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Abstract

Introduction: The nexus between periodontal inflammation and the polymicrobial biofilm in the gingival sulcus is critical to
understanding the pathobiology of periodontitis. Both play a major role in the etiology and pathogenesis of periodontal dis-
eases and each reinforces the other. However, this nexus is also at the center of a significant conundrum for Periodontology.
For all mucosal polymicrobial biofilms, the most confounding issue is the paradoxical relationship between inflammation,
infection, and disease. Despite significant advances made in both periodontal microbiology and periodontal pathobiology,
the issue of which comes first, the inflammatory response or the change to a dysbiotic subgingival microbiota, is still debated.
Obijective: In this paper, the model for the pathogenesis of periodontitis based on the central role of inflammation and how
this modulates the polymicrobial biofilm within the context of the continuum of health, gingivitis, and periodontitis, termed
“Inflammation-Mediated Polymicrobial-Emergence and Dysbiotic-Exacerbation” (IMPEDE) is reviewed and how it integrates

into and complements the 2017 World Workshop Classification of Periodontitis is presented.
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Introduction

In 2020, a new model for the pathogenesis of
termed “Inflammation-Mediated
Polymicrobial-Emergence and Dysbiotic Exacerbation”
(IMPEDE”) was proposed by Van Dyke, Bartold and
Reynolds'. This was intended to assimilate with the
2017 World Workshop Classification of Periodontitis?.

As carly as 1981, Irwin Mandel observed that the
specific flora of the deep pocket may be of significance
only at a late stage of periodontal disease®. This elegant-
ly surmises the basis of the IMPEDE model in that in-
flammation is probably a key event and the specific dys-
biosis is a later “significant event”. Indeed, periodontitis
is now considered an inflammatory disease in which op-
portunistic and commensal bacteria, part of the normal

periodontitis

oral microbiota, cause disease when the host is immu-
nosuppressed. Thus, a concept of controlling periodon-
tal inflammation to control periodontal infection has
been proposed*.

In 2018 a revised classification of the plaque-asso-
ciated periodontal diseases was published based on the
findings of the 2017 World Workshop Classification of
Periodontitis®. The plaque-associated periodontal dis-
eases varied in severity that ranged from periodontal
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health through to advanced dentition-threatening
disease. Accordingly, the periodontal diseases were
classified by a sequential process of stage and grade al-
location. Despite this new approach to disease classifi-
cation, a number of questions remain unanswered:

e What is the process that leads to progression
from the well-contained inflammatory response
seen in gingivitis to the more widespread de-
struction seen in periodontitis?

e What drives the subgingival microbiome to be-
come dysbiotic?

e Does dysbiosis arise spontaneously or is it a
result of the ever-changing local milieu of the
periodontal pockets?

e How does the dysbiotic microbiota inter-
act with host innate and acquired immune
responses?

e Isinfiltration of periodontal tissues by bacteria
causative, or a result of disease?

In this paper the interrelationship between peri-
odontal inflammation and microbial dysbiosis is con-
sidered. This is crucial to understanding the initiating
events associated with the development of periodonti-
tis and how it is currently staged.
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The paradox of periodontitis and effectiveness of
oral hygiene

Along-time dilemma in Periodontology has been the
so-called “Paradox of Periodontitis”. Our clinics are full
of patients who appear to have minor plaque deposits yet
manifest with very significant periodontal destruction,
while others have significant deposits of plaque yet show
little overt disease. These observations highlight the fact
that bacteria are necessary but not sufficient for devel-
opment of periodontitis®. Accordingly, it seems appro-
priate to re-evaluate the role of oral hygiene & specific
bacteria in the development of periodontitis.

Over 23 years ago it was noted that, notwithstand-
ing the awareness by patients for appropriate oral hy-
giene, sustained encouragement by the dental profes-
sion for better oral hygiene, and the resultant overall
improvement in population oral hygiene habits, the
prevalence of advanced periodontitis had remained
largely unchanged®. The situation today is no differ-
ent: 90% of all humans have gingivitis; mild, moder-
ate and severe periodontitis affect up to 62% of all
adults; and approximately 20% of humans have severe
periodontitis’. Indeed, there is insufficient evidence
to conclude that the prevalence of periodontitis has
changed over time®.

This raises several questions. Why has our focus on
oral hygiene not always been successful? Is it that we
forgot the patient as a whole, with both the mouth and
body connected? Several authors over the years have
made similar observations. Improved oral hygiene, prac-
tices, devices and products have been shown to have a
positive effect, as manifested by a reduction in plaque
scores and in the prevalence of gingivitis, but they have
had little effect on periodontitis’. Interestingly, the prev-
alence of severe forms of periodontitis has remained
stable, thus factors other than plaque alone must be
involved'. This raises the question: have we misunder-
stood, plaque/specific bacteria and host in the continu-
um of disease prevention and manifestation?

Plaque and periodontal risk

It is interesting to note that in one important peri-
odontal risk assessment tool", dental plaque and spe-
cific periodontal pathogens do not form part of the as-
sessment algorithm. This does not diminish the role of
plaque/bacteria in the pathogenesis of periodontitis. It is
evident that full-mouth assessment of the bacterial load
must have a pivotal impact in the determination of the
risk for disease recurrence. However, studies to date have
been unable to identify what level of plaque accumula-
tion is compatible with maintaining periodontal health.
For example, many patients can tolerate plaque accumu-
lations of 20-40%. Nonetheless, plaque control remains
central to viable preventive and treatment strategies.
Therefore, it is important that the full-mouth plaque

score must be related to the host response (inflammatory
parameters) of the patient'’.

Plaque has been noted to account for only 20% of
the risk for periodontitis'?. Therefore, one must question
what role does the remaining 80% of risk factors play in
this equation. Clearly, periodontitis is a multifactorial
disease. Accordingly, predisposing and modifying fac-
tors must be accounted for in pretreatment assessment,
and the contributions of all risk factors to disease patho-
genesis must be recognized and taken into account when
trying to unravel the pathobiology of periodontitis.

Pathology of periodontitis

The critical biological events to understand any
pathological process and its management are: (1) initi-
ation of disease, (2) exacerbation of disease and (3) reso-
lution of the disease.

» Initiation of periodontitis: In most people (but
not all), if dental plaque adjacent to the gingival
margin is not disrupted regularly, gingivitis will en-
sue'. Gingivitis has been considered the precursor of
periodontitis. However, of particular interest is that
not all individuals who develop gingivitis proceed to
develop periodontitis. Identification of the factors re-
sponsible for the conversion of chronic gingivitis to
periodontitis remains unclear'. This observation was
again highlighted in a review revisiting the Page and
Schroeder model®®. Here, the authors observed that
there is a dichotomy between the homeostatic protec-
tive and destructive host responses, and that this issue
still has not been adequately resolved.

» Exacerbation of periodontitis: This is when gingi-
vitis progresses to periodontitis. The development and
advancement of periodontitis occur with developing
microbial dysbiosis. However, this appears to be an as-
sociation rather than a causal event. Investigations into
the exacerbation of periodontitis have been limited to
associations with various events, but solid evidence for
cause and effect has been difficult to substantiate. With
increasing inflammation, there is a significant change in
the subgingival environment, and this appears to coin-
cide with alterations in the constituents and amount of
subgingival biofilm and an associated microbial dysbi-
osis. Interestingly the influence of inflammation on the
development of dysbiosis has been noted in other poly-
microbial/inflammatory diseases*'*". Nonetheless, nei-
ther the host response nor the microbial biofilm are the
sole drivers of disease initiation and progression. Indeed,
the timing and sequence of how these components of
periodontitis have not been well defined.

» Resolution of periodontitis: Resolution of periodon-
tal inflammation is defined as restitution of tissue homeo-
stasis and a return of a commensal plaque microbiome in
equilibrium with the host. In periodontitis, spontaneous
resolution of inflammation does not occur due to the
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increased bacterial diversity and mass associated with
the ongoing tissue inflammation and changing pocket
milieu. Importantly, the evolving dysbiosis of the subgin-
gival microbiome contributes to ongoing inflammation
that further exacerbates the periodontitis condition.
This ongoing vicious cycle seemingly can only be reversed
by reducing the bacterial load, leading to a reduction in
inflammation, prevention of further tissue destruction
and modification of the dysbiotic biofilm. However, sev-
eral animal studies of experimental periodontitis have
shown that by targeting resolution of inflammation,
periodontal bone resorption improves, bacterial mass
decreases and dysbiosis is reversed®®*!. Recently, in a hu-
man clinical trial, it was shown that topical application
of the pro-resolving lipid mediator, Lipoxin A, (LXA,),
reduced gingival inflammation and increased the system-
ic levels of pro-resolution molecules systemically*. Thus,
this therapy has the potential to modulate the progres-
sion and damage caused by periodontitis.

A paradigm shift in thinking

The proposal by Socransky ez 2/.>* in 1998 that com-
plexes of bacteria were associated with the shift from
periodontal health to disease was a seminal moment
in Periodontology. However, it was always recognized
that these groupings were “associations’, and not “caus-
ative” for disease. While most microbes that colonize
the human body are compatible with health, some can
transform from a commensal to a pathogenic relation-
ship with the host through mechanisms that are not well
understood*®. Indeed, a significant issue is the tem-
poral relationship between inflammation and disease,
because it is not clear which comes first, the immune
response or the alteration in composition of the bio-
film*. Nonetheless, it has been noted that periodontitis
arises from an exuberant inflammatory response to the
resident microbiota, and this is aggravated by the over-
growth of some disease-associated bacteria®’.

Hypotheses for periodontitis

Many hypotheses have been proposed to try to
explain the pathogenesis of periodontitis. One of the
carlier proposals was the Specific Plaque Hypothesis®,
which highlighted the importance of a small number of
specific “pathogenic” species. Subsequently the Non-
specific Plaque Hypothesis was proposed”, which fo-
cused more on the overall mass of microbiota. A more
plausible and interesting was the Ecological Plaque
Hypothesis®, in which it was proposed that “periodon-
tal pathogens” appear as a result of the disease rather
than cause it. Two recent proposals called the Keystone
Pathogen Hypothesis®! and the Polymicrobial Synergy
& Dysbiosis model** suggest that certain microbes
modulate the host response to impair immune surveil-
lance and tip the balance from homeostasis to dysbiosis.

Most of the more recent proposals have focused on
the so-called “keystone” bacteria as being the principal
drivers of periodontitis. Although this seems reasonable,
the evidence to support it is not so clear-cut because, in
health, although the periodontal microbiome exists in
a symbiotic relationship the host, putative periodontal
pathogens are present, but not pathogenic.

Opverall, periodontitis is an interaction between the
inflammatory response, dysbiotic subgingival plaque
biofilm and associated tissue damage, modified by fac-
tors such as smoking, systemic diseases and genetics.
Importantly, inflammation always precedes the presence
of dysbiotic microbes. Thus, it seems reasonable to focus
our attention towards controlling the inflammation, to
control the infection.

Evolving concepts

The one pathogen/one disease paradigm of the
1970’s was replaced with a concept embracing the
emergence of specific periodontopathic profiles that
are associated with a number of ecologic determinants
and host factors*. An alternative paradigm supporting
the central role of inflammation, rather than specific
microbiota, in the ecarly pathogenesis of periodonti-
tis has also been proposed®. Thus, while the predom-
inant concept in Periodontology today is that dental
biofilm/plaque is the etiologic factor of periodontitis,
this could be questioned. We know that bacteria are es-
sential but insufficient to cause disease. To successfully
treat the disease, the pathogenesis (inflammatory/im-
mune responses) must be interrupted. Therefore, the
biofilm should not be the sole treatment focus, since
the pathogenesis is inflammation. For decades we have
been attacking the problem from the wrong aspect and
perhaps targeting the inflammation to control the in-

fection may be an answer*.

Inflammation & dysbiosis in periodontitis —
key facts

The relationship between the periodontal micro-
biome and the development of periodontitis is multi-
faceted and complicated. The tenet that specific peri-
odontal pathogens initiate dysbiosis and disease can be
questioned because there is scant evidence to support a
causative role for any putative keystone pathogen with
initiation of periodontitis in humans*. Furthermore, the
“putative pathogens” or “pathobionts” that are associat-
ed with periodontitis are very minor components of the
early-stage biofilm*. The later transformation to a dys-
biotic microbiota appears to be a response to the altered
pocket environment and associated inflammation?**.
A dysbiotic periodontal microbiome is linked to the de-
velopment of periodontitis; however, whether disease is
initiated by dysbiosis or is a result of inflammation has
not been specifically proven®"?~
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Thus, understanding the nexus between inflammation
and dysbiosis is critical'. The timing and sequence of micro-
bial changes to periodontal inflammation is central to the
pathogenesis of periodontitis. Understanding the inter-re-
lationships between bacteria and inflammation is emerg-
ing?"¥. Inflammation forecasts disease progression, and
increased presence of periodontal pathogens in periodon-
titis occurs after onset of periodontitis®. Dysbiotic changes
induced by inflammation are more complicated than mere
overgrowth of particular bacteria. Changes in the local
pocket milieu induce alterations in the physiology, patho-
genicity, and expression of virulence factors by the dysbiotic
microbiota”. Commensals can become pathobionts when
specific genetic or environmental conditions are altered in
the host®. In progressive disease, release of disease modify-
ing products is upregulated by both commensals and patho-
gens®!. These observations confirm that the microbiome
and related inflammatory response are connected through

bi-directional balance in health and disease.

A unifying hypothesis - Inflammation-Mediated
Polymicrobial-Emergence and Dysbiotic-Exacer-
bation (IMPEDE) model

This model is designed to accommodate the current
Classification of Periodontal Diseases. In this classifica-
tion, periodontitis is viewed within a continuum from
health to disease through four stages of severity and
complexity, as well as extent and distribution (Fig. 1).

Four different stages of bacterial transitions have
been identified during the transition from health to late-
stage periodontitis. These are driven by inflammation,
pocket formation, and bacterial composition (Fig. 2).

Stage 0 Stage | Stage Il

Healthy

Stage Ill

Advancing Disease

The Inflammation-Mediated Polymicrobial Emergence
and Dysbiotic Exacerbation (IMPEDE) model is fur-
ther illustrated in Figure 3.

Stage 0 - Periodontal health. Presence of neutrophils
in the gingival connective tissue, but there are no clinical
signs of inflammation. This is considered to be a homeo-
static state.

Stage I - Gingivitis. With accumulating commensal
plaque bacteria, clinical signs of inflammation (redness,
bleeding) become apparent.

Stage I - Initial/early periodontitis. Polymicrobial di-
versity is invoked due to the ongoing inflammation, and
dysbiosis within the microbial community is triggered.

Stage III - Dysregulated inflammatory response and
deeper pocket formation. The dysbiosis is exacerbated by
inflammation-mediated changes to the local environ-
ment, and this results in a self-sustained feedforward loop

Stage IV — Late-stage periodontitis There is further in-
flammation-mediated dysbiosis of microbiota, and this
results in further opportunistic infection and unregulat-
ed tissue damage.

This model can be used as a template for integration
of treatment strategies into each of the periodontal dis-
ease classification stages (Fig. 4). The IMPEDE model
demonstrates how inflammation drives each periodonti-
tis classification stage and, accordingly, the clinical con-
dition. Inflammation-mediated polymicrobial dysbiosis
and tissue damage can be exacerbated and progressive if
no treatment is provided. By focusing on this inflamma-
tion-driven problem treatment should be aimed at fo-
cusing on resolution of inflammation and tissue repair/
regeneration.

Stage IV

Figure 1. Plaque-associated Periodontal Disease Stages. Four different stages of periodontal disease have been
identified during the transition from health to late-stage periodontitis

Gingivitis Initial/Early Periodontitis

Healthy

| Initiation | l

Established Periodontitis

Exacerbation

Stage 0 Stage | Stage ll Stage Il Stage IV
Health Inflammation Polymicrobial Dysregulated Inflammation Inflammation mediated
Diversity & pocket formation dysbiosis & further
tissue damage

Late Stage periodontitis

Advancing Disease

Figure 2. IMPEDE & Plaque-associated Periodontal Disease Stages.
Inflammation manifests within each classification stage as a principal driver of the clinical condition.
(Source: adapted from Van Dyke TE, Bartold PM, Reynolds EC. The Nexus Between Periodontal Inflammation

and Dysbiosis. Front Immunol 2020;11:9).
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Inflammation-Mediated Polymicrobial-Emergence and Dysbiotic-Exacerbation (IMPEDE)
inflammation manifests within each classification stage as a principal driver of the clinical condition

STAGE 1
Plaque INFLAMMATION
Gingival infl ton | STAGE 2
inaiviti i alters subgingival
Gingivitis R roomvionron:  POLYMICROBIAL-EMERGENCE

Overgrowth of G+ve bacteria in increase in microbial diversity in the pocket
susceptible individuals leads to _ _

i ival i " Host immune and inflammatory
gingival inflammation reactions together with genetic

predisposition and environmental
STAGE 0 PR nent influences able to “contain”
POLYMICROBIAL infection

controlled at this stage by driving resolution of
inflammation allowing the commensal biofilm to
return as the predominant microbiota

STAGE 3
INFLAMMATION-MEDIATED
DYSBIOSIS Further dysregulated host
STAGE 4 Host immune and inflammatory inflammation and tissue
reactions together with genetic damage leading to

predisposition and environmental deepening of pocket

LATE STAGE {::J influences unable to “contain”
infection and conducive

PERIODONTITIS orvironment davelops for E
DYSBIOSIS

EARLY PERIODONTITIS Overgrowth of “periociontal

pathogens ” in subgingival biofilm

Figure 3. Inflammation-Mediated Polymicrobial Emergence and Dysbiotic Exacerbation (IMPEDE) model. In-
flammation is considered to be the main driver of plaque-associated periodontitis. This model demonstrates
how periodontal health, gingivitis, and periodontitis may develop, be contained or progress through five stag-
es (0-1V). Stage 0: periodontal health; Stage I: Gingivitis (inflammation); Stage II: Initiation/early periodontitis
(Polymicrobial diversity emerges); Stage Ill: Early-stage periodontitis: Inflammation-mediated dysbiosis and
opportunistic infection; Stage IV: Late stage periodontitis. (Source: adapted from: Van Dyke TE, Bartold PM,
Reynolds EC. The Nexus Between Periodontal Inflammation and Dysbiosis. Front Immunol 2020;11:9).

IMPEDE & Periodontal Disease Stages & Treatment

A
Stage 0 Stage | Stage Il Stage Il Stage IV
Health Inflammation  polymicrobial Dysregulated Inflammation Inflammation mediated
diversity & pocket formation dysbiosis & further
tissue damage

Figure 4. Inflammation-mediated polymicrobial dysbiosis and tissue damage can be exacerbated if no treatment
is provided, or can be driven toward resolution of inflammation and tissue repair/regeneration if treatment is
provided. (Source: adapted from Van Dyke TE, Bartold PM, Reynolds EC. The Nexus Between Periodontal In-
flammation and Dysbiosis. Front Immunol 2020;11:9).
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Conclusion

Contemporary Periodontology is witnessing a merg-
ing of opposing concepts, with the recognition of the
crucial interplay between inflammation and microbiol-
ogy in the pathogenesis of periodontitis. Emerging in-
formation indicates that the key driving force in the de-
structive features of periodontitis is ongoing and poorly
controlled inflammatory host response. Only during the
later stages of periodontitis does it become evident that
specific microbial (dysbiotic) changes evolve and assume
arole of considerable importance. It is important to note
that this is not a novel proposal — just reworked to fit
current findings and allow a logical fit with the 2017
classification.

Metagenomic, transcriptomic, proteomic, and me-
tabolomics studies are providing key evidence to un-
derpin earlier theories into believable working mod-
els. For example, changes in chemokine responses and
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microbial composition observed during experimental
gingivitis demonstrate the variable host responses to a
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such human variation in gingival inflammation may be
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Diseases. This model allows one to see how resolu-
tion of inflammation has the potential to the microbi-
al profile and restoration of microbiological and host
homeostasis. Thus, the inter-relationship between
periodontal inflammation and microbial dysbiosis
can be utilized.

Peter Mark Bartold (PMB): https://orcid.org/0000-0002-5695-3877
Thomas E. Van Dyke (TEVD): https://orcid.org/0000-0003-0568-124X

Conception or design of the study: PMB, TEVD.

Data acquisition, analysis or interpretation: PMB, TEVD.

Writing the article: PMB, TEVD.

Critical revision of the article: PMB, TEVD.
Final approval of the article: PMB, TEVD.
Overall responsibility: PMB.



Bartold et al.: Inflammation-mediated Polymicrobial Emergence and Dysbiotic Exacerbation (IMPEDE) hypothesis 7

References

1.

10.

11.

Van Dyke TE, Bartold PM, Reynolds EC. The
Nexus Between Periodontal Inflammation
and Dysbiosis. Front Immunol. 2020;11:511.
doi: 10.3389/fimmu.2020.00511.

Caton JG, Armitage G, Berglundh T, Chapple
ILC, Jepsen S, Kornman KS, et al. A new clas-
sification scheme for periodontal and peri-im-
plant diseases and conditions - Introduction
and key changes from the 1999 classification.
J Clin Periodontol. 2018;45 Suppl 20:S1-S8.
doi: 10.1111/jcpe.12935.

Mandel I. Summary of conference and perspec-
tives for the future. In: Genco RJ, Mergenhagen
SE, eds. Host-parasite interactions in periodon-
tal diseases. Buffalo (NY): American Society of
Microbioloigy; 1981.

Bartold PM, Van Dyke TE. Host modulation:
controlling the inflammation to control the in-
fection. Periodontol 2000. 2017;75(1):317-329.
doi: 10.111 l/prd.12169.

Socransky SS, Haffajee AD. The bacterial etiolo-
gy of destructive periodontal disease: current con-
cepts. J Periodontol. 1992; 63(4 Suppl):322-331.
doi: 10.1902/jop.1992.63.45.322.

Bartold PM, Seymour GJ, Cullinan MP,
Westerman B. Effect of increased community
and professional awareness of plaque control on
the management of inflammatory periodontal
diseases. Int Dent J. 1998;48(3 Suppl 1):282-
289. doi: 10.111 1/j.l875-595X.1998.tb00718.x.
Trindade D, Carvalho R, Machado V,
Chambrone L, Mendes JJ, Botelho J. Prevalence
of periodontitis in dentate people between 2011
and 2020: A systematic review and meta-analysis
of epidemiological studies. J Clin Periodontol.
2023;50(5):604-626. doi: 10.1111/jcpe.13769.
Frencken JE, Sharma P, Stenhouse L, Green D,
Laverty D, Dietrich T. Global epidemiology of
dental caries and severe periodontitis - a com-
prehensive review. J Clin Periodontol. 2017;44
Suppl 18:594-S105. doi: 10.1111/jcpe.12677.
Page R. Vaccination and periodontitis: Myth or
reality. J Int Acad Periodontol. 2000;2(2):31-43.
Demmer RT, Papapanou PN. Epidemiologic
patterns of chronic and aggressive periodon-
titis.  Periodontol  2000. 2010;53:28-44.
doi: 10.111 1/j.1600-0757.2009.00326.){.

Lang NP, Tonetti MS. Periodontal risk assess-
ment (PRA) for patients in supportive peri-
odontal therapy (SPT). Oral Health Prev Dent.
2003;1(1):7-16.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Grossi SG, Zambon JJ, Ho AW, Koch G, Dunford
RG, Machtei EE, et al. Assessment of risk for
periodontal disease. I. Risk indicators for attach-
ment loss. J Periodontol. 1994;65(3):260-267.
doi: 10.1902/jop.1994.65.3.260,

Kinane DF, Bartold PM. Clinical relevance of
the host responses of periodontitis. Periodontol
2000. 2007;43:278-293. doi: 10.1111/j.l600—
0757.2006.00169.x.

Page RC, Schroeder HE. Pathogenesis of inflam-
matory periodontal disease - A summary of cur-
rent work. Lab Invest. 1976;34(3):235-249.
Hajishengallis G, Korostoft JM. Revisiting the
Page & Schroeder model: the good, the bad and
the unknowns in the periodontal host response 40
years later. Periodontol 2000. 2017;75(1):116-
151. doi: 10.1111/prd.12181.

Kamada N, Seo SU, Chen GY, Nunez G. Role of
the gut microbiota in immunity and inflamma-
tory disease. Nat Rev Immunol. 2013;13(5):321-
335. doi: 10.1038/nri3430.

Lupp C, Robertson ML, Wickham ME,
Sekirov I, Champion OL, Gaynor EC, et al.
Host-mediated inflammation disrupts the in-
testinal microbiota and promotes the over-
growth of Enterobacteriaceae. Cell Host
Microbe. 2007;2(2):119-29. doi: 10.1016/j.
chom.2007.06.010.

Plotnikoff GA, Riley D. The human microbi-
ome. Glob Adv Health Med. 2014;3(3):4-5.
doi: 10.7453/gahm;j.2014.023.

Zeng MY, Inohara N, Nunez G. Mechanisms
of inflammation-driven bacterial dysbiosis in
the gut. Mucosal Immunol. 2017;10(1):18-26.
doi: 10.1038/mi.2016.75.

Hasturk H, Kantarci A, Goguet-Surmenian
E, Blackwood A, Andry C, Serhan CN, et al.
Resolvin E1 regulates inflammation at the cellu-
lar and tissue level and restores tissue homeosta-
sis in vivo. ] Immunol. 2007;179(10):7021-7029.
doi: 10.4049/jimmunol.179.10.7021.

Lee CT, Teles R, Kantarci A, Chen T,
McCafferty J, Starr JR, et al. Resolvin El
Reverses  Experimental  Periodontitis  and
Dysbiosis. ] Immunol. 2016;197(7):2796-2806.
doi: 10.4049/jimmunol.1600859.

Hasturk H, Schulte F, Martins M, Sherzai H,
Floros C, Cugini M, et al. Safety and prelimi-
nary efficacy of a novel host-modulatory ther-
apy for reducing gingival inflammation. Front
Immunol. 2021;12:704163. doi: 10.3389/fim-
mu.2021.704163.



8

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Journal of the International Academy of Periodontology (2025) 27/1:2525art1.0ar

Socransky SS, Haffajee AD, Cugini MA, Smith
C, Kent RL Jr. Microbial complexes in subgingi-
val plaque. J Clin Periodontol. 1998;25(2):134-
144. doi: 10.1111/j.1600-051x.1998.tb02419.x.
Avila M, Ojcius DM, Yilmaz O. The Oral
Microbiota: Living with a Permanent Guest.
DNA  Cell Biol.  2009;28(8):405-411.
doi: 10.1089/dna.2009.0874.
Scher JU, Abramson SB. The microbiome and
Nat Rev Rheumatol.
doi: 10.1038/nr-

rheumatoid arthritis.
2011;7(10):569-578.
rheum.2011.121.
Dongari-Bagtzoglou A. Pathogenesis of muco-
sal biofilm infections: challenges and progress.
Expert Rev Anti Infect Ther. 2008;6(2):201-
208. doi: 10.1586/14787210.6.2.201.

Wade WG. The oral microbiome in health and
disease. Pharmacol Res. 2013;69(1):137-143.
doi: 10.1016/j.phrs.2012.11.006.

Loesche WJ. Chemotherapy of dental plaque in-
fections. Oral Sci Rev. 1976;9:65-107.

Theilade E. The nonspecific theory in microbi-
al etiology of inflammatory periodontal diseas-
es. J Clin Periodontol. 1986;13(10):905-911.
doi: 10.1111/j.1600-051x.1986.tb01425.x.
Marsh PD. Are dental diseases examples of eco-
logical catastrophes? Microbiology (Reading).
2003;149(Pc  2):279-294.  doi:  10.1099/
mic.0.26082-0.

Hajishengallis G, Darveau RP, Curtis MA.
The keystone-pathogen hypothesis. Nat Rev
Microbiol. 2012;10(10):717-725. doi: 10.1038/
nrmicro2873.

Lamont R]J, Hajishengallis G. Polymicrobial
synergy and dysbiosis in inflammatory dis-
ease. Trends Mol Med. 2015;21(3):172-183.
doi: 10.1016/j.molmed.2014.11.004.

Colombo APV, Tanner ACR.TheRoleofBacterial
Biofilms in Dental Caries and Periodontal
and  Peri-implant Diseases: A Historical
Perspective. J Dent Res. 2019;98(4):373-385.
doi: 10.1177/0022034519830686.

Bartold PM, Van Dyke TE. An appraisal of the
role of specific bacteria in the initial patho-
genesis of periodontitis. J Clin Periodontol.
2019:46(1):6-11. doi: 10.1111/jcpe.13046.

35.

36.

37.

38.

39.

40.

41.

42.

Kirst ME, Li EC, Alfant B, Chi YY, Walker C,
Magnusson I, et al. Dysbiosis and Alterations
in Predicted Functions of the Subgingival
Microbiome in Chronic Periodontitis. Appl
Environ ~ Microbiol. ~ 2015;81(2):783-793.
doi: 10.1128/AEM.02712-14.

Marsh PD. Microbial ecology of dental plaque
and its significance in health and disease. Adv
Dent Res. 1994;8(2):263-271. doi: 10.1177/089
59374940080022001.

Sima C, Cheng Q, Rautava J, Levesque C,
Sherman P, Glogauer M. Identification of quan-
titative trait loci influencing inflammation-me-
diated alveolar bone loss: insights into polygenic
inheritance of host-biofilm disequilibria in peri-
odontitis. J Periodontal Res. 2016;51(2):237-
249.doi: 10.1111/jre.12303.

Tanner AC, Kent R ]Jr., Kanasi E, Lu SC, Paster BJ,
Sonis ST, et al. Clinical characteristics and micro-
biota of progressing slight chronic periodontitis
in adults. J Clin Periodontol. 2007;34(11):917-
930. doi: 10.1111/j.1600-051X.2007.01126.x.
Lamont R], Koo H, Hajishengallis G. The oral
microbiota: dynamic communities and host in-
teractions. Nat Rev Microbiol. 2018;16(12):745-
759. doi: 10.1038/541579-018-0089-x.

Janket SJ, Conte HA, Meurman JH, Diamandis
EP. Commensals can become pathobionts.
J Clin Periodontol. 2021;48(11):1491-1492.
doi: 10.1111/jcpe.13535.

Yost S, Duran-Pinedo AE, Teles R, Krishnan K,
Frias-Lopez J. Functional signatures of oral dysbi-
osis during periodontitis progression revealed by
microbial metatranscriptome analysis. Genome
Med. 2015;7(1):27. doi: 10.1186/513073-015-
0153-3.

Bamashmous S, Kotsakis GA, Kerns KA, Leroux
BG, Zenobia C, Chen D, et al. Human variation
in gingival inflammation. Proc Natl Acad Sci U
S A.2021;118(27):e2012578118. doi: 10.1073/
pnas.2012578118.



