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Introduction Early childhood caries (ECC) remains one of the most 

widespread chronic diseases affecting pediatric populations globally, posing a 

significant public health challenge. Despite substantial advancements in modern 

pediatric dentistry, the prevalence of ECC in preschool children ranges from 30% 

to 85% in various developing countries, leading to premature tooth loss, 

malocclusions, systematic somatic complications, and a drastically reduced quality 

of life[1,5,7]. Traditional preventive strategies typically rely on generalized, non-

specific protocols, such as universal fluoride applications or standardized oral 

hygiene instructions. However, clinical experience and epidemiological data 

indicate that these one-size-fits-all approaches frequently fail in cohorts exhibiting 

high cariogenic susceptibility or specific genetic predispositions[6,7]. 

Digitalization provides powerful tools to manage this complexity. Automated 

risk-assessment programs allow clinicians to synthesize multiple risk vectors into a 

single, quantifiable prognostic matrix. Once the exact risk tier of a pediatric patient 

is mathematically determined, contemporary non-invasive and minimally invasive 

technologies—such as nano-hydroxyapatite, casein phosphopeptide-amorphous 

calcium phosphate (CPP-ACP), silver diamine fluoride (SDF), and high-

concentration fluoride varnishes—can be strategically deployed[2,3]. This study 

addresses the urgent clinical need to structure, implement, and clinically validate 

personalized caries prevention protocols guided by digital risk screening tools. 

Material and Methods This prospective clinical and analytical study was 

conducted within a specialized pediatric dental framework. The primary objective 

was to formulate personalized caries prevention protocols based on digital risk 

stratifications and evaluate their long-term clinical efficacy over a 12-month follow-

up period in preschool children. 

A total of 150 children aged 3 to 5 years were enrolled in the study. The digital 

screening and risk stratification were executed using a specialized automated caries 

risk-assessment software program. This software integrated twenty distinct clinical 
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and lifestyle parameters, including salivary flow rate, buffering capacity, oral 

hygiene indices (such as the Green-Vermillion index), dietary sugar frequency, 

prolonged nocturnal breastfeeding, maternal dental status, and socioeconomic 

factors. 

Based on the automated digital matrix computation, the participants were 

dynamically stratified into three distinct risk tiers: 

 Low-Risk Protocol: Standard bi-annual clinical monitoring, basic oral 

hygiene optimization with age-appropriate fluoride toothpaste (1000 ppm F), and 

dietary counseling. 

 Moderate-Risk Protocol: Intensive professional oral hygiene training, 

quarterly clinical applications of 5% sodium fluoride varnish, and a home-care 

regimen incorporating biomimetic nano-hydroxyapatite pastes to enhance enamel 

mineralization. 

 High-Risk Protocol: Monthly or bi-monthly clinical interventions, localized 

applications of casein phosphopeptide-amorphous calcium phosphate (CPP-ACP) 

combined with fluoride (CPP-ACPF), targeted silver diamine fluoride (SDF) 

therapy for active initial lesions, and strict home-care surveillance using specialized 

remineralizing complexes alongside strict dietary modifications. 

Clinical evaluations were carried out at baseline, 6 months, and 12 months. The 

primary outcome measures included the increment of decayed, missing, and filled 

teeth surfaces (DMFS index), the evolution of oral hygiene status, and the 

remineralization dynamics of initial white-spot lesions evaluated via laser 

fluorescence (DIAGNOdent) and visual-tactile criteria (ICDAS-II). Statistical 

analysis was performed utilizing SPSS Version 26.0, employing paired t-tests and 

chi-square tests, with the significance threshold established at p < 0.05. 

Results and Discussion The initial automated digital screening successfully 

categorized the 150 participants: 35 children (23.3%) were identified as Low Risk, 

62 children (41.3%) as Moderate Risk, and 53 children (35.4%) as High Risk. This 

baseline distribution confirms the high prevalence of cariogenic risk factors within 

the evaluated preschool cohort, underscoring the necessity of targeted digital 

screening. 

At the 12-month clinical recall, the implementation of personalized protocols 

demonstrated substantial therapeutic success across all risk groups. In the Low-Risk 

cohort, dental health remained exceptionally stable, with a mean dmfs increment 

close to zero (dmfs = 0.05 ± 0.02), validating that basic preventive measures are 

sufficient when risk factors are low. 

In the Moderate-Risk cohort, the integration of biomimetic nano-

hydroxyapatite and quarterly fluoride varnishes significantly enhanced enamel 
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resilience. The laser fluorescence values (DIAGNOdent scores) of active initial 

white-spot lesions dropped from a baseline mean of 14.6 ± 2.1 to a stable 6.2 ± 1.4 

at 12 months (p < 0.01), indicating successful structural remineralization and lesion 

arrest. 

The most pronounced clinical breakthrough was observed within the High-

Risk pediatric cohort. Historically, high-risk children subject to standard non-

personalized care exhibit rapid caries progression. However, under the personalized 

protocol driven by CPP-ACPF and targeted SDF interventions, the caries increment 

was remarkably controlled. The mean dmfs increment in the high-risk group was 

restricted to 0.42 ± 0.15 over 12 months, which is significantly lower than historical 

controls or literature-based averages for non-personalized care in high-risk pediatric 

populations (p < 0.001). 

Conclusion The integration of automated digital risk screening combined with 

personalized prevention protocols represents a highly effective, biomimetic, and 

clinically sound approach to managing early childhood caries. By moving beyond 

traditional, non-specific preventive models, this strategy allows for the accurate 

stratification of pediatric patients and the customized deployment of advanced 

remineralizing technologies like nano-hydroxyapatite and CPP-ACPF. Over a 12-

month period, these personalized protocols proved highly capable of arresting initial 

enamel demineralization, significantly reducing caries increments, and stabilizing 

oral health outcomes in moderate- and high-risk preschool children. This digital and 

personalized framework establishes a reliable foundation for modern pediatric 

public health programs and should be widely integrated into routine pediatric dental 

practice. 
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