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1. Introduction

Periodontal disease is the most common oral condition of human population. In
general, it affects about 20% to 50% of the population worldwide, with preva-
lence in men, especially those who live below the poverty line and are smokers

(1] [2].
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It is characterized by a chronical inflammation that can lead to the loss of the
supportive tissues of affected teeth, considering the proteolytic activity of the in-
fecting microbes and the cascade reaction of the immune system [3].

The presence of inflammatory response alters the normal microbiota and the
pathogenic microbes cohabiting within the sub-gingival biofilm will contribute
to increase inflammation. Studies demonstrated that local and systemic factors
of the host could have an influence on disease progression. The actual alteration
of local or systemic immunological response may exert influence on the diverse
clinical forms of disease.

Thus, patients with periodontitis will generate specific antibodies against bac-
teria that are within the biofilm. Although the role of these antibodies is not yet
fully explained, they characterize adaptive humoral immune response in peri-
odontitis. The production of these antibodies is mediated by the help of T lym-
phocytes, which are fundamental for adaptive immunity.

Considering the major histocompatibility complex, the recognition of peptide
antigen by the T cell receptor may result in activation of these cells. T cell activa-
tion and differentiation may take various forms as Th1, Th2, Th17 and the more
recently characterized, Th9 and Th22 subtypes. It is believed that T cells are in-
volved on the homeostasis of periodontal tissues and modulation of inflamma-
tory response [4] [5] [6]. Failures that may occur in immune response against
disease establishment are due to evasive mechanisms that may be exerted by pa-

thogenic bacteria present in the sub-gingival biofilm.

2. Risk Factors Associated to Periodontal Disease

Periodontal disease affects the supportive tissues of the teeth, the gingiva, peri-
odontal ligament, cementum and alveolar bone. These changes usually occur
due to persistent infection and inflammation in response to the presence of pa-
thogens such as Porphyromonas gingivalis, Prevotella intermedia and Fusobac-
terium nucleatum [7]. Studies have shown that these microorganisms may be
involved in the pathogenesis of a number of systemic diseases [8] [9]. The oral
cavity harbors a large number of bacteria. Using molecular biology, it is now
possible to accurately and rapidly identify more than 700 bacterial species that
make up the oral microbiota [10]. Studies show that there is a significant varia-
tion in the microbiota according to different sites of the oral cavity. This varia-
tion can be influenced by oral diseases such as caries, infections of the dental
pulp, mucositis, and periodontitis [10] [11].

The host’s immune response, in addition to environmental, behavioral and
genetic factors, all contribute to the risk of developing periodontal disease [12].
The presence of periodontal pathogens is necessary, but not sufficient to induce
periodontitis. In the normal physiological state, where there are no risk factors,
the host responds adequately trying to refrain bacterial infection. However, fac-
tors such as smoking and diabetes, for instance, in addition to the im-

mune-system evasion capacity, given by the pathogens within sub-gingival bio-
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film, will alter the immune-inflammatory responses that may lead to tissue de-
struction, thus establishing periodontitis [13] [14].

Gingivitis and periodontitis are the most common forms of periodontal dis-
ease. Gingivitis is an inflammation of the gingiva without loss of alveolar bone. It
is induced by the plaque biofilm and can be reverted by hygiene control. Gingi-
vitis can lead to periodontitis, which is an inflammatory condition that will turn
into loss of dental supportive tissues. It is characterized by progressive and irre-
versible loss of alveolar bone and, finally, loss of the teeth. Signal and symptoms
include erythema, edema and bleeding, deepening of the gingival sulcus and
formation of abscess (Figure 1).

Periodontitis can be classified as chronic or acute. Chronic periodontitis is
more common in adults, and is generally characterized by having slow and
moderate progression, while being diagnosed according to clinical signals such
as an increase and deepening of the depth in periodontal probing (Figure 1),
gingival inflammation and loss of alveolar bone, which can be detected by x-ray
(Figure 2) [15] [16]. Acute periodontal disease show clinical and radiographic
characteristics that are similar to chronic periodontitis, however, in this case

disease progression is rapid.

Figure 1. Picture taken at clinic showing the characteristics of periodontal disease.

Figure 2. An example of chronic periodontitis in which the loss of alveolar bone is visi-
ble, as indicated by the arrows.
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Smoking is one of the most important risk factors in periodontal disease. A
reduction in prevalence of periodontal disease is directly correlated to decreased
rates of smoking [17]. Smokers present a significantly increased rate of alveolar
bone loss and higher prevalence of dental loss, when compared to nonsmokers.
In addition, they present unsatisfactory results through various forms of peri-
odontal treatments [18] [19] [20] [21]. Evidence suggests that smoking induces
modifications of the oral microbial flora with consequent alteration of the host’s
immune response [17]. In addition, nicotine has been shown to cause ruptures
in periodontal tissues, either directly or indirectly through interaction with other
factors [22].

Inadequate oral hygiene also contributes to the occurrence of periodontal dis-
ease, since lack of adequate brushing and other measures of oral hygiene can in-
crease bacterial deposition and dental plaque formation on teeth and gums, thus
favoring the establishment of inflammatory processes within periodontal tissues
[23]. Studies have shown that there is a correlation between inadequate oral hy-
giene and biofilm accumulation, which is also connected to high prevalence and
severity of periodontal disease [24] [25]. Additionally, inadequate oral hygiene
may increase the risk factor of periodontal disease for patients with type 2 di-
abetes, thus contributing to disease progression [26] [27]. Type 2 diabetes is as-
sociated with destruction of the periodontal ligament, a process that can later
lead to tooth loss [28] [29]. Diabetic patients that have periodontal disease will
present gingival fluids and saliva that present higher concentrations of inflam-
matory mediators, including different types of cytokines, when compared to the
non-diabetic individuals that have periodontal disease [30].

The use of certain medications and stress similarly favor periodontal disease.
Vulnerability to infections and periodontal diseases intensifies when the salivary
flow is reduced due to certain medications [31]. The most common medications
that can reduce the salivary flux and produce a dry mouth state include tricyclic
antidepressants, atropine, antihistamine and beta-blockers [32]. Reduction of sa-
livary flow may also occur because of stress [21]. Rai et al observed a positive
association between the stress score and salivary stress markers, such as cortisol
[33]. The depressed individuals showed higher concentrations of cortisol in the
gingival fluid, responding in an inadequate way to the treatment for periodontal
disease. Academic stress also results in inadequate oral hygiene and consequent
gingiva inflammation mediated by interleukin-14 [21]. Another cause of mouth
dryness is associated with chemotherapy and radiotherapy of the head and neck
in patients with neoplasias. For instance, children in chemotherapy for leukemia
treatment [34]. The severity of these treatments induce xerostomia and the
problems associated to low salivary flux [35].

In addition to the risk factors discussed above, those considered as non-modi-
fiable risks are age and hereditary factors, which also contribute to periodontal
disease (Figure 3). With regard to age, the risk increases, explaining the high

prevalence of periodontal disease that is observed in the aged population.
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Figure 3. Risk factors that are associated to periodontal disease.

3. Innate and Adaptive Immune Response to Oral Bacteria
and the Immune Evasive Characteristics of
Periodontal Pathogens

In periodontal disease, microorganisms that are present at the sub-gingival bio-
film induce the production of cytokines and chemokines by the gingival epithe-
lium, resulting on the expression of adhesion molecules, increased permeability
of the capillaries and migration of dendritic cells and neutrophils through the
junction epithelium and gingival sulcus [36] [37]. The migration of neutrophils
into the gingival sulcus is guided by IL-8, the chemokine produced by gingival
epithelial cells [38]. In addition to the homing stimulus function or cellular traf-
ficking, chemokines induce other biological processes, such as angiogenesis and
cell proliferation, and are involved in the apoptosis of some cell types. It is also
important to emphasize that the bacterial peptides themselves are also chemo-
tactic for inflammatory cells [39] [40] [41] [42].

Phagocytes act in the capture of periodontopathic biofilm bacteria and pro-
duce pro-inflammatory cytokines that perpetuate inflammation, as well as regu-
late the amplitude and duration of the immune response [37]. Especially in
phagocytes, the secretion of cytokines is dependent on the activation of nuclear
factor NFkB after recognition of PAMPs as LPS via the TLR pathway [43]. After
this type of microbial recognition, innate response pro-inflammatory cytokines
that are produced in periodontal disease are, TNF-q, IL-15 and IL-6 [44]. TNF-a
regulates IL-1 and IL-6 production and is also correlated with extracellular ma-
trix degradation and bone re-sorption through actions that promote RANKL se-
cretion [45] [46] [47].

The adaptive immune response in periodontal disease is characterized by the
processing and presentation of bacterial biofilm antigens, especially by dendritic
cells and neutrophils that are configured with antigen-presenting cells (APCs) in
this scenario [48]. T-lymphocytes that are part of the adaptive immune response
recognize these antigens that are presented by the major histocompatibility
complex (MHC) of these cells. In response to the recognition, T-lymphocytes
produce cytokines. Classically, T-lymphocytes were classified into subsets based
on the expression of CD4" or CD8" cell surface molecules. These molecules ori-
ginate in the thymus during positive and negative T-cell selections. CD8" cells

have cytotoxic activity and contribute to the progression of the inflammatory
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process in periodontal disease, but the exact mechanism of their action has not
been elucidated [49]. TCD4" cells were initially subdivided into two subsets,
designated Thl and Th2, based on their cytokine production patterns. Thl cells
secrete IL-2 and IFN-y, whereas Th2 cells produce IL-5, IL-6, IL-4, IL-10 and
IL-13 [50]. Thl is an important standard in the response against intracellular
microorganisms and is responsible for inducing cell-mediated inflammation. By
means of IFN-y, which has a pro-inflammatory action, it leads to increased ex-
pression of toll-like receptors (TLRs), promotion of MHC class I and II antigen
presentation, induction of chemokine secretion, phagocytosis, activation of
CD8" T cells and free radicals that act against pathogenic microorganisms and
tumor cells [50]. Human and experimental data suggest that cytokine IFN-y is
present at high levels in periodontal lesions and may contribute to the onset and
progression of periodontitis by distinct mechanisms [51]. In addition, as shown
in Figure 4, it has been suggested that periodontal lesions were associated with
an infiltration of Th1 cells [52]. Th1 polarization is induced by cytokines such as
IL-12, which is normally produced by dendritic or natural killer cells. In gingival
inflammation associated with periodontal disease there is infiltration of these
cells, which may be IL-12-generating cells in response to disease-associated pa-
thogens [52].

Inflammatory response

!

Inflammatory response

Osteoclas

Pathologic
bone resorption

Figure 4. Immune response associated to T cells in periodontal disease.
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In general, T cells appear to play an important immune-regulatory role in pe-
riodontal disease. In a study conducted in 1985 by Yoshie et al, it was demon-
strated that in athymic rats, therefore with absence of CD4" and TCD8" cells, the
progression of periodontal disease was exacerbated. However, the immunologi-
cal reconstitution with TCD4" and TCD8" thymic cells led to a reduction of the
alveolar bone destruction, which is associated with periodontal disease. These
results led to the conclusion that T lymphocytes may present important im-
mune-regulatory functions [53].

T cell subsets are also important in the behavior of B cells. For example, Th1
cells stimulate the secretion of immunoglobulin G2 (IgG2), whereas Th2 cells
increase the secretion of IgG1l. In this way, both subtypes stimulate the humoral
immune response. Some studies have shown that periodontal pathogens stimu-
late antibody production by B cells, most likely by T cells [54].

Two other well-defined subsets of T cells are Th17 and T regulatory (Tregs),
with effector and suppressor roles respectively [55] [56]. Th17 is characterized
by the unique production of IL-17 and IL-22. Th17 lymphocytes, as well as the
Thl subset, play a role in stimulating osteoclastogenesis [57]. Literature data
demonstrate that Th17 cells are present in regions of inflammation that charac-
terize periodontitis, and Th17 cytokines such as IL-17 were found in periodontal
lesions (Figure 4) [58].

In vitro, antigens present on the outer membrane of P. gingivalis induce the
production of IL-17 [59]. Furthermore, biopsy specimens of periodontal lesions
from patients with chronic periodontitis, showed an increase in IL-17 mRNA
[58]. IL-17, as well as the Thl-responsive IFN-a can stimulate RANKL expres-
sion in periodontal osteoblasts. The binding of RANKL to the osteoclast RANK
receptor promotes the decrease of alveolar bone (Figure 4). The stimulation of
RANKL expression is associated with several bone pathologies such as rheuma-
toid arthritis, bone tumors, osteoporosis, odontogenic lesions and periodontitis
[60].

Treg cells secrete TGF-£ and IL-10 and, therefore, are necessary for the regu-
lation of inflammatory responses [61]. They play a critical role in tolerogenic
responses and suppression of inflammatory responses against auto-antigens.
Regulatory T cells are CD4" and CD25" T cells and express the FOXP-3 tran-
scription factor, which directs their functions. They are classified into natural
(Treg) and adaptive (Trl, Th3) cells, with Treg being specialized in protection
against auto-antigens and exacerbated inflammatory processes [62]. It has been
observed that they can be found in sites of periodontal disease, exerting a pro-
tective role of tissue damage induced by the disease [56] [63] [64]. Ernst et al.
have also demonstrated that Treg cells reduce RANKL expression in periodontal
osteoblasts [65].

4. Biofilm and Evasion Mechanisms against Inmune
Cells in Periodontal Disease

It was estimated that over 700 species of bacteria can colonize specific sites in the
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oral cavity accordingly with tropisms resulting in three-dimensional structure
and organized biofilms [66]. Biofilms have been shown to have high persistence,
since infections are established and innate and adaptive immune responses are
simultaneously activated and frequently, as in periodontitis, these responses are
the bases for collateral tissue damage [67]. In addition, there are reports on the
literature showing that bacteria present in the biofilm are more resistant to pha-
gocytic activity of neutrophils and that their replication capacity is higher in this
environment [68].

Thus, the oral microbiome exists essentially within biofilms along with the
various niches in the oral cavity. These complexes form ecosystems that directly
contribute to maintain health when the system is in balance. However, specific
ecological changes in this the commensal microbiome allows the overcome of
pathogens, allowing their pathogenic potential to cause disease. The oral micro-
bial ecology is influenced by numerous characteristics, including temperature,
pH, atmosphere, endogenous nutrients and a variety of surfaces for the estab-
lishment of biofilms [69].

Bacterial adherence to mucosal and tooth surfaces, as well as bacterial
co-aggregation, are essential steps for colonization of various oral bacterial spe-
cies. In the case of P. gingivalis, for example, the development of major fimbriae
are critical determinants for each of these processes, which are the key adhesive
determinants on the cell surface of this pathogen. Fimbriae from P. gingivalis
attach to a variety of host components, including epitelial cells, fibroblasts, hu-
man salivary macromolecules and, within experimental systems, it has been
shown that these are critical for successful colonization [70]. With regard to
co-aggregation, it was identified that gingipains are components induced by 2.
gingivalis that significantly alter the co-aggregation of Actinobacillus actinomy-
cetemcomitans, influencing biofilms that are formed by this oral pathogen [71].
These types of findings indicate that the multiple surface components of these
oral bacteria act in a cooperative manner to enable specific co-aggregation and
with specific properties that allow the formation of complex biofilm structures.

As a characteristic, the bacteria present in the biofilm have immune system
evasion mechanisms. P. gingivalis is a proteolytic microbe and thus produces
proteases that are capable to degraded IL-8 and MCP-1, which are produced by
endothelial cells and are important to maintain periodontal health [72]. They are
also able to block the production of immunoglobulins and to attack and degrade
complement components such as C3a and C3b. C3b is a complement system
protein that is important for the opsonization of microorganisms, as it facilitates
their phagocytosis. It is also an important component of the C5 convertase, an
enzymatic complex essential for the synthesis of the C5a component. C5a and
C3a are known as anaphylatoxins and they thrive on the phagocytic chemotaxis,
since these cells have receptors for C5a and C3a. Therefore, the proteolytic ca-
pacity of the evasive microbes, which act on the breakdown of the C3b protein,

will block opsonization, thus reducing phagocytosis. Thus, the destruction of
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these two components of the complementary system by the action of proteases
facilitates the survival of invasive bacteria [73]. Some bacteria will also use sur-
face molecules to escape the action of the complement system, as in the case of
HRgpA gingipain from P. gingivalis [74].

Additional microbes are present in the biofilm, which strategically have the
ability to prevent immune response. An example is that of P. intermedia, which
produces nucleases capable of degrading neutrophil extracellular traps (NETSs),
therefore limiting the neutrophil-protective functions [75]. The targets of the

evasive mechanism of periodontopathic bacteria are summarized in Figure 5.

5. Prevention of Periodontal Disease

The World Health Organization recommends employing integrated public
health measures with preventive strategies that should be based on common risk
and multifactorial approaches. Risk factors such as smoking, stress and low so-
cioeconomic status are associated with periodontal disease as well as other
chronic systemic diseases. Therefore, inclusion of strategies to prevent oral dis-
eases and chronic systemic diseases can reduce the level of periodontal disease in
the population [69]. Good oral hygiene practices such as regular tooth brushing
and flossing are effective in preventing periodontitis. However, despite the great
significance of dental brushing, about half of the population brush only twice a
day [70].

The use of fluoride, chlorhexidine, triclosan, essential oils and zinc in tooth-
pastes, mouthwashes and gels associated with brushing all contribute to prevent
disease development [71] [72]. He et al conducted a double-blind randomized
trial to investigate the antimicrobial role of fluoride dentifrice in periodontal
disease and found a significant reduction in gingival bleeding over a period of 2
months [73].

Diet is also an important factor for disease prevention [74]. Nishida et al used
a sample of 12,419 adults and showed that there was an increased risk of peri-

odontal disease due to poor dietary intake of vitamin C. The authors also observed

Neutrophil Neutrophil (NETs)

Complement
i a}i ;@ 4{ Ylmmunoglobulin

Periodontopathic

Biofilm bacteria

Figure 5. Evasion mechanisms against immune response in periodontal disease.
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a dose-response relationship between vitamin C and disease severity [75]. Vita-
min C has antioxidant properties that help to reduce the production of reactive
oxygen radicals formed during the inflammatory process [74]. Furthermore, a
diet that is rich in fruits, vegetables and low fat and sugars contributes to main-
tain a healthy periodontal tissue, and low calorie intake reduce inflammatory

changes, lowering the chances of tissue damage in periodontal disease [75].

6. Treatment and Future Perspectives

Although the non-surgical and surgical periodontal treatments have been used
for many years, they still remain the basis of periodontal therapy. Novel tech-
nological approaches have increased the options for therapies, including novel
periodontal instrumentation. However, it is now recognized that non-surgical
and surgical periodontal therapy must be based on the control of bacterial bio-
film [76].

The development of ultrasonic and sonic instruments with thin-tipped models
has contributed to reduce damages due to the use of instruments, considering
the improvements in accessibility, which cause less damage to the root surface
[77]. In parallel, some studies have demonstrated that similarly clinical and mi-
crobiological results can be obtained using manual instrumentation in compari-
son with treatments that use sonic and ultrasonic instruments [78].

The use of antiseptics such as povidone-iodine and chlorhexidine gluconate to
irrigate the periodontal pocket has also been tested. These chemicals are used in
non-surgical periodontal treatment after mechanical instrumentation, in order
to suppress dental biofilm. Studies have shown a reduction in periodontal pa-
thogens and depth of probing when compared to scaling and root planing alone
[79]. However, the effec of antiseptics is only transient and of short-term as the
gingival crevicular fluid is replaced within the pocket at short intervals (every 90
seconds) [76].

Similarly, the release of antimicrobial agents into the periodontal pocket has
been investigated after scaling and root straightening by using slow release sys-
tems. Several antimicrobials and various drug delivery systems have been tested
in order to maintain high antimicrobial levels in the crevicular fluid and, on the
other hand, which have minimal systemic absorption. The most commonly
tested antimicrobials were tetracycline, minocycline, metronidazole and chlor-
hexidine. The results showed modest and short-term improvement in depth of
probing reduction, when compared to scaling and root planing alone [80].

On the other hand, the use of systemic antimicrobial adjunctive treatment to
non-surgical periodontal therapy has shown benefits for patients with aggressive
periodontitis and advanced periodontitis, including those with the presence of
deep periodontal pockets, thus reducing the need for additional therapy. The
combination of amoxicillin 500 mg and metronidazole 400 mg for 7 to 14 days is
the best-documented antimicrobial regimen [76].

Despite the benefits of the use of systemic antimicrobials, the risk of adverse
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effects, including the development of bacterial resistance, the interactions with
other drugs and possible allergic reactions must be considered [81].

More recently, the advent of antimicrobial photodynamic therapy (PDT) has
also made substantial contributions. PDT involves the use of low-power lasers of
appropriate wavelength to reduce microorganisms by a light-activated photo-
sensitizer. This therapy can be used alone or in conjunction with root scaling
and straightening [76]. Adjunctive PDT used with root scaling and straightening
has shown short-term benefits, while microbiological results are contradictory
[82]. Long-term randomized controlled trials, supported by the presentation of
clinical and microbiological data, besides a detailed cost and benefit analysis, are
required to support the efficacy of this therapy [76]. Finally, the use of stem cells
for periodontal regeneration and the applications of antibody therapies may be

promising alternatives in the treatment of periodontal disease [83].

7. Conclusions

Periodontal disease is an immune-inflammatory condition caused by a polymi-
crobial structure, described as the dental biofilm. Several risk factors such as
smoking, poor oral hygiene, diabetes, medication, age, hereditary origins, and
stress are related to periodontal diseases. In addition to them are the numerous
bacterial species formed in the dental biofilm, and the specific pathogen that is
responsible for the initiation or progression of the disease cannot be distin-
guished, although the anaerobic Gram-negative species are in fact associated
with advanced forms of the disease. Negligence in oral hygiene may result in
maturation of the biofilm and thus trigger host response, which is clinically tak-
en as periodontitis. During this inflammatory condition, an immune reaction is
triggered against periodontopathic biofilm bacteria. This response involves ele-
ments of the immune response and adaptive immune system. However, some
microorganisms developed strategies to escape protective immunity, often by
manipulating key components of the immune response through proteolysis: a
mechanism that creates specific conditions for their survival at sub-gingival
pockets.

The understanding of the behavior of the microorganisms of the dental bio-
film against the action of the immune system in the periodontal disease helps in
the establishment of new forms of treatment and prevention of the disease. Ef-
fective and established utilization of the knowledge of immunological processes
occurring in the periodontium is found in modern treatment protocols. For
example, P. gingivalis has been a target for monoclonal antibody therapy. Spe-
cific monoclonal IgG antibodies were found to be effective in improving the
quality of the immune response in experimental model to periodontal disease.
Also, against inflammatory processes, lipoxins and resolvins are new drugs pro-
posed that act as lipid inflammatory suppressors. In this context, studies show
the efficacy of resolvins in suppression of neutrophil infiltration, in inflamma-

tion and better periodontal regeneration processes. Modulating the complement
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system also seems to be a comprehensive strategy for treatment of the disease. It
has been shown that the PM5-C5a receptor antagonist PMX-53 blocked peri-
odontal inflammation and bone loss in a periodontitis model induced by P. gin-
givalis, regardless of whether it had been administered before or after the onset
of the disease.

The best chance of clinical improvement seems to be associated with the im-
plementation of complementary adjunctive treatment strategies (mechanical,
chemical and alternative) leading to the periodontal equilibrium. Modulation of
the host’s immune response, in combination with the conventional treatment,
directs a curative response for the disease. Immune-modulatory therapies can be
a fundamental part of future research associated with the treatment of the dis-
ease, with the example of therapeutic antibodies such as infliximab that helps to
control exacerbated inflammation, and may represent the future of adjunctive
periodontal therapy, thus reducing the use of antimicrobials. Therefore, consi-
dering the outcome of periodontal disease, it is advisable to establish preventive
measures in order to avoid the incidence of the disease, as it reflects on the qual-
ity of life of the affected population and generates additional expenses to the pa-
tient and to the health system.
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