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Abstract

The global epidemic of diabetes mellitus presents significant challenges for dental practitioners, who must navigate the complex
oral manifestations of this systemic disease while contributing to overall patient health. Artificial intelligence technologies offer
transformative potential for enhancing every aspect of dental care for diabetic patients, from initial risk assessment through
treatment planning and long-term maintenance. This comprehensive review examines the current landscape of Al applications
specifically tailored to managing diabetic patients in dental settings. We explore Al-powered diagnostic tools for identifying
diabetes-related oral complications, machine learning algorithms for predicting treatment outcomes, and intelligent systems for
optimizing periodontal therapy in patients with dysregulated glucose metabolism. The review synthesizes evidence from clinical
studies evaluating Al applications including convolutional neural networks for radiographic assessment of diabetes-related bone
changes, natural language processing for extracting diabetes status from dental records, and predictive models for implant survival
in diabetic patients. We address the unique considerations for treating diabetic patients, including medication interactions, wound
healing complications, and infection risk, and examine how Al decision support can mitigate these challenges. Implementation
barriers including algorithm transparency, clinician training requirements, and integration with existing practice management
software are critically evaluated. Finally, we propose a comprehensive framework for Al-enhanced dental care of diabetic patients
that spans the continuum from prevention through complex rehabilitation.

Keywords: Artificial intelligence, Diabetes mellitus, Dental implants, Periodontal therapy, Machine learning, Clinical decision support,
Personalized medicine, Oral surgery.

1.Introduction

1.1 The Clinical Challenge: Treating Diabetic Patients in
Dental Practice

Diabetes mellitus has reached pandemic proportions, affecting
approximately 10.5% of the global adult population, with
prevalence projected to exceed 12% by 2045[1-29]. For dental
practitioners, this epidemiological shift means that diabetic
patients now constitute a substantial and growing proportion of
their clinical caseload. Managing these patients presents unique
challenges that extend far beyond the well-documented increased
susceptibility to periodontal disease [30-45].

The dental treatment of diabetic patients requires consideration of
multiple interconnected factors. Glycemic control status influences
every aspect of care, from the safety of surgical procedures to the
likelihood of successful treatment outcomes. Medications used
to manage diabetes, including insulin, metformin, sulfonylureas,
and newer agents such as GLP-1 receptor agonists and SGLT2

inhibitors, have implications for dental treatment planning and
may interact with drugs commonly used in dentistry. The systemic
complications of diabetes cardiovascular disease, nephropathy,
neuropathy, and impaired wound healing create additional layers
of complexity in risk assessment and treatment modification [46-
64].

Furthermore, the dental office serves as an important setting for
diabetes-related health promotion. Dental professionals have
opportunities to reinforce messages about glycemic control,
screen for undiagnosed diabetes, and coordinate care with medical
providers. However, these opportunities are often missed due
to time constraints, inadequate training, and lack of systems to
support comprehensive care [65-80].

1.2 The Promise of Artificial Intelligence in Personalized
Dental Medicine
Artificial intelligence offers tools to address these challenges by
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enhancing clinical decision-making, automating routine tasks,
and enabling personalized treatment planning at scale. Unlike
traditional clinical guidelines that provide population-level
recommendations, Al systems can integrate patient-specific
data to generate individualized risk assessments and treatment
recommendations [81-96].

The potential applications of Al in managing diabetic dental
patients span the entire care continuum. Pre-treatment assessment
can be enhanced by Al algorithms that analyze medical history,
laboratory values, and clinical findings to predict complication risk.
During treatment, real-time decision support can guide medication
adjustments, procedure timing, and antibiotic prophylaxis
decisions. Post-treatment, Al-powered monitoring systems can
track healing and detect early signs of complications [97-109].

This review focuses specifically on Al applications for managing
diabetic patients in dental practice, distinguishing it from broader
reviews of Al in dentistry or diabetes care. We examine the
evidence supporting these applications, identify gaps in current
knowledge, and propose a roadmap for future research and clinical
implementation [110-121].

2. Understanding the Diabetic Patient in the Dental Context
2.1 Glycemic Control and Its Implications for Dental Treatment
Glycemic control, typically assessed by HbAlc levels, is the
single most important factor determining dental treatment risk
and outcomes in diabetic patients. HbAlc reflects average blood
glucose over the preceding 2-3 months, with values below 5.7%
considered normal, 5.7-6.4% indicating prediabetes, and 6.5%
or above diagnostic for diabetes. For patients with established
diabetes, treatment guidelines generally recommend targets of
7.0% or lower, though individualization based on patient factors
is encouraged [122-143].

The relationship between glycemic control and dental treatment
outcomes is well-established through multiple lines of evidence.
Patients with poor glycemic control (HbAlc > 8-9%) exhibit
impaired wound healing, increased infection risk, and reduced
success rates for surgical procedures. Periodontal therapy outcomes
are less predictable, with smaller reductions in probing depths and
less clinical attachment gain compared to well-controlled patients.
Dental implant survival rates are significantly reduced, with some
studies reporting failure rates two to three times higher in poorly
controlled diabetics [144-159].

Conversely, patients with good glycemic control (HbAlc < 7%)
may have surgical outcomes approaching those of non-diabetic
individuals, though careful patient selection and treatment
modification remain important. The key implication for dental
practice is that glycemic control status must inform every treatment
decision, from the timing of elective procedures to the selection of
restorative materials and the frequency of recall intervals.

2.2 Diabetes Medications: Dental Implications and Interactions
The pharmacologic management of diabetes has become
increasingly complex with the introduction of multiple new
drug classes. Understanding these medications and their dental
implications is essential for safe and effective care.

Insulin: Patients using insulin are at risk for hypoglycemic
episodes during dental treatment, particularly if meals are missed
or treatment is prolonged. Morning appointments after a normal
breakfast are generally recommended, with glucose sources readily
available. Insulin does not directly interact with most dental drugs,
though caution with alcohol-containing preparations is warranted
[160-179].

Metformin: As first-line therapy for type 2 diabetes, metformin
is encountered frequently in dental practice. It does not cause
hypoglycemia when used alone and has minimal drug interactions.
Emerging evidence suggests metformin may have beneficial effects
on periodontal health through anti-inflammatory mechanisms,
independent of its glucose-lowering effects.

Sulfonylureas: These agents (glyburide, glipizide, glimepiride)
stimulate insulin secretion and carry significant hypoglycemia risk.
Dental treatment should be scheduled to avoid prolonged fasting,
and patients should be instructed to take their usual medication
with a normal meal before appointments [180-195].

GLP-1 Receptor Agonists: These injectable drugs (liraglutide,
semaglutide, dulaglutide) slow gastric emptying and promote
satiety. Common side effects include nausea and vomiting,
which may be exacerbated by stress or certain dental procedures.
Delayed gastric emptying could theoretically affect absorption of
orally administered medications, though clinical significance is
uncertain.

SGLT2 Inhibitors: These agents (empaglifiozin, dapaglifiozin,
canagliflozin) increase urinary glucose excretion. Importantly
for dentistry, they have been associated with increased risk of
Fournier's gangrene (necrotizing fasciitis of the perineum) and,
more relevantly, with euglycemic diabetic ketoacidosis during
periods of physiological stress, including surgery and infection.

DPP-4 Inhibitors: These drugs (sitagliptin, linagliptin) are
generally well-tolerated with minimal dental implications, though
they have been associated with increased infection risk in some
studies.

2.3 Diabetes Complications Affecting Dental Care

Beyond glycemic control and medications, the systemic
complications of diabetes profoundly influence dental treatment
planning and risk assessment.

Cardiovascular Disease: Diabetes is a major risk factor for
atherosclerosis, coronary artery disease, and hypertension.
Patients may be taking antiplatelet agents (aspirin, clopidogrel)
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or anticoagulants (warfarin, direct oral anticoagulants) that
affect bleeding risk during dental procedures. Stress from dental
treatment can precipitate cardiovascular events in susceptible
patients, necessitating careful stress reduction protocols [196-210].

Nephropathy: Diabetic kidney disease affects drug metabolism
and excretion. Antibiotics and analgesics that are renally cleared
may require dose adjustment. Patients with advanced nephropathy
may be on dialysis, requiring coordination of dental treatment
with dialysis schedules to minimize bleeding risk and optimize
medication safety.

Neuropathy: Autonomic neuropathy can affect cardiovascular
responses to stress and positioning, increasing the risk of orthostatic
hypotension during dental procedures. Peripheral neuropathy may
impair patients' ability to maintain oral hygiene or recognize early
signs of dental problems due to reduced sensation.

Immunocompromise: Diabetes impairs multiple aspects of immune
function, including neutrophil chemotaxis, phagocytosis, and
intracellular killing. This increases susceptibility to postoperative
infections and may warrant more aggressive antibiotic prophylaxis
for certain procedures, though evidence-based guidelines for
dental treatment are limited.

3. Al Applications in Pre-Treatment Risk Assessment

3.1 Automated Extraction of Diabetes Status from Dental
Records

The first step in providing appropriate care for diabetic patients is
identifying them accurately. Despite the prevalence of diabetes,
dental records often contain incomplete or outdated information
about patients' medical status. Patients may not volunteer their
diabetes diagnosis, or may not recognize prediabetes as a condition
requiring disclosure. Clinicians may fail to ask appropriate
questions or update medical histories at subsequent visits.

Natural language processing (NLP) offers a solution by
automatically extracting diabetes-related information from
unstructured clinical notes, medication lists, and patient intake
forms. NLP algorithms can identify mentions of diabetes diagnoses,
medications used to treat diabetes, and laboratory values such as
HbAlc, even when this information is embedded in narrative text
rather than structured fields.

A study evaluating NLP for identifying diabetic patients from
electronic dental records demonstrated sensitivity of 94% and
specificity of 97% compared to manual chart review. The algorithm
successfully identified patients with type 1 diabetes, type 2
diabetes, and prediabetes, and could distinguish between well-
controlled and poorly controlled disease based on documented
HbAlc values. When integrated with practice management
software, such systems could automatically flag diabetic patients
at registration, prompting appropriate modifications to the clinical
workflow [211-220].

3.2 Machine Learning Models for Surgical Risk Stratification
Predicting which diabetic patients are at highest risk for surgical
complications enables appropriate treatment modifications and
informed consent discussions. Machine learning models that
integrate multiple patient characteristics can provide more accurate
risk stratification than traditional approaches based on single risk
factors.

A study developing a machine learning model for predicting post-
extraction complications in diabetic patients analyzed data from
1,247 patients undergoing 2,893 tooth extractions. The model
incorporated 37 variables including demographic characteristics,
diabetes type and duration, HbAlc values, diabetes medications,
comorbidities, and procedure characteristics. The gradient
boosting machine algorithm achieved an area under the ROC
curve of 0.86 for predicting complications requiring unscheduled
follow-up visits.

Feature importance analysis revealed that HbA 1¢ was the strongest
predictor, but other factors—including procedure duration,
number of teeth extracted, antibiotic prophylaxis, and presence of
preoperative infection—also contributed substantially to risk. This
finding supports the value of multifactorial risk assessment over
simplistic approaches based solely on glycemic control.

3.3 Predicting Implant Survival in Diabetic Patients

Dental implant therapy in diabetic patients requires careful
patient selection and treatment planning. While implants can be
successful in well-controlled diabetics, failure rates are elevated,
and complications such as peri-implantitis occur more frequently.
Al models that predict implant survival for individual patients
could guide case selection and inform discussions about prognosis.

A systematic review of Al applications in implant dentistry
identified several studies developing predictive models for implant
survival. These models incorporate patient-level factors (age,
smoking status, diabetes status, glycemic control), implant-level
factors (diameter, length, surface characteristics, location), and
surgical factors (bone quality, grafting procedures, immediate vs.
delayed placement).

For diabetic patients specifically, a model developed using data
from 847 implants placed in 412 diabetic patients achieved 89%
accuracy in predicting S5-year implant survival. The model identified
HbAlc at time of placement, diabetes duration, and presence of
microvascular complications as the strongest predictors, with
implant location in the maxilla and history of periodontitis also
contributing significantly. This level of predictive accuracy could
support evidence-based discussions with patients about implant
prognosis and inform decisions about alternative treatment option
[221-225].

4. AI-Enhanced Diagnostic Capabilities
4.1 Detection of Diabetes-Related Periodontal Changes
Periodontal disease in diabetic patients exhibits characteristic
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features that may be detectable by Al analysis of clinical images
and radiographic studies. These include more rapid progression,
greater severity for a given level of local factors, and a propensity
for abscess formation and acute exacerbations.

Convolutional neural networks trained on clinical photographs
can detect gingival inflammation with accuracy comparable to
experienced clinicians. A study evaluating a CNN for assessing
gingivitis in diabetic patients reported sensitivity of 91% and
specificity of 89% compared to the gingival index scored by
calibrated examiners. The network was particularly effective at
detecting subtle inflammation that might be missed during cursory
examination, potentially enabling earlier intervention.

Radiographic analysis by Al can quantify alveolar bone loss more
precisely than visual assessment, providing objective measures of
disease severity and progression. When applied to serial radiographs
from diabetic patients, Al-based bone level measurements can
detect progression earlier than conventional methods, enabling
timely therapeutic intervention before extensive bone loss occurs.

4.2 Identification of Oral Ulceration and Mucosal Lesions
Diabetic oral ulceration (DOU) represents a distinct clinical entity
that differs from other oral ulcers in its pathogenesis, clinical
course, and response to treatment. However, distinguishing DOU
from other ulcer types based on visual examination alone is
challenging, as they lack pathognomonic features.

Deep learning models trained on standardized ulcer photographs
can differentiate DOU from traumatic ulcers, aphthous ulcers, and
oral malignancy with high accuracy. A study developing a CNN for
this purpose reported area under the ROC curve of 0.94 for DOU
identification, with the model learning subtle features including
border characteristics, ulcer base appearance, and surrounding
mucosal changes that differentiate DOU from other entities.

Beyond diagnosis, Al analysis of ulcer photographs can quantify
healing progression over time, providing objective measures
that support treatment decisions. When patients submit weekly
photographs through smartphone applications, Al can detect
delayed healing and alert clinicians to the need for intervention
before ulcers become chronic and debilitating.

4.3 Cone Beam CT Analysis for Diabetes-Related Bone
Changes

Diabetes affects bone metabolism through multiple mechanisms,
including altered osteoblast and osteoclast activity, accumulation
of advanced glycation end-products that alter bone matrix
properties, and microvascular changes that affect bone perfusion.
These changes may be detectable on cone beam CT (CBCT) scans
obtained for implant planning or other indications.

Al analysis of CBCT images can quantify bone density, trabecular
architecture, and cortical thickness with greater precision than
visual assessment. When applied to scans from diabetic patients,

these analyses may reveal patterns associated with impaired bone
healing and increased implant failure risk. A study evaluating
Al-based bone quality assessment in diabetic patients found that
trabecular parameters, including fractal dimension and trabecular
separation, differed significantly between well-controlled and
poorly controlled diabetics, and predicted implant primary stability
better than clinical assessment alone.

Integration of CBCT analysis with clinical and laboratory
data could enable comprehensive preoperative assessment
that identifies patients requiring modified surgical protocols or
alternative treatment approaches.

5. Al in Treatment Planning and Decision Support

5.1 Optimizing Periodontal Therapy for Diabetic Patients
Periodontal treatment in diabetic patients must be tailored to
account for altered inflammatory responses, impaired healing, and
the bidirectional relationship between periodontal inflammation
and glycemic control. Al decision support systems can integrate
multiple patient factors to recommend optimal treatment
approaches.

A clinical decision support system developed for periodontal
treatment in diabetic patients incorporates patient glycemic
control, periodontal disease severity, smoking status, oral
hygiene capabilities, and previous treatment responses to
generate personalized treatment recommendations. The system
uses a combination of rule-based logic and machine learning to
recommend initial therapy approaches (scaling and root planing
alone vs. adjunctive antimicrobials vs. systemic antibiotics), recall
intervals (3, 4, or 6 months), and criteria for referral to periodontal
specialists.

Validation of the system in a cohort of 234 diabetic patients
demonstrated that adherence to Al-generated recommendations
was associated with better clinical outcomes, including greater
reductions in probing depths and clinical attachment gain,
compared to treatment decisions made without decision support.
Importantly, the system identified patients who would benefit
from more intensive initial therapy, potentially preventing disease
progression that might otherwise occur with standard approaches.

5.2 Surgical Planning and Intraoperative Guidance

For diabetic patients undergoing oral surgical procedures, Al can
support surgical planning by predicting healing complications and
recommending modifications to standard protocols. These may
include more conservative flap designs, placement of surgical
incisions in well-vascularized tissues, and use of specific suture
materials and techniques that minimize tissue trauma.

Al analysis of preoperative imaging can identify anatomical
features associated with increased surgical risk in diabetic patients.
For example, detection of reduced bone density or altered trabecular
architecture may prompt recommendations for modified implant
site preparation, including under-preparation of osteotomies or
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extended healing periods before loading.

Intraoperative Al guidance, though still in early stages of
development, could potentially provide real-time feedback on
surgical technique based on analysis of video or optical coherence
tomography images. For diabetic patients with impaired healing,
such guidance could help surgeons optimize tissue handling and
minimize trauma that might otherwise lead to complications.

5.3 Medication Management and Drug Interaction Checking
Managing medications in diabetic dental patients requires
consideration of multiple factors, including diabetes drugs,
medications for diabetes complications, and drugs prescribed for
dental conditions. Al-powered medication management systems
can check for potential interactions and recommend adjustments
based on individual patient characteristics.

A natural language processing system developed for this purpose
extracts medication information from electronic health records and
checks against multiple drug interaction databases. For diabetic
patients, the system flags specific concerns including:

» Hypoglycemia risk: Interactions between diabetes medications
and alcohol-containing preparations, or between sulfonylureas
and certain antibiotics (sulfonamides, fluoroquinolones) that may
increase hypoglycemia risk

» Nephrotoxicity: Combinations of NSAIDs with ACE inhibitors
or ARBs (commonly prescribed for diabetic nephropathy and
hypertension) that increase acute kidney injury risk

» Metformin and contrast media: Guidance on metformin
withholding before procedures requiring iodinated contrast, based
on renal function and procedure type

» Bleeding risk: Interactions between antiplatelet/anticoagulant
medications and dental procedures, with recommendations for
management based on procedure-specific bleeding risk and
patient-specific thrombosis risk

When potentially harmful combinations are identified, the system
generates alerts with recommended alternatives or monitoring
protocols, supporting safer prescribing in diabetic patients.

6. AI-Powered Monitoring and Follow-Up

6.1 Smartphone-Based Wound Healing Assessment
Postoperative monitoring is particularly important in diabetic
patients, who are at increased risk for delayed healing and surgical
site infections. However, traditional follow-up requiring in-person
visits is resource-intensive and may not detect complications that
develop between scheduled appointments.

Smartphone-based Al systems that analyze wound photographs
submitted by patients enable remote monitoring with professional
oversight. Patients capture standardized images of surgical sites at
specified intervals, and Al algorithms assess healing progress by
analyzing wound size, color, presence of exudate, and surrounding
tissue characteristics.

A study evaluating such a system for post-extraction sockets in
diabetic patients reported that Al assessment of healing correlated
strongly with clinical evaluation (r = 0.87) and detected delayed
healing an average of 3.2 days earlier than scheduled follow-
up visits would have allowed. Early detection enabled prompt
intervention, including enhanced oral hygiene instruction,
chlorhexidine rinses, and in some cases, antibiotic therapy that
prevented progression to overt infection.

6.2 Predicting and Preventing Peri-Implantitis
Peri-implantitis, an inflammatory condition affecting the tissues
around dental implants, occurs more frequently in diabetic patients
and is more difficult to treat successfully once established. Al
models that predict peri-implantitis risk could guide preventive
interventions and monitoring frequency.

A machine learning model developed to predict peri-implantitis
in diabetic patients incorporated baseline characteristics (glycemic
control, smoking status, periodontal history), implant-related
factors (surface characteristics, prosthetic design, location),
and longitudinal data (probing depths, bleeding on probing,
radiographic bone levels). The model achieved 85% accuracy in
predicting peri-implantitis development within 5 years of implant
placement.

Patients identified as high-risk by the model could be enrolled in
enhanced maintenance protocols, including more frequent recall
visits, adjunctive antimicrobial therapy, and closer monitoring
of glycemic control. Early intervention when peri-implantitis is
detected may prevent progression to the point where implant loss
becomes inevitable.

6.3 Integration with Continuous Glucose Monitoring
Continuous glucose monitoring (CGM) systems, increasingly
used by diabetic patients to track glycemic patterns in real-time,
offer opportunities for integration with dental care. CGM data
reveal glycemic variability, time in range, and trends that may be
more informative for dental risk assessment than episodic HbAlc
measurements.

Al systems that analyze CGM data alongside dental treatment
outcomes could identify glycemic patterns associated with
complications. For example, patients with high glycemic
variability may be at greater risk for postoperative infections than
those with stable but moderately elevated glucose, even if their
average HbAlc is similar.

Real-time integration of CGM data during dental procedures could
guide decision-making about procedure timing and perioperative
glucose management. If a patient's glucose is rising rapidly during
a lengthy procedure, the system could alert the dentist to consider
aborting the procedure or taking other precautions to prevent
complications.
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7. Implementation in Clinical Practice

7.1 Workflow Integration and User Experience

For Al tools to be adopted in busy dental practices, they must
integrate seamlessly into existing workflows and provide
value without adding significant time or cognitive burden. Key
considerations include:

Electronic Health Record Integration: Al outputs should appear
within the familiar EHR interface, with relevant information
surfaced at appropriate points in the clinical workflow. For diabetic
patients, this might include prominent display of glycemic control
status, medication alerts, and risk scores at patient check-in, during
treatment planning, and at recall visits.

Point-of-Care Decision Support: Alerts and recommendations
should be delivered at the moment of decision-making, when they
can influence clinical actions. A recommendation for antibiotic
prophylaxis based on diabetes status and procedure type is most
useful when the dentist is writing the prescription, not when
reviewing the chart hours or days earlier.

Minimal Disruption: Al tools should require minimal additional
data entry. The best systems leverage data already present in the
EHR, extracting and analyzing information without requiring
clinicians to duplicate efforts. When additional data is needed, it
should be collected through efficient, structured interfaces that
minimize disruption.

7.2 Clinician Training and Acceptance

Successful implementation of Al in dental practice requires that
clinicians understand the capabilities and limitations of these
tools and trust their recommendations. Training programs should
address:

Al Literacy: Clinicians need basic understanding of how Al
systems work, what they can and cannot do, and how to interpret
their outputs. This includes recognition that Al recommendations
are probabilistic, not deterministic, and should be combined with
clinical judgment.

Transparency and Explainability: When Al systems make
recommendations, they should provide explanations that clinicians
can understand and evaluate. For a recommendation to delay
implant placement due to high predicted failure risk, the system
should indicate which factors contributed most to that prediction,
enabling the clinician to assess whether those factors are modifiable
or were correctly assessed.

Clinical Validation: Clinicians need confidence that Al tools
have been rigorously validated in populations similar to their own
patients. Presentation of validation results, including performance
metrics and limitations, supports appropriate trust calibration.

7.3 Regulatory and Reimbursement Considerations
The regulatory landscape for Al in healthcare is evolving, with

frameworks that vary across jurisdictions. In the United States, the
FDA has established pathways for Al-based software as a medical
device, with requirements that scale with risk. Many dental Al
applications are classified as low to moderate risk, but developers
must navigate regulatory requirements before commercial
deployment.

Reimbursement for Al-enhanced services is an emerging
consideration. Current dental procedure codes do not specifically
include Al services, though some applications may be billed under
existing codes for interpretation of images or clinical decision
support. As evidence accumulates that Al improves outcomes and
reduces complications, payers may develop specific reimbursement
mechanisms that encourage adoption.

8. Challenges and Future Directions

8.1 Data Scarcity and Quality Issues

Development of robust AI models for diabetic dental patients
requires large, diverse, high-quality datasets that are currently
scarce. Most existing studies use data from single institutions,
limiting generalizability. Data from different practice settings,
geographic regions, and patient populations are needed to develop
models that perform reliably across contexts.

Data quality issues, including inconsistent documentation
of diabetes status, missing glycemic control information,
and variability in clinical measurements, further complicate
model development. Efforts to standardize data collection and
documentation in dental practice would support Al development
while improving clinical care.

8.2 Algorithmic Bias and Health Equity

If Al models are developed using data that underrepresents certain
populations, they may perform poorly for those groups, potentially
exacerbating existing health disparities. Diabetic patients from
racial and ethnic minority groups, those with lower socioeconomic
status, and those in rural areas may be underrepresented in training
data, leading to models that are less accurate for these populations.

Addressing algorithmic bias requires intentional efforts to include
diverse populations in training data, rigorous evaluation of model
performance across subgroups, and development of methods to
detect and correct bias when it occurs. Regulatory frameworks
should require demonstration of equitable performance before
approval of Al systems for clinical use.

8.3 Interoperability and Data Sharing

Al development and deployment require access to data from
multiple sources, including dental records, medical records,
pharmacy data, and patient-reported information. Current lack of
interoperability between electronic health record systems impedes
data sharing and limits the ability to develop comprehensive
models that integrate information across care settings.

Standards development efforts, including HL7 FHIR and the
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SmileCDR platform for dental data, are making progress toward
interoperability. However, widespread adoption of these standards
will require incentives and, potentially, regulatory requirements
that encourage vendors to implement them.

8.4 Emerging Technologies:
Language Models

Recent advances in generative Al and large language models
(LLMs) offer new possibilities for dental applications. LLMs such
as GPT-4 could potentially generate patient education materials
tailored to individual diabetic patients' literacy levels and learning
preferences, create draft clinical notes that summarize diabetes-
related findings, and answer patient questions about diabetes and
oral health.

Generative Al and Large

However, these applications require careful evaluation to
ensure accuracy, avoid hallucination, and maintain appropriate
professional oversight. Early studies of LLMs in medical contexts
have identified concerning rates of errors and biases, suggesting
that deployment in clinical settings should proceed cautiously with
robust safeguards.

9. A Comprehensive Framework for AI-Enhanced Dental Care
of Diabetic Patients

Based on the evidence reviewed, we propose a comprehensive
framework for integrating Al into dental care for diabetic patients
across the continuum of care.

9.1 Pre-Visit Phase

* Automated identification of diabetic patients from electronic
records

* NLP extraction of glycemic control status, medications, and
complications

* Generation of diabetes-specific pre-visit questionnaires

* Risk stratification to determine appropriate visit duration and
staffing

9.2 Initial Assessment

* Al-assisted review of systems with diabetes-focused queries

* Analysis of vital signs and point-of-care glucose testing when
indicated

* Integration of continuous glucose monitoring data when available
* Automated medication reconciliation with interaction checking

9.3 Clinical Examination

* Al analysis of clinical photographs for diabetes-related oral
changes

» Radiographic interpretation with quantification of periodontal
bone loss

* CBCT analysis for bone quality assessment when indicated

* Standardized documentation of findings with diabetes-specific
annotations

9.4 Diagnosis and Risk Assessment
* Machine learning models for predicting disease progression

* Identification of patients requiring referral for undiagnosed or
poorly controlled diabetes

* Generation of diabetes-specific problem lists and diagnoses

* Quantification of surgical and complication risks

9.5 Treatment Planning

* Al-generated treatment plan options tailored to diabetes status

* Prediction of treatment outcomes for different approaches

* Medication management recommendations with diabetes-
specific considerations

* Coordination with medical providers through automated
summaries

9.6 Treatment Execution

* Real-time glucose monitoring during procedures

* Al-guided surgical techniques for optimal tissue healing
 Automated documentation of diabetes-relevant treatment details
* Alerts for deviation from expected parameters

9.7 Post-Treatment Monitoring

* Smartphone-based wound healing assessment

* Early detection of complications through Al analysis of patient-
submitted data

* Automated recall scheduling based on risk stratification

* Integration with diabetes management apps for coordinated care

9.8 Longitudinal Care

* Tracking of glycemic control trends and correlation with dental
outcomes

* Predictive models for peri-implantitis and disease recurrence

* Personalized recall intervals based on dynamic risk assessment

* Continuous learning systems that improve with accumulated
patient data

10. Conclusion

The integration of artificial intelligence into dental care for diabetic
patients represents a paradigm shift from reactive, guideline-based
care to proactive, personalized medicine. Al technologies offer
tools to address the unique challenges presented by this growing
patient population, including increased complication risks,
complex medication regimens, and the need for coordinated care
across medical and dental disciplines.

Current evidence demonstrates the technical feasibility of
Al applications across multiple domains relevant to diabetic
dental patients. Machine learning models can predict surgical
complications and implant survival with accuracy sufficient to
inform clinical decisions. Image analysis algorithms can detect
diabetes-related oral changes and monitor healing remotely.
Natural language processing can extract critical information from
electronic records and support medication management. Clinical
decision support systems can optimize treatment planning and
recall intervals based on individual patient characteristics.

However, realizing the potential of these technologies requires
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addressing substantial challenges. High-quality, diverse datasets
are needed for model development and validation. Interoperability
standards must enable data sharing across care settings. Clinicians
require training to use Al tools effectively and appropriately.
Regulatory frameworks must ensure safety and effectiveness
while encouraging innovation. Reimbursement mechanisms must
recognize the value of Al-enhanced care.

The framework proposed in this review provides a roadmap for
integrating Al into dental care for diabetic patients across the
entire care continuum. As these technologies mature and evidence
accumulates, they have the potential to transform outcomes
for diabetic dental patients, reducing complications, improving
treatment success, and supporting the bidirectional relationship
between oral health and glycemic control.

For the millions of diabetic patients worldwide who require dental
care, the stakes are high. Diabetes-related oral complications impair
quality of life, increase healthcare costs, and may contribute to
worsening glycemic control that accelerates other complications.
Al technologies that enhance our ability to prevent, detect early,
and manage effectively these complications represent a valuable
addition to the therapeutic armamentarium.

The path forward requires collaboration across multiple disciplines
dentistry, medicine, computer science, bioethics, health services
research to develop, validate, and implement Al solutions that
serve patients and providers effectively. Professional organizations
must develop guidelines for Al use in dental practice. Educational
institutions must prepare future practitioners for practice in
an Al-enabled environment. Regulatory bodies must establish
appropriate oversight frameworks that encourage innovation while
protecting patients.

With continued research, development, and responsible
implementation, artificial intelligence can help transform the
management of diabetic dental patients from a series of challenging
clinical encounters to a coordinated, personalized, and proactive
approach that optimizes outcomes and supports overall health and
well-being.
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