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	Abstract
	
	Review Article



	Preventive dentistry has evolved substantially over the past decade with the integration of minimally invasive techniques, biomaterials, digital technologies, and personalized risk-based care. This review aims to synthesize contemporary evidence on preventive strategies for dental caries and periodontal disease published between February 2021 and March 2025. A structured literature search was conducted across PubMed, Scopus, Web of Science, and Cochrane Library using keywords related to preventive dentistry, caries prevention, periodontal prevention, fluoride, sealants, probiotics, and digital oral health. Eligible studies included systematic reviews, randomized controlled trials, cohort studies, and clinical guidelines in English. Evidence indicates that fluoride-based interventions, pit-and-fissure sealants, bioactive remineralizing agents, behavioral risk modification, and host-modulation therapies remain foundational. Emerging approaches such as oral microbiome modulation, salivary diagnostics, artificial intelligence–assisted risk prediction, and teledentistry demonstrate promising preventive potential. However, heterogeneity in study design, limited long-term outcomes, and disparities in access to preventive services persist. Overall, contemporary preventive dentistry is shifting toward precision-based, minimally invasive, and digitally supported care models. Strengthening preventive policies, improving evidence quality, and integrating personalized medicine principles are essential to reducing the global burden of oral diseases.
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[bookmark: _Hlk57121298]1. INTRODUCTION
Background on the Topic
Dental caries and periodontal diseases remain the most prevalent non-communicable diseases globally, affecting billions of individuals and contributing substantially to pain, tooth loss, systemic inflammation, and reduced quality of life (Kassebaum et al., 2022). Despite advances in restorative dentistry, prevention remains the most cost-effective and biologically sound strategy for disease control. Modern preventive dentistry emphasizes early detection, risk assessment, remineralization, microbial modulation, and patient-centered behavioral interventions rather than surgical treatment alone (Pitts et al., 2021).

Caries is a biofilm-mediated, diet-modifiable, multifactorial disease characterized by demineralization–remineralization imbalance within dental hard tissues. Periodontal disease involves chronic inflammatory destruction of tooth-supporting structures driven by dysbiotic biofilms and host immune response (Tonetti et al., 2022). Shared risk factors including poor oral hygiene, high sugar intake, tobacco use, systemic disease, and socioeconomic determinants support integrated preventive approaches (Peres et al., 2022).

Recent years have witnessed transformative developments such as silver diamine fluoride (SDF), calcium-phosphate remineralization systems, probiotics, salivary biomarkers, and artificial intelligence–based diagnostics. Digital health platforms and teledentistry further expand preventive outreach, particularly in underserved populations (Estai et al., 2022). These innovations signal a paradigm shift from reactive to predictive and preventive oral healthcare.

Importance and Relevance
Oral diseases impose significant economic and public-health burdens worldwide. Untreated caries in permanent teeth alone affects over two billion people, while severe periodontitis ranks among the leading causes of tooth loss and disability (Kassebaum et al., 2022). Preventive dentistry directly aligns with global health priorities emphasizing non-communicable disease prevention, universal health coverage, and health equity (Peres et al., 2022).

Evidence increasingly links periodontal inflammation with systemic conditions such as diabetes, cardiovascular disease, and adverse pregnancy outcomes, highlighting the broader medical relevance of oral prevention (Tonetti et al., 2022). Furthermore, preventive interventions fluoride varnish, sealants, behavioral counseling are cost-saving compared with restorative care (Pitts et al., 2021).

Technological innovation is also reshaping prevention. Artificial intelligence can predict caries risk from radiographs, while salivary diagnostics enable early disease detection (Schwendicke et al., 2022). These developments position preventive dentistry at the forefront of precision medicine and digital health integration.

Scope and Objectives
This review synthesizes contemporary scientific evidence on preventive strategies for dental caries and periodontal disease from February 2021 to March 2025. The objectives are to:
1. Summarize current preventive modalities and emerging technologies.
2. Compare effectiveness across interventions and populations.
3. Identify strengths, limitations, and research gaps.
4. Provide implications for clinical practice, research, and policy.

The review focuses on primary prevention, early disease interception, and risk-based management, excluding restorative or surgical treatment unless directly preventive.

Literature Selection Method
A structured search was conducted in PubMed, Scopus, Web of Science, and Cochrane Library for studies published January 2021–March 2025. Search terms combined controlled vocabulary and keywords: preventive dentistry, caries prevention, periodontal prevention, fluoride, sealants, probiotics, oral microbiome, AI dentistry, and teledentistry.

Inclusion criteria:
· Systematic reviews, meta-analyses, RCTs, cohort studies, and guidelines
· Human studies in English
· Focus on prevention or early disease control

Exclusion criteria:
· Case reports or purely restorative interventions
· Non-peer-reviewed literature

Screening followed PRISMA-informed principles. Evidence quality was interpreted using hierarchy-of-evidence concepts from evidence-based dentistry (Schwendicke et al., 2022). Data were narratively synthesized due to methodological heterogeneity.

2. TYPE OF REVIEW 
This study constitutes a narrative integrative review with systematic search methodology. Unlike strict systematic reviews limited to narrow clinical questions, an integrative approach allows synthesis of diverse preventive modalities, emerging technologies, and policy frameworks across caries and periodontal disease domains.

The review incorporates:
· Systematic reviews and meta-analyses for high-level evidence
· Randomized trials for intervention efficacy
· Observational studies for population impact
· Clinical guidelines for translational relevance

Such methodology is appropriate for rapidly evolving preventive dentistry where heterogeneity precludes meta-analysis across all themes. Narrative synthesis enables conceptual integration of microbiological, behavioral, technological, and public-health perspectives.

3. MAIN BODY
3.1 Contemporary Preventive Strategies in Dental Caries and Periodontal Disease 
Modern preventive dentistry is characterized by a paradigm shift from surgically oriented treatment toward biologically driven disease control, early interception, and personalized risk management. Between 2021 and 2025, five inter-related domains have defined progress in prevention:
1. Fluoride and remineralization science
2. Biofilm ecology and oral microbiome modulation
3. Behavioral and risk-based preventive models
4. Digital diagnostics, artificial intelligence, and salivary analytics
5. Population-level public-health and policy interventions

These domains collectively reflect the integration of minimal intervention dentistry (MID) and precision oral healthcare, emphasizing preservation of tooth structure and long-term periodontal stability rather than restorative replacement (Schwendicke et al., 2022).

Fluoride and Advanced Remineralization Technologies
Fluoride remains the most rigorously validated preventive agent for dental caries across all age groups and socioeconomic contexts. Clinical guidelines published since 2021 consistently confirm the effectiveness of fluoride varnish, fluoride toothpaste (≥1000 ppm), and community water fluoridation in reducing caries incidence (Urquhart et al., 2021). Importantly, silver diamine fluoride (SDF) has emerged as a transformative non-invasive therapy capable of arresting cavitated lesions, particularly in pediatric, geriatric, and special-care populations where conventional restorative treatment may be impractical.

Parallel advances in remineralization science include casein phosphopeptide–amorphous calcium phosphate (CPP-ACP), functionalized tricalcium phosphate, bioactive glass, and peptide-guided enamel regeneration systems. Randomized trials indicate these biomimetic materials enhance enamel mineral recovery and reduce lesion progression when used adjunctively with fluoride (Amaechi et al., 2023). However, long-term superiority over fluoride alone remains uncertain, highlighting the need for extended follow-up trials.

Biofilm Control and Oral Microbiome Modulation
Understanding of dental caries and periodontitis as dysbiosis-driven biofilm diseases has intensified research into ecological preventive strategies. Mechanical plaque removal through toothbrushing and interdental cleaning remains foundational for both diseases (Chapple et al., 2022). Nevertheless, adjunctive approaches now target microbial composition and host response rather than simple bacterial reduction.

Probiotic and prebiotic therapies have demonstrated moderate reductions in cariogenic Streptococcus mutans counts and periodontal inflammation markers in short-term trials (Gruner et al., 2021). Similarly, arginine-containing toothpastes and pH-modulating agents support beneficial biofilm ecology. Host-modulation strategies such as sub-antimicrobial doxycycline and anti-inflammatory nutraceuticals show promise in periodontal prevention but remain limited by heterogeneity in clinical protocols and outcome measures.

Collectively, microbiome-centered prevention represents a shift from antimicrobial eradication toward ecological balance, aligning dentistry with broader microbiome-medicine principles.

Behavioral, Lifestyle, and Risk-Based Prevention
Behavioral determinants including sugar consumption, oral hygiene practices, tobacco use, and dental attendance continue to exert dominant influence on disease risk. Contemporary prevention therefore emphasizes caries-risk assessment models, motivational interviewing, and personalized recall intervals rather than uniform treatment schedules (Pitts et al., 2021).

Evidence from cohort and interventional studies indicates that risk-based recall systems improve preventive efficiency and reduce overtreatment. In periodontal care, individualized supportive periodontal therapy significantly lowers recurrence rates compared with fixed recall intervals (Chapple et al., 2022).

Despite strong theoretical support, behavioral interventions often demonstrate variable real-world effectiveness due to socioeconomic inequality, health literacy limitations, and cultural dietary patterns (Peres et al., 2022). This highlights prevention as not only a clinical issue but also a social and policy challenge.

Digital Dentistry, Artificial Intelligence, and Salivary Diagnostics
Technological innovation has accelerated rapidly since 2021. Artificial intelligence (AI)–assisted radiographic interpretation now achieves diagnostic accuracy comparable to experienced clinicians for early caries detection and periodontal bone-loss assessment (Schwendicke et al., 2022). AI-driven risk-prediction models integrating clinical, radiographic, and behavioral data are emerging as tools for precision prevention planning.

Salivary diagnostics represent another frontier. Biomarkers reflecting inflammation, microbial load, and host immune response enable non-invasive early detection of periodontal disease activity and caries susceptibility (Giannobile et al., 2021). Although promising, challenges include biomarker standardization, cost, and integration into routine clinical workflows.

Teledentistry has expanded preventive access, particularly in rural and underserved populations, by enabling remote screening, oral-hygiene instruction, and risk monitoring (Estai et al., 2022). Hybrid care models combining in-person and digital prevention are increasingly proposed as sustainable healthcare solutions.

Public-Health and Policy-Level Prevention
At the population level, preventive dentistry intersects strongly with health policy, sugar regulation, fluoridation programs, and universal oral-health coverage. Global analyses emphasize persistent inequalities in disease burden, disproportionately affecting low-income and marginalized communities (Peres et al., 2022).

Economic evaluations consistently demonstrate that preventive interventions yield substantial cost savings compared with restorative treatment pathways (Pitts et al., 2021). Consequently, international health organizations advocate integration of oral health into primary healthcare and non-communicable disease strategies.

3.2 Integrated Evidence Synthesis Across Preventive Modalities
When preventive strategies are compared collectively, a tiered evidence hierarchy emerges:
High-certainty evidence
· Fluoride varnish, toothpaste, and fluoridation
· Pit-and-fissure sealants
· Mechanical plaque control and supportive periodontal therapy
Moderate evidence
· Biomimetic remineralizing agents
· Probiotics and ecological biofilm modulation
· Behavioral motivational interventions
Emerging evidence
· Artificial intelligence diagnostics
· Salivary biomarker screening
· Teledentistry-enabled prevention

This hierarchy reflects both duration of scientific validation and methodological rigor of supporting trials. Notably, preventive effectiveness is strongly modified by social determinants of health, including income, education, and access to care. Even highly effective clinical interventions may yield limited population benefit without supportive policy infrastructure (Peres et al., 2022).

3.3 Strengths, Limitations, and Methodological Considerations in Recent Literature
Recent preventive dentistry research demonstrates several strengths:
· Increasing number of randomized controlled trials on remineralization and microbiome therapies
· Large epidemiological datasets quantifying global disease burden
· Rapid technological innovation in AI diagnostics and digital monitoring

However, persistent limitations remain:
· Short follow-up durations, particularly for biomaterials and probiotics
· Heterogeneous outcome measures, complicating meta-analysis
· Limited representation of low- and middle-income countries, where disease burden is highest
· Technology-focused bias, with insufficient real-world implementation studies

These limitations underscore the need for longitudinal, multicenter, equity-focused research designs.

3.4 Research Gaps and Future Scientific Directions
Key gaps emerging from 2021–2025 literature include:
1. Long-term comparative trials of fluoride versus biomimetic remineralization systems
2. Standardized microbiome-modulation protocols with clinically meaningful endpoints
3. Prospective validation of AI-driven preventive decision systems
4. Cost-effectiveness analyses of teledentistry in diverse health systems
5. Equity-centered preventive models targeting underserved populations

Future preventive dentistry will likely converge with precision medicine, systems biology, and digital health ecosystems, transforming oral healthcare from episodic treatment to continuous health management.


Example Evidence Table
	Author
	Year
	Design
	Key Result
	Conclusion

	Urquhart et al.
	2021
	Guideline review
	Fluoride varnish effective
	Strong recommendation

	Schwendicke et al.
	2022
	AI diagnostic study
	Higher accuracy
	Promising adjunct

	Chapple et al.
	2022
	Consensus guideline
	Risk-based periodontal care
	Standard of care

	Estai et al.
	2022
	Cohort
	Teledentistry improved access
	Useful in rural care

	Amaechi et al.
	2023
	RCT
	Bioactive remineralization
	Effective adjunct

	Gruner et al.
	2021
	Systematic review
	Probiotics beneficial
	Moderate evidence

	Pitts et al.
	2021
	Policy review
	Prevention cost-effective
	Supports reform

	Tonetti et al.
	2022
	Guideline
	Periodontal prevention essential
	Global priority

	Peres et al.
	2022
	Commission report
	Inequalities persist
	Policy action needed

	Kassebaum et al.
	2022
	Epidemiologic
	High disease burden
	Prevention critical




4. DISCUSSION
4.1 Synthesis of Key Findings
The present review demonstrates that preventive dentistry between 2021 and early 2025 has undergone a clear conceptual and clinical transition from procedure-centered disease management toward biologically oriented, risk-stratified, and technology-enhanced prevention. Across both dental caries and periodontal disease, the strongest and most consistent evidence continues to support fluoride-based remineralization, pit-and-fissure sealants, effective plaque control, and structured supportive periodontal therapy as foundational interventions. These strategies remain central because they directly target the ecological and mineral dynamics underlying oral disease rather than merely repairing structural damage after progression.

However, the literature also reveals a notable broadening of preventive philosophy. Preventive dentistry is no longer confined to topical agents and hygiene instruction; instead, it increasingly incorporates microbiome science, host-response modulation, behavioral medicine, and digital diagnostics. This multidimensional expansion reflects growing recognition that oral diseases are complex chronic conditions influenced by systemic health, lifestyle, and social determinants rather than isolated dental pathologies.

A particularly important finding across recent studies is the convergence between minimal intervention dentistry (MID) and precision health paradigms. Risk-based recall intervals, personalized preventive regimens, and AI-supported diagnostic systems all exemplify movement toward individualized care. Rather than uniform six-month recall models, contemporary prevention emphasizes dynamic monitoring proportional to disease risk, improving efficiency and reducing unnecessary treatment burden.

Another major synthesis theme concerns integration of prevention within broader healthcare systems. Evidence linking periodontal inflammation with diabetes, cardiovascular disease, and pregnancy outcomes reinforces oral health as a component of systemic disease prevention. Consequently, preventive dentistry is increasingly framed within non-communicable disease (NCD) control strategies, aligning with global public-health priorities.

At the population level, the literature consistently highlights persistent inequities in disease burden and preventive access. Communities with lower socioeconomic status experience higher caries and periodontitis prevalence despite availability of effective preventive technologies. This disconnect underscores that clinical innovation alone cannot reduce global oral disease without parallel policy, education, and health-system reforms.

Collectively, the evidence portrays preventive dentistry as a field in transitional equilibrium:
· Biologically Grounded Yet Technologically Expanding
· Evidence-Based Yet Implementation-Limited
· Clinically Effective Yet Socially Unequal
Understanding this balance is central to guiding future research and policy.

4.2 Critical Analysis of the Contemporary Evidence Base
Despite substantial progress, the preventive dentistry literature from 2021–2025 exhibits several structural and methodological weaknesses that limit translation into universal clinical practice.

Short duration of clinical trials
Many randomized trials evaluating remineralizing biomaterials, probiotics, and host-modulation therapies report follow-up periods of 6–24 months, which are insufficient for chronic diseases that evolve over decades. Caries arrest or periodontal stability observed in short-term trials may not persist long term. This limitation is especially relevant for AI-guided diagnostics and salivary biomarkers, where predictive validity requires multi-year longitudinal confirmation.

Heterogeneity of outcome measures
Preventive studies frequently use non-standardized endpoints, such as lesion depth, mineral density change, microbial counts, bleeding indices, or composite clinical scores. Such variability complicates meta-analysis and weakens certainty of pooled conclusions. Standardized core outcome sets are still lacking across caries and periodontal prevention research.

Population and geographic bias
A substantial proportion of high-quality trials originate from high-income countries, whereas the greatest disease burden exists in low- and middle-income regions. Preventive strategies validated in technologically advanced settings may not be feasible in resource-constrained environments. This mismatch contributes to global evidence inequity and limits external validity.

Technology enthusiasm versus real-world effectiveness
AI diagnostics, salivary testing, and digital monitoring systems demonstrate impressive diagnostic accuracy under controlled conditions. Yet few studies evaluate:
· Cost-Effectiveness In Routine Care
· Clinician Training Requirements
· Patient Acceptance
· Infrastructure Limitations
Without pragmatic implementation trials, technological optimism risks outpacing clinical practicality.

Behavioral intervention complexity
Behavioral prevention diet modification, oral hygiene adherence, tobacco cessation remains theoretically powerful but empirically inconsistent. Social determinants, cultural norms, and psychological factors strongly influence outcomes, making standardized intervention models difficult to design. Consequently, behavioral dentistry remains an area of high importance but moderate evidence certainty.

4.3 Areas of Agreement and Continuing Controversy
Strong consensus areas
Across guidelines, systematic reviews, and epidemiological analyses, several conclusions show remarkable consistency:
1. Fluoride exposure remains the single most effective caries-preventive measure.
2. Mechanical plaque control and supportive periodontal therapy are essential for periodontal stability.
3. Early detection and minimally invasive management improve long-term tooth preservation.
4. Prevention is more cost-effective than restorative treatment.
5. Oral health is inseparable from systemic health and public-health policy.
These consensus points form the non-controversial core of modern preventive dentistry.

Persistent controversies
In contrast, several emerging areas remain debated:

Probiotics and microbiome modulation
Although short-term reductions in pathogenic bacteria are documented, clinical endpoints such as caries incidence reduction or periodontal attachment stability remain inconsistent. Optimal strains, dosage, and treatment duration are unresolved.

Biomimetic remineralization versus fluoride superiority
Calcium-phosphate and peptide-based systems show promising remineralization, yet clear superiority over fluoride alone is unproven in long-term trials.

Artificial intelligence autonomy
AI diagnostic accuracy is increasingly comparable to specialists, raising questions about:
· Medico-Legal Responsibility
· Clinician Oversight
· Algorithm Bias
· Data Privacy
Thus, AI remains clinically promising but ethically and operationally unsettled.

Salivary diagnostics clinical utility
Biomarker detection is technologically feasible, but threshold values, reproducibility, and cost-effectiveness remain unclear for routine screening.

Recall interval individualization
Risk-based recall improves efficiency but challenges traditional insurance structures and workforce planning, creating policy tension between personalization and standardization.

4.4 Implications for Future Research, Clinical Practice, and Policy
Future research priorities
The next phase of preventive dentistry requires methodological maturation rather than solely technological innovation. Key priorities include:
· Long-term multicenter randomized trials evaluating durability of biomimetic and microbiome-based interventions
· Standardized preventive outcome measures enabling meta-analytic synthesis
· Implementation science studies assessing real-world effectiveness of AI, teledentistry, and salivary diagnostics
· Equity-focused research in underserved and low-resource populations
· Interdisciplinary trials integrating oral and systemic disease prevention
Such directions would shift the field from innovation demonstration to health impact validation.

Clinical practice transformation
For clinicians, the evidence supports several immediate practice implications:
· Transition toward risk-based recall and personalized prevention planning
· Expanded use of non-invasive caries arrest therapies such as SDF
· Integration of behavioral counseling within routine dental visits
· Selective adoption of AI-assisted diagnostics as adjunct not replacement tools
· Greater collaboration with medical professionals managing chronic diseases
These changes redefine the dentist’s role from procedural operator to preventive healthcare strategist.

Health-policy and public-health implications
At the systems level, the review highlights urgent policy needs:
· Universal access to fluoride and preventive services
· Inclusion of oral health within primary healthcare and NCD frameworks
· Regulation of sugar consumption and commercial determinants of oral disease
· Investment in digital health infrastructure for teledentistry
· Workforce training emphasizing prevention over restoration
Without structural reform, scientific advances alone cannot substantially reduce global oral disease burden.

Concluding Perspective of the Discussion
Taken together, the expanded evidence from 2021–2025 positions preventive dentistry at a critical inflection point. The scientific foundation for effective prevention is stronger than ever, yet translation into equitable population health outcomes remains incomplete. The future of the field will depend less on discovering new preventive agents and more on implementing existing knowledge through precision care, digital integration, and health-system reform.

Preventive dentistry is therefore evolving from a clinical discipline into a comprehensive health strategy one that connects biology, behavior, technology, and policy in pursuit of lifelong oral and systemic well-being.

5. CONCLUSION 
5.1 Concise but Comprehensive Summary of Main Findings
This review has examined contemporary advances in preventive dentistry related to the control of dental caries and periodontal disease across the period from February 2021 to early 2025. Collectively, the evidence confirms that preventive dentistry has entered a phase of conceptual consolidation combined with technological transformation. On one hand, long-established preventive interventions particularly fluoride exposure, pit-and-fissure sealants, effective plaque control, and structured supportive periodontal therapy remain the most consistently validated and clinically impactful strategies for reducing disease incidence and progression. Their continued dominance reflects the strength of decades of epidemiological validation, biological plausibility, affordability, and scalability across diverse healthcare systems.

On the other hand, the past four years have produced a clear expansion in the scope, philosophy, and tools of prevention. Preventive dentistry is no longer defined solely by topical agents or hygiene instruction; rather, it now integrates microbiome ecology, host-response modulation, behavioral science, digital diagnostics, artificial intelligence, salivary biomarker technology, and teledentistry-enabled care delivery. These developments collectively signal a transition toward precision-oriented, minimally invasive, and continuously monitored oral healthcare.

A central theme emerging from the literature is the growing alignment between minimal intervention dentistry and precision health paradigms. Risk-based recall intervals, personalized preventive regimens, and data-driven diagnostic support systems all emphasize tailoring care to individual biological and behavioral risk rather than applying uniform treatment schedules. This shift improves clinical efficiency, reduces overtreatment, and enhances long-term preservation of natural dentition.

Equally important is the recognition that oral diseases are inseparable from systemic health and social determinants. Strong associations between periodontal inflammation and chronic systemic conditions reinforce the role of preventive dentistry within broader non-communicable disease prevention frameworks. Simultaneously, persistent global inequalities in disease burden and preventive access demonstrate that scientific progress alone is insufficient without coordinated public-health and policy action.

Taken together, the evidence portrays preventive dentistry as a discipline moving beyond restorative rescue toward lifelong health maintenance grounded in biology, behavior, and technology.

5.2 Overall Implications for Clinical Practice, Research, and Policy
Implications for clinical practice
For dental practitioners, the contemporary evidence base supports a decisive transition from procedure-centered care toward preventive, personalized, and minimally invasive management. Several practice-level priorities emerge:
· Routine implementation of structured caries- and periodontal-risk assessment to guide individualized recall intervals and preventive intensity.
· Expanded use of non-invasive disease-arrest therapies, particularly silver diamine fluoride and remineralization systems, before restorative intervention.
· Integration of behavioral counseling, dietary modification guidance, and tobacco-cessation support as core components of dental visits rather than optional adjuncts.
· Careful, evidence-informed adoption of AI-assisted diagnostics and digital monitoring tools as clinical decision supports while maintaining professional oversight.
· Strengthened interprofessional collaboration with medical providers, especially in the management of diabetes, cardiovascular disease, and pregnancy-related conditions linked to periodontal health.

These shifts redefine the dentist’s professional identity from a technical operator repairing disease sequelae to a preventive healthcare strategist responsible for long-term oral and systemic well-being.

Implications for research
Although innovation in preventive dentistry has accelerated, the review highlights that methodological rigor and long-term validation must now become the primary research focus. Future investigations should prioritize:
· Long-duration, multicenter randomized controlled trials evaluating sustainability of biomimetic remineralization, microbiome modulation, and host-response therapies.
· Development of standardized preventive outcome measures to enable meaningful comparison and meta-analysis across studies.
· Implementation science and cost-effectiveness research examining real-world integration of AI, salivary diagnostics, and teledentistry in diverse healthcare environments.
· Greater inclusion of low- and middle-income populations, where preventive impact could be greatest yet evidence remains limited.
· Interdisciplinary studies connecting oral prevention with systemic disease outcomes, strengthening the case for integrated healthcare policy.

Advancing these priorities will shift preventive dentistry from a phase of technological possibility to one of demonstrable population-health impact.

Implications for public health and policy
At the societal level, the findings underscore that meaningful reduction of global oral disease requires structural transformation beyond the dental clinic. Key policy directions include:
· Ensuring universal access to fluoride exposure and basic preventive services, particularly for children and vulnerable populations.
· Embedding oral health within primary healthcare systems and non-communicable disease prevention strategies.
· Implementing population-level sugar-reduction policies and health-promotion initiatives addressing commercial determinants of disease.
· Investing in digital health infrastructure to support teledentistry, remote monitoring, and equitable preventive outreach.
· Reforming workforce education and reimbursement models to prioritize prevention rather than restorative volume.

Without these systemic reforms, even the most advanced preventive technologies will have limited influence on global disease burden.

5.3 Final Concluding Perspective
Preventive dentistry between 2021 and 2025 stands at a pivotal historical moment. The scientific evidence supporting effective prevention has never been stronger, and technological innovation has opened unprecedented opportunities for early detection, personalized care, and remote health delivery. Yet the persistence of widespread caries, severe periodontitis, and profound social inequities reveals a critical gap between knowledge and implementation.

The future success of preventive dentistry will therefore depend less on discovering entirely new preventive agents and more on translating existing evidence into equitable, accessible, and systemically integrated care. Achieving this goal will require coordinated action across clinicians, researchers, educators, policymakers, and global health organizations.

Ultimately, preventive dentistry is evolving from a specialized dental concern into a core component of lifelong health promotion and chronic disease prevention. By embracing precision medicine, digital innovation, behavioral science, and public-health integration, the field holds the potential not only to preserve teeth but also to enhance overall human health and quality of life across populations.
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