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The periodontitis enigma — Unveiling the
complex dynamics between the biofilm and

inflammation | Dr. Varkha Rattu
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*Sustained supragingival plaque prevention with continual once-daily on weekdays use for 12 weeks after a dental
prophylaxis. Flossing was performed by a dental hygienist.
tFlossing underwent once-daily supervision on weekdays.
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the alterations in the biofilm?

To better address this question, clinicians require
an updated and comprehensive understanding of
the processes governing disease progression.

What do we know about the pathogenesis of
periodontitis?

Regarding periodontal status, homeostasis may be
characterized by a mild inflammation involving the
presence of neutrophils in the gingiva.

This is delicately balanced by the host. As a result,
gingivitis may also be perceived as a steady state of
inflammation as it controls the "bacterial infection”
in some individuals, preventing the progression to
periodontitis ().

The transition from gingivitis to periodontitis is a
labyrinthine journey, with the stimulus remaining
elusive. Many hypotheses have been generated
over the vyears, which can be seen below
summarised in figure 1.

The 'non-specific plaque hypothesis' originated
from the idea that the sole accumulation of dental
plaque was the causative factor for periodontitis
(67),

This theory did not consider the varying levels of
bacterial virulence.

Thefindings from the landmark Sri Lankan tea-workers
study invalidated this theory as they demonstrated
that individuals from within a population with limited
opportunities for oral care demonstrated gross plaque
and inflammation but varying degrees of destruction
seen in periodontitis ®.

With periodontitis demonstrating a shift in the
biofilm from predominantly gram positive aerobes
to gram negative anaerobes, research shifted
its focus to identifying the specific bacteria, or
complexes of bacteria, that they considered to be
major contributors to periodontitis (3.10),

This identified "red and orange complex” bacteria
as being associated with disease (10),

The presence of 'putative pathogens' observed in
both health and disease scenarios complicates the
identification of specific bacteria as the exclusive
culprits behind periodontitis (11.12),

The transformation of the subgingival biofilm from
a state of periodontal well-being to one associated

with periodontitis denotes an ecological shift,
characterized by an escalation in biomass and the
prevalence of dominant taxa (1.

While particular bacteria may manifestin increased
quantities during the disease process, ascribing a
direct causative role to them remains uncertain
- this is mainly due to the majority of published
studies being cross-sectional in design.

An alternative perspective proposes that the
heightened prevalence of particular bacteria could
be a result of environmental changes mediated
by inflammation - a concept acknowledged as the
‘ecological plaque hypothesis' (3. This concept
recognises the influence of varied environmental
conditions, referred to as selective pressures, on
bacterial habitats.

The proliferation of bacteria is subject to variations
in environmental factors - such as pH, nutrient
availability and redox potential — which impact the
equilibrium within the communities of the biofilm,
leading to a disturbance in their natural balance (13).
This framework permits the existence of 'putative
pathogens' in states of health, allowing them to
flourish and become predominant community
members when favorable microenvironment
conditions prevail.

For example, in periodontal tissues the heightened
inflammation of soft tissues and the development
of pockets in gingivitis contribute to the
establishment of an anaerobic setting, providing
a conducive environment for the proliferation of
anaerobic gram-negative bacteria. These bacteria,
equipped with proteolytic capabilities, rely on
essential amino acids and hemin for their energy
requirements. Their adept ‘quorum sensing'
capacities empower them to recognise and
influence alterations in their environment through
advanced chemical signaling systems ().

In the wake of the revelations uncovered during
the Human Microbiome project, the ecological
plaque hypothesis underwent further refinement
in 2011. Hajishengalis and colleagues expanded on
the original idea, suggesting that certain microbes
existing in low abundance could intricately
integrate with the host immune system, leading

to a restructuring of the biofilm and subsequent »>
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The Periodontitis Enigma
— Unveiling The Complex
Dynamics Between The

Biofilm And Inflammation

VARKHA RATTU Introduction

Dr. Varkha is on the four-year part-

time postgraduate MClinDent program Periodontitis, described as a chronic multifactorial
in periodontology at Guy's Hospital, inflammatory disease intricately linked to
London. She works in private practice a dysbiotic biofilm, manifests as a gradual
in Malvern and Leamington Spa destruction of the structures supporting the teeth
taking referrals for periodontitis. (M. Individuals with suboptimal oral hygiene and

minimal periodontal care often experience mild to
moderate periodontitis, emphasizing that disease
risk is predominantly shaped by individual factors
rather than bacterial composition @. Therefore,
whilst a pathogenic biofilm lays the groundwork, it
is crucial to acknowledge that its presence alone is
insufficient to trigger the disease ).
The reduction of bacterial load via traditional
debridement leads to a subsequent decrease
in inflammation.
However, the effectiveness of this concept
varies across cases of periodontitis,
raising questions as to why this succeeds
in some instances and fails in others ).
The intricate relationship between
inflammation and polymicrobial
biofilm stands as a pivotal focal point
in comprehending the nuances of
the pathogenesis and management of
periodontitis. These two elements, integral to
the progression of the condition, exhibit a dynamic
interdependence.
However, despite strides in periodontal research,
the fundamental question endures — does the
immune-inflammatory response precede or trail »»
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vitamin D deficiency 5.

The IMPEDE model suggests inflammation as
the primary force, directing focus on uncovering
ways to reinstate microbial balance by resolving
inflammation. Personalised periodontics, which
factors in individual elements, could be a
strategy for enhancing preventive and treatment
approaches, promoting better periodontal well-
being. This may require consideration for integrated
pathways with our medical colleagues for improved
interdisciplinary care.
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inflammatory diseases (14

Termed the "keystone pathogen hypothesis" this
concept starkly contradicted prior notions that
inflammation was primarily influenced by the
prevalence of dominant species in substantial
numbers (14 15 Instead, this innovative hypothesis
proposed that keystone pathogens, for example
Porphyromonas gingivalis, could incite inflammation
even in "low" numbers by disrupting the innate
immune system, thereby prompting a shift in the
host response that triggers inflammation (1415),
With research underscoring the necessity of
commensal bacteria in the presence of triggering
other bacteria to induce disease14, a further
hypothesis was created (1617). The PSD model
proposes that microorganisms within communities
may often cooperate synergistically, enhancing
their capacity to colonise and incite disease. In
the realm of the periodontal biofilm, the concept
of polymicrobial synergy has been validated
through animal model investigations, consistently
uncovering increased pathogenicity in mixed
organisms compared to single-species infections.
This synergistic effect can emerge from diverse
interactions among species, encompassing the
provision of attachment surfaces for colonisation,
nutritional cross-feeding, and the coordinated
metabolism of complex substances (18).

Our understanding of the interaction between
inflammation and dysbiosis is reinforced by the
identification of inflammation resolution pathways.
Initially seen as the cessation of inflammation, the
resolution of inflammation is currently recognized
as a spectrum of biochemical and metabolic
procedures directing inflamed tissues toward
homeostasis (19

It involves molecules that exhibit both anti-
inflammatory and pro-resolution properties. These
substances not only aid in the engulfment and
removal of apoptotic cells and microorganisms by
macrophages but also trigger the antimicrobial
functions of mucosal epithelial cells (19). Topical
treatment with resolvin E1 (RVE1), a proresolution
mediator, demonstrated an inhibition and
reversal of bone loss in preventive and treatment
experiments, respectively (0.

These novel findings surrounding inflammation and
its role in periodontitis resulted in the most recent
hypothesis — Inflammation mediated polymicrobial-
emergence and dysbiotic exacerbation (IMPEDE)
model 6).

In accordance with the previously discussed
theories, IMPEDE continues to propose that
gingivitis is marked by the continuous proliferation
of mainly commensal organisms, initiating soft
tissue inflammation and leading to the formation
of pockets.

Consequently, there is an increase in microbial
diversity within these pockets. Persistent
inflammation can induce modifications in the
subgingival environment and plaque composition,
resulting in the emergence of gram-negative
bacterial species. The combination of prolonged
inflammation and the anaerobic conditions of
the pocket may further enhance the prevalence
of specific bacterial species adaptable to this
environment, escalating inflammation and causing
additional tissue damage ©).

The IMPEDE model proposes that the primary
driving force behind the progression of periodontal
diseases, from gingivitis to periodontitis, is
inflammation and its progressive nature ().

How can we put these new findings into practice?
Tailoring our approach in periodontics, a concept
otherwise known

As "personalised periodontics” encompasses an
evaluation of an individual's distinct genetic,
environmental, lifestyle and pertinent factors to
devise personalized prevention and treatment
approaches.

This methodology strives to enhance periodontal
care by addressing specific risk factors and
individual characteristics, fostering more efficient
and targeted interventions for periodontal health.
Figure 2 presents a mind map of various factors
which are associated with periodontitis with a
summary of the plausible mechanisms which may
result in this association.

Diabetes is a well-established risk factor and
supported by substantial evidence 1.

Other associations to periodontitis include

metabolic syndrome (22), Obesity @3), stress @4, and »»
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