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Abstract: The oral microbiome represents a complex community of microorganisms 

that plays a crucial role in maintaining oral health. Under normal conditions, these 

microorganisms exist in a balanced state and contribute to the protection of oral tissues. 

However, disruptions in microbial balance may lead to the development of various oral 

diseases. This article examines the role of the oral microbiome in the pathogenesis of dental 

caries and periodontal diseases. Particular attention is given to microbial dysbiosis, 

changes in microbial diversity, and their impact on oral health. The article also discusses 

recent advances in microbiome research and highlights the importance of understanding 

microbial interactions for the prevention, diagnosis, and treatment of common dental 

diseases. 
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In recent years, increasing attention has been paid to the role of the oral 

microbiome in maintaining oral health and contributing to the development of dental 

diseases. The oral cavity is one of the most complex microbial ecosystems in the human 

body, hosting hundreds of species of bacteria, fungi, viruses, and other microorganisms. 

Under normal conditions, these microorganisms exist in a balanced state and contribute 

to the protection of oral tissues. However, disturbances in this balance may lead to the 

development of various pathological conditions. 

Dental caries and periodontal diseases remain among the most common oral 

health problems worldwide. Traditionally, these diseases were associated with the 

presence of specific pathogenic microorganisms. Nevertheless, contemporary research 

has demonstrated that the development of oral diseases is closely related not only to 

individual pathogens but also to changes in the overall composition and diversity of the 

oral microbiome. An imbalance in microbial communities, often referred to as dysbiosis, 

creates favorable conditions for the progression of inflammatory and infectious 

processes in the oral cavity. 

Advances in molecular biology and genomic technologies have significantly 

expanded our understanding of the oral microbiome. Modern sequencing methods 

make it possible to identify microorganisms that cannot be detected using conventional 

microbiological techniques. As a result, researchers have gained deeper insights into the 

interactions between microbial communities and their impact on oral and systemic 

health. 
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The study of the oral microbiome has become particularly important due to its 

potential role in disease prevention, early diagnosis, and personalized treatment 

approaches. Understanding the mechanisms through which microbial communities 

influence the development of caries and periodontal diseases may contribute to the 

creation of more effective preventive and therapeutic strategies. 

The aim of this article is to analyze the role of the oral microbiome in the 

development of dental caries and periodontal diseases, as well as to examine current 

scientific findings regarding the relationship between microbial dysbiosis and oral 

health. 

The Concept and Characteristics of the Oral Microbiome 

The oral cavity is considered one of the most diverse microbial habitats in the 

human body. It provides favorable conditions for the growth and survival of numerous 

microorganisms due to constant moisture, stable temperature, and the continuous 

availability of nutrients. Scientific studies have shown that more than 700 microbial 

species can be detected in the oral environment, although not all of them are present in 

every individual. The composition of the oral microbiome varies depending on age, 

dietary habits, oral hygiene practices, systemic health conditions, and environmental 

influences. 

The oral microbiome is not limited to bacteria alone. It also includes fungi, viruses, 

archaea, and protozoa that coexist within complex microbial communities. These 

microorganisms colonize different oral surfaces, including the teeth, tongue, gingival 

tissues, palate, and buccal mucosa. Each anatomical site provides a unique ecological 

niche that supports specific microbial populations. 

Under healthy conditions, the oral microbiome exists in a state of equilibrium. 

Beneficial microorganisms contribute to oral health by preventing the excessive growth 

of pathogenic species, regulating local immune responses, and participating in 

metabolic activities. This balance is essential for maintaining the integrity of oral tissues 

and preventing disease development. 

Oral Microbiome and Dental Caries 

Dental caries remains one of the most prevalent chronic diseases worldwide. For 

many years, the disease was primarily associated with the presence of specific 

cariogenic bacteria, particularly Streptococcus mutans. However, contemporary 

microbiological research suggests that dental caries should be viewed as a consequence 

of ecological changes within the entire microbial community rather than the activity of 

a single microorganism. 

The development of dental caries begins when dietary carbohydrates, especially 

fermentable sugars, are frequently consumed. Oral microorganisms metabolize these 

carbohydrates and produce organic acids as by-products. As the pH level in dental 

plaque decreases, the environment becomes more favorable for acid-producing and 

acid-tolerant bacterial species. Over time, this acidic environment promotes the 

demineralization of enamel and initiates the carious process. 
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In healthy individuals, saliva plays a protective role by neutralizing acids and 

supporting remineralization. However, when sugar consumption is excessive or oral 

hygiene is inadequate, microbial balance is disrupted. The resulting ecological shift 

favors the proliferation of cariogenic microorganisms, leading to progressive 

destruction of dental hard tissues. 

Recent studies have demonstrated that caries-associated biofilms contain diverse 

microbial communities rather than a single dominant pathogen. Lactobacillus species, 

Actinomyces species, Veillonella species, and several other microorganisms contribute 

to disease progression. Consequently, modern approaches to caries prevention focus 

not only on eliminating specific bacteria but also on restoring microbial balance within 

the oral ecosystem. 

The Role of the Oral Microbiome in Periodontal Diseases 

Periodontal diseases are inflammatory conditions affecting the supporting 

structures of the teeth, including the gingiva, periodontal ligament, cementum, and 

alveolar bone. Similar to dental caries, periodontal diseases are strongly associated with 

alterations in the composition of the oral microbiome. 

In healthy periodontal tissues, microbial communities coexist with the host 

immune system without causing significant tissue damage. However, poor oral hygiene, 

smoking, systemic diseases, hormonal changes, and other risk factors can alter 

microbial composition. As a result, pathogenic microorganisms increase in number and 

trigger inflammatory responses. 

Several bacterial species have been frequently associated with periodontitis. 

Among them, Porphyromonas gingivalis, Tannerella forsythia, and Treponema 

denticola are considered major periodontal pathogens. These microorganisms possess 

various virulence factors that enable them to invade tissues, evade immune defenses, 

and stimulate chronic inflammation. 

The progression of periodontal disease is not solely determined by bacterial 

presence. Host immune responses play an equally important role. Persistent microbial 

stimulation activates inflammatory pathways that lead to connective tissue destruction 

and alveolar bone resorption. Therefore, periodontitis is now recognized as a 

multifactorial disease involving complex interactions between microbial communities 

and host defense mechanisms. 

Dysbiosis as a Key Mechanism in Oral Disease Development 

The concept of dysbiosis has become central to modern oral microbiology. 

Dysbiosis refers to an imbalance in microbial communities that disrupts normal 

ecological relationships and promotes disease development. 

In the oral cavity, dysbiosis may result from various factors, including poor oral 

hygiene, frequent sugar consumption, antibiotic misuse, smoking, systemic illnesses, 

and reduced salivary flow. These factors alter environmental conditions and favor the 

growth of pathogenic microorganisms. 
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Unlike traditional theories that focused on individual pathogens, the dysbiosis 

model emphasizes the collective behavior of microbial communities. Disease occurs 

when beneficial and harmful microorganisms lose their ecological balance. This 

perspective explains why oral diseases often involve multiple microbial species acting 

together rather than a single infectious agent. 

The recognition of dysbiosis has influenced modern preventive and therapeutic 

strategies. Current research increasingly focuses on restoring microbial balance instead 

of simply eliminating bacteria through antimicrobial treatments. 

Modern Methods for Studying the Oral Microbiome 

Technological advances have revolutionized oral microbiome research. 

Conventional culture-based techniques were limited because many oral 

microorganisms could not be cultivated under laboratory conditions. The development 

of molecular methods has significantly improved microbial identification and 

characterization. 

High-throughput sequencing technologies, particularly next-generation 

sequencing (NGS), enable researchers to analyze entire microbial communities with 

unprecedented accuracy. These methods provide detailed information about microbial 

diversity, abundance, and functional characteristics. 

Metagenomic analysis has further expanded scientific understanding by allowing 

researchers to investigate microbial genes and metabolic pathways. Such approaches 

have revealed complex interactions among microorganisms and their contributions to 

oral health and disease. 

These technological advances are facilitating the development of personalized 

dental care. By analyzing an individual's microbial profile, clinicians may eventually be 

able to predict disease risk and design targeted preventive strategies tailored to specific 

patients. 

Clinical Significance and Future Perspectives 

Growing knowledge about the oral microbiome has important implications for 

clinical dentistry. Understanding microbial ecology may contribute to earlier disease 

detection, improved risk assessment, and more effective prevention programs. 

Microbiome-based diagnostic tools could help identify patients at increased risk for 

caries or periodontal disease before clinical symptoms become apparent. 

Furthermore, novel therapeutic approaches such as probiotics, prebiotics, 

microbiome modulation, and targeted antimicrobial therapies are attracting increasing 

scientific interest. These strategies aim to restore ecological balance rather than 

indiscriminately eliminate microorganisms. 

Future research is expected to provide deeper insights into the relationship 

between the oral microbiome and systemic health. Evidence suggests that oral microbial 

dysbiosis may be associated with cardiovascular diseases, diabetes mellitus, respiratory 

disorders, and adverse pregnancy outcomes. Therefore, maintaining a healthy oral 

microbiome may have benefits extending beyond the oral cavity itself. 



Международный научный журнал                                                                        № 37 (100), часть1 
«Научный Фокус»                                                                                                                 Июня, 2026 

12 
  

The continued integration of microbiology, genomics, and clinical dentistry will 

likely transform the prevention and management of oral diseases. As scientific 

understanding expands, the oral microbiome is expected to become a central 

component of personalized and preventive dental medicine. 

The oral microbiome plays a fundamental role in maintaining oral health and 

preserving the stability of the oral ecosystem. A balanced microbial community 

contributes to the protection of oral tissues, supports normal physiological functions, 

and helps prevent the colonization of pathogenic microorganisms. However, 

disturbances in this ecological balance may lead to microbial dysbiosis, which is 

considered one of the primary factors involved in the development of dental caries and 

periodontal diseases. 

The analysis of current scientific evidence demonstrates that oral diseases cannot 

be explained solely by the presence of individual pathogenic species. Instead, they result 

from complex interactions among diverse microbial communities, host immune 

responses, environmental factors, and lifestyle-related influences. This understanding 

has shifted the focus of modern dental research from pathogen-centered approaches to 

ecological and microbiome-based perspectives. 

Advances in molecular biology and genomic technologies have significantly 

improved knowledge of the oral microbiome and its role in disease processes. Modern 

diagnostic methods provide opportunities to identify microbial changes at early stages, 

contributing to more accurate risk assessment and timely preventive interventions. In 

addition, emerging therapeutic strategies aimed at restoring microbial balance may 

offer promising alternatives to conventional treatment approaches. 

In conclusion, the oral microbiome should be regarded as a key component of oral 

health and disease. Further research into microbial ecology and host–microbe 

interactions will contribute to the development of innovative diagnostic, preventive, 

and therapeutic methods.  

A deeper understanding of the oral microbiome may ultimately support the 

advancement of personalized dentistry and improve long-term oral health outcomes. 
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