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Models of Periodontal Pathogenesis
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ABSTRACT:

Chronic adult periodontitis is a multifactorial disease. Early

histopathological observations described linear model of

pathogenesis in periodontal disease. After that the bacterial

activation of immuno inflammatory mechanisms, environmental

and genetic factors modified the clinical phenotype of periodontal

disease which led to the formulation of non-linear conceptual

models. However, these models did not capture the dynamic

nature of the biochemical processes. With emerging genomic,

proteomic, and metabolomic data and systems biology tools for

interpreting data, a multilevel hierarchial model and biological

systems model has been proposed to describe the basic elements

of a new model of pathogenesis. It is hoped that improved

conceptual models of pathogenesis will assist in focusing new

research and speed the translation of new data into practical

applications.
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Introduction:

Periodontitis is a complex disease in which
disease expression involves intricate interactions of
the biofilm with the host immuno inflammatory
response and subsequent alterations in bone and
connective tissue homeostasis. A model of the
pathogenesis of periodontitis based on systems
biology approaches should allow investigators to
better communicate the interrelatedness of various
biologic components involved in the initiation and
resolution of disease.

Concepts of the pathogenesis of periodontal
disease:

Linear model (Figure 1): In mid-1960’s
Human and animal experimental evidence
demonstrated the critical role of bacteria in the
initiation of gingivitis and periodontitis which led
to a clear concept of pathogenesis, prevention and

treatment of periodontal diseases. Linear model
proposed by Loe et.al. implicated bacterial plaque
deposits as the primary, direct factor in the
development of periodontitis and resulted in the
abandonment of former concepts that involved non-
bacterial factors, such as trauma from occlusion,
systemic conditions, and diet.1

Drawbacks: This model could not capture the
dynamic nature of the biochemical processes, i.e.,
those innate differences among individuals and
changes in environmental factors which may
accelerate biochemical changes or dampen that shift.

Basic conceptual model — circa model
(Figure 2): During 1970’s and early 1980’s Research
and scientific discussions based on the simple
concept of bacterial causation led to great advances
in knowledge. Specific Gram-negative, anaerobic, or
microaerophilic bacteria were implicated in the
causation of periodontitis, and the protective and
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destructive roles of the immuno inflammatory
responses and the critical role of polymorphonuclear
neutrophils (PMNs) in contributing to periodontal
damage were described.2-8 Finally, during this
period, the initiation and progression of periodontitis
was described in terms of distinctive
histopathological characteristics that provided
insights into the pathogenesis processes.9 The most
important aspect of this model is that a distinction
between the role of the microbial challenge and
immuno inflammatory mechanisms in the
pathogenesis of periodontal disease was apparent.

Drawbacks: This model could not explain some
clinical disease patterns, or phenotypes which had
characteristic bacteria and host responses.

The extensive research through the mid-1980s
led to critical refinements in the pathogenesis
concept.In most of the models of the late 1980s;
specific bacteria initiated the disease process by
activating host responses, which were protective and
destructive. The actual destruction of connective
tissue and bone resulted primarily from activated
tissue mechanisms, such as matrix
metalloproteinases, interleukin-1, and
prostaglandins.10

Critical pathway model (Figure 3): In 1990
advances has led to the understanding the cellular
and molecular interaction which resulted in
periodontal disease progression, where
understanding regarding these elements had led to
critical pathway of pathogenesis by Offenbacher in
1996.11

To add further complexity to the earlier
conceptual models, there was a growing appreciation
during this period which highlighted the genetic
variations in the development and severity of
periodontal disease which accounted for 30% to 60%
of variability. Genetic differences among individuals
seemed to be a significant determinant of risk for
periodontal disease and, most importantly, there
were gene variations that altered host responses and
modified the clinical severity of disease.12 With new
knowledge of the various factors contributing to
periodontal disease, the clinical phenotype is not
simply the microbial challenge translated by a
standard host response but also smoking and
diabetes were shown to be powerful determinants
of disease severity.13, 14 This has led to raise several
questions like

l Does periodontitis affects all individuals
uniformly?

l Do progression is continuous & linear
throughout life?

l Do disease severity is directly correlated to
plaque levels?

Non-linear model (Figure 4): The basic
conceptual model of periodontitis was revised in
1997, in great part to acknowledge that various risk
factors operated by modifying host responses led to
changes in disease expression.15 In this model, host
immuno-inflammatory mechanisms are activated by
bacterial products. Such activation of the host
response induces the expression of antibodies as well
as activating PMNs in an attempt to control the
microbial challenge in the gingival sulcus. In
addition, cytokines and prostanoids, as well as
matrix metalloproteinases activated through the
host response, may stimulate damage to connective
tissue and bone and shape the clinical presentation
of disease.16 The model implied that there were a
range of host responses and a range of clinical
expressions of disease that were primarily
determined by genetic and environmental factors
that modified the host response. Each combination
of genetic variations and environmental factors may
define a specific gene expression pattern.17

Although many of the concepts presented in the
1997 non-linear model of periodontal disease remain
relevant today, there have been advances in
knowledge about periodontal disease that may alter
our models of pathogenesis.

First, it was demonstrated that microbial
periodontal pathogens are found in ecologic
complexes, and an ecologic shift can lead to
emergence of a specific set of microbial pathogens.
Second, a number of studies confirmed that a small
group of disease modifiers, including diabetes,
genotype, and smoking, contribute strongly to
individual patient differences in the susceptibility
to periodontitis. Third, many studies described
associations between periodontitis and other
diseases, Such as cardiovascular disease, and
potentially explained such associations through
bacterial seeding, common inflammatory
mechanisms, and/or common modifying factors.
Fourth, there was an extension of knowledge about
specific bacterial mechanisms and immuno
inflammatory mechanisms in periodontitis.

During the same period of time, there were
substantial advances in knowledge about chronic
diseases in general that have influenced our
thinking about the pathogenesis of periodontitis.
First, inflammatory mechanisms were recognized
as being common to many chronic diseases, such as
cardiovascular disease. Second, periodontitis and
other chronic diseases were acknowledged as
‘‘complex’’ in character.Complex biologic traits, have
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Figure 1: Early linear model depicting the principal etiologic
role for bacteria in the initiation and progression of

periodontal disease.

Figure 2: Circa 1980s model (Ivanyi L , Lehner T , 1980 )
emphasizing a central role for the host immuno-inflammatory

response in the clinical development and progression of
periodontal disease.

 Figure 3: Critical pathway model (Offenbacher, 1996) Figure 4: Non- linear model, 1997

Figure 5: Multilevel hierarchal model Figure 6: Biologic systems model
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molecular networks that display emergent
properties as a result of contributions from genetic
and environmental factors. Third, although the
biology is complex, the integrated behavior of the
entire system can be studied using new simulation
tools. The fourth factor- complex diseases that may
be applicable to models of periodontal pathogenesis
involves the roles of environmental factors.

Multilevel hierarchal model (Figure 5): The
1997 conceptual model of the pathogenesis of
periodontal disease are still relevant today; however,
the framework would now be based on a multilevel
hierarchical organization, and the interactions are
reflected in gene, protein, and metabolite expression
patterns. The top layer includes clinically observable
parameters, such as smoking, whereas the levels
below include tissue, cellular, and sub cellular
layers, each divided into biologic networks. At the
lower levels, the biologic expression of the immuno
inflammatory network and bone and connective
tissue network are determined by the microbial
factors and the specific combination of
environmental factors and gene variations for that
individual.

New Biological systems model (Figure 6):
Building a systems biology model of periodontitis
presents substantial requirements and challenges,
but investigators have started to provide data on
the entities and gene and protein expressions
associated with certain components of the
periodontal model. This model involves bacterial
components, environmental factors such as smoking
and diabetes.18

This provides a frame work for viewing the
contributions and relative importance of all
components that contribute to the clinical
presentation of the periodontal disease and
individual response, including cytokines and lipid
mediators, produced by the host, as well as
alterations in bone and connective tissue, can be
clearly characterized by a specific pattern of gene,
protein, and metabolite expression. The expressed
proteins and metabolites provide feedback on the
system to regulate the host response and bone and
connective tissue, while helping to control the
bacterial challenge.

Conclusion:

Over the past 50 years, a number of conceptual
models describing the pathogenesis of periodontal
disease have been presented based on existing
knowledge at the time. The more recently explored
biologic systems approach to modeling holds promise
for revolutionizing conceptual models of the past by
providing a comprehensive view of the disease

process as a complex regulatory network. Within this
framework, discrete modules of genetic,
environmental, and other modifying factors would
define a specific expression pattern that represents
the shift from health to disease.
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