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Abstract. Dental caries is established as a leading chronic disease in pediatric
populations globally, with substantial implications for oral health outcomes,
health-related quality of 1life, and healthcare expenditure. Conventional
approaches to caries risk assessment in pediatric dentistry have been relied upon
primarily for clinical examination and radiographic findings; however, these
methodologies have been demonstrated to possess limited predictive accuracy for
identifying high-risk individuals prior to disease manifestation. Recent advances
in molecular biology, microbiological diagnostics, and imaging technologies have
been achieved, substantially expanding the arsenal of biomarkers available for
early caries prediction. This narrative review has been conducted to synthesize
current evidence regarding biomarkers and advanced risk assessment tools that
enhance early detection and prediction of dental caries in school-aged children.
Traditional clinical risk assessment methodologies, salivary Dbiomarkers
reflective of host protective mechanisms, microbiological signatures indicative
of dysbiosis, molecular and genetic predictors of individual susceptibility,
advanced imaging modalities for early lesion detection, and integrated multi-
marker algorithms that combine diverse data sources have been examined. The
integration of biomarker-based approaches with conventional clinical assessment
strategies 1s demonstrated to possess considerable promise for enabling
individualized prevention protocols and optimizing resource allocation in
pediatric dental care. Critical knowledge gaps have Dbeen identified,
implementation barriers in clinical practice have been discussed, and future
research directions for biomarker-guided caries management in the pediatric
population have been delineated.
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I. Introduction

1.1 Epidemiology and Public Health Significance of
Pediatric Caries

Dental caries is established as one of the most prevalent
chronic diseases affecting pediatric populations worldwide.
According to the Global Burden of Disease Study, approximately
620 million children globally are affected by untreated caries
in primary and permanent dentition, with this condition
ranking among the top ten most prevalent health conditions in
this demographic [1]. In developed nations, a prevalence of
caries in school-aged children ranging from 15 to 40 percent
has been documented, with substantially higher rates being
observed in socioeconomically disadvantaged populations. The
etiology of this disease has been characterized as involving
complex interactions between dietary carbohydrate
consumption, the oral microbiota, salivary protective
factors, and host immune responses [2].

Beyond immediate clinical manifestations, early-onset
caries has been shown to compromise nutritional status
during critical developmental windows, disrupt normal
growth and development, and generate substantial financial
burdens for both families and healthcare systems.
Considerable morbidity has been resulted in by the disease,
including pain, mastication impairment, dental anxiety, and
psychological distress in affected children. Nevertheless,
caries has been recognized as largely preventable through
early identification of high-risk individuals and
implementation of targeted preventive interventions [3].
The fundamental challenge in contemporary pediatric
dentistry has been identified as accurate identification of
children at highest risk prior to disease manifestation,
thereby enabling efficient allocation of preventive
resources.

1.2 Limitations of Current Risk Assessment Methodology

Standardized protocols have been developed by major
professional organizations including the American Academy of
Pediatric Dentistry and the American Dental Association for
contemporary caries risk assessment in pediatric dentistry
[4]. Historical caries experience, clinical examination
findings, radiographic assessment, behavioral and dietary
factors, socioeconomic variables, and fluoride exposure have
been incorporated into these tools. While reasonable
sensitivity and specificity have been demonstrated by these
conventional approaches across diverse populations, several
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inherent limitations have been identified that compromise
their predictive utility.

Traditional risk assessment methodologies are
characterized as reactive in nature, with existing carious
lesions or advanced demineralization being identified rather
than subclinical disease processes being detected. The
positive predictive wvalue of conventional risk models has
been reported to range from 40 to 60 percent, indicating

substantial misclassification wherein many children
classified as high-risk remain caries-free, while others
classified as low-risk develop multiple cavities.

Furthermore, interexaminer and intraexaminer variability in
clinical caries diagnosis has been documented as introducing
measurement error that compromises reproducibility and
consistency of risk assessment across different clinical
settings. Most significantly, individual biological
heterogeneity in host susceptibility has not been captured by
conventional assessment methodologies, thereby limiting the
personalization of preventive strategies.

1.3 Biomarkers in Caries Risk Prediction: Scientific
Rationale

Biomarkers are defined as measurable biological
indicators of disease susceptibility or progression that
reflect underlying pathophysiological mechanisms. The
application of biomarker-based approaches to caries
prediction has been grounded in the multifactorial etiology
of the disease. Dysbiotic shifts in the oral microbiota have
been driven by frequent carbohydrate consumption, with
modulation being effected through salivary defense mechanisms
including antimicrobial proteins, buffering capacity, and
remineralization potential [57. Individual genetic
polymorphisms have been established as influencing salivary
protein expression, immune responsiveness, and enamel
mineralization. Host inflammatory responses to dysbiotic
biofilms have been shown to contribute to disease progression.
Improved prediction of individual caries risk may be achieved
through quantification of biomarkers reflecting each of these
biological domains.

1.4 Scope and Objectives

Current evidence regarding biomarkers and advanced risk
assessment tools for predicting dental caries in school-aged
children (ages 6 to 12 vyears) has been examined in this
narrative review. Evidence on conventional c¢linical risk
indicators and their ©predictive ©performance, salivary
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biomarkers associated with caries susceptibility,
microbiological markers indicative of dysbiosis, molecular
and genetic predictors, imaging technologies for early lesion
detection, integrated multi-marker risk assessment
algorithms, implementation challenges in clinical practice,
and future research directions for biomarker-guided caries
management has been synthesized.

IT. Pathogenesis and Natural History of Caries in School-Aged

Children

2.1 Developmental Context and Clinical Significance

School-aged children have been identified as a critical
population for longitudinal investigation of caries etiology
and prevention. During this developmental window, a
transition from primary dentition through mixed dentition to
permanent dentition has been experienced by children, a
process spanning approximately six vyears. Epidemiological
evidence has demonstrated that caries experience in primary
dentition strongly predicts caries risk in permanent teeth,
indicating that disease patterns established during earlier
development persist into adulthood. Consequently, substantial
opportunity has been offered for modifying disease trajectory
and establishing favorable oral health outcomes across the
lifespan through early identification and intervention during
the school-aged years.

2.2 Microbiological Mechanisms and Disease
Pathophysiology

Dysbiotic disruption of the oral microbiota in response
to frequent carbohydrate exposure has been identified as
resulting in dental caries. The normal oral microbiota has
been characterized as comprising diverse bacterial species
existing in ecological equilibrium. When dietary fermentable
carbohydrates become abundant, a proliferation of acidogenic
and aciduric bacteria, particularly Streptococcus mutans and
various Lactobacillus species, has been observed, with
ecological dominance being established [6]. Organic acids
have been produced by these pathogenic organisms through
carbohydrate metabolism, with an environment increasingly
hostile to acid-susceptible commensal bacteria being
generated while further expansion of acidogenic taxa was
favored.

Dental enamel and dentin demineralization has been caused
by repeated acid exposure, with initiation of the irreversible
process of cavity formation being effected. Substantial
variation in individual susceptibility to this process has
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been documented based on salivary flow rate and composition,
buffering capacity, antimicrobial protein concentrations,
remineralization potential, microbiota composition and
virulence, and host immune responsiveness. These biological
parameters, which collectively determine individual caries
risk, have been established as amenable to quantification
through biomarker measurement. Such  heterogeneity in
susceptibility has been demonstrated as underscoring the
scientific rationale for biomarker-based personalization of
caries risk assessment and prevention strategies.
III.Conventional Clinical Risk Assessment Methodologies

3.1 The American Academy of Pediatric Dentistry Caries
Risk Assessment Tool

The AAPD Caries Risk Assessment Tool has been established
as the primary standardized risk assessment instrument
employed 1in pediatric dental practice in North America.
Stratification of children into low, moderate, and high-risk
categories has been accomplished through evaluation of
systematically assessed clinical and behavioral variables.
Past caries experience, clinical findings including visible
plagque and white spot lesions, dietary practices including
frequency of carbohydrate consumption, fluoride exposure,
socioeconomic status, and documented compliance with
preventive Dbehaviors have Dbeen incorporated into this
assessment. Tripartite risk categorization has been utilized
to guide subsequent clinical management, with more intensive
preventive protocols including increased professional
supervision, more frequent topical fluoride applications, and
enhanced behavioral counseling being provided to high-risk
children.

Several distinct advantages have been offered by the AAPD
tool. This tool has been grounded in published literature and
expert consensus, with no specialized equipment or laboratory
testing being required, and ready administration in typical
clinical settings has been enabled, with minimal financial
cost being incurred. Reasonable diagnostic accuracy has been
demonstrated by published validation studies, with
sensitivity and specificity values varying by population and
study methodology.

3.2 Diagnostic Accuracy and Predictive Limitations

Substantive limitations in predictive accuracy have been
identified in the AAPD risk assessment tool despite its
widespread adoption. Research has indicated that conventional
risk models correctly identify children who will develop
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caries in subsequent years only 40 to 60 percent of the time.
This modest positive predictive wvalue has resulted in
systematic misclassification wherein a substantial proportion
of children <classified as high-risk remain caries-free

without additional intervention, while conversely, a
significant subset of low-risk children subsequently develop
multiple cavities. This pattern has been observed as

suggesting that conventional clinical assessment fails to
capture critical Dbiological determinants of individual
susceptibility.

Additionally, considerable interexaminer variability has
been documented in the clinical assessment of caries lesions,
particularly in early stages of demineralization that lack
obvious white or brown discoloration. Divergent conclusions
regarding risk categorization for the same patient may be
reached by different clinicians, introducing measurement
error that compromises the reproducibility and consistency of
risk assessment across different practitioners and clinical
settings. These limitations have established the scientific
rationale for development of supplementary assessment
methodologies incorporating objective biological markers that
reflect underlying disease mechanisms.

IV. Salivary Biomarkers for Caries Risk Stratification

4.1 Salivary Flow Rate and Buffering Capacity

A quantifiable physiological marker of salivary
protective mechanisms has been represented by unstimulated
whole saliva flow rate. Significantly elevated caries risk
compared to normal flow rates has been associated with flow
rates below 0.1 milliliters per minute. The clearance of
dietary carbohydrates and pathogenic Dbacteria has been
compromised by low salivary flow, the delivery of
antimicrobial proteins and buffering substances to tooth
surfaces has been reduced, and remineralization potential has
been impaired. Standardized collection protocols have been
required for the measurement of salivary flow rate to ensure
reproducibility and comparability across clinical settings
[77.

Quantification of buffering against standardized acid
challenge has been typically employed to assess buffering
capacity, which reflects salivary bicarbonate and phosphate
concentrations. Higher caries incidence has been demonstrated
compared to those with adequate buffering in children whose
saliva demonstrates reduced buffering capacity, specifically
pH below 5.3 under acid challenge. These two salivary
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parameters—flow and buffering capacity—have been established
as readily measurable clinical biomarkers reflecting host-
level protection against caries and demonstrating established
associations with disease outcomes.

4.2 Antimicrobial and Immunoprotective Salivary Proteins

Multiple proteins possessing antimicrobial properties
that modulate oral microbiota composition and inhibit
pathogenic organism proliferation have been contained in
saliva. Bacterial cell wall peptidoglycan has been degraded
by lysozyme, a bacteriolytic enzyme, with measurable activity
against multiple oral Dbacteria being demonstrated. Reduced
caries risk has Dbeen correlated with elevated salivary

lysozyme concentrations, whereas increased disease
susceptibility has been associated with deficient lysozyme
levels. Iron bioavailability  has been regulated Dby

lactoferrin, an iron-binding protein, a critical nutrient for
bacterial metabolism. Streptococcus mutans colonization and
biofilm formation has been demonstrated to be suppressed by
lactoferrin based on research findings.

Immune exclusion has been mediated Dby secretory
immunoglobulin A (sIgh) through  mechanisms including
opsonization and agglutination of pathogenic bacteria, with
microbial adherence and colonization of oral tissues being
prevented. Elevated caries risk has been associated with
diminished salivary sIgA levels, and reduced immune
surveillance of the oral cavity has been demonstrated. Direct
antimicrobial effects have been possessed by histatins, a
family of cysteine-rich peptides, with substantial activity
against S. mutans being demonstrated by histatin-5 in both in
vitro and in wvivo studies. Substantial advantage has been
offered over one whose saliva is deficient by a child whose
saliva is rich in these protective proteins. These protective
proteins have Dbeen quantifiable through ELISA, mass
spectrometry, or other analytical techniques, with objective
assessment of host antimicrobial capacity being provided.
However, standardization of thresholds predicting clinically
significant caries risk in pediatric populations has remained
incomplete.

4.3 Mineral Composition and Remineralization Potential

The remineralization potential of saliva, which has been
defined as the biological capacity to repair acid-induced
demineralization through redeposition of mineral on tooth
surfaces, has been directly influenced by salivary calcium
and phosphate concentrations. The thermodynamic driving force
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for remineralization has been reflected by the product of
salivary calcium and phosphate concentrations, expressed as
supersaturation with respect to hydroxyapatite. Reduced
remineralization capacity and consequently elevated caries
risk have been associated with low salivary calcium-phosphate
products, specifically wvalues below 2.5. Children with
inherently compromised enamel repair mechanisms despite
adequate salivary flow and buffering may be identified through
quantification of these mineral biomarkers.

V. Microbiological Indicators of Dysbiosis and Caries Risk

5.1 Bacterial Quantification: S. mutans and Lactobacillus
Species

The primary etiological agent of dental caries has been
established as Streptococcus mutans through extensive
research, with multiple wvirulence factors being possessed
including acid production capacity, acid tolerance
mechanisms, and biofilm formation capability [6].
Significantly elevated caries risk compared to lower
bacterial concentrations has been associated with salivary S.
mutans counts in excess of 100,000 colony-forming units per
milliliter. Objective assessment of pathogenic organism load
has been provided by quantification of salivary S. mutans
through culture-based methods including Dentocult and CRT
bacterial tests or through molecular techniques such as
quantitative polymerase chain reaction.

Contribution to caries progression through acid
production and tolerance of acidic environments has been
accomplished by Lactobacillus species, though they have
typically appeared later in disease progression following
establishment of acidic microhabitats by S. mutans.
Comprehensive assessment of the pathogenic bacterial burden
has been provided by concurrent quantification of both S.
mutans and Lactobacillus species. Nevertheless, considerable
heterogeneity has been found to exist in the relationship
between bacterial counts and <clinical caries outcomes,
suggesting that bacterial quantification alone has
represented an incomplete predictor of disease.

5.2 Microbial Community Structure and Dysbiosis
Characterization

Understanding of oral microbial ecology 1n caries-
susceptible and caries-resistant individuals has Dbeen

substantially advanced by molecular microbiological
techniques including 16S ribosomal RNA gene sequencing and
shotgun metagenomic analysis. Characteristic dysbiotic
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patterns distinguished by reduced bacterial diversity,
increased abundance of acidogenic and aciduric taxa,
dominance by S. mutans and Lactobacillus species, and
diminished representation of protective commensal bacteria
such as Actinomyces species and Streptococcus sanguinis have
been demonstrated in caries-active individuals. These
dysbiotic microbiota patterns have been manifested in early
stages of disease susceptibility, prior to visible caries
lesion manifestation.

Potential utility as early detection biomarkers has been
demonstrated by dysbiosis indices quantifying shifts in
community structure. However, limitation to research settings
has been imposed by current implementation of metagenomic
analysis, which requires specimen processing in specialized
laboratories and bioinformatic analysis. Simplified molecular
profiling methodologies under development may eventually
enable point-of-care dysbiosis assessment in clinical
environments.

5.3 Metabolomic Signatures and Microbial Metabolism

An emerging frontier in caries biomarker research has
been represented by metabolomics, the comprehensive analysis
of small-molecular-weight metabolites produced by biological
systems. Distinctive metabolic signatures characterized by
elevated concentrations of lactic acid, butyric acid, and
other organic acids reflecting dysbiotic fermentation
patterns have Dbeen generated by caries-active biofilms.
Altered abundance of amino acids, dysregulated 1lipid
compositions, and modified nucleotide metabolism compared to
caries-resistant individuals have Dbeen demonstrated in
salivary metabolomic profiles in caries-susceptible
individuals. While substantial promise has been demonstrated
by metabolomic biomarker ©profiling for characterizing
dysbiosis at the mechanistic level, limitation to research
settings has been imposed on translation to clinical

applications.
VI. Molecular and Genetic Determinants of Caries
Susceptibility

6.1 Genetic Polymorphisms and Inherited Susceptibility

Multiple genetic variants associated with caries
susceptibility have been identified by genome-wide
association studies. Diverse biological processes affecting
caries risk have been influenced by these polymorphisms,
including salivary protein expression, enamel mineralization
characteristics, immune responsiveness to oral bacteria, and
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carbohydrate metabolism. Notably, a single high-penetrance
genetic variant has not resulted in caries susceptibility;
rather, multiple additive effects on disease risk have been
exerted by multiple genetic loci. Improved ©predictive
accuracy compared to individual polymorphisms has been
demonstrated by polygenic risk scores aggregating the effects
of numerous genetic variants.

Limitation in routine pediatric dental practice has been
imposed on current implementation of genetic testing for
caries prediction due to modest effect sizes of individual
genetic wvariants, cost considerations, and incomplete
understanding of gene-environment interactions. Nevertheless,
as genetic testing costs decline and understanding of gene-
phenotype relationships advances, incorporation of genetic
risk stratification into comprehensive caries risk assessment
may become feasible.

6.2 Epigenetic Modifications and Environmental Modulation
of Gene Expression

Regulation of gene expression without alteration of DNA
sequence has been accomplished by epigenetic modifications,
including DNA methylation and histone modifications.
Environmental factors including diet, stress, and microbial
exposure have been responded to by these modifications.
Variable phenotypic expression based on epigenetic regulation
may be exhibited by children with genetic predisposition to
impaired salivary protein expression. Differential
methylation patterns 1in caries-susceptible versus caries-
resistant individuals have been identified by epigenetic
profiling, reflecting altered transcriptional activity of
genes encoding protective salivary proteins and immune
mediators. Potential utility for monitoring responsiveness to
preventive interventions and tracking temporal changes in
disease susceptibility has been suggested by the dynamic
nature of epigenetic marks.

6.3 Inflammatory Biomarkers and Host Response

Involvement in caries progression has been accompanied by
chronic low-grade inflammation in response to dysbiotic
microbial Dbiofilms. Significant elevation in salivary
concentrations of pro-inflammatory cytokines including
interleukin-1 beta, interleukin-6, and tumor necrosis factor-
alpha has been found in caries-susceptible individuals

compared to those resistant to disease. Additionally,
elevation in inflammatory markers including C-reactive
protein has been observed, as well as matrix
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metalloproteinases involved in tissue degradation, in
individuals with progressive caries. The host immune response
to dysbiosis has been reflected by these inflammatory
biomarkers, and prediction of disease trajectory independent
of microbial quantification alone may be accomplished,
suggesting that immunological parameters have contributed
meaningfully to caries prediction.
VII.Advanced Imaging Modalities for Early Lesion Detection

7.1 Optical Detection Technologies: Photothermal
Radiometry and Laser Fluorescence

Exploitation of optical property changes accompanying
early enamel demineralization before visual detection becomes
feasible has been accomplished by photothermal radiometry and
modulated luminescence. Detection at micrometer-level
resolution has been enabled by these techniques through
employment of light-based energy to detect compositional
changes in dental tissues. Identification of demineralized
lesions through quantification of fluorescence <changes
occurring when enamel undergoes mineral loss has Dbeen
accomplished by laser fluorescence detection systems,
exemplified by the DIAGNOdent device. Superior sensitivity
and specificity compared to conventional visual inspection
for detecting both occlusal and interproximal caries lesions
has been demonstrated by these optical technologies.

Identification of subclinical disease at stages amenable
to remineralization strategies has been enabled by
substantial advantages of optical detection, reduction of
interexaminer variability compared to visual assessment has
been accomplished, and improved diagnostic standardization
across c¢linical settings has been fostered. Appropriate
operator training has been required by implementation in
pediatric practice to ensure reproducible and accurate
detection. Limitation to widespread accessibility has been
imposed by cost considerations and requirement for
specialized equipment.

7.2 Optical Coherence Tomography for Three-Dimensional
Microarchitectural Assessment

High-resolution cross-sectional images of tooth structure
have been generated by optical coherence tomography utilizing
near-infrared light penetration. Visualization of subsurface
demineralization that remains invisible to conventional
radiographic examination has been enabled by OCT, with
resolution at the micrometer scale. Particular utility for
monitoring lesion remineralization in response to preventive
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therapy has Dbeen demonstrated by the technique, enabling
longitudinal assessment of demineralization dynamics and
therapeutic efficacy. Nevertheless, limitation to research
environments and specialized clinical practices has been
imposed on current application by OCT instrument cost, lack
of standardized imaging protocols, and limited clinical
accessibility.

7.3 Cone-Beam Computed Tomography and Three-Dimensional
Radiographic Assessment

Three-dimensional volumetric 1images of dental and
skeletal structures with submillimeter spatial resolution
have been generated by cone-beam computed tomography.
Superior diagnostic accuracy compared to two-dimensional
radiographic techniques has been demonstrated by CBCT for
caries detection specifically, particularly for
identification of interproximal and occlusal lesions,
assessment of lesion depth relative to the pulp chamber,
and characterization of the three-dimensional extent of
demineralization. Careful consideration of radiation dose
exposure relative to diagnostic benefit has been required
by CBCT utilization in pediatric patients. Reservation for
cases 1in which three-dimensional radiographic assessment
provides diagnostically relevant information has Dbeen
recommended rather than functioning as a screening
modality.

7.4 Machine Learning and Artificial Intelligence for
Automated Caries Detection

Diagnostic performance for caries detection that equals
or exceeds that of experienced dental practitioners has been
demonstrated by deep learning algorithms trained on large
annotated radiographic datasets. Substantial reduction of
interobserver variability compared to conventional wvisual
radiographic interpretation has been accomplished by machine
learning approaches, with standardized sensitivity and
specificity being achieved across different clinical
environments. Application of consistent diagnostic criteria
independent of individual clinician expertise or fatigue-
related diagnostic performance degradation has been ensured
by artificial intelligence systems. While replacement of
clinical judgment regarding treatment planning and patient
management cannot be accomplished by artificial intelligence
systems, effective functioning as supplementary diagnostic
tools has been enabled by them, enhancing detection accuracy
and standardization.
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VIII.Integrated Multi-Marker Risk Assessment Algorithms

8.1 Machine Learning Integration of Multidimensional
Biomarker Data

Integration of diverse biomarker classes into unified
predictive models has been enabled by contemporary machine
learning methodologies. Application of random forest,
gradient Dboosting, support vector machine, and neural
network algorithms has Dbeen made to pediatric caries
prediction datasets incorporating clinical history,
salivary biomarkers, microbiological markers, genetic data,
inflammatory biomarkers, and imaging findings. Area under
the receiver operating characteristic curve values of 0.80
to 0.92 have been reported by research utilizing these
integrated machine learning approaches, substantially
exceeding ©predictive performance of conventional risk
assessment tools that achieve area under the curve values
of 0.65 to 0.75.

Implicit identification of complex, nonlinear
interactions among variables that may elude human recognition
has been enabled by machine learning algorithms. Differential
importance based on their predictive contributions has been
assigned by these approaches to different biomarkers, and
substantial variation across different population subgroups
may be exhibited by the weighting. Substantial improvement
over simplistic scoring systems applying uniform weighting to
all risk factors has been offered by such methodological
sophistication.

8.2 Multi-Biomarker Composite Risk Panels

Offering of complementary information reflecting multiple
pathogenic mechanisms contributing to caries susceptibility
has been accomplished by composite biomarker panels
integrating salivary flow rate, buffering capacity, S. mutans
quantification, inflammatory markers, and potentially
microbiome profiling data. Combination of multiple salivary
properties into actionable risk scores has been accomplished
by commercial systems including Saliva-Check. Superior
predictive performance compared to individual biomarkers in
isolation has Dbeen demonstrated Dby such multi-marker
approaches, reflecting the multifactorial nature of caries
etiology. However, limitation of published research
utilizing pediatric populations has been imposed, and
development of evidence-based consensus regarding optimal
biomarker combinations and interpretive thresholds has been
required.

This work is distributed under the terms of the Creative 7 1
Commons Attribution-ShareAlike 4.0 International License
(https.//creativecommons.org/licenses/by—sa/4.0/).



Proceedings of the 8th International
Scientific and Practical Conference

«Progressive Science and Achievements» NO
(September 6-8, 2026). 308
Dallas, USA

INTERCONF

SoenTIF PubLiHNG CenTe

MEDICINE AND PHARMACY

8.3 Longitudinal Biomarker Trajectories and Temporal
Disease Dynamics

Enhancement of predictive accuracy beyond single
timepoint assessment has been suggested by emerging evidence
indicating that serial Dbiomarker measurements capturing
temporal changes may accomplish this goal. Identification of
children transitioning toward high-risk status prior to overt
disease manifestation has been enabled by longitudinal
monitoring of microbiome composition, inflammatory marker
trajectories, and salivary antimicrobial protein
concentrations. Objective assessment of therapeutic efficacy
and guidance of treatment optimization have been provided
additionally by Dbiomarker responsiveness to preventive
interventions. Representation of a paradigm shift toward
continuous disease monitoring and dynamic risk stratification
has been accomplished by this longitudinal approach.
IX. Implementation Barriers and Current Limitations

9.1 Standardization of Pre-Analytical and Analytical
Procedures

Substantial wvariability has been found to exist across
laboratories in sample collection methodologies, specimen
storage conditions, analytical procedures, and interpretation
criteria for biomarker assays. Considerable divergence in
results may be yielded by salivary biomarker measurements
performed in different laboratories due to differences 1in
collection protocols, specimen handling, processing time,
analytical instrumentation, and assay methodology. Severe
compromise of result comparability across different clinical
settings and research investigations has been accomplished by
this lack of standardization. Establishment of internationally
recognized consensus protocols for pre-analytical specimen
handling and standardized analytical procedures has been
identified as representing a critical ©prerequisite for
clinical implementation of biomarker-based assessment.

Additionally, incompleteness o0of <consensus regarding
evidence-based interpretive thresholds predictive of
clinically significant caries risk in pediatric populations
has been established. Establishment of certain biomarker
cutoff wvalues has been accomplished in adult populations,
though applicability of these thresholds to children may be
limited due to differences 1in salivary composition and
microbial colonization patterns. ©Necessity of —research
establishing population-specific thresholds across diverse
demographic groups has been identified.
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9.2 Cost-Effectiveness and Resource Allocation
Considerations

Incurrence of minimal direct costs ranging from $20 to
$50 has been accomplished by simple bacterial culture or rapid
diagnostic tests for S. mutans quantification. Exceedance of
$200 to $500 per patient may be accomplished by comprehensive
multi-marker biomarker panels incorporating molecular
analysis of microbiota composition, genetic profiling, and
inflammatory marker quantification. Imposition of substantial
barriers to implementation 1in resource-limited clinical
settings, community dental programs, and public health
initiatives has been effected by these costs. Paradoxically,
demonstration of least access to advanced biomarker testing
due to financial constraints has been shown by children in
underserved communities with highest caries Dburden and
greatest need for early risk identification. Threat to
exacerbation rather than alleviation of existing oral health
inequities has been posed by this disparity.

9.3 Paucity of Clinical Outcome Evidence

Demonstration of associations between elevated biomarker
levels and caries risk has been accomplished by substantial
research through observational and case-control studies.
Scarcity of randomized controlled trials directly comparing
biomarker-guided prevention protocols to standard risk
assessment approaches in terms of hard clinical outcomes such
as caries incidence has been found. Requirement for rigorous
evidence that biomarker-guided interventions produce superior
health outcomes compared to conventional approaches has been
identified by clinicians before investment of substantial
resources in biomarker testing and modification of clinical
protocols. Representation of a critical evidence gap limiting
widespread adoption has been accomplished by the paucity of
such clinical outcome data.

9.4 Privacy, Data Governance, and Regulatory Uncertainty

Raising of substantial privacy and data governance
concerns has been accomplished by collection of genetic and
microbiome data from pediatric patients. Explicit definition
of appropriate mechanisms for secure data storage, access
control, and 1longitudinal retention has been required.
Imposition of divergent requirements has been made by
different regulatory Jurisdictions, exemplified Dby the
European Union's General Data Protection Regulation in
contrast to the United States Health Insurance Portability
and Accountability Act. Delineation of clear procedures for
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parental consent, data use restrictions, and participant
rights has been required for pediatric specimens
specifically. Clarity of regulatory pathways for clinical
validation and approval of biomarker-based diagnostic tests
has not been achieved, with uncertainty being created for
companies developing biomarker products.

X. Future Research Directions and Development Priorities
10.1 Standardization and Multicenter Validation Studies
Representation of an 1immediate priority has Dbeen

accomplished by development of standardized pre-analytical

and analytical protocols for biomarker measurement.

Establishment of consensus methodologies for specimen

collection, ©processing, storage, and analysis has been

recommended by international consortiums analogous to those
established in microbiome research. Prospective evaluation of
the predictive accuracy of biomarker panels in predicting
caries development has been recommended by large multicenter
validation studies incorporating diverse pediatric
populations across different geographic regions.

Establishment of evidence-based interpretive thresholds for

clinical application and assessment of potential interactions

between genetic, microbiological, and immunological
biomarkers has been recommended by such studies.
10.2 Point-of-Care Testing and Clinical Decision Support

Systems
Identification as a critical technological priority has

been accomplished by development of rapid, cost-effective

point-of-care testing platforms enabling chair-side biomarker
quantification. Existence of precedents 1in other medical
fields with rapid diagnostic tests providing results within

15 minutes has been documented. Integration of point-of-care

biomarker testing with c¢linical decision support systems

utilizing artificial intelligence has been recommended,
enabling real-time generation of personalized prevention
recommendations at the time of clinical examination.

Enhancement of accessibility and acceptance of biomarker-

guided assessment in routine pediatric dental practice has

been promised by such systems.
10.3 Precision Prevention and Individualized Intervention

Strategies
Enabling of tailoring of prevention strategies to

individual biological risk characteristics has been suggested

by biomarker profiles. Identification as benefiting most from
frequent topical fluoride applications has been suggested for
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children with impaired salivary flow but intact buffering
capacity, whereas preference by those with high S. mutans
counts for antimicrobial strategies has been suggested.
Showing of promise by emerging research on probiotic and
prebiotic interventions designed to restore healthy

microbiota composition has been documented, though
experimental status has Dbeen maintained by this work.
Representation of an innovative frontier has been

accomplished by investigation of pharmacogenomic approaches
matching individuals to antimicrobial agents based on
microbiota susceptibility profiles. Demonstration of improved
efficacy compared to standardized approaches has Dbeen
suggested by early evidence of personalized prevention
strategies, though accomplishment of systematic wvalidation
through randomized controlled trials has not vyet Dbeen
achieved.

10.4 Pragmatic Effectiveness Research in Real-World
Clinical Settings

Conduct 1in real-world <clinical settings rather than
controlled research environments has been recommended for
large-scale prospective cohort studies, with longitudinal
follow-up of children and tracking of biomarker evolution
alongside clinical caries outcomes being accomplished.
Enabling of pragmatic assessment of implementation
effectiveness across diverse practice settings has been
accomplished by integration with electronic health record
systems. Provision of evidence convincing to skeptical
practitioners and payers regarding the clinical utility and
return on investment of biomarker-guided assessment has been
promised by these real-world effectiveness studies.

10.5 Health Equity and Access in Underserved Populations

Prioritization of reduction of health disparities and
ensuring that innovations benefit children with greatest
caries burden has been recommended for future development of
biomarker applications. Validation of biomarkers in diverse
racial and ethnic populations has been required, development
of affordable biomarker testing suitable for resource-limited
settings has been needed, and integration of biomarker-guided
approaches into public health systems and federally qualified
health centers has been recommended. Addressing of underlying
social determinants of health including dietary quality,
fluoride water access, and socioeconomic conditions has been
recommended additionally, with recognition that substitution
of Dbiomarkers for social and structural interventions

This work is distributed under the terms of the Creative 7 5
Commons Attribution-ShareAlike 4.0 International License
(https.//creativecommons.org/licenses/by—sa/4.0/).



Proceedings of the 8th International
Scientific and Practical Conference

«Progressive Science and Achievements» NO
(September 6-8, 2026). 308
Dallas, USA

INTERCONF

SoenTIF PubLiHNG CenTe

MEDICINE AND PHARMACY

addressing root causes of caries disparities cannot be
accomplished.
XI. Conclusion

Establishment of dental caries in school-aged children as
a leading chronic disease in global pediatric populations has
been accomplished, with substantial implications for oral
health outcomes, systemic health, quality of 1life, and
healthcare costs being demonstrated. Demonstration of limited
accuracy 1n predicting individual <caries risk has Dbeen
accomplished by conventional risk assessment methodologies
despite decades of prevention research. Incorporation of
biological heterogeneity in host susceptibility factors has
not been accomplished by current approaches while employment
of behavioral assessment has been made.

Representation of potentially transformative approaches
to caries prediction has Dbeen accomplished by biomarkers
reflecting salivary protective mechanisms, microbiological
dysbiosis indicators, genetic determinants, and inflammatory
responses. Accomplishment of substantially superior
predictive accuracy compared to conventional risk assessment
has been demonstrated by evidence of integration of multiple
biomarkers through machine learning algorithms. Enabling of
detection of subclinical disease at stages amenable to
remineralization therapy has been accomplished by advanced
imaging technologies.

Persistence o0of substantial gaps between scientific
advances and clinical implementation has been identified.
Standardization of biomarker methodology, accomplishment of
randomized controlled trials demonstrating clinical
effectiveness, development of affordable point-of-care
testing, and achievement of regulatory clarity regarding
diagnostic test approval have all been identified as requiring
priority attention. Ensuring that Dbiomarker innovations
reduce rather than exacerbate oral health disparities and
addressing of health equity concerns has been identified as
most critical.

Likelihood of involvement of integrated ©platforms
combining biomarker assessment, advanced imaging, and machine
learning analysis to enable precision prevention strategies
tailored to individual biological profiles has been suggested
for the future of pediatric caries management. Expectation of
transition of Dbiomarker-based approaches from research
applications to evidence-based clinical practice over the
coming decade has Dbeen established, with fundamental
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transformation of how pediatric dentists approach caries
prevention and management being promised. Achievement of this
transition will require collaborative efforts among
researchers, clinicians, industry, regulators, and public
health authorities committed to evidence-based innovation
benefiting all children.
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