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Abstract 

This paper discusses the potential role of artificial intelligence in enhancing dental diagnosis and care 

delivery. It describes how AI shows promise in automatic detection of abnormalities in dental images, 

personalised disease risk assessment through predictive modelling, and generation of comprehensive 

examination reports. The ability of AI to analyse patterns across medical imaging, genetics, lifestyle 

factors and health records enables more holistic understanding of oral health in relation to systemic 

conditions. Clinical decision support through differential diagnoses and evidence-based treatment 

recommendations aims to augment dentists' decision making. Seamless integration of AI into clinical 

workflows through interfaces is emphasised as important for adoption. Challenges around data and model 

validation are also addressed. Continued development of AI aims to realise benefits like earlier disease 

identification and more proactive, personalised care approaches. 

 

Introduction 

Our oral and teeth can provide essential insights into our health and well-being. Dentists routinely examine 

patients' teeth, gums, tongue, lips, and oral tissues to identify signs of dental issues and diseases. However, 

manual dental examinations have limitations. According to Bethesda (2021), they are time-consuming, 

subject to human error or oversight, and do not provide a holistic view of how oral health relates to systemic 

conditions. This is where artificial intelligence shows promise to enhance dental diagnosis and help provide 

more comprehensive patient care and disease prevention. 

 

(a) Disease prediction and risk assessment 
By leveraging historical patient data, AI has a solid potential to predict future oral and systemic health risks 

(Batra et al., 2023). As more clinical information accumulates, machine learning techniques enable 

predictive modelling of disease likelihood, severity, and anticipated progression trajectories. AI analyses 

patterns in past imaging findings, treatments, and health outcomes to anticipate a person's disease risks years 

in advance. 

Personalised risk profiles are generated using advanced algorithms. Factors like genotype, lifestyle 

habits, medication use, and concurrent illnesses are woven together to stratify individuals according to their 

relative risk of developing various conditions (Ng et al., 2015). High-risk demographics may be flagged for 

targeted intervention strategies. AI generates tailored screening and prevention recommendations based on 

precision risk calculations. It advises frequent periodontal maintenance cleanings for those likely to 

experience rapid periodontitis. 

When genetic variants and family history elevate osteoporosis probability later in life, AI counsels bone 

density medication or dietary calcium. Real-time risk updating also occurs to account for changes like 

successfully quitting smoking. Strategic disease prediction empowers preventive, proactive care centred 

around modifiable risk factors. AI optimises health outcomes by facilitating early detection and management 

according to each patient's personalised needs and risk tendencies (Ng et al., 2015). 

(b) Dental Imaging 

(i) AI Applications 
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One key application area for AI in dentistry is the analysis of dental images such as X-rays and intraoral 

scans (Vodanović et al., 2023). AI-powered image analysis and computer vision techniques can detect 

abnormalities automatically, track changes over time, and predict future problems. For example, AI systems 

that analyse panoramic dental X-rays to detect signs of periodontal disease with accuracy similar to those 

have been developed. Other research has used AI to diagnose dental caries (cavities) with over 90% 

accuracy by analysing intraoral images. Detecting such issues earlier and more reliably could improve dental 

treatment outcomes. 

Beyond merely identifying issues visible in images, AI also enables correlating oral findings with 

systemic health risks. For instance, research has found that certain dental traits on panoramic X-rays, like the 

number of teeth or mandible morphology, predict conditions like osteoporosis or sleep apnea (Tözüm & 

Taguchi, 2004).  AI models could incorporate such multivariate analysis to provide a more holistic view of 

patient health during routine dental exams. This could enable earlier screening and referrals for at-risk 

individuals. 

 

(ii) Medical imaging analysis 
Artificial intelligence shows excellent potential to enhance dental diagnosis through sophisticated analysis of 

dental images. AI utilises computer vision techniques to detect image anomalies automatically, eliminating 

subjectivity compared to manual examination (Tözüm & Taguchi, 2004). Various dental imaging modalities 

can be leveraged, including panoramic and intraoral X-rays, CT/CBCT scans, MRI photos, and pictures of 

the oral cavity. 

AI systems first employ object detection algorithms to locate teeth and jaw structures within images. 

This extracts the regions of interest so attention is focused on relevant areas. Image segmentation is then 

used to isolate specific tooth surfaces, bone domains, or soft tissues from the rest of the image background. 

Computer vision classifiers then identify abnormal features within these segmented regions. Alotaibi et al. 

(2022) claims that through convolutional neural networks, AI analyses visual patterns to recognize signs of 

conditions such as cavities, tumours, cracks, or periodontal disease. 

Being able to analyse different image types captures diverse diagnostic information. X-rays reveal 

calcifications and substructures invisible to the naked eye. CT/MRI uncovers pathologies affecting the bones 

or oral tissues in detail—photos aid in examining mucosal lesions (Scheinfeld et al., 2012). AI assimilates 

findings across modalities for more definitive insight than humans reviewing isolated images. Its automated, 

rapid analysis could facilitate earlier diagnosis and monitoring of disease progression or treatment response 

over time. When paired with other data sources, medical imaging is poised to become a powerful tool for 

AI-driven dental prognosis and personalized care planning. 

 

(c) AI-Generated Dental Reports and Treatment Guidance 
When coupled with a patient's dental and medical histories, AI has the potential to generate comprehensive 

dental examination reports automatically. Such reports could detail abnormalities detected, correlative 

systemic risks, and automatically generated treatment plans or lifestyle recommendations. For example, if 

periodontal disease is detected, the AI report could recommend dental cleaning, antibiotic treatment, and 

advice on improving oral hygiene practices (Florkow et al., 2022). It could also check for risk factors of 

other conditions like diabetes and suggest the patient follow up with their physician for screening if multiple 

risk factors are present. 

By integrating oral health analysis with a patient's overall medical profile, AI-generated dental 

reports open opportunities for personalized, preventative care guidance. The system could automatically 

track patients over time, monitor treatment responses, and provide personalized reminders or adjustments to 

their care plan as needed. For instance, it may remind a patient who uses a CPAP machine for sleep apnea to 

have their dental alignment or oral appliance re-evaluated on their next dental visit to ensure optimal 

effectiveness (Florkow et al., 2022). Such holistic, data-driven dental care powered by AI could mitigate 

many oral and systemic health issues before they worsen. 

 

(d) Multi-modal data analysis 
Artificial intelligence can integrate diverse data types for more holistic dental diagnosis. Beyond just 

analysing dental images, AI can incorporate electronic health records, genomic profiles, and biomarkers to 

generate comprehensive, multi-factorial assessments (Krishnan et al., 2023). Electronic records provide a 
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patient's medical history, current medications, lab results, and clinician notes. This supplies AI with relevant 

context to connect oral and overall health. Genomic data reveals genetic predispositions that may influence 

susceptibility to certain oral diseases. Specific gene variants could flag elevated risks for conditions like 

periodontitis. Integrating this information guides more predictive diagnoses. Biomarkers like cortisol or 

immunosuppressant drug levels also correlate with oral disease activity. If abnormally high or low, they 

serve as quantitative red flags during examination. 

By amalgamating the unique insights from each data source, AI can better correlate oral findings 

with systemic illness. Patterns emerge between periodontal bacterial profiles and diabetes severity, for 

example. Complex risk modelling becomes possible that accounts for environmental, medical, and genetic 

influences on a patient's oral situation (Krishnan et al., 2023). This multi-modal approach presents 

opportunities for early screening and interprofessional collaboration between dentistry and medicine. 

Population health management is improved through multi-factorial disease prognosis powered by AI. 

 

(e) Clinical decision support 
Moreover, AI has the potential to augment dentists' decision-making during patient examinations. As 

abnormalities are spotted on imaging or during intraoral inspection, AI can generate an immediate 

differential diagnoses list ranked by probability (Rauschecker et al., 2020). Appearing at the point of care, 

these differentials aid collaborative consideration of all reasonable diagnostic possibilities. For instance, 

when signs point toward a lesion, AI recalls similar cases in its experience and proposes the most likely 

conditions and confounding factors to consider, expediting the diagnosis process. This gives doctors 

additional perspective that could reveal less apparent issues. 

AI also recommends evidence-based treatment pathways based on a patient's overall profile and 

detected oral findings. If caries is diagnosed, it proposes restoration types or refers patients to endodontists 

when pulpal involvement is suspected. Real-time access to automated options connected to phone or any 

other mobile device can help deliver the best standards of care, and automated specialist referrals are issued 

as needed according to risks uncovered (Haleem et al., 2021). If mucosal lesions present high-risk features, 

they immediately generate a surgical oncology referral for biopsy. Sleep study coordination may follow an 

airway assessment, suggesting sleep apnea involvement. Streamlining referrals in this way supports timely, 

comprehensive care. 

 

(f) Practice workflow integration 
For AI to truly benefit dental practices, it must integrate smoothly into daily operations. Seamless 

connection with existing clinical and administrative software removes friction from use. AI automatically 

accesses patient charts, schedules, and billing details through standardized application programming 

interfaces. Findings and reports emerge directly within the dentist's familiar electronic medical record 

workflow. Exam notes, treatment plans, and referral orders interface reliably without duplicative data entry. 

AI hides complexity but ensures transparency through organized understandable reports and 

recommendations. 

Furthermore, AI exhibits interpretable decision-making. Engle et al. (2021),when flagging anomalies 

or generating referrals, it provides plain-language rationales linking empirical evidence to its suggestions. 

Audit trails document how each conclusion was reached through digital provenance records. This installs 

confidence in AI's clinical objectivity and reliability. Interfacing with practice management suites also 

streamlines insurance verification and billing. AI prepopulates billing documents by capturing codes during 

virtual charting to accelerate reimbursement. Overall integration invisibly boosts productivity, revenue, and 

care coordination through user-centred AI-human collaboration (Medigy, 2024). Proper alignment with 

workflows proves integral to adoption across diverse practice settings. 

 

(g) Future Outlook and Recommendations 

(i) Challenges 
While promising, the application of AI in dentistry still faces several challenges. Large, high-quality dental 

imaging datasets are required to train deep-learning models to achieve high diagnostic accuracy. Integrating 

data from disparate dental practices and electronic health records also presents interoperability issues. 

Ensuring AI systems are validated, accurate across diverse patient populations, and integrated seamlessly 

into clinical workflows is crucial for adoption (Series Science, 2023). The integration of big data analytics 
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and artificial intelligence has great potential to transform the field of dentistry and help reduce healthcare 

costs by facilitating early detection and intervention of dental and systemic diseases. 

 

(ii) Data and model considerations 
For AI to be effective yet responsible in dentistry, specific data and modelling factors require attention. 

Strict privacy and security protocols surrounding patient information are expected due to health data 

sensitivities. Anonymizing datasets for model training helps address these, while still enabling machine 

learning. Transfer learning also helps maximize knowledge gained from relatively limited oral healthcare 

datasets. Models pre-trained on large general medical image repositories can be fine-tuned using smaller 

dental imaging corpora. This transfer learned visual representation abilities while specializing in the area of 

focus. 

Addressing potential bias is similarly essential, given that datasets often represent treated patient 

populations who can differ from entire communities. Strategies like balancing demographic variables and 

incorporating socioeconomic determinants aim to achieve broadly applicable models. Regulatory navigation 

also proves crucial - demonstrating accuracy, reliability, and adherence to terminology standards in an 

auditable manner. External validation on held-out patient samples corroborates performance. While 

burdensome, these measures assure rigorous system efficacy, interpretation, and oversight required for 

clinical integration. 

 

Conclusion 

Artificial intelligence shows tremendous potential to transform the practice of dental diagnosis and deliver 

more holistic, personalized oral healthcare. Many of the limitations of conventional manual exams can be 

overcome through AI's capabilities in medical imaging analysis, multi-modal data integration, and predictive 

risk modelling powered by machine learning from vast datasets. By automating the detection of anomalies in 

different imaging modalities like X-rays and CT scans and incorporating computer vision techniques, AI 

promises more reliable, earlier identification of abnormalities that humans may overlook.  

Personalized risk profiling through longitudinal analytics of clinical histories may help proactively 

prevent future diseases by targeting modifiable risk factors.  Automated reminder systems could help ensure 

treatment adherence and surveillance schedules are optimized. Seamless integration of AI into clinical and 

administrative workflows through application programming interfaces is critical for its recommendations 

and time-saving capabilities to be utilized without disruptive friction.  
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