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Abstract

Microorganisms living in the subgingival biofilm interact intricately in periodontal disorders, which are
polymicrobial diseases. The complex nature of periodontal disease was not explained by conventional methods
based on the identification of particular bacteria. In order to overcome this restriction, Socransky and associates
developed the idea of microbial complexes in 1998, classifying subgingival bacteria into color-coded
complexes based on their ecological connections and correlation with periodontal health or illness. While the
orange complex acted as a vital link between early colonizers and pathogenic species, the red complex
organisms showed the strongest association with periodontal destruction. This classification has improved our
knowledge of the development of biofilms and the course of periodontal disease. The Socransky microbial
complexes continue to be a useful therapeutic and educational paradigm for comprehending periodontal
biofilm ecology despite developments in molecular microbiology. This review provides a concise and student-
friendly overview of the microbial complexes and their clinical significance.
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Introduction & History

A complex microbial biofilm that forms on tooth surfaces and inside the gingival sulcus is the cause of
periodontal diseases, which are long-term inflammatory disorders. Periodontitis is the result of multiple
bacterial species interacting with the host immune system and each other, in contrast to many infectious
disorders that are caused by a single pathogen. Thus, comprehending these microbial interactions has become
essential to contemporary periodontal microbiology.
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Koch's postulates, which were put forth in the late 19" century, served as the foundation for the first attempts
to prove a microbiological etiology of illness. These criteria required a microorganism to be consistently
isolated from diseased individuals, cultured in pure form, and capable of reproducing the disease when
introduced into a healthy host. These postulates proved ineffective for periodontal diseases despite being very
effective for acute infectious diseases. This is because periodontitis is polymicrobial in nature, many
periodontal pathogens are challenging to cultivate and several organisms linked to the disease may also exist
in healthy people.!

Alternative theories describing the origin of periodontal disease were developed as a result of these constraints.
Specific Plaque Hypothesis by Loesche highlighted the part certain pathogenic bacteria play in the
development and course of disease.’ On the other hand, the Non-Specific Plaque Hypothesis proposed that the
total amount of plaque, not particular bacterial species, was the cause of disease.* Marsh later presented the
Ecological Plaque Hypothesis, which postulated that alterations in the biofilm's environment change the
microbial makeup and promote the proliferation of pathogenic species.’

Socransky et al. used checkerboard DNA-DNA hybridization to examine over 13,000 subgingival plaque
samples from 185 subjects. 40 bacterial species were evaluated for prevalence and abundance, and
microorganisms that commonly coexisted were found using cluster analysis (table 1). The bacteria were
categorized into color-coded microbial complexes based on these relationships; the red complex had the
strongest link with periodontal disease. One of the earliest ecological models explaining the arrangement and
succession of bacteria within subgingival biofilms was produced by this study (table 2).2

Table 1- Historical Evolution of Concepts in Periodontal Microbiology

YEAR CONCEPT AUTHOR SIGNIFICANCE
1884 KOCH ROBERT KOCH Established  criteria
POSTULATES for identifying
disease-causing
microorganisms
1976 SPECIFIC PLAQUE LOESCHE Suggested that
HYPOTHESIS specific bacteria are
responsible for
periodontal disease
1986 NON-SPECIFIC THEILADE Emphasized the
PLAQUE overall plaque mass
HYPOTHESIS rather than individual
species
1994 ECOLOGICAL MARSH Highlighted the role
PLAQUE of environmental
HYPOTHESIS changes in microbial
selection
1998 MICROBIAL SOCRANSKY Classified periodontal
COMPLEXES bacteria into

ecological complexes
associated with health
and disease
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TABLE 2- MICROBIAL COMPLEXES

COMPLEX PRINCIPAL SPECIES SIGNIFICANCE

RED COMPLEX Porphyromonas  gingivalis, Strongly associated with
Tannerella forsythia, bleeding on probing, deep
Treponema denticola periodontal pockets, clinical

attachment loss, and active
periodontal destruction

ORANGE COMPLEX Fusobacterium  nucleatum, Bridge organisms that
Prevotella intermedia, facilitate colonization by red
Prevotella nigrescens, complex species
Campylobacter rectus,
Campylobacter showae,
Parvimonas micra,
Fusobacterium
periodonticum, Eubacterium
nodatum, Streptococcus
constellatus

GREEN COMPLEX Aggregatibacter Early colonizers with
actinomycetemcomitans moderate association with
(serotype a), Capnocytophaga disease
species, Eikenella corrodens

YELLOW COMPLEX Streptococcus sanguinis, S. Health-associated organisms
oralis, S. mitis, S. gordonii, S. and primary colonizers
intermedius

PURPLE COMPLEX Veillonella parvula, Associated with periodontal

Actinomyces odontolyticus health and stable biofilm
formation
BLUE COMPLEX Actinomyces gerencseriae Generally associated with

healthy periodontal conditions
Early colonizers important in
initial plaque formation

ACTINOMYCES GROUP  Actinomyces naeslundii,

Actinomyces viscosus

Discussion

By highlighting the function of microbial communities rather than specific pathogens, Socransky et al.'s
microbial complexes greatly advanced our knowledge of periodontal disease. The idea of biofilm development
and microbial dysbiosis in periodontitis is supported by the stepwise colonization of health-associated species
to the disease-associated red complex. Although newer molecular techniques have identified additional
periodontal pathogens, the Socransky classification remains a simple and clinically relevant model for
understanding periodontal biofilm ecology and disease progression.

Clinical Significance

The red complex organisms- Porphyromonas gingivalis, Tannerella forsythia and Treponema denticola show
the strongest association with periodontal destruction and are frequently detected in deep periodontal pockets.

Because its members aid in the creation of red complex bacteria, the orange complex is equally significant. By
coaggregating with both early and late colonizers, Fusobacterium nucleatum serves as a crucial bridging
species among these organisms, aiding in the formation of biofilms.

The microbial complex model is still very useful for comprehending periodontal biofilm ecology and disease

progression, even though contemporary next-generation sequencing tools have uncovered a significantly wider
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diversity of microorganisms than Socransky initially observed. Furthermore, rather than taking the place of the
original microbial complex framework, modern ideas like polymicrobial synergy and dysbiosis have enlarged
it.

Conclusion

The microbial complexes described by Socransky et al. represent a landmark contribution to periodontal
microbiology. By organizing periodontal microorganisms into ecologically related groups, this model provided
a practical explanation for biofilm maturation and disease progression. The classification highlighted the
central role of microbial interactions in periodontal health and disease and remains one of the most widely
taught concepts in periodontology. For students and clinicians alike, the microbial complexes continue to offer
a simple and effective framework for understanding the microbiological basis of periodontitis.
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