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Аннотация 

В данной статье рассматривается роль микробиологических факторов в развитии 

хронического пародонтита и их патогенетическое значение. Хронический пародонтит – 

многофакторное воспалительное заболевание тканей пародонта, характеризующееся 

прогрессирующим разрушением соединительной ткани и альвеолярной кости, что в конечном 

итоге приводит к потере зубов. Хотя системные и местные факторы риска, такие как иммунный 

статус, метаболические нарушения и плохая гигиена полости рта, играют важную роль, 

микробиологический компонент остается центральным в его инициации и прогрессировании. 

В статье освещаются сложные взаимодействия между пародонтальными патогенами, 

иммунными реакциями хозяина и образованием биопленки. Сравнительные данные 

классических и современных исследований иллюстрируют переход пародонтальной 

микробиоты из комменсального в патогенное состояние. В анализе особое внимание уделяется 

патогенным механизмам Porphyromonas gingivalis, Aggregatibacter actinomycetemcomitans и 

Tannerella forsythia, а также их синергетическому взаимодействию с другими 

микроорганизмами. Результаты подчеркивают важность ранней микробиологической 

диагностики, целенаправленной антимикробной терапии и стратегий модуляции организма в 

лечении хронического пародонтита. 
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Abstract 

This article examines the role of microbiological factors in the development of chronic 

periodontitis and their pathogenetic significance. Chronic periodontitis is a multifactorial 

inflammatory disease of periodontal tissues characterized by progressive destruction of connective 

tissue attachment and alveolar bone, eventually leading to tooth loss. While systemic and local risk 

factors such as immune status, metabolic disorders, and poor oral hygiene play essential roles, the 

microbiological component remains central to its initiation and progression. The paper highlights the 

complex interactions between periodontal pathogens, host immune responses, and biofilm formation. 

Comparative data from both classical and modern studies illustrate the transition of periodontal 

microbiota from commensal to pathogenic states. The analysis emphasizes the pathogenic 

mechanisms of Porphyromonas gingivalis, Aggregatibacter actinomycetemcomitans, and Tannerella 

forsythia, and their synergistic interactions with other microorganisms. The results underscore the 
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importance of early microbiological diagnosis, targeted antimicrobial therapy, and host modulation 

strategies in the management of chronic periodontitis. 

Keywords. Chronic periodontitis, microbiological factors, pathogenicity, periodontal 

pathogens, biofilm, immune response, dysbiosis, oral microbiota, Porphyromonas gingivalis, 

pathogenetic mechanisms. 

 

INTRODUCTION 

Chronic periodontitis represents one of the most prevalent inflammatory diseases of the oral 

cavity, affecting a significant proportion of the adult population worldwide. Epidemiological studies 

indicate that moderate to severe forms of the disease are observed in more than 50% of adults over 

35 years of age, with the prevalence increasing with age. The disease is characterized by the chronic 

progression of inflammatory destruction of the periodontal ligament and alveolar bone, leading to 

pocket formation, tooth mobility, and eventual tooth loss. This not only compromises oral function 

but also has systemic implications, as periodontitis has been linked to cardiovascular diseases, 

diabetes mellitus, respiratory disorders, and adverse pregnancy outcomes. 

The etiology of chronic periodontitis is multifactorial, involving local and systemic factors. 

Among them, the microbiological component occupies a central role. Oral biofilm, composed of a 

diverse microbial community, acts as the primary etiological factor. The balance between commensal 

and pathogenic bacteria is crucial for maintaining periodontal health. When this balance shifts in 

favor of pathogenic microorganisms, the host immune system becomes activated, initiating a cascade 

of inflammatory responses that ultimately result in tissue destruction. 

Historically, research into the microbiology of periodontitis has evolved from the “non-

specific plaque hypothesis,” which suggested that the overall mass of plaque was responsible for 

disease, to the “specific plaque hypothesis,” which identified certain species as key pathogens. More 

recently, the “ecological plaque hypothesis” has gained recognition, highlighting the role of 

environmental changes in the oral cavity that promote the growth of pathogenic species over 

commensals. 

Microbiological studies have revealed that chronic periodontitis is associated with a complex 

consortium of microorganisms. The so-called “red complex” — Porphyromonas gingivalis, 

Tannerella forsythia, and Treponema denticola — has been strongly correlated with severe forms of 

the disease. Other pathogens, including Aggregatibacter actinomycetemcomitans, Fusobacterium 

nucleatum, and Prevotella intermedia, also contribute to disease progression. These microorganisms 

employ various virulence factors, such as proteases, lipopolysaccharides, and fimbriae, enabling them 

to evade host defenses, disrupt tissue integrity, and exacerbate inflammation. 

The significance of microbiological factors in chronic periodontitis extends beyond their 

direct pathogenicity. Recent research highlights their role in modulating the host immune response. 

P. gingivalis, for example, is capable of manipulating Toll-like receptor signaling and complement 

pathways, effectively subverting the immune response to its advantage. Such interactions lead to a 

chronic inflammatory state, characterized by the release of pro-inflammatory cytokines like IL-1β, 

TNF-α, and IL-6, as well as matrix metalloproteinases, which contribute to connective tissue 

degradation and alveolar bone resorption. 

Understanding the microbiological basis of chronic periodontitis is essential for developing 

effective prevention and treatment strategies. Antimicrobial therapy, probiotics, host modulation 

agents, and novel vaccine approaches are being explored to target the microbial component of the 

disease. The objective of this article is to provide a comprehensive analysis of microbiological factors 

in chronic periodontitis and elucidate their pathogenetic significance, with particular emphasis on 

recent findings and their implications for clinical practice. 

LITERATURE ANALYSIS AND METHODOLOGY 
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The study of microbiological factors in chronic periodontitis has a long history, with various 

hypotheses developed to explain the etiology of the disease. Early research in the mid-20th century 

proposed the non-specific plaque hypothesis, which suggested that disease resulted from the overall 

quantity of dental plaque. Loesche (1976) was among the first to argue that specific bacterial species 

were more important than total plaque volume, thus laying the foundation for the specific plaque 

hypothesis. 

Subsequent studies identified Aggregatibacter actinomycetemcomitans in aggressive 

periodontitis and Porphyromonas gingivalis in chronic periodontitis as keystone pathogens. 

Socransky’s classification of bacteria into color complexes (red, orange, green, etc.) provided a 

framework for understanding microbial communities associated with periodontal disease. The red 

complex, consisting of P. gingivalis, T. forsythia, and T. denticola, is particularly associated with 

disease severity. 

Modern microbiological techniques, including DNA-DNA hybridization, polymerase chain 

reaction (PCR), and next-generation sequencing (NGS), have revolutionized our understanding of the 

periodontal microbiome. These studies reveal that the oral microbiota in health is dominated by 

Gram-positive facultative bacteria such as Streptococcus species, whereas disease is characterized by 

a shift towards Gram-negative anaerobes. This dysbiosis is now considered a central feature of 

chronic periodontitis. 

Research into virulence factors has also been extensive. P. gingivalis produces gingipains, 

cysteine proteases that degrade host proteins, disrupt complement activity, and modulate immune 

responses. A. actinomycetemcomitans secretes leukotoxin, which targets neutrophils and monocytes, 

impairing host defense. F. nucleatum serves as a bridging organism in biofilm formation, facilitating 

the integration of late colonizers. Collectively, these microorganisms create a pathogenic biofilm 

capable of resisting antimicrobial agents and host immune responses. 

The host response to microbial insult is another critical aspect explored in the literature. 

Cytokine production, neutrophil activity, and the release of matrix metalloproteinases contribute to 

tissue breakdown. However, it is now recognized that periodontal destruction is largely the result of 

an inappropriate or exaggerated host response, rather than direct bacterial invasion. 

In the context of the Uzbek and Russian-speaking academic traditions, several scholars 

emphasize the need to contextualize microbiological findings within the socio-environmental 

conditions of populations. Poor oral hygiene, dietary patterns, and limited access to dental care 

exacerbate the pathogenic potential of oral microbiota. 

In conclusion, the literature consistently underscores the central role of microbiological 

factors in chronic periodontitis while recognizing the importance of host-microbe interactions. This 

sets the stage for methodological approaches aimed at identifying, characterizing, and targeting key 

pathogens. 

The methodological framework of this study combines microbiological, molecular, and 

clinical approaches to analyze the role of microbial factors in chronic periodontitis. Data were 

collected through a review of existing clinical trials, laboratory experiments, and observational 

studies from international and regional sources. 

First, microbial identification was considered through culture-dependent and culture-

independent methods. While classical microbiological techniques involve culturing bacteria from 

subgingival plaque samples under anaerobic conditions, these methods are limited by the fastidious 

nature of many periodontal pathogens. Therefore, molecular methods such as polymerase chain 

reaction (PCR), 16S rRNA sequencing, and metagenomic analysis have been increasingly employed. 

These allow for the detection of uncultivable microorganisms and provide a more comprehensive 

understanding of the microbial community. 

Second, the pathogenic potential of microorganisms was analyzed based on their virulence 

factors. For example, assays were designed in prior studies to evaluate the proteolytic activity of P. 
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gingivalis, leukotoxin production by A. actinomycetemcomitans, and adhesion properties of T. 

forsythia. The role of microbial synergism was also examined, as studies indicate that certain bacterial 

species enhance the virulence of others when present together in a biofilm. 

Third, host response was assessed by measuring cytokine levels, enzyme activity, and immune 

cell behavior in response to microbial challenge. In vitro studies using gingival epithelial cells, 

fibroblasts, and neutrophils provided insights into how periodontal pathogens evade host defense and 

trigger chronic inflammation. In vivo studies, including animal models of periodontitis, further 

demonstrated alveolar bone loss and connective tissue destruction following infection with specific 

pathogens. 

Fourth, epidemiological studies were included to contextualize microbiological findings 

within specific populations. Regional differences in microbial prevalence were analyzed, highlighting 

that while the core pathogens remain consistent globally, their relative abundance and clinical 

significance may vary. For example, P. gingivalis is consistently associated with chronic periodontitis 

across populations, but A. actinomycetemcomitans shows higher prevalence in certain ethnic groups. 

Finally, methodological considerations also involved the evaluation of therapeutic 

interventions targeting microbial components. Clinical trials testing the efficacy of systemic 

antibiotics (e.g., metronidazole, amoxicillin), local antimicrobial agents, and adjunctive therapies 

such as probiotics were reviewed to assess how targeting microbiological factors translates into 

clinical outcomes. 

This multi-faceted methodological approach provides a comprehensive framework for 

understanding the pathogenetic role of microbiological factors in chronic periodontitis. 

RESULTS 

The analysis of microbiological factors in chronic periodontitis yielded several significant 

results. 

Firstly, dysbiosis of the oral microbiota was confirmed as a central feature of disease 

progression. The transition from health to disease involves a shift from a Gram-positive, facultative-

dominated community to a Gram-negative, anaerobic-dominated one. This transition is associated 

with an increased abundance of pathogens such as P. gingivalis, T. forsythia, and T. denticola. 

Secondly, individual pathogens were found to exert disproportionate effects on the microbial 

community and host response. P. gingivalis, identified as a keystone pathogen, manipulates host 

immune responses through gingipains, altering cytokine production and complement activation. Its 

presence, even in low abundance, significantly increases the pathogenic potential of the entire 

biofilm. Similarly, A. actinomycetemcomitans produces leukotoxin that impairs neutrophil function, 

reducing host capacity to control microbial invasion. 

Thirdly, biofilm structure was shown to enhance microbial survival and pathogenicity. Mixed-

species biofilms provide protection against host defenses and antimicrobial agents, making infections 

difficult to eradicate. The synergistic interactions between F. nucleatum and red complex bacteria 

were particularly noteworthy, as they facilitate biofilm maturation and enhance virulence. 

Fourthly, host immune responses were found to play a dual role. While aimed at controlling 

infection, they also contribute to tissue destruction. Elevated levels of IL-1β, TNF-α, and 

prostaglandin E2 in gingival crevicular fluid correlated with clinical attachment loss and bone 

resorption. Matrix metalloproteinases (MMPs), especially MMP-8 and MMP-9, were elevated, 

leading to collagen degradation. 

Fifthly, therapeutic studies confirmed that targeting microbiological factors improves clinical 

outcomes. Adjunctive antimicrobial therapies reduced pathogen load and inflammation, while 

probiotics showed promise in restoring microbial balance. However, complete eradication of 

pathogens was rarely achieved, underscoring the resilience of biofilms. 

Overall, the results demonstrate that microbiological factors are not merely triggers but active 

drivers of chronic periodontitis, shaping both microbial communities and host-pathogen interactions. 
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CONCLUSION 

Chronic periodontitis is fundamentally a microbiologically driven disease in which dysbiosis 

and pathogenetic mechanisms of specific microorganisms play central roles. The findings of this 

study highlight the significance of microbiological factors not only in initiating but also in 

perpetuating the disease. 

The comparative analysis confirmed that key pathogens such as P. gingivalis, A. 

actinomycetemcomitans, and T. forsythia are consistently associated with chronic periodontitis. Their 

ability to subvert host defenses, disrupt immune signaling, and promote chronic inflammation 

underscores their pathogenetic importance. Moreover, the structural and functional complexity of 

biofilms provides a stable environment for these pathogens, making treatment challenging. 

Importantly, the host response, though essential for controlling microbial invasion, becomes 

a source of tissue destruction when dysregulated. Thus, the disease is best understood as the result of 

a dynamic interaction between microbial virulence and host susceptibility. 

The clinical implications are profound. Effective management of chronic periodontitis 

requires strategies that target both microbial factors and host responses. Antimicrobial therapy, while 

useful, must be complemented by host modulation therapies, improved oral hygiene practices, and 

possibly immunological interventions. Advances in molecular diagnostics allow for early 

identification of high-risk pathogens, enabling personalized treatment approaches. 

Future research should focus on developing vaccines against key pathogens, exploring novel 

antimicrobial agents that disrupt biofilms, and harnessing probiotics to restore microbial balance. 

Additionally, understanding the genetic and environmental factors influencing host susceptibility will 

enhance preventive strategies. 

In conclusion, microbiological factors are central to the pathogenetic framework of chronic 

periodontitis. Recognizing their role not only advances our scientific understanding but also guides 

the development of innovative and effective therapeutic approaches aimed at preserving periodontal 

health and preventing tooth loss. 
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