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Abstract

The early form of periodontitis is gingivitis where
inflammatory changes including bleeding and swelling are
restricted to marginal gingiva and surrounding connective
tissue, without the involvement of periodontal ligament.
Periodontitis occurs when inflammatory changes reach
the periodontal ligament and alveolar bone ultimately
leading to tooth loss. The underlying cause of the disease
is the presence of a polymicrobial biofilm that forms as
plaque on the tooth surface and the resulting host
response that this plaque induces. Inflammatory
responses are initiated by a number of late stage
colonizers and the virulence factors they produce. Among
these late stage pathogens is P. gingivalis, a Gram
negative, asacchrolytic bacterium with a large arsenal of
virulence factors. P. gingivalis produces up to 13 virulence
factors involved in host evasion and 21 virulence factors
involved in tissue destruction. The presence of these
virulence factors induces the production of
proinflammatory chemokine and cytokine responses
often seen in the saliva and gingival crevicular fluid of
individuals with periodontitis.
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response

Introduction
Mankind has known periodontitis as a disease entity for

more than 5000 years [1]. Clinicians and researchers alike have
known that different forms of the disease are in existence with
very differing clinical symptoms and rates of disease
progression. Chronic periodontitis, a progressive disease
affecting gingiva, periodontal ligament and alveolar bone
results when gingival inflammation subsequently affects the
supporting apparatus of the tooth structure resulting in
alveolar bone resorption.

For diagnosis of a disease state, it is important to know the
healthy state, any deviation from which will result in disease.
In a healthy state, the gingiva is pink or pigmented, stippled,

firmly adapted to underlying tissues, scalloped, located at
cemento-enamel junction with a 1-3 mm deep gingival crevice
and shows the absence of bleeding on probing. Attached
gingiva extends from free gingival groove to mucogingival
junction is tightly bound to the underlying bone and resists
injury. Transgression from this clinical feature will give an
indication of the underlying disease process. The two primary
forms of periodontal disease are gingivitis and periodontitis.
Gingivitis, the early form disease where inflammatory changes
are restricted to marginal gingiva and surrounding connective
tissue, without loss of attachment, is a mild and reversible
condition.

Periodontitis occurs when inflammatory changes reach the
periodontal ligament and alveolar bone and changes are
irreversible and destructive, ultimately leading to tooth loss
[2].

Apical displacement of the junctional epithelium (JE) results
in pocket formation between the tooth surface and gingiva;
which is the first indication of destructive disease. It is
however known that not all cases of gingivitis progress to
periodontitis. Loe in his classical paper on initiation and
progression of periodontal disease in Sri Lankan population
not exposed to oral hygiene methods found that 8% of the
population had rapid progression of the disease, 81% had
moderate progression of the disease and 11% of population
did not progress beyond gingivitis [3].

Periodontitis itself is classified in various forms and the
American Academy of Periodontology classification of 1999
gives a very extensive and exhaustive classification system that
encompasses the various disease forms known presently [4].

The prevalence of periodontitis
Periodontal disease is highly prevalent in the adult US

population. The Third National Health and Nutrition
Examination Survey (NHANES) that used data from the 2009 to
2010 and 2011 to 2012 cycles showed that 46% of total adults
amounting to 64.7 million people were affected by
periodontitis, 8% of which had a severe form of the disease
[5]. Managing and preventing the disease is a colossal task,
considering the sheer number of people afflicted with
periodontitis. Untreated periodontal patients loose 0.28 teeth
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per patient per year whereas treated patients loose 0.08 teeth
per patient per year. Thus periodontal treatment positively
affects periodontitis patients by decreasing the tooth loss 3.5
times, a definite indication of benefits of treatment [6].

Risk factors of periodontitis
A large volume of evidence suggests that certain risk factors

associated with periodontal disease may be responsible for
differences in the rate of progression of the disease [7].
Periodontitis results from the interplay between the host
immune response and bacterial onslaught; factors influencing
either of the two may alter the presence and rate of disease
progression.

The most popular model of the pathogenesis of periodontal
disease by Page and Kornman suggests microbial challenge as
an important etiological factor initiating an inflammatory
response in susceptible hosts [8,9]. The host responds to the
invading bacteria with immediate inflammatory and immune
response by the production of cytokines and chemokines that
cause connective tissue and bone destruction. Also genetic,
environmental and various other acquired factors influence
this process such that the clinical scenario observed is a
summation of all the factors taken together. The disease
severity and progression itself can alter the clinical picture by
giving a feedback in terms of environment alteration like
availability of various nutrients or oxygen [10].

Risk factors like tobacco smoking and diabetes modify the
host response to these bacteria, altering the rate and
progression of the disease. Diabetes is a metabolic disorder
that results in high blood sugar levels over a prolonged period
of time and is of two types, Type 1 or Insulin Dependent
resulting from failure of the pancreas to produce enough
insulin and Type 2 or Non-Insulin Dependent where cells fail to
respond to insulin adequately. Gestational diabetics cause high
blood glucose levels during pregnancy in women who do not
have previously diagnosed diabetes. Diabetes is the result of
either a deficiency in endogenous insulin due to the
destruction of beta cells or a deficiency of the response to
insulin from cells in other tissues. An association between
diabetics and periodontitis has been shown unequivocally
from the early nineties and most recently in the United States
NHANES III where in adults with HbA1c of >9% had
significantly higher prevalence of severe periodontitis. (OR
2.90, 95% CI, 1.40-6.03) [11]. Glycosylated hemoglobin or HBA
forms when glucose binds non-enzymatically but irreversibly
to hemoglobin. Hemoglobin A1c, or HbA1c, is the major sub-
fraction of HbA and is considered to be important in reflecting
average blood glucose concentration for the past 2-3 months.
Maintenance of HbA1c levels less than 7% is the goal of
diabetics treatment. The cross sectional and longitudinal
studies involving the Pima Indian population has shown a 3-
fold increase in periodontitis in adults with diabetics [12].

Children with type 1 or insulin dependent diabetics mellitus,
resulting from autoimmune destruction of the insulin
producing β cells of the pancreas, had increased attachment
loss and bone loss compared with controls despite similar
plaque levels [13]. The association seems to be bidirectional in

many studies. One prospective 5 year study of 2,973 non-
diabetic individuals demonstrated that those with severe
periodontitis had approximately a 5x greater absolute increase
in HbA1c over the observation period when compared to non-
periodontitis patients. Also, some reviews and meta-analyses
have identified reductions in HbA1c following periodontal
therapy [14,15].

The interrelationship between smoking and periodontal
disease was first observed as early as in 1940s when
necrotizing ulcerative gingivitis was seen to be more severe in
smokers. However, longitudinal studies, controlling the various
confounding factors and proving a direct association came
about in early eighties [16]. The NHANES III survey conducted
from 1988 to 1994 analyzed 12,329 dentate individuals with
respect to their smoking habit and concluded that current
smokers were about 4 times as likely as never smokers to have
periodontitis (OR 3.97; 95% CI, 3.20-4.93), after adjusting for
age, gender, race/ethnicity, education, and income: poverty
ratio [17]. More recently it was shown that prevalence of
periodontitis in smokers is 68.7% whereas in non-smokers it is
41.4% for persons above the age 30 [18]. Periodontal cost of
smoking is extremely high and is equal to 27 years of disease
progression in terms of attachment loss. A 32-year old smoker
has the same periodontal attachment loss as a 59-year old
non-smoker [19]. A number of factors are responsible for
making smoking a significant risk factor in periodontitis
patients. Smoking increases the prevalence of anaerobic
potential periodontopathogens, chronically reduces the blood
flow and vascularity, affects neutrophil function, increases the
production of cytokines and chemokines, inhibits fibroblast
growth, proliferation attachment and collagen production and
decreases immunoglobulin G2 production. It also reduces the
positive effects of surgical and non- surgical periodontal
therapy [20].

Other risk factors like genetic variations, cardiovascular
disease, stress, obesity, osteoporosis, pregnancy, hormonal
alterations have also been associated with increased disease
severity [7].

The prevalence of peri-implantitis
Implants have become a highly predictable alternative for

replacement of missing teeth in the last 30 years. In the US
alone an estimated of 300,000 to 480,000 implants are placed
annually [21]. Branemark revolutionized the field of dentistry
with the Osseo integration concept wherein there exists a
direct bone to implant contact without any intervening tissue.
He defined Osseo integration as "A direct structural and
functional connection between ordered, living bone and the
surface of a load-carrying implant" [22].

At 16 years, 82.9% success rates of implants are reported,
with a large number of studies quoting the number well above
95% in 10 years. The multitudinous implants placed for
prolonged period of time have increased the incidence of
complications like peri- implantitis [23].

Peri-implantitis is an inflammatory condition affecting the
peri-implant tissues, involving loss of alveolar bone, whereas
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the inflammatory condition that is limited to the surrounding
soft tissues alone is termed as peri-implant mucositis. Peri-
implantitis and peri-implant mucositis are analogous to
inflammatory conditions surrounding teeth viz; gingivitis and
periodontitis [24].

When bacteria-induced reversible peri-implant mucositis
progresses to involve the surrounding implant supporting
bone, the disease becomes irreversible peri-implantitis. Similar
to periodontal diseases, peri-implant diseases are also a result
of imbalance between the bacterial overload and host immune
responses. Increasing probing depth, attachment loss and
bleeding on probing are classical signs of both peri-implant
and periodontal diseases. Presence of suppuration and
radiographic signs of alveolar bone loss may also be present
and indicate the progress of disease from mucositis to
implantitis. Both diseases usually take a number of years to
develop and are painless making long term clinical follow ups
and long term prospective studies important in diagnosis and
treatment planning.

Patients with periodontal diseases are known to be at
increased risk to developing peri- implantitis [23,24]. The
treatment outcome of peri-implantitis in patients with and
without periodontal disease in terms of loss of supporting
bone and implant loss are vastly different with significantly
increased incidence of peri-implant marginal bone loss in the
periodontitis group. Success rate is improved if patients are a
part of organized supportive periodontal therapy. A large
proportion of anaerobic bacteria like P. gingivalis, P. intermedia
and F. nucleatum have been found in the peri-implant sulcus of
failing implants as with periodontal pockets emphasizing the
need of regular recall maintenance of implants. European
Association of Osseo integration accepts an incidence rate of
peri- implantitis as one in every five patients.

Patient related modifiable and un-modifiable factors like
smoking and diabetics are considered significant risk factors
for peri-implant disease. Smoking increases the adverse
outcome of implant therapy by an odds ratio of 3.6-4.8.
Though implant survival rates are between 80 to 96% in
smokers have been reported, overall they are significantly
lower than non-smokers with increased incidence of implant
related complications [25]. Although diabetics with an
excellent metabolic control are not a contraindication for
implant therapy, significantly lower success rates (68.7%) of
implant treatment and increased risk of peri-implantitis has
been reported in diabetics [25]. Continuous hyperglycemia
affects a wide range of metabolic pathways and alters the host
immune response and wound healing process resulting in
impairment of neutrophil adherence, chemo taxis and
phagocytosis. This results in persistence of bacterial infection
and increased tissue destruction. Hyper responsive
macrophages and monocytes increase the proinflammatory
cytokines leading to increased inflammation and subsequently
alveolar bone resorption.

Virulence factors of P. gingivalis
P. gingivalis, a known etiological factor in periodontal

disease is frequently isolated from sites infected with

periodontitis and is present in higher numbers in areas of
active disease. It is a Gram negative asaccharolytic anaerobe,
forming black colonies on blood agar and is termed as a
pathobiont due to its tremendous destructive capacity. Its
arsenal consists of a plethora of virulence factors responsible
for its disease producing capacity; prominent among these are
the capsular polysaccharide (CPS), lipopolysaccharide (LPS),
long and short fimbria, trypsin-like proteases named gingipans
and agglutinins, which help it to overcome the host immune
responses and invade the host-cells including epithelial,
endothelial, and smooth muscle cells [8].

Experimental infections in mice have shown CPS to be a
major virulence factor as non- capsulated strains of P.
gingivalis cause only localized abscesses whereas capsulated
strains cause invasive, spreading infections. CPS is also
responsible for circumventing host defense mechanisms like
opsonization, phagocytosis and complement killing [6]. LPS,
found in the outer membrane of Gram negative bacteria is an
endotoxin comprising of a lipid A and a polysaccharide with O
antigen. It is important in enhancing the host inflammatory
response leading to initiation and progression of periodontal
disease by increasing bone resorption, activation of polyclonal
B cells, inhibition of bone formation, and fibroblast
proliferation. Immunomodulatory and tissue destroying
molecules by fibroblasts and macrophages, and antibodies by
lymphocytes are secreted in response to oral LPS leading to
progression of periodontal diseases [27].

Fimbriae help the P. gingivalis bacteria to attach to the
various hosT-cells, a primary step in host cell invasion. They are
filamentous and proteinaceous non-flagellar appendages that
extend outwards from the bacterial cell [28]. Two distinctly
different fimbriae are present on the P. ginigvalis cells; major
or long, a 49 kDa protein, encoded by fimA gene and minor or
short fimbriae composed of 67 kDa protein, encoded by mfa1
gene. [29]. It has been shown that fimbriae activate both
humoral and cellular responses and inactivation of fimA gene
reduces periodontal bone loss in gnotobiotic rats.

However the amount of fimbriae produced varies
depending on the strains of P. ginigvalis, some producing much
more than others [30]. Six genotype sequences – type I-V and
Ib, are classified depending on the genotype sequence of fimA
genes which alters the virulence of the P. gingivalis strains,
where in type II genotype has the highest (77.80) odds ratio
for developing periodontitis [31].

Gingipans are trypsin-like proteinases secreted by P.
ginigvalis and cause 85% of proteolytic activity of the
bacterium. They are a group of cysteine proteinases encoded
by 3 genes rgpA, rgpB and kgp. They activate the kallikrein/
kinin pathway and increase vascular permeability thus
increasing the gingival crevicular fluid. It is also responsible for
prostaglandin production and bone resorption, chemotaxis of
leucocytes, activation of the clotting system and production of
thrombin. Gingipans also degrade fibrinogen suggesting their
role in bleeding on probing from periodontal pocket. It impairs
the bio- defense cells like neutrophils and monocytes and
dysregulates the cytokine network [32].
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Attachment to the hosT-cells is the first step to invasion of
the host and is facilitated by fimbriae and agglutinins.
Hemagglutinins are surface proteins that act as adhesins,
promoting host colonization by acting as ligands for initial
attachment and subsequent invasion [8]. Synthesizing
hemagglutinating adhesins establishes the virulence of many
bacterial species including Vibrio cholera, Salmonella spp.,
Bordetella pertussis, and E. coli. P. gingivalis is responsible of
agglutination of all erythrocytes of any of the ABO blood
groups and also sheep erythrocytes indicating their role in
adhesion to the hosT- cells. Five different types of
hemagglutinin proteins have been identified and are named as
A, B, C, D and E. Hemagglutinin A and B are most highly
characterized with A and D having 73.8% homogeniety where-
as B and C are 98% identical. HagB has generated an extensive
interest in production of a vaccine against periodontitis and
protection against periodontal bone loss with HagB having
been successfully tested in a rat model. HagB protein consists
of 350 amino acid residues with pI of 8.4 and 49 kDa mass.

HagB is known to induce a robust chemokine and cytokine
response from dendritic cells and certain host proteins such as
histatins, which belong to the family of anti- inflammatory
components of oral cavity, are known attenuate this
inflammatory response to HagB [33]. Attachment of bacteria
to cells is not restricted to oral tissues, but P. gingivalis has
been known to invade cardiovascular cells and evidence in
form of live bacteria and presence on DNA level has been
detected in human atherosclerotic plaques [34].

Biomarkers of inflammation
In the presence of bacterial components and associated risk

factors, the host immune response plays a pivotal role in the
disease state. One of the very first occurrences in either
gingivitis or periodontitis is vasodilatation of blood vessels
below junctional epithelium and migration of neutrophils and
monocytes initially, and macrophages and lymphocytes over a
period of time. Though the bacterial components initiate these
processes the components of inflammation including cytokines
and chemokines amplify the process that is manifested as
acute and chronic inflammation. Cytokines are cell signaling
molecules released in the local environment by host cells
affecting the function of other cells. They have an extended
spectrum of biological effects on different connective tissue
cells, blood vessels, and alveolar bone. The pro- inflammatory
and catabolic effects of IL-1 and TNFα results in recruitment of
inflammatory cells, vasodilatation of capillaries by enhancing
prostaglandin production and alveolar bone resorption by
stimulation of osteoclasts and its precursor cells.

Certain cytokines like IL-4, IL-10, IL-11 and TGFβ are known
anti-inflammatory cytokines that can inhibit release of IL-1 and
TNFα by targeting the macrophages and producing a
programmed cell death [35]. In a 15 year follow up study of
cyclic neutropenia, GM-CSF used therapeutically not only
increased the number of neutrophils but also improved
periodontal disease status with its anti- inflammatory action.
Thus cytokines and chemokines have various important pro-

inflammatory or anti-inflammatory functions in the host
related immune response.

Conclusion
There are various treatment modalities available for the

treatment of periodontitis. A thorough diagnosis and
treatment planning is important for the treatment of
periodontitis.
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