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This article analyzes the pathogenesis of microbial etiology of dental caries
and the role of major cariogenic microorganisms, particularly Streptococcus
mutans and Lactobacillus. The mechanisms of dental biofilm formation, enamel
demineralization, and pH reduction in the oral cavity are discussed. The
effectiveness of modern treatment approaches, including minimal invasive
dentistry, antimicrobial therapy, remineralization strategies, and probiotic
applications, is evaluated. The importance of individualized risk assessment and
oral microbiome stabilization in preventive care is emphasized. The findings
support a biologically oriented and comprehensive approach to caries management.
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COBEPULIEHCTBOBAHUE METOAOB JIEYEHUSA U

MPOPUIAKTUKA KAPUECA MUKPOBFHOM THOJIOT' A
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B craree paccMoTpeHbl maroreHes Kapueca MUKPOOHOW 3THOJIOTUU U POJIb
OCHOBHBIX KapUECOT€HHBIX MUKPOOPTraHU3MOB, B YACTHOCTH Streptococcus mutans
n Lactobacillus. Ilpoanamu3upoBaHbl MeXaHU3Mbl (OPMUPOBAHUS 3yOHOTO
OMOIJIEHOYHOTO HajeTa, IPOoLecChl JEMUHEPATN3aluy 3MaJI U CHUKEHHE YPOBHS
pH B monoctu pra. OneHeHa 3Pp¢heKTUBHOCTh COBPEMEHHBIX METOJOB JICUCHUS,
BKJIIOYass MUHUMAaJIbHO MHBA3UBHYIO CTOMATOJIOTHIO, aHTUMUKPOOHYIO TEpaIuio,
pPEMUHEpANIM3UPYIOIIUE CpPEJICTBA M MpUMEHEHHE NpoOroTukoB. OOOCHOBaHA
HEOOXOMMOCTh ~ HMHAMBHUAYyaJbHOM  OLIEHKM  pPUCKA U KOMILJIEKCHOTO
npodunakTuueckoro noxaxoxaa. IlomydeHHble JaHHBIE MOATBEPKIAIOT MPUOPHUTET
OMOJIOrMYECKH OPUEHTUPOBAHHOM MOJIEIH YIIPABJICHUS KapUECOM.

KitoueBbie cnoBa: MHUKpOOHasi JTHOJOTHS, Kapuec 3y0OoB, OHMOILUICHKA,
JAeMUHEpaIu3alus, peMUHepaIn3anus, NpoPUIakTUKA.
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Dental caries remains one of the most prevalent chronic diseases worldwide
and represents a significant public health concern affecting individuals of all age
groups. Despite advances in restorative dentistry, the global burden of caries
continues to be high, particularly among children and adolescents. Traditionally
considered a localized destruction of dental hard tissues, modern research now
recognizes dental caries as a biofilm-mediated, diet-modulated, multifactorial
infectious disease.

The microbial etiology of dental caries plays a central role in its initiation
and progression. The disease develops as a result of complex interactions between
cariogenic microorganisms, fermentable carbohydrates, host susceptibility, and
time. Among the primary pathogens involved, Streptococcus mutans is widely
acknowledged as a key initiator of the carious process due to its ability to adhere to
enamel surfaces, metabolize sucrose, and produce extracellular polysaccharides
that enhance biofilm formation. Additionally, Lactobacillus species contribute
significantly to the progression of deep carious lesions by maintaining an acidic
microenvironment favorable to demineralization.

Recent advances in microbiology have shifted the understanding of caries
from a simple infectious process caused by specific pathogens to a dysbiosis-
driven disease involving imbalance within the oral microbiome. This ecological
plaque hypothesis suggests that environmental changes—such as frequent sugar
intake—select for acidogenic and aciduric bacteria, leading to sustained low pH
levels and enamel demineralization.

Therefore, modern caries management emphasizes not only mechanical
removal of decayed tissue but also control of the microbial biofilm, enhancement
of remineralization, and individualized risk-based preventive strategies. The
purpose of this article is to analyze and substantiate improved treatment and
preventive measures for microbial etiology of dental caries within an evidence-
based and comprehensive framework.

Methods
This study was conducted using an analytical and literature-review
approach. Scientific publications, clinical guidelines, and contemporary preventive
protocols in dentistry were systematically analyzed.
The evaluation of microbial etiology included:
« Quantitative and qualitative assessment of cariogenic microflora
« Biofilm formation capacity
« Salivary pH measurements
« Balance between demineralization and remineralization processes
Treatment effectiveness was assessed through analysis of:
o Minimal invasive dentistry techniques
o Antimicrobial therapies
« Fluoride-based preventive agents
« Probiotic interventions
« Risk-based caries management models
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Preventive strategies were evaluated based on individual caries risk
assessment and long-term clinical outcomes.

Results
The analysis confirms that microbial factors play a decisive role in the
initiation and progression of dental caries. Increased concentrations of acidogenic
bacteria within dental biofilm correlate directly with accelerated enamel
demineralization.
Comprehensive treatment approaches demonstrated the following outcomes:
« Reduction in biofilm pathogenicity
« Decrease in recurrence rates of secondary caries
o Improved remineralization of early enamel lesions
« Stabilization of oral microbiome balance
The combination of antimicrobial therapy and remineralizing agents proved
more effective than conventional restorative treatment alone. Probiotic
interventions showed promising results in reducing cariogenic bacterial counts and
promoting microbial homeostasis.
Preventive measures such as fluoride varnish application, fissure sealants,
dietary counseling, and structured oral hygiene education significantly reduced
caries incidence when implemented systematically.

Discussion

The findings highlight that microbial etiology must be central to modern
caries management. Conventional dentistry primarily focuses on operative
treatment—removing infected tissues and restoring structural integrity. However,
without addressing the underlying microbial imbalance, recurrence remains likely.

1. Biofilm Control as a Primary Strategy

Dental biofilm is a dynamic microbial ecosystem influenced by diet, saliva,
and oral hygiene practices. Persistent low pH conditions favor cariogenic bacteria
and suppress protective species. Therefore, both mechanical plaque removal and
chemical antimicrobial agents are essential components of preventive care. Regular
toothbrushing with fluoride toothpaste and adjunctive antiseptic rinses help disrupt
pathogenic biofilm activity.

2. Enhancement of Remineralization

Enamel demineralization is a reversible process in its early stages. The
application of fluoride varnishes, calcium-phosphate complexes, and bioactive
restorative materials enhances enamel resistance and promotes mineral
redeposition. Early detection and non-invasive management reduce the need for
operative interventions.

3. Modulation of the Oral Microbiome

Caries is not caused by a single pathogen but by ecological imbalance within
the oral microbiome. Probiotic therapy represents a promising direction in
preventive dentistry by promoting beneficial bacterial strains that compete with
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cariogenic species. This biological approach supports long-term microbial stability
rather than temporary bacterial suppression.

4. Individualized Risk-Based Management

Caries susceptibility varies significantly among individuals. Factors such as
salivary flow rate, dietary habits, socioeconomic conditions, and genetic
predisposition influence disease risk. Risk assessment-based models allow
clinicians to design personalized preventive protocols, improving efficiency and
reducing overtreatment.

5. Public Health and Educational Interventions

Community-level preventive programs are essential for reducing overall
disease prevalence. School-based oral health education, fluoride programs, early
screening, and public awareness campaigns significantly contribute to lowering
caries incidence. Increasing dental literacy remains a cornerstone of sustainable
prevention.

6. Rational Use of Antimicrobials

Excessive or inappropriate antibiotic use may contribute to microbial
resistance and disrupt normal flora. Therefore, preference should be given to
localized antimicrobial agents and ecological approaches rather than systemic
antibiotics in routine caries management.

Overall, the discussion supports a paradigm shift from purely restorative
dentistry to a preventive, biologically oriented, and patient-centered model.
Integrating microbiological insights into daily clinical practice is essential for long-
term success.

Conclusion

Dental caries of microbial etiology is a biofilm-mediated infectious disease
requiring a comprehensive and multifactorial management approach. Effective
treatment must extend beyond mechanical restoration to include biofilm control,
remineralization enhancement, microbiome stabilization, and individualized risk
assessment.

The integration of minimal invasive dentistry, antimicrobial and probiotic
strategies, fluoride-based prevention, and public health initiatives significantly
improves clinical outcomes. Continued research in oral microbiology and
preventive technologies will further strengthen strategies aimed at reducing the
global burden of dental caries.
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