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PREFACE

Periodontitis refers to a number of inflammatory diseases affecting the periodontium, that
is, the tissues that surround and support the teeth. Periodontitis involves progressive loss of
the alveolar bone around the teeth, and if left untreated, can lead to the loosening and
subsequent loss of teeth. Periodontitis is caused by microorganisms that adhere to and grow
on the tooth's surfaces, along with an overly aggressive immune response against these
microorganisms. This book reviews research on periodontitis including the role of the TH17
pathway in the progression of periodontal disease; an outline of the risk factors relating to the
most prevalent chronic periodontal diseases and others.

Chapter 1 - Chronic periodontal diseases include a group of inflammatory diseases that
affect periodontal supporting tissues of the teeth and encompass destructive and
nondestructive conditions. Periodontal diseases are multifactorial and the role of dental
biofilm in their initiation is primary. However, whether dental biofilm affects a particular
subject, what form the disease takes and how it progresses, are all dependent of a wide variety
of factors. Therefore, the objective of this chapter is to outline the risk factors described for
the most prevalent chronic periodontal diseases (plaque induced gingivitis and chronic
periodontitis) and to explain some basic concepts related to the current understanding of the
role of these risk factors based on in vitro, animal and human studies. The review will focus
on the factors that may be associated with a direct increase in the likelihood of occurrence of
disease or an increase in its severity. The following factors will be discussed: 1) host
characteristics, such as age, gender and race; 2) social and behavioral factors (socioeconomic
status, cigarette smoking and emotional stress); 3) systemic factors, e.g. diabetes mellitus and
osteoporosis; 4) genetic factors; 5) tooth-level factors (root grooves, tooth position, caries,
occlusal discrepancies, iatrogenic restorations, root abnormalities and periodontal
parameters); and 6) the microbial composition of dental biofilm. Finally, this chapter will also
present literature-based evidence on predictive factors associated with patients and tooth
susceptibility for recurrence of periodontitis after the end of the active periodontal therapy
and will examine the use of some prognostic models which may be useful for clinicians in the
identification high-risk groups of patients.

Chapter 2 - The goals of periodontal therapy according to the American Academy of
Periodontology are to alter or get rid of the microbial etiology and causative risk factors for
periodontitis, thus arresting the progression of disease and preserving the dentition in a state
of health, comfort, and function with appropriate esthetics; and to prevent the recurrence of
periodontitis. In addition, regeneration of the periodontal attachment apparatus, where
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indicated, may be attempted. Mechanical debridement of the pocket has shown to
significantly reduce the risk of tooth loss, slow down the rate of periodontal disease
progression and improve gingival health.

Chapter 3 - The oral cavity is a warm, moist environment, in which a number of
microorganisms colonize and live in harmony as a community, a so-called biofilm. In this
environment, antimicrobial peptides may play a critical role in maintaining normal oral health
and controlling innate and acquired immune systems in response to continuous microbial
challenges in periodontal disease. Two major families of antimicrobial peptides, found in the
oral cavity, are defensin and cathelicidin. Members of the defensin family are cysteine-rich
peptides, synthesized by plants, insects, and mammals. These peptides vary in length and in
the number of disulfide bonds, and have a beta-sheet structure. In the oral cavity, four alpha-
defensins are synthesized and stored in neutrophil granules, which are converted into active
peptides by proteolytic processing, while three human beta-defensins (hBDs), hBD-1, hBD-2,
and hBD-3, are predominantly produced by oral epithelial cells. The only member of the
cathelicidin family found in humans is LL-37, an alpha-helical peptide that contains 37 amino
acids and begins with two leucines at its NH;-terminus. LL-37 is derived from enzymatic
cleavage of a precursor peptide, namely, human cationic antimicrobial peptide-18. Clinically,
differential expression of antimicrobial peptides has been reported in specific types of
periodontal disease, and their presence has been shown in saliva and gingival crevicular fluid.
Current evidence suggests that alpha-defensins, beta-defensins, and LL-37 have distinct, but
overlapping, roles in antimicrobial and pro-inflammatory activities. Several studies have
shown antimicrobial activities of hBD-2, hBD-3, and LL-37 against several periodontal
pathogens, suggesting their potential role as antimicrobial agents for periodontal disease. The
clinical significance of antimicrobial peptides in periodontal disease has recently been
demonstrated in morbus Kostmann syndrome, a severe congenital neutropenia, in which
chronic periodontal infection in young patients, resulting from a deficiency of neutrophil-
derived antimicrobial peptides, causes early tooth loss. Although researchers initially focused
their attention on antimicrobial activities, it is now becoming evident that defensins and LL-
37 are multifunctional molecules that mediate various host immune responses, and may thus
represent essential molecules of innate immunity in periodontal disease. In this chapter, basic
knowledge and the clinical importance of antimicrobial peptides in periodontal disease will be
discussed in detail.

Chapter 4 - This comprehensive review highlights a detailed overview related to devising
a periodontal prognosis. A precise predictability of the results of a disease is profound and
crucial for proper treatment planning. Since the understanding of periodontal disease has
progressed to include the influence of risk factors, assigning a prognosis has become more
perplexing to the clinician. Various factors that influence the overall and individual tooth
prognosis have been enumerated. The classification systems required to assign a prognosis
has also been included. The potential adverse influences of both local and systemic factors
have also been discussed. An experienced clinician should analyze all these factors, along
with the patients attitude towards dental therapy, prior to arriving at a judgment for a single
tooth or teeth. With newer trends in treatment modalities, patients can seek better options for
treatment, thus improving the long term prognosis.

Chapter 5 - Background: Plaque-induced periodontitis is gingival inflammation at sites
undergoing loss of connective tissue, apical migration of junctional epithelium and loss of
alveolar bone. Non-surgical treatment of plaque-induced periodontitis typically involves
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removal of biofilm conducted through mechanical scaling and root planing (SRP) procedures.
The antibiotic minocycline hydrochloride, delivered as a sustained-release product used for
professional subgingival administration into periodontal pockets, has been shown to be
beneficial as an adjunct to conventional SRP. Use of chlorhexidine rinse is also a typical
adjunct therapy to SRP procedures for chemical control of supragingival plaque. Lidocaine
(2.5%) and prilocaine (2.5%) provides localized anesthesia for SRP. The objective of this
study is to develop and use bioluminescent recombinants of oral streptococci in determining
the potential antibacterial activity of minocycline hydrochloride used either alone or in
combination with the anesthetic lidocaine/prilocaine, or with the antiseptic chlorhexidine.

Methods: Recombinant plasmids containing the bioluminescence-generating lux gene
from Photorhabdus luminescens were transformed into the oral bacterium Streptococcus
mutans, strains UA159 and ATCC 25175. Transformants were verified as S. mutans
derivatives by selection and growth on mitis salivarius agar supplemented with bacitracin, in
addition to an antibody test directed specifically against S. mutans cell wall proteins and
polymerase chain reaction experiments targeting sequences in the S. mutans
glucosyltransferase (gtf) gene. S. mutans transformants were then subjected to growth
analysis for comparison of absorbance and bioluminescence activity.  Minocycline
hydrochloride and lidocaine/prilocaine, or minocycline hydrochloride and chlorhexidine,
were used in combination to determine the potential interactive effects of these agents on the
antibacterial activity of minocycline hydrochloride.

Results: Using two distinct S. mutans transformants representing both strains UA159 and
ATCC 25175, showed rapid and pronounced bacteriostatic activity when using high doses of
minocycline hydrochloride (>1 pg/ml), which were statistically distinct from untreated
cultures (p=0.000058) when measured at the peak of metabolic activity. Reduced
bacteriostatic activity was seen using lower doses. When lidocaine/prilocaine at doses >100
png/ml is used in conjunction with minocycline hydrochloride, also shown was an additive
antibacterial effect. The S. mutans transformant strain UA159, when treated with
chlorhexidine (0.01%) in conjunction with either high (1 pg/ml) or low (0.1 pg/ml) doses of
minocycline hydrochloride, displayed reduced levels of cell mass accumulation, as measured
by absorbance, that were additive when both antimicrobial agents were deployed.
Bioluminescence determinations, which are a direct measure of metabolic activity and an
indirect measure of cell number when cells are in logarithmic stage of growth, displayed
similar reductions when cultures were treated with minocycline hydrochloride and
chlorhexidine used singularly or in combination.

Conclusions: The S. mutans lux transformants serve as sensitive biosensors in the
determination of antimicrobial activity, and can rapidly monitor inhibition of bacterial
metabolism. It was concluded that the anesthetic lidocaine/prilocaine does not interfere with
the potent bacteriostatic activity of minocycline hydrochloride, and actually has an additive
antibacterial effect. The potent bacteriostatic activity of minocycline hydrochloride can also
be complemented with the addition of chlorhexidine. The application of the lux biosensor
system in the assessment of minocycline hydrochloride and lidocaine/prilocaine, or
minocycline hydrochloride and chlorhexidine, represents its first use in examining
antimicrobial drug interactions in periodontology.

Chapter 6 - Periodontitis is a chronic inflammatory disease which destroys the tooth-
supporting tissues. This disease is initiated by bacteria; in particular, faculative anaerobic
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Gram-negative microorganisms. Several types of these pathogens initiate periodontal disease,
and the host response determines the disease progression and ultimate tissue damage. The
early periodontal lesion (gingivitis) is characterized by the presence of large numbers of T
cells and macrophages within the gingiva, while the presence of beta (B) and plasma cells
characterize the advanced lesion. These phenomena suggest that a shift in the type of host
response occurs during the progression of periodontal disease. However, there is little specific
information available concerning the characteristics of this shift.

Chapter 7 - Oral epithelia represent the first physical and chemical barrier against
bacterial invasion and colonization of the underlying tissues. This protection results from the
production of epithelial innate immune responses, including the secretion of cationic
antimicrobial peptides with a large spectrum of activity against pathogenic microorganisms.
Among these antimicrobial cationic peptides, B-defensin 2 (hBD-2) is expressed in the
gingival epithelia upon stimulation by microorganisms or inflammatory mediators such as
interleukin-1 or tumour necrosis factor-a. The aim of the present study was to investigate the
effect of AV119, a patented blend of two sugars from avocado, on the induction of hBD-2 in
two epithelial cell lines and a primo-culture of gingival epithelial cells. Culture supernatant
from epithelial cells treated with AV119 was also evaluated for its antimicrobial activity
against the periodontopathogen Porphyromonas gingivalis. Cell ELISA assays revealed that
AV119 induces the production of hBD-2 by all the epithelial cells tested. Minimal Inhibition
Concentration assay also showed that the culture supernatant of epithelial cells treated with
AV119 possesses antibacterial activity. In conclusion, our data revealed that AV119
component, through hBD2 induction and antibacterial activity, could be considered for
potential use in the control of oral mucosal infections and reduction of microbial tissue
invasion during periodontitis.

Chapter 8 - Cheilitis granulomatosa is characterized by the non-inflammatory swelling of
the lips, and is considered as the incomplete expression of the Melkersson-Rosenthal
syndrome, which consists of the triad of recurrent orofacial swelling, relapsing facial
paralysis, and fissuring of the tongue. Rapid improvement after the treatment of periodontitis
was first reported in 1961 by Kawamura et al in Japan, and 46 such cases have been reported
since then in the Japanese literature. A typical case of cheilitis granulomatosa can be
excperienced. The swollen lip showed marked improvement following the treatment of apical
periodontitis. A 57-year-old woman presented with a swelling of the lower lip for the period
of two months. Skin biopsy of the lip disclosed non-caseous giant cell granuloma. Neither
facial nerve palsy nor fissuring of the tongue was present, excluding the diagnosis of
Melkersson-Rosenthal syndrome. Patch testing for metal allergy was negative for all dental
metallic ions, except for only mild irritation reaction for Zinc ion. The patient was first treated
with topical corticosteroid ointment and oral tranilast, which inhibits the release of chemical
mediators from leukocytes, for 4 months. Although the treatment was ineffective, rapid and
remarkable improvement of the swelling was noted soon after the treatment of apical
periodontitis. Thus, it is highly likely that the periodontitis was the cause of cheilitis
granulomatosa in this case. In this article, such 46 cases are reviewed in the Japanese
literature.

Chapter 9 - Periodontitis is a complex disease which is associated with multiple factors,
including host immune responses, and genetic, behavioral and environmental factors. It is
generally accepted that genetic polymorphisms can modulate host immune responses to
bacterial challenge, hence influencing subjects’ susceptibility to periodontitis. Genetic



For Personal Use Only
Library of School of Dentistry, TUMS

WWW.HIGHDENT.IR
O 581W 9 Oljludluss Hluess

Preface Xi

association with periodontal disease experience has been a subject of interest for more than a
decade. With the completion of Human Genome Project, genetic association studies emerged
in many fields of research including research into periodontitis, one of the most common
human diseases. This chapter summarizes past and current research approaches with respect
to periodontal disease experience and genetic polymorphisms, and suggests anticipated
directions of future studies.

Chapter 10 - Coronary heart disease (CHD) shares a number of features with chronic
periodontitis (CP) including risk factors such as smoking and diabetes; an actiopathogenesis
implicating a number of microbial species, as well as chronic inflammation. However, the
link between these two conditions remains unclear. The prevalence of CHD increases with
age and is higher in males than females. CP is a chronic inflammatory condition which
destroys the supporting tissues of teeth and also increases in prevalence with age. Immune
responses against heat shock proteins (HSP) can be cross-reactive among bacterial and human
antigens. There is evidence that microbial HSP65 and human HSP60 is involved in
periodontal disease and CHD and may therefore provide a mechanistic link between CP and
CHD. The aim of this study is to investigate immune responses to the human HSP60 and
microbial HSP65 in patients with CP and CHD and relate these to the level of inflammation.
Serum samples was collected from 100 male subjects divided into 4 groups, each matched for
age: (a) Healthy control group with minimal gingivitis, (b) CP, (¢) CHD with gingivitis (d)
CHD with CP. ELISA was used to determine the levels of serum anti-HSP and C-reactive
protein (CRP) in the 4 groups. Peripheral blood mononuclear cells were also isolated from
these 4 groups and stimulated with HSPs. Significant lymphoproliferation was seen in CHD
with or without CP when stimulated with human HSP60. CRP and serum anti-human HSP60
IgG were elevated in the patients groups compared to the healthy control group, but not serum
anti-microbial HSP 65 IgG,. In view of the potential confounding effects of smoking in CP
and CHD, a group of current smokers (n=24) were also recruited to investigate whether
smoking affects HSP immune responses.There was no significant difference in HSP-induced
lymphoproliferation between smokers and non-smokers in any of the four groups. There was
a significant correlation between CRP and lymphoproliferative responses to Human HSP60.

This study shows that serum anti-human HSP60 IgG and serum CRP are raised in CHD
with or without CP. In CHD with or without CP, serum CRP levels correlated significantly
with human HSP60-induced lymphoproliferation, but not with anti-HSP antibody levels.

Chapter 11 - Morbidity and mortality from oral cancer are high and this has not improved
in decades in spite of extensive research. A significant portion of research is concentrated on
chemoprevention. However, advances in this field have not translated into a visible change in
mortality and morbidity. In addition, existing chemoprevention strategies have two important
obstacles: toxicity and reversal of the effects after cessation of treatment. Chronic infection
and inflammation have been linked to carcinogenesis in a few organs. For oral cancer,
substantial evidence has accumulated for the role of human papillomavirus (HPV). However,
the development of an effective preventive vaccine strategy for oral cancer is still years away
and the target population is largely unexplored. Therefore, safe and practical additional
approaches are necessary to change the status quo of oral cancer. Periodontitis is a chronic
oral infection caused by inflammatory reactions in response to gram negative anaerobic
bacteria in the endogenous dental plaque. It leads to irreversible destruction of tissues around
teeth clinically detectable as periodontal pockets and alveolar bone loss. Periodontal pockets
have been suggested as reservoirs of HPV. Chronic proliferation and ulceration of the pocket
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epithelium may help HPV’s initial infection and persistence. Our preliminary results from
existing data at Roswell Park Cancer Institute suggest a robust independent association
between the history of periodontitis and incident oral cancer. Our next step is to test the
synergy between periodontitis and HPV for the risk of oral cancer. If this is true, it will
translate to practical and safe prevention and treatment strategies. This chapter will review the
evidence supporting the association between chronic periodontitis and oral cancer as well as
HPV-periodontitis synergy.
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RISK FACTORS FOR CHRONIC
PERIODONTAL DISEASES
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Francisco Humberto Nociti Junior® and Sérgio de Toledo®
DDS, MS, PhD - Department of Prosthodontics and Periodontics — Division
of Periodontics, Piracicaba Dental School, University of Campinas.'
Associate Professor - Department of Prosthodontics and Periodontics - Division
of Periodontics, Piracicaba Dental School, University of Campinas.”
Professor - Department of Prosthodontics and Periodontics - Division of Periodontics,
Piracicaba Dental School, University of Campinas, Brazil®

ABSTRACT

Chronic periodontal diseases include a group of inflammatory diseases that affect
periodontal supporting tissues of the teeth and encompass destructive and nondestructive
conditions. Periodontal diseases are multifactorial and the role of dental biofilm in their
initiation is primary. However, whether dental biofilm affects a particular subject, what
form the disease takes and how it progresses, are all dependent of a wide variety of
factors. Therefore, the objective of this chapter is to outline the risk factors described for
the most prevalent chronic periodontal diseases (plaque induced gingivitis and chronic
periodontitis) and to explain some basic concepts related to the current understanding of
the role of these risk factors based on in vitro, animal and human studies. The review will
focus on the factors that may be associated with a direct increase in the likelihood of
occurrence of disease or an increase in its severity. The following factors will be
discussed: 1) host characteristics, such as age, gender and race; 2) social and behavioral
factors (socioeconomic status, cigarette smoking and emotional stress); 3) systemic
factors, e.g. diabetes mellitus and osteoporosis; 4) genetic factors; 5) tooth-level factors
(root grooves, tooth position, caries, occlusal discrepancies, iatrogenic restorations, root
abnormalities and periodontal parameters); and 6) the microbial composition of dental
biofilm. Finally, this chapter will also present literature-based evidence on predictive
factors associated with patients and tooth susceptibility for recurrence of periodontitis
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after the end of the active periodontal therapy and will examine the use of some
prognostic models which may be useful for clinicians in the identification high-risk
groups of patients.

INTRODUCTION

Chronic periodontal diseases include a group of inflammatory diseases that affect the
periodontal supporting tissues of teeth and encompass destructive and nondestructive
conditions [12]. The term chronic periodontal diseases will refer, in this chapter, to both
plaque-induced gingivitis and chronic periodontitis. Plaque induced gingivitis is the
inflammation of the soft tissues without apical migration of the junctional epithelium [32]. In
addition, chronic periodontitis, the most frequent form of periodontitis, results in
inflammation of the supporting tissues of the teeth, progressive attachment and bone loss at a
slow rate, characterized by pocket formation and/or gingival recession [34]. Cross-sectional
epidemiologic studies from many countries have shown that gingivitis is highly prevalent in
the primary and permanent dentitions of children [7] and affects many adults [5]. Further,
chronic periodontitis is also a common entity worldwide [6]. Therefore, a knowledge of the
factors that may influence the transition from health to disease and of the progression of the
disease through various stages of severity are important in the development of effective
strategies of prevention and treatment.

Gingivitis has already been established as a consequence of dental biofilm accumulation.
It is produced as the result of a general increase in the number of microorganisms and a
change in the composition of the flora associated with the increasing age of the dental biofilm
[99]. Several studies show that periodontitis is preceded by gingivitis and, although the
accumulation and duration of microbial dental plaque biofilm will predictably lead to the
development of inflammation in the nearby gingival tissues, the duration of onset and the
intensity of the inflammatory process vary considerably from person to person, as well as
between teeth. Albandar et al. (1998) [4] studied a periodontally high-risk group comprising
156 young subjects that were examined twice during a period of six years to study the
relationship between the presence of gingival inflammation (gingival bleeding) and the
occurrence of attachment loss. They found that 9.3% of sites that had gingival bleeding and 0-
2 mm of attachment loss at baseline showed a longitudinal attachment loss of > 3 mm over 6
years, whereas only 4.8% of sites with no gingival bleeding at baseline showed a
corresponding attachment loss. Hence, 90.7% of sites with gingival bleeding at baseline did
not show any clinical attachment loss during the study period. This study showed that not all
sites with gingival inflammation developed periodontitis during the study period. Thus,
predisposition to periodontitis development varies significantly and may possibly be
influenced by other factors. However, defining the factors involved in initiation and
progression of chronic periodontitis is a more complex issue.

Chronic periodontitis is a multi-factorial disease. While the role of bacteria is primary, a
number of host-related factors have been hypothesized as influencing its diverse clinical
presentation and rate of progression [72]. Loe et al. (1986) [100], in a longitudinal study,
evaluated a Sri Lanka population never exposed to any programs or incidents related to the
prevention and treatment of dental diseases. This population did not practice any conventional
oral hygiene measures. Three subpopulations were identified: 1) individuals with rapid
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progression of periodontal disease (8%); 2) individuals with moderate progression (81%); and
3) a group who exhibited no progression (11%). When another longitudinal study was made
comprising a sample of middle-class Norwegian men who had the benefit of a comprehensive
health care program, a group that represented an extreme condition of periodontal
maintenance when compared to the Sri Lanka population, two subpopulations (moderate
disease and no disease) were found, despite the severity of attachment loss [164]. These
studies illustrate significant differences in the pattern and rates of attachment loss among
individuals, even when they receive regular and adequate professional and personal health
care. Based on the evidence above, the identification of factors involved in the initiation and
progression rate of chronic periodontal diseases has been the focus of considerable research in
recent times.

Chronic inflammatory periodontal diseases have several etiological factors for which a
plausible biological model of effect exists. The term risk factors is commonly used and it
refers to an aspect of personal behaviors or lifestyle, an environmental exposure, or an inborn
or inherited characteristic, which on the basis of epidemiological evidence is known to be
associated with a health-related condition [99]. The presence of a risk factor implies a direct
increase in the likelihood of a disease occurring [95]. Prospective longitudinal studies, and in
particular clinical trials, provide the most powerful evidence for the existence, and the
amount, of risk. However, in most cases these types of studies are not easily conducted. For
this reason, most evidence for the existence of possible risk factors for periodontal diseases
comes from cross-sectional studies. Although the identification of risk factors for disease is
unfeasible using cross-sectional studies, when a proper study design is employed, these
studies can provide valuable information on the presence or absence of an association
between the variables under study and the occurrence of periodontal diseases. In order to
make a distinction between the results of the different types of studies, it is customary to refer
to significant effects assessed in cross-sectional studies as associations, whereas effects
disclosed using case-control studies and prospective studies have been referred to as risk
determinants, risk indicators, or risk markers [8].

Usually, the overview of factors associated with chronic periodontal diseases is
systematically presented as host characteristics, social and behavioral factors, systemic
factors, genetic factors, tooth-level factors and microbial factors [126]. In addition to the
investigation of these factors at the onset of chronic periodontal diseases, longitudinal studies
of patients treated for periodontitis try to determine the patient’s susceptibility to disease
recurrence [64, 96]. As a result, the prognostic factors (disease predictors), defined as
characteristics related to the progression of preexisting disease [133], have been the subject of
much discussion. The identification of groups and individuals at risk for disease progression
during maintenance therapy still represents one of the greatest challenges in the management
of periodontal patients. Thus, prognostic models aimed at identifying high-risk individuals or
teeth in a clinical setting have been described [56, 91]. A question remains about the safety of
these models routinely used to help clinicians in decision-making.
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HosT CHARACTERISTICS

Age

Several epidemiological studies have clearly demonstrated an increase in the prevalence
(percentage of persons), extent (percentage of teeth per person) and severity of periodontal
attachment loss with increasing age [6, 9]. Papapanou et al. (1988) [132] examined full-mouth
radiographs from 531 dentate individuals aged 25-75 years and found that bone loss increased
with age. Moreover, two large epidemiological studies estimated the prevalence and extent of
periodontal diseases in the United States using data from the National Health and Nutrition
Examination Survey (NHANES) in the years 1985 to 1986 and 1988 to 1994 [6, 23]. It was
demonstrated that 48.6% of persons 35 to 44 years old and 77.3% of those 55 to 64 years old
had > 3 mm attachment loss in the first survey. The same trend was observed in the second
study, in which 48.5% for the 40 to 49 year old cohort and 74.8% for the 60 to 69 year old
group had > 3 mm attachment loss. Regarding the healing of periodontal tissues following
periodontal therapy, Lindhe et al. (1985) [97] evaluated 62 patients and reported that,
although age did not seem to have a significant effect on the results of periodontal treatment,
there was a tendency for younger patients to have a shallower probing depth and gain more
periodontal attachment than older patients.

With increasing age, people have to cope with a lifelong antigenic burden encompassing
several decades of evolutionary unpredicted antigenic exposure, with a major impact on
survival and frailty. In fact, there is a peculiar chronic inflammatory status characterizing
aging, which has been denominated by Franceschi et al. (2000) [57] as inflamm-aging, and
which is considered a random process detrimental for longevity, leading to long-term tissue
damage, and related to a wide range of age-related diseases, including neurodegeneration,
atherosclerosis, diabetes and osteoporosis among others, which share an inflammatory
pathogenesis. It may therefore be speculated that this phenomenon may also affect the
periodontium, in which after a lifetime’s challenge by oral periodontopathogenic bacteria and
their virulence factors, periodontal tissues may develop an intense subclinical inflammatory
process, but also lead to healing/regeneration outcomes after periodontal therapy [15]. In vitro
studies have clearly demonstrated an age-related decrease in the proliferation of periodontal
ligament cells [15, 166]. Further, aging is able to modulate the expression of genes reported to
participate in periodontal homeostasis (e.g. cytokines, metalloproteinases and their inhibitors
and bone-related genes) by periodontal ligament cells [14, 15]. It is important to remember
the role of periodontal ligament cells on periodontal health and disease because of their ability
to proliferate, migrate and synthesize several components of the periodontium and also
participate in the protective host mechanism that prevents periodontitis or impedes its
progression [60]. Little information on the influence of aging on the periodontium is provided
by animal studies. It has been documented that the periodontal ligament presented decreased
cell density and collagen synthesis, and also a decreased number of cells in the osteogenic
layer of the alveolar bone has also been reported [135, 165].

Despite the well-documented loss of attachment with increasing age and the rationale
behind the association, the question as to what extent aging affects periodontal homeostasis is
still a controversial issue in the periodontal literature. A number of arguments have been used
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against the presumed association. First, there are no marked increases in the probing depth
with age. Furthermore, the prevalence of moderate and advanced periodontitis increased in
patients up to approximately 65 years of age, remaining steady until they were approximately
80 years of age, and decreasing thereafter [7]. There is also an indication that the effect of age
may be reduced after adjusting for the effects of other confounders [1]. And finally, a
diminished ability to perform daily oral hygiene activities has been blamed for the increased
prevalence of periodontitis in older individuals [139].

Despite the questions that remain to be examined before consider aging as a risk factor
for periodontal diseases, it may be reasonable to suggest that age is a good indicator of the
degree of periodontal tissue loss that occurs due to periodontal diseases. However, more
studies are needed to clarify the role of aging as a risk factor for the development and
progression of periodontal tissue loss and in tissue regeneration following therapy [10].

Gender

Epidemiological surveys show an association between gender and attachment loss in
adults, with men having a higher prevalence of and more severe periodontal destruction than
women. In the NHANES I survey, a better periodontal status was reported for females than
males in all age groups [9]. Subsequently, Hyman & Reid (2003) [76], in a study of risk
factors for periodontal attachment loss among adults in the NHANES III survey, confirmed
after adjustment for confounding variables, that males were at increased risk of attachment
loss, deeper probing depths and a higher prevalence of periodontitis. Attachment loss
thresholds of > 3 mm, > 4 mm and > 5 mm were noted in 23%, 44% and 55% more males
than females, respectively. This is attributed to a poorer standard of oral hygiene adopted by
men and it is likely that hormonal and other physiological and behavioral differences between
the two genders may also contribute to the higher risk for periodontal diseases in males than
females [8]. Moreover, genetic predisposing factors have been related to the increased
prevalence in males [10].

Race / Ethnicity

The level of attachment loss is influenced by race / ethnicity, although the exact role of
this factor is not fully understood. Certain racial / ethnic groups, particularly subjects with an
African or Latin American background have a higher risk of developing periodontal tissue
loss than other groups [10]. In the United States, subjects of African and Mexican descent
have a greater attachment loss than Caucasians [6]. However, the increased risk of
periodontitis in certain racial/ethnic groups may be partly attributed to socioeconomic,
behavioral and other disparities [143]. Moreover, there is evidence that increased risk may
also be related to biologic/genetic predisposition [10]. A number of studies evaluating
confounding variables have failed to find any differences in periodontitis prevalence and
severity between different ethnic/racial groups [37, 76, 106, 107]. For example, Craig et al.
(2001) [37] evaluated periodontitis progression rates among three ethnic / racial groups,
Asian, African and Hispanic Americans, over a 2-month period. No significant differences in
rate of attachment loss were observed between the three groups.
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SOCIAL AND BEHAVIORAL FACTORS

Socioeconomic Status

Socioeconomic status is an important risk indicator of periodontal disease. Individuals
with a low socioeconomic status have a higher occurrence of attachment loss and probing
depth than those with a high socioeconomic status. Drury et al. (1999) [46] used an index
comprising the individual’s education attainment and family economic status and divided the
United States population into four socioeconomic groups. They found that the prevalence of
gingivitis and loss of attachment of > 4 mm increased with the decrease in socioeconomic
level. Furthermore, Dolan et al. (1997) [44] measured the attachment loss in 761 adult
subjects and related these measurements to socioeconomic status and other potential risk
indicators. They found that low income and residing in a rural area were significant risk
indicators for attachment loss. Thus, it may be suggested that measurements of
socioeconomic status, including income, education levels and urban status are fairly good risk
indicators for periodontal diseases. Groups with a low socioeconomic status are at higher risk
of having periodontal diseases than groups with a high socioeconomic status, and the higher
level of risk in this group seems to be attributable to behavioral and environmental factors.

Smoking

It is now well established that tobacco use is among the most important, if not the most
important, preventable risk factor in the incidence and progression of periodontal diseases.
Cigarette smoking is associated with a two to eight-fold increased risk of periodontal
attachment and/or bone loss, depending on the definition of disease severity and smoking
dose [158]. For example, with the aim of examining the relationship between cigarette
smoking and periodontitis and of estimating the proportion of periodontitis in the United
States adult population that is attributable to cigarette smoking, Tomar & Asma (2000) [178]
analyzed the data of 12,329 individuals from the NHANES III. In this study, current smokers
were four times as likely to have periodontitis (the presence of > 1 site with clinical
periodontal attachment level > 4 mm and probing depth > 4 mm) compared to nonsmokers
after adjusting for age, race or ethnicity, income, and educational level. Heavy smokers (>31
cigarettes per day) had a greater risk than light smokers (<9 cigarettes per day) with estimated
odds ratios of 5.6 and 2.8, respectively. When a stricter definition of periodontitis was
combined with heavy smoking in a Swedish population, the relative risk of disease ranged
from 9.8 to 20.3 [19].

Summarizing the clinical findings in smokers, the gingival inflammatory response is
dampened in smokers compared to non-smokers, as evidenced by a fibrotic appearance to the
tissues and fewer sites that bleed upon probing smokers [18, 42]. Levels of supragingival
calculus tend to be higher in smokers than in nonsmokers. This finding was independent of
plaque levels. It is therefore possible to hypothesize that smoking may affect the
mineralization rate of calculus [17]. Further, smokers have higher mean probing depths and
more sites with deep probing [179, 182]. In addition, gingival recession is greater in smokers
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compared to nonsmokers [25]. Smokers have two to four times more teeth with furcation
involvement [117] and demonstrate a greater loss of alveolar bone height [16]. Finally,
smokers with periodontitis have a greater loss of teeth than patients with periodontitis and no
history of smoking [52].

Smoking is also associated with periodontal attachment loss in individuals who are
usually considered at lower risk because of their relatively young age. Rosa et al. (2008)
[154], in a parallel-arm prospective study with eighty-one students considered not to have
periodontitis, showed a greater clinical attachment loss and a lower mean alveolar bone height
in the smokers compared to nonsmokers. Further data has revealed that even passive
smoking, the exposure to environmental tobacco smoke in the home and/or workplace, has
recently been associated with periodontitis. Persons exposed to tobacco had a 1.6 times
greater chance of having periodontal disease compared to individuals not exposed to second-
hand smoke [11]. Further, tobacco use has an adverse effect on the full spectrum of
periodontal treatment approaches, ranging from mechanical debridement, local and systemic
antimicrobial therapy to surgery and regenerative procedures [80, 90,144]. Interestingly, the
deleterious effects of tobacco smoking may be suppressed by its cessation, despite the
impossibility of reversing its past effects. In the study conducted by Tomar & Asma (2000)
[178], the relative risk for developing periodontal disease was reported to be 3.97 for smokers
and 1.68 for former smokers. In addition, among former smokers, the risk decreased with the
number of years since quitting (3.22 after 2 years and 1.15 after 11 years).

Animal studies provide a basis of support for the evidence from human studies, since
they permit the control of confounders such as behavioral and systemic factors that may also
influence periodontal disease progression. Nociti et al. (2000) [122] showed, using a rat
model, that nicotine administration associated with plaque infection increased the rate of
periodontal loss. Subsequently, the authors, aiming to answer the question as to whether
nicotine concentration could be critical in promoting a dose-dependent response, evaluated
the effect of daily administration of high doses of nicotine on the bone loss rate in the
furcation region of rats by histometric analysis [123]. Nicotine concentrations administered in
this study were intended to reproduce the highest nicotine concentrations found in
commercially available cigarette brands. The data suggested that nicotine was able to
heighten the rate of bone loss in a dose-dependent manner in ligated and non-ligated teeth.
However, nicotine is just one of the 2000-3000 potentially toxic substances in tobacco smoke,
which presents a complex mixture of substances such as acrolein, acetaldehyde, carbon
monoxide and hydrogen cyanide [158]. Therefore, in order to investigate the influence of
cigarette smoke as a whole, the researchers used a cigarette smoke exposure chamber, an
acrylic device where the animals were forced to breathe the cigarette smoke-contaminated air
[26]. In this study, the authors first demonstrated that cigarette smoke inhalation significantly
increased bone loss resulting from ligature-induced periodontitis. Furthermore, data analysis
demonstrated that the cessation of cigarette smoke inhalation might positively affect the rate
of bone loss resulting from periodontitis [27]. The results of these preclinical studies have
thus reinforced previous clinical studies, minimizing possible confounding factors that may
exist in human studies.

The mechanisms by which cigarette smoking influences the initiation and progression of
periodontitis are not fully understood. It seems that tobacco smoke may affect both the
composition of the microflora and the host response. Regarding microflora, while several
investigators have reported no significant differences in the incidence and distribution of
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periodontal pathogens in the plaque biofilm of smokers [46], other studies have demonstrated
significant differences in the recovery rates of periodontal pathogens in smokers [191]. Of
particular interest are recent studies which demonstrate a high recovery rate of periodontal
pathogens in shallow periodontal pockets and on oral mucous membrane [51, 69]. In addition,
a smaller reduction in periodontal pathogens was reported in smokers than in nonsmokers,
following scaling and root planning [181]. These studies points to the role of smoking in
altering the load environment of the shallower pockets, thereby promoting the growth of these
microbial species, as well as possible alterations in the host response that would allow for the
growth of these specific microorganisms.

The influence of tobacco smoke on host response may occur in two areas: the periodontal
pocket and the tissue. The first host response events occur in the periodontal pocket; it
appears that cigarette smoking may tip the balance even further away from the protective
functions of neutrophils and antibodies in the periodontal pockets and towards greater
destructive activity [158]. For example, several studies have demonstrated reduced
imunoglobulin G and imunoglobulin A levels in smokers versus nonsmokers [58, 146].
Furthermore, the effects of smoking on neutrophil function have demonstrated impaired
phagocytosis, chemotaxis in neutrophils exposed to acute levels of tobacco smoke [35, 105]
and increases in the release of potentially destructive oxidative products, such as superoxide
and hydrogen peroxide [156]. The next stage of pathogenesis occurs when the bacterial
plaque biofilm has overwhelmed the host defenses in the periodontal pocket and the bacterial
products penetrate the underlying soft tissues. Here, the balance between protection and
destruction is mediated largely by the type of cytokine pattern secreted by monocyte cell
population. The preponderance of evidence has suggested that smoking will tip the balance
toward a more inflammatory/destructive profile. For example, in vitro studies have
demonstrated high secreted levels of interleukin-1f in isolated mononuclear blood cells when
exposed to in vitro smoke [157]. In addition, nicotine, whether or not in association with
lipopolysaccharide from periodontopathogenic bacteria, has been shown to increase
interleukin-6 and interleukin-8 production by human gingival fibroblasts [185]. In vivo,
César-Neto et al. (2005) [27] indicated that smoking modulation of bone destruction in
periodontal disease may involve reduced levels of anti-inflammatory and anti-resorptive
factors, such as interleukin-10 and osteoprotegerin, respectively, and may also involve high
levels of pro-inflammatory cytokines, such as interleukin-6. However, in clinical studies, the
results of the effects of tobacco smoke on inflammatory components have been inconclusive.

Emotional Stress

Stress is a state of physiological and psychological strain caused by adverse physical,
mental, or emotional, internal or external stimuli that tend to disturb the functioning of an
organism and which the organism naturally desires to avoid [45]. Whether or not a subject
exhibits a stress response depends on a myriad of factors, including coping behaviors, genetic
predisposition, concomitant stressors, levels of social support, and other lifestyle factors.
Stress is compatible with good health, which is necessary to cope with the challenges of
everyday life. Problems start when the stress response is inappropriate to the size of the
challenge, producing neuroendocrine and biochemical changes that result in significant
adverse effects on the proper functioning of the immune system [38, 151]. Potential effects of
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the stress response that may be observed, or even measured, include anxiety, depression,
impaired cognition and altered self-steem. Stressful stimuli can induce a set of reactions that
produce effects on virtually all body systems [20]. Exposure to stress may affect the host
immune response, making the individual more susceptible to the development of unhealthy
conditions that damage periodontal health [137].

The most documented association between stress and periodontal disease is the one
between acute forms of necrotizing gingivitis and periodontitis. An increased incidence of
these conditions has been amply documented in military personnel during stressful activities
and in students during examination periods [62, 67]. The association between stress and
chronic periodontitis has been investigated. Wimmer et al. (2002) [188] conducted a
retrospective case-control study of 89 patients with different forms of chronic periodontitis
undergoing treatment. All participants completed a stress coping questionnaire, which served
as a psychodiagnostic survey aimed at collecting data on stress coping strategies. The results
showed that periodontitis patients with inadequate stress behavior strategies (defensive
coping) are at greater risk for severe periodontitis. Later, the researchers discovered, by
means of a 24-month prospective clinical trial, that passive coping strategies were more
pronounced in advanced disease, as well as in cases of poor response to nonsurgical
periodontal treatment. Patients with active coping modes had a milder form of the disease and
a more favorable course of treatment [189]. A systematic review of case-control, cross-
sectional and prospective studies examining psychologic factors, such as stress and
depression and periodontal disease indicated that 57.1% of the studies reported a positive
correlation between stress or other psychologic factors and periodontal disease, and that
14.2% did not [137]. In addition, a subsequent study confirmed the association between stress
and depression and periodontal destruction [155]. The weight of evidence therefore seems to
suggest an association between stress and periodontal health.

The biologic plausibility of such an association is not as yet completely elucidated. Stress
can result in the dysregulation of the immune system, mediated primarily through the
hypothalamic-pituitary-adrenal axis. Activation of hypothalamic-pituitary-adrenal axis by
stress results in the release of an increased concentration of corticotrophin-releasing hormone
from the hypothalamus. Corticotrophin-releasing hormone, in turn, acts on the anterior
pituitary, resulting in the release of adrenocorticotrophic hormone (corticotrophin). The
adrenocorticotrophic hormone then acts on the adrenal cortex and causes the production and
release of glucocorticoid hormones (predominantly cortisol) into the circulation. The
glucocorticoids then produce a response, modifying cytokine profiles, elevating blood glucose
levels, and altering levels of certain growth factors [116]. The second major pathway to be
activated is the sympathetic nervous system. Stress activates the nerve fibers of the autonomic
nervous system, which innervate the tissues of the immune system. The nerve bodies secrete
their products (cathecolamines) directly into the bloodstream. The release of catecholamines
results in the hormonal secretion of norepinephrine and epinephrine from the adrenal medulla,
which results in a range of effects that may act to modulate immune responses [116].
Eventually, the impact of stress on periodontal disease may be modulated by health-impairing
behaviors that include neglecting oral hygiene practices, increased consumption of cigarettes
and alcohol, disturbed sleeping patterns and bruxing [116].

Animal studies reinforce the hypothesis of a relationship between stress and periodontal
disease by means of the influence of stress on the immune system via nervous and
neuroendocrine because the model makes it possible to exclude the impact of various
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behavioral changes, such as smoking and less effective oral hygiene. Takada et al. (2004)
[171] demonstrated that stress modulated the progression of periodontal inflammation and
increased alveolar bone loss. More recently, Peruzzo et al. (2008) [138] showed, on the basis
of the same rat model of restraint stress, that chronic stress increased bone loss resulting from
a ligature-induced periodontitis by a local increase in proinflammatory and proresorptive
factors.

Based on the evidence described above, although further well-controlled prospective
clinical trials are still required to definitively define stress as a risk factor for periodontitis,
most studies point to the association between stress and periodontal disease. Stress
management, therefore, may be a valuable component for current periodontal practice.

SYSTEMIC FACTORS

Diabetes Mellitus

Diabetes mellitus is a clinically and genetically heterogeneous group of metabolic
disorders manifested by abnormally high levels of glucose in the blood [111]. It is a highly
prevalent metabolic disorder; with 150 million cases estimated worldwide, which constitutes
a global public health burden [142]. Diabetes is divided into two main forms: type 1 diabetes
mellitus (formerly insulin-dependent diabetes mellitus) and type 2 diabetes mellitus (formerly
non-insulin-dependent diabetes mellitus). Type 1 diabetes is caused by the immune-mediated
destruction of the insulin-producing pancreatic [5 cells and accounts for 10% to 15% of all
cases of diabetes. The more common form, type 2 diabetes, results from a combination of
impaired insulin production and insulin resistance. Both forms of the disease are associated
with a range of complications that increase the morbidity and mortality of affected individuals
[142].

Periodontal disease has been called the sixth complication of diabetes, a view supported
by several reviews which conclude that the bulk of evidence indicates there is a direct
relationship between diabetes mellitus and periodontal diseases [101]. The presence of
diabetes mellitus is often associated with increased gingival inflammation. Karjalainen &
Knuuttila (1996) [83] observed that poorly controlled diabetes mellitus in children had higher
levels of gingival inflammation than did well-controlled patients, regardless of plaque levels.
Moreover, gingival bleeding significantly decreased after two weeks of insulin treatment of
newly diagnosed type 1 diabetic children and adolescents. Recently, Dakovic & Pavlovic
(2008) [40] confirmed that gingival inflammation is more evident in children and adolescents
with type I diabetes mellitus than in healthy ones. An increased risk of periodontitis for
individuals with diabetes has also been documented in several studies. The relation between
diabetes and periodontal health status was first determined in a population of Pima Indians,
where subjects with type 2 diabetes have an approximately three-fold increased risk of
attachment loss [53]. Moreover, in a 2-year longitudinal study of the Pima Indian population,
Taylor et al. (1998) [173] found that individuals with type 2 diabetes had an increased risk of
progressive alveolar bone loss compared with non-diabetic subjects. The study also showed
that the level of metabolic control had a significant effect on disease progression. Increased
risk for progressive attachment and bone loss in poorly controlled diabetic patients have been
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confirmed in a meta-analysis of studies in various populations [134] and in more recent
studies such as that conducted by Novak et al. (2008) [124].

Disease progression following periodontal treatment may also be related to metabolic
control. Tervonen & Karjalainen (1997) [175] found that a group of type 1 diabetics with
poor metabolic control had a significantly greater recurrence of deep probing depths 12
months after treatment than subjects with good or moderate diabetic control and non-diabetic
controls. However, metabolically well-controlled diabetics responded to non-surgical and
surgical periodontal therapy in a manner similar to that in which healthy controls responded
[30, 186].

Many potential mechanisms have been studied by which diabetes could affect the
periodontium. There are few differences in the subgingival microbiota between diabetic and
nondiabetic patients with periodontitis [161, 162]. This suggests that alterations in the host
immunoinflammatory response to potential pathogens may play a predominant role. Diabetes
may result in impairment of neutrophil adherence, chemotaxis, and phagocytosis, which may
facilitate the persistence of bacteria in the periodontal pocket and significantly increase
periodontal destruction [108, 110]. While neutrophils are often hypofunctional in diabetes,
these patients may have a hyper-responsive monocyte/macrophage phenotype, resulting in a
significantly increased production of pro-inflammatory cytokines and mediators [159, 160].
This hyperinflammatory response results in high levels of pro-inflammatory cytokines in the
gingival crevice fluid. In addition, high glucose concentrations induce non-enzymatic
glycation and oxidation proteins, such as collagen and lipids, resulting in the accumulation of
advanced glycation end-products (AGEs) in diabetic tissues, including periodontal tissues.
The AGEs, through their receptors (RAGEs), may also induce the expression of pro-
inflammatory cytokines. The elevated pro-inflammatory cytokines in the periodontal
environment may play a role in the increased periodontal destruction seen in many people
with diabetes [111]. For example, Duarte et al. (2007) [50] showed an overexpression of
interleukin-1/} and interleukin-6, potent pro-inflammatory cytokines, in gingival tissues of
diabetic patients diagnosed with chronic periodontitis [111].

In conclusion, studies indicate that diabetics with poor glycaemic control have an
increased risk of periodontitis and disease progression.

Osteoporosis

Osteopenia and osteoporosis are systemic skeletal diseases characterized by low bone
mass and micro-architectural deterioration with a consequent increase in bone fragility and
susceptibility to fracture. According to the World Health Organization, osteoporosis is
considered to be present when mineral density is 2.5 standard deviation (SD) or more below
the mean for normal young Caucasian women. Further, osteopenia is defined as a bone
density level between 1 and 2.5 SD below normal bone density [82]. Both osteopenia and
osteoporosis are grave public health concerns, particularly associated with estrogen
deficiency among postmenopausal women. The risk factors for osteoporosis include many
risk factors associated with advanced periodontal disease [61]. Since both osteoporosis and
periodontal diseases are bone resorptive diseases, it has been hypothesized that osteoporosis
could be a risk factor for the progression of periodontal disease.
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The effects of osteoporosis induced by an estrogen-deficient state have been widely
studied in a rat model. Bilateral ovariectomies of female rats were able to induce this
condition. Tanaka et al. (2002) [172] histomorphometrically investigated the alveolar bone
following estrogen deficiency and showed osteoporotic changes and thin alveolar bone proper
in the interradicular septum of the first molar of ovariectomized rats. Later, Duarte et al.
(2006) [49] confirmed that an estrogen-deficient state may negatively affect the tooth-
supporting alveolar bone, resulting in a lower density of alveolar bone than that observed in
estrogen-sufficient animals. It has also been shown that an estrogen-deficient state may
significantly increase bone loss resulting from ligature-induced periodontitis and also at
healthy sites [47, 48].

There have been a number of reports on the mechanisms involved in the estrogen
regulation of bone metabolism. Since estrogen receptors in osteoblasts and osteoclasts were
discovered [54, 128], it is believed that estrogen has a direct skeletal effect. It has also been
shown that estrogen has an important role in controlling bone resorption through its action on
osteoprotegerin (OPG) and the receptor activator of nuclear factor kB ligand (RANKL)
mechanism [94, 189], as well as on bone-regulating factors such as interleukin-1, interleukin-
6 and tumor necrosis factor [129, 63].

Animal studies have established a clear association between osteoporosis and oral bone
density or osteoporosis and periodontitis-induced bone loss. In humans, the data gathered on
the mostly cross-sectional studies appears to confirm a relationship between systemic and oral
bone mineral density. For example, in a classic series of studies, Kribbs et al. (1983, 1989,
1990) [87, 88, 89] addressed this relationship in both normal and osteoporotic women.
Although the technology used in those studies reflects the time at which the studies were
carried out, they indicated an association between oral and systemic bone. More recent
studies have included larger numbers of women with a wide range of bone mineral density in
systemic bone. Wactawski-Wende et al. (1996) [183] showed positive correlations between
alveolar bone loss and bone mineral density at the spine, trochanter, Ward’s triangle or total
femur. Further, cross-sectional data from 468 postmenopausal females enrolled in the oral
ancillary portion of the Women’s Health Initiative study revealed a significant correlation
between basal bone density determined from intraoral radiographs and hip bone mineral
density determined by DXA [79].

On the other hand, while some studies indicate osteoporosis as a risk indicator for
periodontitis [153, 176], others have not detected a significant association [187]. Moreover,
there is only a limited number of longitudinal studies evaluating the association of
osteoporosis and periodontitis progression. Reinhardt et al. (1999) [147] prospectively
analyzed the influence of serum estradiol levels and osteopenia / osteoporosis on common
clinical measurements of periodontal disease over a 2-year period. No significant differences
were found in attachment loss between osteoporotic and non-osteoporotic patients, although
the authors reported a trend towards more attachment loss in non-smoking osteoporotic
patients. In contrast, in a recent longitudinal study of 184 individuals aged 70 years [190],
bone mineral density was associated with the number of progressive sites which had > 3 mm
additional attachment loss over 3 years, suggesting a significant relationship between
periodontal disease and general bone mineral density.

It may therefore be concluded that the relationship between osteoporosis and
periodontitis remains unclear. Confounding factors such as age, gender or smoking and the
lack of precise methods for the assessment of osteoporosis in the jaws have been reported to
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affect the establishment of a clear interaction between osteoporosis and periodontitis. Larger
prospective longitudinal studies are needed to further evaluate osteoporosis as a risk factor for
progressive periodontitis.

GENETIC FACTORS

While microbial and other environmental factors are believed to initiate and modulate
periodontal disease progression, there now exists strong supporting evidence that genes play a
role in the predisposition to and progression of periodontal diseases [70, 73]. Support for this
statement comes from studies in animals and humans which indicate that genetic factors
influence the inflammatory and immune response in general, and periodontitis experience
specifically. Different forms of genes (allelic variants) can produce variations in tissue
structure (innate immunity), antibody responses (adaptative immunity) and inflammatory
mediators (non-specific inflammation) [84]. Thus, complex diseases such as periodontitis
may have multiple gene associations which individually have weak effects but which
collectively combine with other influences, such as environmental factors, and result in
various disease manifestations [120].

The hypothesis that genetic factors account for variation in phenotype expression of
periodontal disease has been formally tested by comparing disease characteristics in
monozygous and dizygous twins. It is assumed in these experiments that because a given set
of adult twins grew up together in the same environment there is reason to believe that they
should share most relevant habits and practices. Thus the similarity of such factors as
personal habits, lifestyles and access to health care should not be different for members of
twin pairs whether they are monozygous or dizygous. Michalowicz et al. (1991) [113, 114], in
studies of both monozygous and dizygous twins reared together and apart, showed a
significant genetic component for probing depth, attachment loss and radiographic alveolar
bone height, supporting the role of genetics in periodontal disease. In a recent study,
Michalowicz et al. (2000) [115] found that monozygous twins were found to be more similar
than dizygous ones for clinical measurements such as probing depth, attachment loss, plaque
and gingivitis. A statistically significant genetic variance was found for both severity and
extent of the disease. Based on this study, chronic periodontitis was estimated to have
approximately 50% heritability, which was unaltered following adjustments for behavioral
variables including smoking. However, while monozygous twins were also more similar than
dizygous twins for gingivitis scores, there was no evidence of heritability for gingivitis after
behavioral covariates such as utilization of dental care and smoking were incorporated into
the analyses. In short, these studies indicate that approximately half of the variance in chronic
periodontitis in the population is attributed to genetic variation. Thus the basis of heritability
of periodontitis seems to be biological and not behavioral.

Interest in identifying genetic risk factors for chronic periodontal diseases has been
spurred by recent reports of associations with polymorphisms. Gene polymorphisms are
locations within the genome that vary in sequence between individuals and are very prevalent,
affecting at least 1% of the population. The rationale for studying single gene nucleotide
polymorphisms is that they can be used to identify potential markers of susceptibility,
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severity and clinical outcome [84]. Various aspects of the host inflammatory response have
attracted attention as potentially crucial variants influencing the host response in periodontitis.

Cytokines

Specific genotypes have been identified and linked to periodontal destruction.
Polymorphisms of interleukin-1 (IL-1), IL-1J3 and IL-1RN genotypes have been identified as
potential risk factors for periodontal destruction. In 1997, Kornman et al. [86] were the first to
describe an association between polymorphisms and periodontal disease, creating a great
interest in the topic. They found an association between polymorphisms in the gene encoding
for IL-1a (-889) and IL-1P3 (+3953) and an increased severity of periodontitis. Functionally,
IL-1 genotype is associated with high levels of IL-1 production [141]. A role has been
suggested for IL-1 in the initiation and progression of periodontitis. IL-1 may activate the
degradation of the extracellular matrix and bone of the periodontal tissues, and increased
tissue or gingival fluid levels of IL-13 have been associated with periodontitis [84].
Moreover, it was found that the mean counts of specific bacteria species were higher in IL-1
genotype-positive individuals than in negative subjects [167]. Several studies have
corroborated the association between IL-1 polymorphism and periodontal disease or tooth
loss [39, 109, 184]. Furthermore, a recent systematic review and meta-analysis established a
statistically significant association of IL-1A (-889) and IL-1B (+3953) polymorphisms with
chronic periodontal disease [121]. However, Huynh-Ba et al. (2007) [75] in a previous
systematic review suggested that there is insufficient evidence to establish whether a positive
IL-1 genotype status contributes to the progression of periodontitis and/or treatment
outcomes. The data thus remain inconclusive, and longitudinal studies are required to
establish the extent to which this genetic factor plays a role in disease progression.

The polymorphism of tumor necrosis factor-o. (TNF-o) has also been suggested as a
possible risk factor for periodontitis. TNF-a is secreted as a response to bacterial stimulation
by a variety of cell types [173]. It stimulates osteoclasts differentiation and together with IL-1
may result in bone resorption [103]. Furthermore, TNF-o. promotes the release of
collagenases (metalloproteinase) that destroy the extracellular matrix [21] and are produced in
excessive amounts in inflamed periodontal tissues [66]. However, most studies have failed to
link this polymorphism of the TNF-o. gene to chronic periodontitis [36, 59, 121].

Human Leukocyte Antigens

Several investigations have studied populations of patients with different forms of
periodontitis to determine the expression of polymorphisms of human leukocyte antigens
(HLA). The HLA complex plays an important role in immune responsiveness and may be
involved in antigen recognition of periodontal pathogens. Recognition of antigen peptides and
their presentation to T cells is crucial for an effective antigen-specific immune response to
periodontal pathogens and underlies genetic control. Because antigen presentation to and
resultant activation of T cells is restricted by the major histocompatibility complex (MHC),
the polymorphism of the human MHC molecules (human leukocyte antigens — HLA) may
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directly affect the binding capability of antigen peptides and thus the antigen-specific T-cell
response [192]. A recent systematic review did not reveal any significant positive or negative
associations [170]. However, few studies are available and those present significant
limitations, such as the control group not always being healthy. On the other hand, when
aggressive periodontitis was evaluated, an association with particular HLA polymorphisms
was observed. Therefore, more studies are needed before definite conclusions can be drawn.

Immuno-Receptors

The association of immuno-receptors with periodontitis has been studied. Receptors for
Fc domain of IgG FCyR) are categorized as a family of receptors, expressed on the cell
surface of leukocytes, which bind IgG antibodies and immune complexes [102]. In humans,
FCyRs are expressed on natural killer cells, macrophages, T lymphocytes, monocytes and
mast cells [65]. The interaction between FCyRs and IgG triggers a variety of biological
responses, including phagocytosis, endocytosis, antibody-dependent cellular cytotoxicity,
release of inflammatory mediators, and enhancement of antigen presentation [84].
Polymorphisms that influence the binding affinity between FCyR and IgG of different
subclasses are considered important in susceptibility to periodontal diseases. The few existing
studies of chronic periodontitis have investigated associations between FCYR polymorphisms
and susceptibility to and severity of periodontitis. The majority of them indicate that
polymorphisms of FCyR tend to be associated with the chronic form of peridontitis [31, 85,
112].

Matrix Metalloproteinases

Matrix metalloproteinases (MMPs) are one of the most important groups of enzymes
involved in periodontal connective tissue destruction [169]. Although few studies have
suggested an association between MMP gene polymorphisms and chronic periodontitis [140,
169], there is strong controversial evidence for such an association. Itagaki et al. (2004) [140]
reported that MMP-1 and / or MMP-3 single nucleotide polymorphisms were not associated
with susceptibility to periodontitis in a Japanese population. More recently, polymorphisms in
the gene for MMP-2 were studied and no definite correlation with periodontitis could be
found [74]. Repeke et al. (2009) [150] observed a limited role for MMP-1 polymorphism in
periodontitis. It seems that the extensive chronic antigenic challenge exposure overcomes the
genetic control and plays a major role in the determination of MMP-1 expression. Therefore,
due to the limited number of studies carried out to date, it is difficult to associate single
nucleotide polymorphisms of MMP genes with chronic periodontitis.

Reports on the genetic polymorphisms associated with chronic periodontal diseases are
increasing, encouraging the search for new specific markers by researchers, but the
limitations of such studies have not been fully appreciated. For example, in nearly all the
published studies, subjects have not been characterized as to behavioral risk factors such as
smoking, stress or others. In addition, the heterogeneity of the diseases examined and the
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ethnic aspects of the distribution of the genetic markers may contribute to the disparity of the
results [77]. In conclusion, some gene polymorphisms are associated with modest increases in
the probability of periodontal disease developing. Further studies on the distribution and
dynamics of genetic variation at many loci simultaneously might disclose the direct and
epistatic (interaction among multiple alleles) genetic involvement in periodontitis.

MiICROBIAL COMPOSITION

While periodontal disease is regarded as an opportunistic mixed microbial infection,
specific periodontal pathogens have been proposed as predictors for further disease
progression [72]. Although there are over 500 different intra-oral species and other that have
not yet been identified, the majority of studies have focused on a subset of microorganisms
including Agreggatibacter actinomycetencomitans (A.a.), Porphyromonas gingivalis (P.g.)
and Tannerella forsythia (T.f.) [55, 126], presumably because they satisfy the criteria for
Socransky’s modifications of Koch’s postulates:

» the organism must occur at higher numbers in disease-active sites than disease-
inactive sites;

elimination of the organism should arrest disease progression;

the organism should elicit a humoral or cellular immune response;

animal pathogenicity testing should infer disease potential;

the organism should possess virulence factors relevant to the disease process;

YV VY

Regarding the virulence factors, A.a., P.g. and T.f. share three common features that
support their role as risk factors for initiation and progression of periodontitis. First, all are
Gram-negative, and therefore produce lipopolyssacharide, which can modulate the local
inflammatory response in host cells that express pattern recognition receptors. Moreover, all
appear capable of invasion of the mucosal barrier to infection and possibly of being
sequestered inside epithelial cells. And finally, all produce factors that enable them to evade
the antibacterial functions of the innate immune response either passively (anti-phagocytic
capsule) or actively (leukotoxin, gingipains, proteases, induction of apoptosis) [55].

However, evaluation of these three pathogens as risk factors for attachment loss over time
has resulted in conflicting evidence. Some studies do not support the detection of these
specific bacterial species for the identification of individuals at risk for periodontitis
progression [98, 104]. On the other hand, a number of longitudinal studies have shown that
the presence of high levels of these species at baseline is a prognostic indicator for disease
progression [68, 106, 177]. Individually, A.a. has been implicated only in some cases of
chronic periodontitis [24, 152, 177]. Its association has been most clearly demonstrated with
localized aggressive periodontitis [71]. On the other hand, the importance of P.g. and T.f. in
the initiation of chronic periodontitis as well as in its progression to advanced periodontitis is
more clearly established in longitudinal studies [106, 180]. Further evidence suggests that B.f.
and presumably P.g. are also associated with disease recurrence when patients are followed
up after therapy [29].
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Although this review has focused on the three bacterial species considered most likely to
initiate the events resulting in chronic periodontitis, there are several other microorganisms
that have been described as moderately associated with the disease. These species include
Campylobacter rectus, FEubacterium nodatum, Fusobacterium nucleatum, Prevotella
intermedia, Peptostreptococcus micros, Streptococcus intermedius-complex and Treponema
denticola [127].

The evidence for the prognostic value of A.a., P.g. and T.f. remains inconclusive, and the
role of the other pathogenic bacteria has likewise yet to be fully appreciated. Such evidences,
however, does lead us to believe that certain bacteria like P.g. and T.f. are indeed more
important than others when it comes to considering risk indicators of chronic periodontitis.

Tooth-Level Factors

Individual variation in susceptibility to disease progression may be related to a number of
a local clinical factors including tooth position [2], caries and defective restoration margins
[3, 22], subgingival restoration margins [163], abutment tooth [145], presence of calculus
[119], occlusal discrepancies [125], unsatisfactory root form [109] or root grooves [93].

A number of periodontal parameters have also been shown to influence periodontitis
progression: gingivitis/bleeding on probing [43, 92], probing depth [13, 33], alveolar bone
loss [145], tooth mobility [56], furcation involvement [41] and tooth type [118].

In particular, bleeding on probing, pocket depth and radiographic alveolar bone loss are
considered to be of great importance by the clinicians for decision making [136]. But do these
factors really predict future attachment loss?

Current theory holds that the gingival lesion is the precursor of periodontitis. Clearly, not
all gingivitis lesions progress to periodontitis. It has been suggested that individuals are at
lower risk for disease progression if the prevalence of bleeding on probing at a subject level is
< 25% [81]. However, the proportion of gingival lesions progressing to periodontitis and the
factors causing this conversion have not yet been sufficiently clarified. Periodontitis and
mean attachment loss have been positively associated with bleeding on probing [43].
Recently, a longitudinal study of a patient cohort of 565 males was performed over a 26-year
period. Sites with consistent bleeding had 70% more attachment loss than sites that were
consistently non-inflamed. Moreover, teeth with sites that were consistently non-inflamed had
a 50-year survival rate of 99.5%, while teeth with consistently inflamed gingivae yielded a
50-year survival rate of 63.4% [92].

Regarding pocket depth, on a site basis, the presence of deep residual pockets has been
associated with disease progression [13, 33]. A systematic review addressing the use of
residual pocket depth, bleeding on probing and furcation status following initial periodontal
therapy to predict further attachment and tooth loss found that, at the individual level, residual
pocket depth was predictive of further disease progression [149].

Furthermore, longitudinal studies of periodontal disease have shown that the amount of
alveolar bone loss present at baseline, which represents the patient’s previous history of
periodontitis, may be also used to predict further progression of untreated and treated
periodontitis [56, 133, 145].

Despite the importance of clinical findings on the progression of periodontal disease,
treatment planning based only on the assessment of disease severity rather than other
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documented risk factors such as environmental and systemic factors leaves much to be
desired [136].

MULTIFACTORIAL RISK ASSESSMENT MODELS

The management of periodontal disease patients is used to be based on a “repair” model
of care, in which clinician’s goal was to diagnose the problem and resolve it via treatment. In
recent years, however, an increasing understanding of the aetiology and risk factors for
chronic periodontal diseases has developed. As a result, their management is undergoing a
transition from a repair model to the wellness model of patient care that guides the clinician
toward a health care strategy based on risk reduction and disease prevention [130]. Rather
than the mere application of the knowledge of the risk factors to maintain oral health and to
prevent the onset of periodontal disease, attention has been drawn to the assessment of risk
level for disease progression in individuals under supportive periodontal therapy, representing
a population with a moderate to high level of tisk of periodontal breakdown has attracted
attention. The assessment of risk level for disease progression in each individual patient
would enable the practitioner to determine the frequency and extent of professional support
necessary to maintain the attachment levels obtained following active therapy [91]. Moreover,
the clinician often has to decide which teeth to retain, which treatment to prescribe, or how to
maintain or restore a functional and aesthetically pleasing dentition. For decision making at a
tooth level, it is of paramount importance to assess prognosis of each tooth in order to choose
the treatment modality with the greatest probability of success [56].

Thus, as the study of prognostic factors has progressed, multi-factorial risk assessment
models has been proposed using the combination of these factors to identify individuals and
teeth at high risk for periodontitis progression [56, 91, 130, 136, 149].

Periodontal Risk Calculator (PRC) (Page et al., 2002)

Page et al. (2002) [130] developed a computer-based tool, the periodontal risk calculator
(PRC), for assessing risk and predicting periodontal deterioration. The PRC is based on a
mathematically derived algorithms that assign relative weights to various known risks that
increase patients’ susceptibility to develop periodontitis: patient age, smoking history,
diabetes diagnosis, history of periodontal surgery, pocket depth, bleeding on probing,
restorations below the gingival margin, root calculus, radiographic bone height, furcation
involvements and vertical bone lesions. The aim of the PRC is to be user-friendly and to
require only information that is gathered during a routine periodontal examination. The PRC
determines the patient’s level of risk on a scale from 1 (lowest) to 5 (highest). However, the
details of the algorithm and weighting for the factors have not been published.

Page et al. (2003) [131] documented the extent of agreement between risk scores
calculated using the PRC and information gathered during a baseline examination with the
periodontal status 3, 9 and 15 years later. In a retrospective study, clinical records and
radiographs of 523 men were used. Information from baseline examinations was entered into
the risk calculator and a risk score on a scale of 1-5 for periodontal deterioration was



For Personal Use Only
Library of School of Dentistry, TUMS

WWW.HIGHDENT.IR
O 581W 9 Oljludluss Hluess

Risk Factors for Chronic Periodontal Diseases 19

calculated for each subject. Actual periodontal status in terms of alveolar bone loss
determined using digital radiographs, and tooth loss determined from the clinical records, was
assessed at 3, 9, and 15 years. The risk scores at baseline were found to be strong predictors
of future periodontal status measured as worsening severity and extent of alveolar bone loss
and tooth loss, especially loss of periodontally affected teeth. The authors concluded that risk
scores calculated using the PRC and information gathered during a standard periodontal
examination predict future periodontal status with a high level of accuracy and validity.

Periodontal Risk Assessment (PRA) (Lang & Tonetti, 2003)

Lang & Tonetti (2003) [91] constructed a functional diagram to assess patient’s risk of
recurrence of periodontitis based on a number of risk factors and risk indicators evaluated
simultaneously. The PRA model consists of an assessment of the proportion of bleeding on
probing, the prevalence of residual pockets greater than 4 mm (= 5 mm), the tooth loss from a
total of 28 teeth, the loss of periodontal support (proportion of sites with bleeding on probing)
in relation to the patient’s age, the systemic and genetic condition (e.g. diabetes mellitus and
polymorphism of interleukin-1, respectively), and environmental factors, such as cigarette
smoking. Each parameter has its own scale for minor, moderate and high risk profiles (Figure

1.

Envir. PDz5mm

Syst./Gen.

Figure 1. Schematic illustration representing a periodontal risk assessment functional diagram. Each
vector represents a single risk factor or indicator. The area of low risk is found within the centre circle
of the polygon, while the area of high risk lies outside the periphery of the second ring in bold. Between
the two rings in bold is the area of moderate risk (Lang & Tonetti, 2003).
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The authors provided evidence supporting the inclusion of each parameter within the
diagram. The hexagonal risk diagram identified patients at low risk (all parameters within the
low risk categories or, at the most, one parameter in the moderate) and those at moderate (at
least two parameters in the moderate category, but at most one parameter in the high risk) and
high risk (at least two parameters in the high risk category). Thus, a comprehensive
evaluation of the functional diagram would provide an individualized total risk profile and
determine the frequency and complexity of supportive periodontal therapy visits. However,
this model was not validated and little evidence on its applicability is available. In a
retrospective study including 100 patients who had received active treatment, Eickholz et al.
(2008) [52] were the first to provide evidence that patients assigned to the high risk group
according to the Lang & Tonetti risk assessment suffered from a higher rate of tooth loss after
a 10-year follow-up than the other risk groups.

PRA / Multifactorial Risk Diagram (Renvert & Persson, 2004)

In this multifactorial risk diagram, a modification of the PRA model is described where
the vector bone loss index (bone loss in relation to subject’s age) is replaced by the proportion
of sites with a distance > 4 mm from the cementoenamel junction to the bone level [149]. The
individuals were not more categorized as low, moderate or high risk. Here, the surface
outlined between the various risk parameters was calculated to provide a numerical score of
risk with the aid of a computer program (EXCEL XP for PC, Redmond, WA, USA). The
authors suggested that in this way the risk scores can be monitored and compared over time,
enabling the clinician to adjust the supportive therapy strategy as appropriate.

Prognostic Model for Tooth Survival (Faggion et al., 2007)

Faggion et al. (2007) [56] developed a prognostic model to estimate quantitatively
survival rates for teeth in patients receiving treatment for periodontitis, in order to make
evidence-based decisions about retaining or extracting teeth. With the aim of constructing the
prognostic model, one hundred and ninety-eight patients were included in a retrospective
study. At baseline, medical history (diabetes mellitus, coronary heart diseases, infectious
diseases, allergies, coagulation disorders and radiation in the head and neck regions), clinical
findings (teeth present, caries, dental restorations, probing depth, tooth mobility, approximal
plaque index, sulcus bleeding test and tooth vitality) and full-mouth radiographs (alveolar
bone level) were available. A logistic regression model revealed the following significant
predictors for tooth loss during supportive periodontal therapy: a diagnosis of diabetes
mellitus, the alveolar bone level, tooth mobility, root type and non-vital pulp at baseline
examination. Based on these parameters, a prognostic model was constructed that provides
estimates of tooth survival probability when periodontal therapy was performed (Figure 2).
The authors showed that prognosis of tooth loss improved 14%, as compared with an
alternative prognosis that did not consider any information provided by prognostic variables.
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Figure 2. Schematic illustration representing a prognostic model for tooth survival. Each square
represents a unique combination of predictors and the color coding on the bottom right indicates the
likelihood of tooth survival probability (Faggion et al., 2007).

CONCLUSION

The above review clearly shows that chronic periodontal diseases are multifactorial
disorders. Microbial dental plaque biofilm is the principal etiological factor, although several
other local and systemic factors play an important modifying role in their pathogenesis. There
is overwhelming evidence that both smoking and diabetes are important risk factors for
periodontal tissue loss. In addition, the role of genetic factors and emotional stress has
recently been highlighted. However, there is still a need for further studies to establish with
great precision the contributions of other factors in the pathogenesis of these diseases.

Multifactorial risk models based on a knowledge of risk factors and risk indicators have
been proposed to enhance the ability to predict risk for periodontal disease progression.
However, prospective studies are virtually nonexistent to date. Moreover, few host-related
factors are included in these models which may account for perhaps explain their limited
improvement in predicting future disease events. Research in this field should be encouraged
with the ultimate goal of helping the decision making during treatment planning and also to
guide the clinician toward a strategy of risk reduction and disease prevention.
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TREATMENT OF PERIODONTITIS
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RATIONALE OF PERIODONTAL TREATMENT

The goals of periodontal therapy according to the American Academy of Periodontology
are to alter or get rid of the microbial etiology and causative risk factors for periodontitis, thus
arresting the progression of disease and preserving the dentition in a state of health, comfort,
and function with appropriate esthetics; and to prevent the recurrence of periodontitis. In
addition, regeneration of the periodontal attachment apparatus, where indicated, may be
attempted [1]. Mechanical debridement of the pocket has shown to significantly reduce the
risk of tooth loss, slow down the rate of periodontal disease progression and improve gingival
health [2,3].

After establishing a definite diagnosis of Periodontitis, a treatment plan is formulated
initiated by Initial therapy. Also known as cause related therapy, initial therapy is aimed at
controlling the etiologic agents for gingivitis and periodontitis and arresting further
progression of periodontal tissue destruction. The Objectives of Initial therapy are: [4]

e

S

Motivating the patient to understand and control dental disease.

Instructions to the patient regarding self performed plaque control methods.

Scaling and root planing.

Removal of additional retention factors for plaque such as overhanging margins of
restorations, ill fitting crowns, etc.
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TREATMENT GUIDELINES

Certain treatment considerations have been laid down by American Academy of
Periodontology (AAP) for treatment of chronic periodontitis with slight to moderate amount
of bone loss. There are also certain factors that affect the decision of the treatment and the
expected therapeutic result which includes age and systemic health of the patient, compliance,
treatment preferences and patient’s ability to control plaque. Other factors include the
clinician’s ability to remove subgingival deposits, restorative and prosthetic demands, and the
presence and treatment of teeth with more advanced chronic periodontitis[1].

FLOW CHART : TREATMENT PLAN FOR PERIODONTITIS
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PATIENT MOTIVATION

It is the role of the dental health professional to assist patients to attain and maintain their
oral health. Various effective ways are present to motivate people toward preventive dental
care in general and toward preventive periodontics in particular. Each patient requires
individually tailored oral health advice and information. One of the basic requirements in
motivating a patient is communication between patient and the Periodontist. A well informed
patient can be motivated easily and hence education and motivation goes hand in hand.
Motivating patients for undergoing periodontal therapy is a task requiring considerable skills.
This is because emergency care sells itself because the fear of pain and the need for self-
preservation are active. The value of preventive measures is less substantial because time,
effort and money must be expended to prevent possible future disease. Hence patients tend to
neglect the detrimental effects caused by accumulation of plaque and calculus on the soft
tissues as periodontal disease is quite painless in the initial, treatable stages and therefore,
pain serves no great motivational purpose in causing people to act in a positive manner.
Another factor is the lack of social pressure to have a plaque-free mouth[5]. Hence skilful
communication with the patient educating him on periodontal maintenance and making him
recognize the need for therapy is essential.

There are two procedures important for patient motivation [6,7]

1) Motivational interviewing
2) Stages of change model

Motivational interviewing involves a directive, patient centred counselling style that is
compatible with the patient-centred clinical method. It encourages patients to speak and by
doing so enables them to identify their oral health needs. The health professional acts as a
medium only intervening when necessary thus allowing patients to recognise inner resistances
reflected in lifestyle barriers. Although motivational interviewing was developed for use by
addiction counsellors, some of its practical guidelines can be adapted for use in oral health
settings. The Periodontist must take considerable time to explain to his patients regarding the
importance of good periodontal health and bone support for survival of a sound tooth
structure. Also the dentist should provide an atmosphere in which patients feel comfortable to
speak, question and discuss the priority of their oral health needs. The dentist also has to
evaluate the result of his counselling with the patient wherein the stages of change model can
assist dental health professionals in their work with patients. It provides a framework by
which they may evaluate their patients' progress from unawareness through motivation to
compliance. The ‘stages of change model’ devised by Prochaska and DiClemente is divided
into six different stages of behaviour change[8]. These are precontemplation, contemplation,
preparation, action, maintenance and relapse. The stages reflect and hence provide a means of
assessing progress from unawareness (precontemplation) through motivation (contemplation,
preparation) to compliance (action, maintenance) [6]. Hence by using motivational
interviewing and stages of change model, dentist can aid behavioural change in their patients
and to achieve a long term goal of a stable dentition. Disclosing agents are used as
motivational aids to educate patients to improve the efficiency of plaque control procedures.
These agents are solutions or wafers which stain plaque on teeth and bacterial deposits on
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tongue and gingiva. They are applied on to teeth using cotton swabs or solution is used as
rinses. Hence disclosing agents are used as plaque control instruction in the dental office.

SCALING AND ROOTPLANING

SCALING: Is defined as the instrumentation of the crown and root surfaces of the teeth
to remove plaque, calculus, and stains from these surfaces [9].

ROOTPLANING: A treatment procedure designed to remove cementum or surface
dentin that is rough, impregnated with calculus, or contaminated with toxins or
microorganisms[9].

Instruments used for Supra and Sub Gingival Scaling and Root Planning

Treatment process in a periodontitis patient is initiated by supragingival scaling. This
removal of plaque and calculus is done using either hand instruments and or ultrasonic
instruments. Hand instruments used for this purpose are Supragingival Scalers (Figure 1).
Sickle scalers serve as an effective instrument to remove tenacious supragingival calculus
from crowns of teeth and are used in a pull motion. The working end of it has unique design
characteristics like a pointed tip with a triangular cross section and two cutting edges per
working end. This shape makes the tip strong so that it will not break off during use. Both
anterior and posterior sickle scalers are available [10,11]

kS

RSN NN

Figure 1. Set of Supragingival Scalers. L to R: Sickle,bifid,Cumine,Surface & Posterior Interdental
Scalers.

Instruments with slender working ends are needed for subgingival scaling like the curettes.
Curettes are finer than sickle scalers and each working end has a cutting edge on both sides of
the blade and a rounded toe without any sharp points or corners. They are used to remove
deep subgingival calculus, root planing altered cementum and removing the soft tissue lining
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the periodontal pocket. Area specific curettes were developed by Dr.Clayton gracey and are
popularly known as Gracey Curettes (developed by Hu-friedy manufacturing company)
(Figure 2).

Figure 2. Set of Gracey Curettes. L to R: 1-2, 3-4, 5-6, 7-8, 9-10, 11-12 & 13-14.

Gracey Curettes are designed to adapt specific areas of dentition. Original Gracey series
contains 14 single ended curettes, Gracey 1-14. Double ended Gracey curettes are paired as
follows:

e Gracey 1-2 & 3-4: For Anterior teeth.

e Gracey 5-6 : For anterior teeth and Premolars.

e Gracey 7-8 & 9-10: For Posterior teeth (Facial and lingual).

e Gracey 11-12 : For Posterior teeth (Mesial).

e Gracey 13-14 : for Posterior teeth (Distal).

e Gracey 15-16 and 17-18 curettes are modifications developed to provide superior
access to proximal surfaces of posterior teeth'”.

Ultrasonic and Sonic Instruments

Power driven scalers consists of Ultrasonic and sonic instruments. Sonic scalers operate
at a low frequency of 3000 to 8000 cycles per second (cps) with a vibratory tip movement
which is linear or elliptical in nature. Ultrasonic scalers are of two types namely
Magnetostrictive and Piezoelectric working at a frequency range of 18000-45000 cps and
25000-50000 cps respectively. In magnetostrictive the vibration of the tip is elliptical, linear
or circular depending on the type of unit. Here all the sides of the tip are active. In
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piezoelectric the vibration of the tip is linear or back and forth which allows only two sides of
the tip to be active [13] (Figure 3). Removal of plaque and calculus by ultrasonic scalers is
accomplished by the vibration of the tip of the instrument, acoustic streaming and cavitation
effect. During operation, cooling water flows through the instrument handpiece onto the
oscillating tip and the oscillating action of the tip within the water produces acoustic
streaming. This causes a change in the streaming velocity to produce large hydrodynamic
shear stresses which can disrupt calculus. The water droplets of the spray directed at the tip
forms tiny vacuum bubbles that collapse releasing energy in a process called as cavitation
which serves to dislodge the calculus and debris [14,15]. One of the disadvantages of using
ultrasonic scaler is the production of aerosols. Ultrasonic and sonic scaling is considered to
produce the greatest source of aerosol contamination. This occurs due to interaction between
the rapidly vibrating tip and the coolant liquid that comes in contact with the tip. The aerosols
may contain infectious blood borne and air borne pathogens and is considered as a potential
infection threat[16].

Figure 3. Ultrasonic Scaler with various tip designs.

Quadrant versus Full Mouth Scaling

Hand and power driven instruments are used for instrumentation of the root surfaces.
Scaling and root planing can be performed quadrantwise or as a one stage full mouth scaling.
Full mouth scaling is claimed by some researchers to be superior to standard scaling and
rootplaning (SRP) quadrant wise. It was shown that a single course of SRP reduces the
proportions of periodontopathic microorganisms which clearly correlates with improvement
of the clinical periodontal parameters [17]. A single course of SRP unfortunately only
temporarily reduces the proportions of subgingival pathogenic microorganisms [18] and
hence the adjuctive use of antibiotics has been suggested [19]. However, a one stage full
mouth disinfection with the use of an antimicrobial mouthrinse like chlorhexidine increases or
prolongs the microbiological improvements of subgingival instrumentation without the need
for antibiotics in the treatment of patients with Chronic Periodontitis [20,21,22].
Conceptually, this would reduce the microorganisms and diminish the amount of bacteria in
the pockets and other intraoral habitats like the tongue, the mucosa, saliva etcs that may be
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responsible for reinfecting treated sites. Recent studies do not seem to prove that full mouth
scaling and root planing is better than quadrantwise therapy. When short term comparison of
microbiological changes following quadrantwise and full mouth SRP was done, both the
treatment modalities showed similar microbiological outcomes and could not confirm that
treated sites were at higher risk for bacterial reinfection in the presence of yet untreated
periodontal lesions as in the case of quadrant wise root planing when compared with Full
mouth root planing within 24 hours [23]. In another recent study both treatment modalities
led to stabilised treatment outcomes over 6 and 12 months in pockets of 4-6mm wherein no
significant difference between the groups were present with respect to clinical attachment
gain, Probing depth (PD) and Bleeding on probing (BOP) reduction [24].

Greenstein in his critical commentary after reviewing various clinical trials on the topic
concluded that the concept of full mouth therapy provided additional benefits compared to
partial disinfection [25]. Regardless of the type of modality adapted, a thorough removal of
local factors is necessary which cause an improvement in the clinical parameters like BOP,
PD and Clinical attachment gain.

Hand versus Power Driven Instruments

Investigations concerning manual and power driven instrumentation of root surfaces have
produced conflicting results. Certain studies have reported that hand instruments like curets
produce either a smoother surface[26,27] or a rougher surface than ultrasonics[28,29]. A
recent meta analysis on the topic clearly revealed that ultrasonic or sonic subgingival
debridement can be completed in less time than subgingival debridement using hand
instruments30. Although the time taken by power driven instruments is less, the clinical
effects i.e gain in clinical attachment or decrease in pocket depth were similar for both hand
or ultrasonics[30].

Healing after Scaling and Root Planing (SRP)

There is extensive evidence in support of Scaling and Root planing as an essential and
effective component of therapy for inflammatory periodontal disease (Figure 4). In patients
with Chronic periodontitis, subgingival debridement in conjunction with supragingival plaque
control is an effective treatment in decreasing probing pocket depth and improving the
clinical attachment level[31]. A review of nonsurgical mechanical pocket therapy by Cobb
reveals mean probing depth reductions of 1.29mm and clinical attachment level gains of
0.55mm after mechanical therapy for initial probing depths of 4-6mm before treatment and
probing depth reduction of 2.16mm and attachment level gain of 1.19mm after therapy for
initial probing depths of > 6mm before treatment[32]. Lindhe et al determined the critical
probing depth for scaling and root planing to be 2.9mm below which loss of attachment
occurs following mechanical therapy[33].

Mechanical non surgical therapy has a profound effect on inflammatory components. The
effect of scaling and rootplaning on the inflammatory cell subsets leads to a decrease in
plasma cells, lymphocytes and immunoglobulin containing cells especially in periodontitis
cases[34]. Marked effects are seen with the gingival tissue following mechanical therapy with
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distinct reduction in bleeding on probing. When collective analysis of the studies performed
to evaluate the decrease in bleeding on probing and gingival inflammation was done, a 57%
decrease in bleeding on probing was noted after mechanical non surgical therapy [32].

(A)

Figure 4. A — Plaque and calculus covering gingival third of the teeth. B — Immediately after scaling
and root planning.

Positive results of scaling and rootplaning on alveolar bone are well noted with an
increase in alveolar bone density. Longitudinal studies with regard to the same were able to
demonstrate a statistically significant increase in both superficial and deep average bone
densities at 6months and 1 year post treatment which was analysed using standard
radiographic technique and digital substraction radiography [35,36]. At the histologic level,
scaling and root planing causes a re-establishment or reepithelialization in 2 weeks[37].
Though restoration of the junctional epithelium is complete within 2 weeks, granulation tissue
still remains immature and not replaced by collagen fibers. Connective tissue repair continues
for 4-8 weeks with specifically oriented collagen bundle fibers [38].

MECHANICAL AND CHEMICAL PLAQUE CONTROL

The responsibility of the dentist to treat a periodontitis patient not only lies in motivating
and educating the patient about periodontal procedures and performing non surgical &
surgical therapy, but also includes providing instructions to the patient in adequate home care
measures like proper brushing, interdental cleaning and use of mouthwashes when needed.
Self performed plaque control methods include proper brushing methods, use of interdental
aids and mouth washes.

Mechanical Plaque Control

Good plaque control practices are particularly important for periodontal patients. It has
been proved if dentogingival plaque is allowed to accumulate freely, subclinical symptoms of
gingival inflammation in the form of an exudate from the gingival sulcus appears[39]. It has
been noted that plaque growth occurs within a few hours and must be completely removed at
least every 48 hours to prevent inflammation in subjects with sound periodontal health[40].
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Periodontal patients should completely remove plaque from the teeth at least once every 24
hours because of their demonstrated susceptibility to disease[41]. The prevention and
treatment of periodontal diseases are routinely approached by inhibiting plaque formation and
instituting mechanical plaque removal measures.

Brushing and flossing is the first line approach to microbial reduction. The ADA
recommends brushing for 2 minutes twice a day and flossing once a day[42]. Though tooth
brushing remains the bastion of oral health measures, majority of the population do not clean
their teeth thoroughly enough to prevent plaque accumulation. Toothbrushes are available in
myriad designs in the market. They were initially based on natural materials like hog bristles
with a wooden or ivory handle. These natural materials were inherently unhygienic and hence
were replaced by nylon filaments and plastic handles.

Tooth Brush Design Recommendations

Manual Toothbrushes
The European workshop on mechanical plaque control in 1998 has provided certain

specifications with regard to the design of a toothbrush, the consensus of which is as follows:
8

¢ Inclusion of a long contoured handle and the shape of the handle should be according
to a particular style of toothbrush use.

The head size should be according to the size of the user’s mouth.

Round ended Nylon or Polyester filaments to be used not larger than 0.23mm in
diameter and soft filament configurations.

e

¢

R/
0’0

Bass recommended a straight handled brush with nylon bristles (0.2mm) in diameter and
10.3mm long with rounded ends, arranged in 3 rows of tufts with 6 evenly spaced tufts per
row and 80-86 bristles per tuft. Nevertheless, if a patient perceives any benefit from a
particular brush design characteristics, use of that brush should be encouraged[44].

Methods of Tooth Brushing

Various tooth brushing methods have been described in the literature. Among them the
Modified Bass method is the most widely recommended brushing technique by the dentist.
The other techniques include, the Charter’s method for cleaning healing wounds after flap
surgery and the modified Stillman method for patients with progressing gingival recession
and root exposure to minimize abrasive tissue destruction[44]. The modified Bass method is
designed to clean the cervical one third of the crowns of teeth and the area beneath the
gingival margin. It can be recommended in subjects with a sound periodontal health or even
with periodontal disease or during periodontal maintenance. This technique causes removal of
plaque from the gingival sulcus and the interproximal area of teeth. The method consists of
placing the brush bristles at an angle of 45 degrees to the long axis of the teeth directed
apically (Figure 5). Gentle force is then applied to insert the bristles into the sulcus and is
moved with short vibratory back and forth strokes without removing bristle ends from the
sulcus with approximately 10 strokes to be completed covering 3-4 teeth at a time. The
lingual surface of the anterior teeth is brushed using the heel of the brush placed vertically
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along the long axis of the teeth. The Occlusal surfaces should be cleaned by pressing the
bristles firmly onto the Occlusal surface and a back and forth brushing stroke is activated[44].

Figure 5. Modified Bass Method of Toothbrushing. Demonstration of position of toothbrush on A, B —
Maxillary anterior teeth: Facial & Lingual aspect respectively. C — Occlusal surface of mandibular
teeth.

Powered Toothbrushes

Electric or Powered toothbrushes enhance cleaning of the teeth especially for people with
poor manual dexterity (Figure 6). Plaque removal by powered toothbrushes is faster i.e takes
Iminute compared to manual toothbrushes taking 6minutes to remove the same percentage of
plaque[43]. Several types of powered toothbrushes are available. The basic patterns of head
motion are reciprocating back and forth movement, arcuate or up and down movement and an
elliptical movement[45]. Some of the available powered toothbrushes are as follows:

K/
0‘0

Braun Oral-B (http://www.oralb.com/en)

Philips Sonicare (http://www.sonicare.com/)

Colgate Motion: (http://www.colgate.com/app/colgate/US/homepage.cvsp)
Ultreo: (http://www.ultreo.com/)

Crest Spinbrush: (http://www.spinbrush.com/)

X3
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Ultrasonic toothbrushes use filaments that vibrate at ultrasonic frequency (>20 Khz)[43].

Figure 6. Powered Tooth Brush.

Ionic toothbrushes use an electric current which is applied to the filaments during
brushing that alters the charge polarity of the tooth resulting in the attraction of dental plaque
towards the filaments and away from the tooth. No automated action is provided[43]. The
polarity of tooth surfaces is changed from negative to positive. Plaque material is actively
repelled by the teeth and drawn to the negatively charged bristles. Studies have been
conducted comparing the efficacy of powered versus manual toothbrushes with no consistent
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significant results. One study found several types of electric brushes to be as efficient as
manual brushing in plaque removal from facial surfaces[46]. Literature reviews have shown
that powered brushes show superior benefit with regard to plaque removal and gingival
condition over manual brushes[47,48]. Nevertheless a recent systematic review on the topic
has concluded the following. Limited evidence exists of the higher efficacy of powered
brushes over manual in reducing dental plaque, gingival bleeding or inflammation in patients
with gingivitis or periodontitis[49].

Interdental Cleaning Aids

Tough toothbrush is considered as an effective tool in plaque removal and reducing
inflammation, the use of interdental aids in plaque removal is essential. It has been noted that
toothbrushing is considered to be optimally capable of thoroughly cleaning the flat surfaces of
the teeth while the proximal surfaces of teeth is not cleaned effectively. These areas have a
high risk of developing periodontal lesions and caries. Hence interdental cleaning is crucial
within the daily oral hygiene program for the treatment of periodontal diseases and the
prevention of recurrence[50,51]. A wide range of interdental aids are available in the market
from simple dental floss through woodensticks and brushes to mechanical or electrical
devices (Figure 7). The choice of interdental cleaning aid depends on the size and shape of
the interdental space. In general, embrasures with no gingival recession are adequately
cleaned using dental floss while larger spaces with exposed root surfaces require the use of an
interproximal brush. Interproximal spaces with no papillae covering requires single tufted
brushes to remove plaque[44].

Figure 7. Interdental aids. L- R: Dental Floss and Interdental Brushes.

Chemical Plaque Control

Mechanical tooth cleaning through toothbrushing and the use of appropriate interdental
aids is the most common form or oral hygiene practiced by people. Unfortunately, many
individuals remove only around half of the plaque from their teeth even when