the 
analysis of complex clinical, radiographic, microbiological, and genetic datasets, 
thereby supporting clinicians in making evidence-based decisions. AI-driven 
systems have demonstrated promising accuracy in detecting periodontal bone loss, 
classifying periodontitis, predicting disease progression, and evaluating treatment 
outcomes. Furthermore, integration of AI with digital dentistry and precision 
medicine may enhance individualized periodontal care. Despite these advantages, 
challenges such as limited dataset diversity, lack of external validation, ethical 
concerns, algorithmic bias, and regulatory issues continue to impede widespread 
clinical adoption. This narrative review discusses the fundamental concepts of 
AI, current applications in periodontology, limitations of existing evidence, and  
future directions for research and clinical implementation.
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INTRODUCTION
Periodontal diseases remain among the most 
prevalent� chronic� inÁammatory� conditions�
worldwide and constitute a major cause of 
tooth loss in adults.¹ Traditional periodontal 
diagnosis relies on clinical examination, 
radiographic assessment, and clinician 
interpretation. However, variability in 
disease presentation and progression 
often complicates diagnosis and treatment 
planning.²
Arti𿿿cial� intelligence� (AI)� refers� to�

computational systems capable of performing 
tasks that typically require human  
intelligence. Machine learning (ML), a subset 
of AI, enables systems to learn from data 
and improve performance without explicit 
programming. Deep learning (DL), an 
advanced branch of ML, employs multilayer 
neural networks for pattern recognition and 
image analysis.³

Recent developments in digital dentistry 
have generated large volumes of clinical 
and imaging data, creating opportunities for  
AI-assisted decision-making. AI applications  
in periodontology include automated 
diagnosis, radiographic interpretation, risk 
assessment, treatment prediction, and 
personalized periodontal care.4

FUNDAMENTALS OF ARTIFICIAL 
INTELLIGENCE IN PERIODONTOLOGY

AI encompasses several technologies 
relevant to periodontal practice:

Machine Learning
Machine learning algorithms identify  

patterns within datasets and generate predictive 
models. Common algorithms include decision 
trees, support vector machines, random forests, 
and�arti𿿿cial�neural�networks.5

Deep Learning
Deep learning utilizes multilayer neural 

networks capable of extracting complex 
features from radiographic and photographic 
images. Convolutional neural networks 
(CNNs) are particularly useful in periodontal 
imaging applications.6

Natural Language Processing
Natural language processing (NLP) allows 

AI systems to extract information from 

electronic health records and unstructured 
clinical�notes,�improving�disease�classi𿿿cation�
and clinical documentation.7

AI IN PERIODONTAL DIAGNOSIS
Radiographic Detection of Periodontal Bone 
Loss

Radiographic assessment remains 
fundamental in periodontal diagnosis.  
AI-based systems have demonstrated high 
accuracy in detecting alveolar bone loss 
from panoramic, periapical, and bitewing 
radiographs.8 Deep learning models can 
automatically identify anatomical landmarks, 
calculate bone levels, and classify disease 
severity. Lee et al. reported that deep learning 
systems achieved diagnostic performance 
comparable to experienced clinicians in 
assessing radiographic bone loss.9

Automated�Classi𿿿cation�of�Periodontitis
The� 2018� Classi𿿿cation� of� Periodontal�

Diseases introduced staging and grading 
systems that require integration of multiple 
clinical variables. AI models can process 
these variables simultaneously and generate 
accurate� classi𿿿cations.10 Several studies  
have reported diagnostic accuracies 
exceeding� 80%� for� AI-assisted� classi𿿿cation� 
of periodontitis stages.¹¹

Detection of Furcation Involvement
Furcation� involvement� signi𿿿cantly� affects�

prognosis. CNN-based models have 
demonstrated encouraging results in detecting 
furcation defects from radiographic images, 
potentially reducing observer variability.¹²

RISK ASSESSMENT AND DISEASE 
PREDICTION

One of the most promising applications 
of AI is prediction of disease susceptibility 
and progression. Traditional risk assessment  
tools rely on a limited number of variables. 
AI systems can incorporate demographic 
factors, smoking status, systemic diseases, 
microbial� pro𿿿les,� genetic� markers,� and�
previous periodontal history.¹³ Machine 
learning algorithms have demonstrated 
strong predictive performance for identifying 
patients at high risk of disease progression. 
Such predictive capabilities may facilitate early 
intervention and preventive care.14
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Prediction of Tooth Loss
Tooth loss is a critical outcome measure 

in periodontology. AI models have been 
developed to predict tooth survival using 
clinical and radiographic variables. These 
systems can support clinicians in prognosis 
determination and treatment planning.15

AI in Periodontal Imaging
Panoramic radiographs are widely 

available and commonly used for periodontal 
screening. Deep learning models have 
achieved diagnostic accuracies ranging from 
approximately 81% to 99% for detecting 
periodontitis-related changes.16 Likewise, 
Periapical radiographs provide superior 
resolution for evaluating periodontal 
structures. AI algorithms can automatically 
identify cementoenamel junctions, alveolar 
crests, and root surfaces, enabling objective 
measurements of bone loss.9 Similarly, 
Cone-Beam Computed Tomography (CBCT) 
imaging offers three-dimensional assessment 
of periodontal defects. AI-assisted analysis 
can improve detection of infrabony defects, 
furcation involvement, and anatomical 
variations.17

Intraoral Photography
Recent studies have demonstrated the 

feasibility of using AI to identify gingival 
inÁammation� and� periodontal� disease� from�
intraoral photographs, opening possibilities 
for teledentistry and remote screening.18

AI and Precision Periodontology
Precision medicine aims to tailor treatment 

according to individual patient characteristics. 
AI supports this approach by integrating 
data from multiple sources including 
Clinical� parameters,� Radiographic� 𿿿ndings,�
Microbiological�pro𿿿les,�Genetic� information,�
Lifestyle factors and Systemic health 
conditions.Through advanced data analysis, 
AI can generate personalized diagnostic and 
therapeutic recommendations.19

MICROBIOME-BASED ANALYSIS
Periodontitis is associated with dysbiotic 

microbial communities. Machine learning 
approaches have been used to identify 
microbial signatures associated with disease 
severity and treatment response.20

Biomarker Discovery
AI� facilitates� identi𿿿cation� of� salivary,�

gingival� crevicular� Áuid,� and� serum�
biomarkers associated with periodontal disease 
activity. These biomarkers may contribute to 
personalized diagnostics and monitoring.²¹

AI IN TREATMENT PLANNING
AI can assist clinicians by evaluating large 

datasets and recommending evidence-based 
treatment strategies. Potential applications 
include selection of nonsurgical versus 
surgical therapy, prediction of regenerative 
outcomes, implant treatment planning, 
maintenance interval determination and 
prognosis assessment. Such systems may 
improve consistency and reduce subjective 
variation among clinicians.²²

Natural Language Processing and Electronic 
Health Records

Electronic health records contain substantial 
amounts of unstructured data. NLP techniques 
can automatically extract periodontal 
diagnoses, treatment histories, and clinical 
𿿿ndings�from�textual�records.²³�Recent�studies�
have demonstrated near-perfect accuracy in 
extracting� periodontal� classi𿿿cations� from�
clinical documentation. This capability may 
enhance research, quality assurance, and 
clinical�workÁow�ef𿿿ciency.23

Integration with Teledentistry
The integration of AI and teledentistry may 

signi𿿿cantly� expand� access� to� periodontal�
care. Smartphone-based image analysis 
and cloud-based diagnostic platforms can 
facilitate remote screening, early disease 
detection, monitoring of treatment outcomes 
and patient education. These applications 
may�be�particularly�bene𿿿cial�in�underserved�
populations.24

CHALLENGES AND LIMITATIONS
Despite promising results, several barriers 

remain.

Limited Generalizability
Most AI models are trained using single-

center datasets, limiting external validity. 
Differences in imaging systems, patient 
demographics, and disease prevalence may 
affect performance.25
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Data Quality
AI performance depends heavily on data 

quality. Incomplete records, inconsistent 
labeling, and imaging artifacts may reduce 
accuracy.26

Ethical and Legal Concerns
Implementation of AI raises concerns 

regarding patient privacy, data security, 
algorithmic bias, transparency and 
accountability for clinical decisions. 
Appropriate regulatory frameworks are 
essential for safe implementation.27

Lack of Clinical Validation
Although numerous studies report high 

accuracy, prospective clinical trials evaluating 
patient-centered outcomes remain scarce.28

FUTURE PERSPECTIVES
Future developments are likely to focus on:

1. Multicenter datasets and external 
validation.

2. Explainable AI systems.
3. Integration with wearable and mobile 

technologies.
4. Real-time clinical decision support.
5. Precision periodontal medicine.
6. AI-assisted robotic periodontal 

procedures.
7. Digital twins and predictive simulation 

models.
As computational technologies evolve,  

AI may become an integral component of 
routine periodontal practice.29

CONCLUSION
Arti𿿿cial� intelligence� is� reshaping� modern�

periodontology by enhancing diagnostic 
accuracy, improving risk assessment, 
supporting treatment planning, and facilitating 
personalized patient care. Applications 
involving radiographic interpretation, 
disease� classi𿿿cation,� prognostic� prediction,�
and electronic health record analysis 
have demonstrated considerable promise. 
Nevertheless, challenges related to data 
quality, generalizability, ethics, and 
regulatory oversight must be addressed 
before widespread clinical implementation. 

Future research should emphasize multicenter 
validation studies, explainable AI frameworks, 
and prospective clinical trials. With continued 
technological advancement, AI has the 
potential to become a valuable adjunct that 
complements rather than replaces clinical 
expertise in periodontology.
ConÁict�of�Interest: Nil
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