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Preface

Evidence-based dentistry is a concept held in high regard in the field of clinical dentistry
for decades. The concept is based on the systematic approach of amalgamating establish-
ed scientific and clinical evidence and relevant clinical application in everyday practice. An
unbiased analytical approach of all relevant data should be undertaken in order to deliver
the best care for the patient. This analysis involves the integration of the evidence into
various aspects of clinical management and the oral status, as it relates to oral health and
systemic risk factors.

In Insights into Various Aspects of Oral Health, a comprehensive web-based resource, the aim
is to combine the scientific literature with the clinical evidence. Here, there is evidenced lit-
erature with clinical applications on systemic health, risk factors and periodontal disease,
functional rehabilitation and innovative restorative material science. This web resource is a
collaboration of numerous specialists and researchers from around the world showcasing
varied topics from aspects of oral health status to clinical management. Due to the extensive
nature of the areas presented in this resource, limitations are inevitable. An incorporation of
review, research studies and clinical management of the following topics are covered:

* Relationship Between the Periodontal Diseases and the Systemic Health
¢ Functional Rehabilitation of the Dental Status
¢ Innovations in Dental Restorations

Research Guidelines on Oral Health Promotion

The subject matter has relevance to a broad oral healthcommunity, including educators and
dental students with interests in different subject areas of dentistry. The judicious integration
of various topics is designed to give readers an insight into evidenced studies and review
different aspects of the oral health status. This book has an international perspective, covering
contemporary research on periodontal disease, functional occlusal rehabilitation, research on
the biomimetic restorative materials and guidelines on oral health promotion strategies.

Information presented on periodontal status ranges from the diagnostics of specific disease
or disorder causing desquamative gingivitis (DG) to the increase of oxidative stress seen in
chronic inflammatory conditions and genetic risk factors associated with periodontitis. An
investigative review is undertaken on the similarities in pathophysiology of both chronic
obstructive pulmonary disease and chronic periodontitis, due to high levels of the pro-in-
flammatory cytokines, such as CRP and TNF-a and proteases, associated with these chronic
inflammatory conditions. Microbial interference therapy using different modalities in the
treatment of advanced to aggressive periodontitis has been an ongoing treatment for years,
but increasingly the side effects and transient nature of this approach have compromised the
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goal of the outcome. In this book, a review is presented on an alternative treatment involv-
ing non-surgical treatment and probiotic intake. This can lead to host modulation and mi-
crobial regulation and contribute to successful periodontal treatment outcomes.

Further, another aspect of oral health is the clinical management of cleft lip and palate (CLP)
—the most common congenital deformity of the orofacial region. This chapter highlights the
concepts and direction for treatment associated with clefts, with the aim of restoring aesthetics
and functional impairments through various modalities. Also addressed is MEAW therapy in
restoring aesthetics and occlusal function in the correction of class II deep bite malocclusion
together with a hypo-divergent skeletal pattern. This is a difficult situation to treat due to
insufficient vertical dimension, combined with steepness of the occlusal plane and strong
muscle patterns present in these types of patients. The evidence-based patient cases presented
here support MEAW therapy as an effective method of restoring this malocclusion.

In addition, an insight into bioinspired innovative restorative material, which has the ability
to combine diverse material properties into a single structure of functionally graded materi-
al (FGM), is presented here. The advantage of this system is the integration of dissimilar
materials with minimal internal stress and reduced stress concentration at the interface re-
sulting in a free surface intersection. The potential for delamination between layers is elimi-
nated in the graded structure, unlike in traditional core-veneer fabrication, and has
applications in implant dentistry, direct-filling tooth restoratives, crowns, dental prosthetics,
dental posts, etc.

An analytical input of a digital simulation for providing a biomechanical explanation of the
clinical behaviour of ceramic bilayer crowns is also presented here. Finite element analysis
(FEA) is a powerful and flexible computational tool that models dental structures and devi-
ces, simulates occlusal loading conditions and predicts stress and strain distribution. This
can provide design guidelines for the development of complex structures and has the capa-
bility to predict clinical survival of all-ceramic restorative prostheses, based on functional
loading in the posterior region, hence predicting better crown outcomes.

Oral health promotion involves strategic planning, integrative activities, evidence-based
concepts, evaluation, policy making and effective and sustainable intervention. In this en-
deavour, along with the consideration of the above factors, contributing and limiting ele-
ments such as fiscal limitations, regional factors and the comprehension of the population to
create healthy living conditions are addressed here. The action programme is influenced by
community empowerment, creating a sustainable supporting environment originating from
local experiences and strengths. Oral health promotion has a wide scientific scope, with evi-
dences and strategies varying in each region, so a platform to share an amalgamated global
strategy is a challenging exercise and is the objective of this chapter.

Jane Francis Manakil, BDS, MDS, PhD, GCHE, MRACDS (Periodontology)
Senior Lecturer, School of Dentistry and Oral Health,

Griffith University, Queensland,

Australia
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Desquamative Gingivitis

Hiroyasu Endo, Terry D. Rees, Hideo Niwa,

Kayo Kuyama, Morio lijima, Ryuuichi Imamura,
Takao Kato, Kenji Doi, Hirotsugu Yamamoto and
Takanori Ito

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.69268

Abstract

Desquamative gingivitis (DG) is characterized by erythematous, epithelial desquama-
tion, erosion of the gingival epithelium, and blister formation on the gingiva. DG is a
clinical feature of a variety of diseases or disorders. Most cases of DG are associated
with mucocutaneous diseases, the most common ones being lichen planus, mucous
membrane pemphigoid, and pemphigus vulgaris. Proper diagnosis of the underlying
cause is important because the prognosis varies, depending on the disease. This chapter
presents the underlying etiology that is most commonly associated with DG. The current
literature on the diagnostic and management modalities of patients with DG is reviewed.

Keywords: gingival diseases/pemphigus/pemphigoid, benign mucous membrane/lichen
planus, oral/hypersensitivity/autoimmune diseases

1. Introduction

Manifestations of desquamative gingivitis (DG) include erythematous gingiva, epithelial des-
quamation, and erosion of the gingival epithelium, as well as blister formation on the gingiva
[1, 2] (Figure 1). The DG lesions may be localized or generalized and may extend into the
alveolar mucosa. Similar lesions are often found on the buccal mucosa, tongue, and palate
in the oral cavity. The signs of DG are clearly different from those of dental plaque-induced
gingivitis. Patients having DG may be asymptomatic or symptomatic [3]. Most symptomatic
patients complain of mild or moderate oral discomfort, gingival soreness, or a burning sensa-
tion [4, 5]. DG occurs more often in females than males; approximately 80% of the patients
are female [4-8]. Most patients with DG are middle-aged and older, although rare cases have

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,

open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [B)sy |
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Figure 1. Desquamative lesions on the attached gingiva. Gentle palpation with the periodontal probe elicited some
desquamation of the gingival surface (positive Nikolsky’s sign).

been observed in children [4, 6, 8, 9]. Early investigators believed that there was a single
etiology for DG. However, it is apparent that the condition is a nonspecific manifestation of
several diseases or disorders and therefore has multiple etiologies [1, 2]. Most cases of DG are
associated with mucocutaneous diseases, the most common ones being lichen planus (LP),
mucous membrane pemphigoid (MMP), and pemphigus vulgaris (PV) [1, 2, 4-8, 10, 11]. A
variety of other potential causes, such as lupus erythematosus [12], mixed connective tissue
disease [5, 10], graft versus host disease [13], erythema multiforme [14], epidermolysis bullosa
[15, 16], epidermolysis bullosa acquisita [17], Kindler syndrome [18], chronic ulcerative sto-
matitis [10, 19, 20], lichen planus pemphigoides [21, 22], plasmacytosis [23], plasma cell gingi-
vitis [24], orofacial granulomatosis [25, 26], foreign body granulomas [27], candidal infection
[28], and linear IgA disease [29, 30], may cause DG lesions. Factitious injury of the gingiva
may also present with clinical features consistent with DG [31-34], which was suggestive of
mucocutaneous diseases including MMP [32, 33] or PV [34]. Contact stomatitis due to den-
tal hygiene products, dental materials, or food flavorings and preservatives may mimic DG
[1, 11, 25, 35-39], while several systemic disorders, including Crohn’s disease [40], psoriasis
[41-43], sarcoidosis [44], and adverse drug reactions [38, 45], may possess some but usually
not all of the clinical features of DG.

2. Diagnosis

It is very important to accurately diagnose diseases or disorders causing DG because the
prognosis varies widely, depending on the cause. Although PV rarely occurs, it is a poten-
tially life-threatening disease, so it is important to diagnose and treat it in its early stages.
Airway obstruction due to laryngeal scarring and blindness due to conjunctival scarring
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would certainly deteriorate the quality of life for MMP patients. Early recognition and treat-
ment of the lesions can prevent serious complications. Histopathological examination and
direct immunofluorescence (DIF) testing of biopsied tissues are often required to deter-
mine the underlying etiology of DG [6-8, 10]. For histopathological study, the biopsy site
should be selected from an area of intact epithelium and include perilesional tissue. This
may require two separate biopsies, one lesional and one non-lesional. The perilesional tissue
or non-lesional biopsy site should show a nonspecific inflammatory response in suspected
non-autoimmune disorders such as LP, erythema multiforme, foreign body gingivitis, facti-
tious disorder, and contact stomatitis [1, 7, 10]. In contrast, the DIF test should be performed
on normal-appearing tissue rather than perilesional sites in suspected autoimmune diseases
such as MMP, PV, and chronic ulcerative stomatitis [1, 7, 10, 46, 47]. Since immune deposits
in autoimmune bullous disease are present in all oral tissue, a positive result from DIF tests
may be obtained from biopsies taken from distant normal mucosa [46]. The DIF test is consid-
ered to be the best diagnostic evidence for MMP, PV, chronic ulcerative stomatitis, and other
autoimmune disorders; therefore, DIF testing is often essential in obtaining a final diagnosis
since clinical features may be so similar [6-8, 10, 47, 48]. On the other hand, DIF findings are
supportive but not diagnostic for LP, psoriasis, lupus erythematosus, and mixed connective
tissue disease because the DIF features of these diseases can also be found in other condi-
tions [6, 10, 48]. A negative result from DIF tests should be anticipated in biopsies of contact
stomatitis [1].

Biopsy sites appearing to have an intact epithelial surface should be selected. If lesions are
present at several mucosal sites, including the gingiva, it is usually best not to use the gingiva
for the biopsy [1, 49, 50]. However, in approximately half of DG cases, the gingiva was the
only site of involvement [50, 51]. In these cases, the gingiva should be selected for the biopsy.
Rees and Burkhart [1] described the six steps to be considered when a gingival biopsy is
required in DG patients. They highlight the importance of careful site selection for gingival
biopsies in order to obtain diagnostic tissue samples. An inadequate surgical site selection
may easily lead to the loss of the gingival epithelium, since the biopsied gingival tissue is thin
and tends to be fragile. The stab-and-roll biopsy technique is a procedure specially designed
to prevent the epithelium from being removed from the biopsy specimen [1, 46, 52]. This
biopsy technique prevents the occurrence of lateral shear forces. The operator applies gentle
pressure on the gingiva with the tip of a #15 blade until the bone surface is reached and then
the blade is rolled from the tip along the entire cutting edge. If a larger specimen is needed,
the tip of the blade can be repositioned and the rolling stroke extended. The gingival epithe-
lium was well maintained, and the relationship with the underlying connective tissue was
diagnostic from the gingiva of DG patients using the stab-and-roll biopsy technique [1, 46, 52].

3. Oral mucosal diseases or disorders that are associated with DG

3.1. Lichen planus (LP)

LPisarelatively common, T-cell-mediated chronicinflammatory disease of unknownetiology. LP
commonly occurs in middle-aged and older people, and women are affected more frequently
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than men [53, 54]. The lesions are found in multiple regions including the skin, genitalia, or
oral mucosa, although they are confined to the gingiva alone in some cases [53-56] (Figures 2
and 3). In many instances, atrophic, ulcerative, and bullous forms are combined as erosive LP.
The reticular, popular, and plaque-like forms of LP are often asymptomatic, whereas erosive
forms may be quite painful when a patient is eating spicy foods or performing oral hygiene
procedures [53-55, 57] (Figures 4-6). For these reasons, erosive LP usually requires treat-
ment. Histopathologically, specimens may demonstrate hyperortho- or hyperparakeratosis,
degenerative changes to the basal cells, and band-like subepithelial infiltrate composed of
lymphocytes [11] (Figure 7). When available, DIF testing is also valuable in establishing the
diagnosis, although DIF findings are only suggestive, rather than diagnostic, of LP [6, 10, 48,
58]. Characteristic DIF findings in oral LP include a linear pattern of anti-fibrin or anti-fibrino-
gen in the basement membrane zone and, to a lesser degree, the presence of IgM or IgG depos-
its in cytoid bodies [6, 10, 48, 58] (Figure 8).

3.2. Mucous membrane pemphigoid (MMP)

MMP is an autoimmune, subepithelial blistering disease that affects mucous membranes.
Most patients with MMP are between 60 and 80 years of age [59-61]. However, on relatively
rare occasions, MMP has been reported in children [9]. Women are affected nearly two times
more frequently than men [59-61]. MMP can involve any oral mucosal site, although the
gingiva is affected far more often than other oral tissues [52, 59-62] (Figures 9-13). In more
than half of early developing cases, the gingiva is the only site of lesions [61, 63]. Extraoral
areas including the conjunctiva, skin, pharynx, nose, larynx, genitalia, anus, and esophagus
may also be affected [52, 62, 64, 65]. Scarring of the mucous membranes is often considered
the clinical hallmark of MMP, although scarring is rarely a feature of oral MMP [52, 64, 65].

Figure 2. Desquamative gingivitis associated with oral lichen planus. Erythematous lesions on the attached gingiva.
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Figure 3. Desquamative gingivitis associated with oral lichen planus. Patchy erythematous lesion was found on the
palatal mucosa.

Figure 4. Desquamative gingivitis associated with oral lichen planus. Reticular lesions of buccal mucosa in addition to
gingiva.

Multiple target antigens of MMP were identified in cell-to-basement membrane adhesion
components by the presence of circulating autoantibodies in the patients’ serum. These
antigens include bullous pemphigoid antigens (BP180 and BP230), a6 4 integrin, type VII
collagen, and laminin 332 [62, 63, 66, 67]. The loss of cell-to-basement membrane adhesion
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Figure 5. Extraoral lesion associated with oral lichen planus. The reticular lesion was observed on the lip.

Figure 6. Oral lichen planus patient. The examination revealed diffuse erythematous lesions on the gingiva (A and B).
Lesions were also found on the buccal mucosa (C) and tongue (D).

caused by these antibodies may result in subepithelial blistering. Histopathologically, MMP
is characterized by subepithelial bulla formation [11] (Figure 14). During DIF testing, the lin-
ear deposition of complement component C3, IgG, or other immunoglobulin is observed in a
linear pattern along the basement membrane zone [48, 62] (Figure 15).
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Figure 7. Hematoxylin-eosin-stained section of oral lichen planus. The basal layer liquefaction and shortened rete ridges
were found. A band-like infiltration of lymphocytes in the lamina propria was also observed.

Figure 8. Direct immunofluorescence of oral lichen planus. A linear deposition of fibrinogen at the basement membrane
zone was found.

3.3. Pemphigus vulgaris (PV)

PV is an autoimmune blistering disease characterized by acantholysis in the epithelium.
Most patients with PV are middle-aged and elderly [68-71]. The disease is equally common
in men and women [71], and it is a potentially life-threatening disease [72]. Characteristics
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Figure 9. Desquamative gingivitis associated with mucous membrane pemphigoid. Ulcerated gingival surface was
observed.

Figure 10. Desquamative gingivitis associated with mucous membrane pemphigoid. Ulceration of the palatal mucosa.

of the PV lesions are flaccid bulla formation, erosion, and ulceration in the skin or mucosa [1,
68] (Figures 16-19). PV frequently begins with oral lesions and later progresses to involve the
skin [73, 74] (Figure 20). Oral lesions are the most common evidence and develop in almost
all patients having PV [68, 71]. Lesions may affect the gingiva, and occasionally, the gingiva
is the only site of involvement in early lesions [69, 73-75]. Circulating PV autoantibodies
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Figure 12. Localized blister formation on the gingiva associated with mucous membrane pemphigoid.

in the serum are pathogenic, and they can cause acantholysis in the epithelium [76]. More
than 50 proteins have been reported to specifically react with pemphigus IgG autoantibodies
[77], but it has been determined that the principal autoantigens in pemphigus patients are
desmogleins, which are the components of desmosomes in the epidermis and mucous mem-
branes [78, 79]. Almost all patients with PV lesions restricted to the oral mucosa have only
anti-desmoglein 3 antibody in the serum, whereas patients with advanced cases involving
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Figure 13. Desquamative lesions on the attached gingiva associated with mucous membrane pemphigoid.

Figure 14. Hematoxylin-eosin-stained section of mucous membrane pemphigoid. A subepithelial blister formation was
found.

the oral mucosa and skin may have both anti-desmoglein 3 and anti-desmoglein 1 antibodies
[73, 74]. Histopathologically, PV is characterized by acantholysis and a suprabasilar split in
the epithelium [11] (Figure 21). Tzanck cells are often found in intraepithelial clefts [80]. In
the DIF examination of PV patients, the deposition of IgG and/or C3 is found in the intercel-
lular spaces of the epithelium [48] (Figure 22).
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Figure 15. Direct immunofluorescence of the mucous membrane pemphigoid. A linear deposition of IgG at the basement
membrane zone was found.

Figure 16. Desquamative gingivitis associated with pemphigus vulgaris. Eroded gingival surface with ragged edges
was observed.

3.4. Contact hypersensitivity reactions as cause of DG

Localized or generalized DG is sometimes elicited by contact hypersensitivity reactions to
various foodstuffs, preservatives, oral hygiene products, and dental restorative materials [11,
25, 35-39, 81]. Toothpaste hypersensitivity reactions may occur in various oral or perioral
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Figure 18. Mild erythema and ulceration of gingiva associated with pemphigus vulgaris.

sites, but the gingiva was the most common site of onset [24, 35, 36, 39, 81] (Figure 23).
Erythema has been expressed as a “velvet-like appearance of the gingiva” or “fiery red gin-
giva” [35]. Epithelial sloughing is the most common irritant effect associated with toothpastes
and mouthwashes [1, 2, 35, 82] (Figure 24). Allergy to dental restorative materials usually
causes localized DG in gingival or other mucosal tissues directly contacting the allergen
[1, 11]. Gingival contact hypersensitivity lesions are usually not biopsied. However, if a biopsy
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Figure 19. Pseudomembrane-covered erosion of buccal mucosa associated with pemphigus vulgaris.

Figure 20. Skin involvement in a desquamative gingivitis associated with pemphigus vulgaris.

is performed, these lesions present with non-specific histopathologic findings with submuco-
sal perivascular inflammatory cell infiltration [11, 35, 36]. The existence of focal granuloma-
tous inflammation and/or multinucleated giant cells in the deep layer of the lamina propria
was also described in some cases studying contact hypersensitivity stomatitis [25, 81]. DIF
is not indicated because it is routinely negative [11]. To treat contact hypersensitivity reac-
tions, the allergen should be identified and removed. To do so, patients should be questioned
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Figure 21. Hematoxylin-eosin-stained section of pemphigus vulgaris. Acantholys was recognized.

Figure 22. Direct immunofluorescence of pemphigus vulgaris. An intercellular deposition of IgG was seen.

regarding the type(s) of oral hygiene products they use, and a 1-2-week food diary may help
identify causative agents [35]. Patch testing may be required to identify the allergen or to
confirm a specific allergen in a dental hygiene product or in a dental restoration. Patients
are considered to have allergic reactions to a relevant allergen if their patch test results are
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Figure 23. Contact hypersensitivity reactions caused by toothpaste. Localized erythematous and edematous lesions were
found on the gingiva.

Figure 24. Contact hypersensitivity reactions caused by mouth rinse. Epithelial sloughing was noted.

positive [35, 81]. However, diagnosis of contact hypersensitivity reactions may be confirmed
simply by the discontinuation of the causative agent(s) resulting in the remission of clinical
signs and symptoms [35, 36, 81].
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Figure 25.Desquamative gingivitis associated with mucous membrane pemphigoid. The initial examination
revealed moderate erythema and swelling of the gingiva with plaque and calculus deposits (A). Treatment response.
The condition of the gingiva improved due to a topical corticosteroid therapy combined with effective plaque
control (B).

4. Managing DG patients

The specific disease or disorder causing DG, the severity of the gingival lesions, the pres-
ence or absence of extraoral involvements, and the medical history of the patient are the
key factors in determining the selection of a topical or systemic immunosuppressive ther-
apy [1, 2, 69, 83]. The patients diagnosed as having an autoimmune disease should be
closely followed because they may require immediate referral to other health care experts
especially if they develop extraoral lesions. After MMP is diagnosed from DG or con-
comitant lesions, patients should undergo examination by medical specialists including
an ophthalmologist and an otolaryngologist, and the presence or absence of extraoral
lesions should be determined. PV patients with exclusively oral lesions should be fol-
lowed closely and referred to other experts immediately if they develop lesions elsewhere
on the body. Management of the specific disease or disorder causing DG may best be
provided by a specialist in oral medicine, oral pathology, periodontics, or oral surgery,
but the dentist may still be responsible for maintaining the dental and periodontal health
of the patient. This is important because periodontal and dental considerations are often
observed in DG patients, but the literature contains minimal information regarding the
periodontal and dental management of these individuals. Plaque-induced gingivitis is
almost universal in patients with symptomatic DG, and an effective therapeutic protocol
should include non-surgical periodontal therapy consisting of oral hygiene instruction,
scaling, and root planting [2, 84-89] (Figure 25). We believe that excessively vigorous
scaling and root planting can be unnecessarily damaging to DG-affected lesions, and we
prefer a sequential gingival management approach that features gentle supragingival and
slight subgingival debridement which can be repeated at two-week intervals resulting
in gradual improvement in periodontal status until an acceptable level of periodontal
health has been achieved. The relationship between the existence of DG lesions and the
progression of periodontal diseases is inconclusive, although some but not all studies
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demonstrated a correlation between compromised periodontal status and autoimmune
bullous diseases affecting the mouth [90-96]. There are several reports on periodontal
surgery or dental implant therapy performed on patients having DG [15-17, 73, 97-100].
Tissue sloughing and a lack of tissue elasticity caused by active autoimmune bullous
disease can disturb the manipulation of the mucosal flap. Strict mucosal disease control
prior to surgery may reduce the surgical complications [101]. Implant therapy is likely to
enhance the quality of life in patients with systemic diseases and may help them maintain
long-term masticatory function. Patients with DG are often unable to wear tissue-borne
prostheses because of discomfort. This tissue irritation and oral pain can be increased if
the appliances are ill fitting or damaged. A dental implant-supported prosthesis improves
the stabilization of the prosthesis, resulting in a higher degree of comfort. Published case
reports indicated that DG patients can be successfully managed with dental implants.
These reports suggest that the degree of disease control may be more important than
the nature of the disease itself in regard to the effects on osseointegration. Penarrocha
et al. [98] reported that implants can be successfully placed and used to support den-
tal prostheses in patients with recessive dystrophic epidermolysis bullosa. A total of
38 implants were placed in six totally edentulous patients. Only one implant failed to
achieve osseointegration. The average follow-up from implant placement was 5.5 years.
The implant-supported prostheses were associated with improvements in the patients’
comfort and function, esthetics and appearance, taste, speech, and self-esteem. Altin et
al. [99] presented a case of PV rehabilitation using a successful implant-supported pros-
thesis with a 32-month follow-up. They concluded that the implant treatment may be
considered as a good alternative to a tissue-borne prosthesis in PV patients. Esposito et al.
[100] reported implant retained overdentures for two patients with severe oral LP. The
patients were often unable to wear tissue-borne prostheses because of the discomfort.
There was good integration of the implants with no clinical or radiographic evidence of
bone loss, and the soft-tissue/implant response was excellent. Lesions occasionally flared-
up but were successfully treated with topical steroids. There was no evidence of potential
implant failure as a result of these flare-ups. Although these descriptions of successful
management using dental implants for patients with DG are promising, further studies
are needed since these were individual case reports.

5. Conclusion

DG is a clinical manifestation that is common to several diseases or disorders. It is important
to diagnose the diseases causing DG because the prognosis varies, depending on the dis-
ease. Histopathological examination and DIF testing are often required to establish the final
diagnosis. The patients diagnosed with autoimmune diseases such as MMP or PV should
be closely followed because they must be immediately referred to other experts when they
develop lesions on parts of their body other than the oral cavity.



20

Insights into Various Aspects of Oral Health

Abbreviations

DG Desquamative gingivitis

LP Lichen planus

MMP Mucous membrane pemphigoid
PV Pemphigus vulgaris

DIF Direct immunofluorescence
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Abstract

Oral health is an important aspect of the overall health status of an individual. DNA
damage has been associated with oral health and dental factors due to the increased
of oxidative stress (OxS). DNA damage can produce a wide range of effects on human
health. These effects could appear immediately, but others do not become evident much
later. Chronic diseases have been study to understand their mechanisms, clinical implica-
tions, and the development of secondary disease such as cancer. Periodontitis is one of
the most common oral diseases. It is an inflammatory chronic infectious disease, which
is characterized by the loss of supporting tissues and tooth loss caused by periodonto-
pathogens and long-term release of reactive oxygen species (ROS); thus, oxidative stress
is increased during periodontitis. Oxidative stress can produce DNA damage, including
the oxidation of nucleosides, which could cause DNA strand break. This oxidative dam-
age leads the formation of micronuclei (MN) a marker of nuclear damage. Also, oxidative
stress increased 8-hydroxy-2'-deoxyguanosine levels which are the most common stable
product of oxidative DNA damage.

Keywords: periodontal disease, buccal mucosa, DNA damage, oxidative stress, saliva.

1. Introduction

DNA damage can generate many effects on human health and is the prime mechanism dur-
ing carcinogenesis. Many of these effects could emerge directly, but others do not become
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evident until much later. Chronic diseases have been studied to understand their mechanisms
of perpetuation of clinical complications and the development of secondary diseases such as
cancer [1]. Oxidative stress (OxS) and, therefore, DNA damage has an important impact on the
pathogenesis of chronic disease [2]. Periodontal diseases are inflammatory disorders charac-
terized by gingival inflammation in which periodontopathic bacteria generate immunological
inflammatory responses [3]. The OxS plays an important role in the pathogenesis of periodon-
titis, which can lead damage to genetic material [4]. Since periodontal disease is an example
of the excess effects locally and systemically of OxS over production, the effect of periodontal
disease over oxidative and nuclear DNA damage is the topic attended in this chapter.

2. Periodontitis

Moreover, dental caries, periodontal disease is one of the most prevalent oral diseases in the
world and includes the major conditions gingivitis and periodontitis, which is a group of
conditions affecting the supporting tissues of the teeth—the gingiva, periodontal ligament,
cementum, and alveolar bone [1]. The reversible form of the disease, gingivitis, comprises
inflammation of the gingival tissue without loss of alveolar bone. It is plaque induced and can
be reversed with improved oral hygiene. In disease-susceptible individuals, gingivitis may
develop into periodontitis, which is a chronic inflammatory condition of the gingiva causing
destruction of connective tissue as well as of alveolar bone resulting in reduced support for
the teeth and, ultimately, tooth loss (Figure 1) [5].

Periodontitis initiated by the complex interaction between the presence of periodontal
pathogens (e.g., Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, Prevotella
intermedia, and Fusobacterium nucleatum) and host response [6]. Besides, the presence of peri-
odontal pathogens associated with the progressive form of the disease, microbial by-products,
the host immune response, environmental and behavior factors, and genetics may contribute
the risk for developing periodontal disease [7].

Two main forms of periodontitis have been identified, chronic or aggressive, and are charac-
terized by gingival inflammation and bleeding, periodontal pocket formation, destruction of

Diseased Healthy
Tooth/Gum Tooth/Gum

Perlodontal Pocket

Figure 1. Characteristics of periodontitis. Healthy periodontal tissue (right) and periodontitis (left). Periodontitis is
characterized by progressive and irreversible alveolar bone loss, and, ultimately, loosening and loss of teeth.
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connected tissues attachment, and alveolar bone loss. But, loss of connective tissue attachment
is faster in aggressive periodontitis than in chronic periodontitis [8].

Moreover, the pathogenesis of periodontal diseases is mediated by the inflammatory response
to bacteria in the dental biofilm. The inflammatory reaction that characterizes periodontitis
is the complex interaction between periodontopathic bacteria and the host defense system,
and its purpose is to protect the tissues from bacterial attack [6]. In periodontitis, neutrophil
plays an important role in the initial host inflammation. Exaggerated neutrophil activity is the
biological features characteristic of the periodontitis phenotype in agreement with a hyper-
inflammatory host response. Thus, reactive oxygen species (ROS) produced from neutrophil
are implicated in the destruction of periodontal tissue; therefore, oxidative stress (OxS) is
enhanced during periodontitis [9].

3. Free radicals (FR) and oxidative stress

A free radical (FR) is any molecular species that contains at least one unpaired electron.
The unpaired electron increased the chemical reactivity of an atom or molecule that gener-
ates a high instability. Due to the increase in FR, oxidative stress (OxS) arises. The OxS has
been defined as a disturbance in the balance between the production of reactive oxygen/
nitrogen species (ROS/RNS; FR) and the antioxidant defense system capacity to counter-
act their action [10]. The OxS occurs from an improved ROS/RNS generation or from a
deterioration of the antioxidant protective ability. This process leads to the oxidation of
biomolecules with consequent loss of its biological functions, whose manifestation is the
potential oxidative damage to cells and tissues. Accumulation of ROS/RNS can result in
several adverse effects such as lipid peroxidation, protein oxidation, and DNA damage
(Figure 2) [11].
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Figure 2. Sources of free radicals that arise oxidative stress.
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4. Nuclear and oxidative DNA damage

DNA is chemically unstable and vulnerable to oxidation, due to its susceptibility to endog-
enous and exogenous damage. The endogenous genotoxic agents are mainly produced by
cellular metabolism and composed of ROS and RNS, estrogen metabolites, and aldehydes
produced by lipid peroxidation [12, 13]. The OxS leads to different lesions in DNA, including
direct modification of nucleotide bases, training sites a purinic/a pyrimidinic, single strand
break, the oxidation of nucleosides, which could cause DNA strand breaks; this type of dam-
age could have teratogenic or carcinogenic consequences [14].

One method for measuring DNA nuclear damage is the micronuclei (MN) assay [15-17].
MN are extranuclear bodies originated from chromosome fragments or whole chromosome
that spontaneously or because of clastogenic (agents who broke chromosome) or aneuploido-
genic (disrupted the spindle apparatus) agents that were not incorporated into the nucleus
after cell division (Figure 3) [18]. The MN formation leads to cell death, genomic instability,
or cancer development. Therefore, the increased in MN frequency is linking to environmental
and occupational exposure to genotoxic agents, lifestyle, genetic profile cancer, and occurrence
of other diseases, and MN screening is considered as a biomarker of DNA nuclear damage [19].

On the other hand, different markers of oxidative DNA damage have been identified. The
most popular markers were designed for lipid peroxidation, such as malondialdehye (MDA),
oxidized low-density lipoprotein (LDL), MDA-modified LDL, among other. In recent years,
8-hydroxy-2'-deoxyguanosine (8-OHdG or 8-oxodG) has appeared as a marker of oxidative
stress in body fluids [20]. The 8-OHdG is the most common stable product of oxidative DNA
damage caused by ROS. Among all purine and pyridine bases, guanine is most susceptible
to oxidation. Hydroxyl radical addition to the eighth position of the molecule leads to the
formation of guanine-modified product 8-OHdG (Figure 4) [21]. Oxidative-modified DNA in
the form of 8-OHdG can be quantified to indicate the extent damage to genetic material is the
most frequent and most mutagenic lesion in nuclear DNA and is important in mutagenesis
and carcinogenesis processes [22].

Figure 3. MN in buccal mucosa cells (oil-immersion objective 60x, acridine orange stain).
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Figure 4. 8-OHdG formation by oxygen radicals.

5. Periodontitis and OxS: nuclear and oxidative DNA damage

The OxS plays an important role in the pathology of several diseases, including arthritis,
Alzheimer’s disease, diabetes, Parkinson's disease, and more recently periodontitis. The OxS
is a phenomenon that occurs within the periodontal disease and has been linked with both
onset of periodontal tissue destruction [23] and systemic inflammation [24]. Inflammatory
periodontal disease resulting in tissue damage is mediated by ROS which are formed during
the phagocytosis of periodontopathic bacteria by polymorphonuclear leukocytes. ROS gener-
ation can occur through different mechanisms such as protein disruption, lipid peroxidation,
induction of proinflammatory cytokines, and DNA damage [22]. Therefore, periodontitis is
associated with OxS which in turn can lead to nuclear and oxidative DNA damage and thus
the formation of MN and 8-OHdG [25].

Some authors have been demonstrated that individual with periodontal disease exhibited an
increase in the frequency of MN, which is directly related to DNA damage [25-27]. Similarly,
elevated MN frequency has been reported in patients with cancer [28], rheumatoid arthritis [29],
autoimmune diseases [30], and premature aging syndrome [31]. The presence of MN in a cell
is an indicator of DNA damage and genetic instability, and it could be associated with the col-
lateral complications in these patients and with future risk of cancer development in humans.

On the other hand, 8-OHdG level has been studies in oral pathologies, including periodon-
tal disease [25, 32-35] and oral cancer [36]. As described above, in periodontitis OxS because
of the formation of ROS, which is stimulated by neutrophils, produce damage of the bone-
supporting tissues. The exceeds of ROS levels, the reduction of antioxidant enzyme activity,
and defects in DNA reparation mechanism led to increased oxidative DNA damage [35].

8-OHdG is used as a standard biomarker of oxidative-induced DNA damage mainly because
of its reliable detectability. Elevated levels of 8-OHdG from cancer patients compared with
healthy subjects have been observed in lung cancer [37], basal cell carcinoma [38], colorectal
cancer [39], bladder cancer [40], and renal cell carcinoma [41]. With respect to periodontitis,
published data on oxidative damage to DNA have been reported by many authors around
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the world who investigated 8-OHdG levels in the saliva of periodontitis patients [4, 25, 33, 34].
These studies demonstrated that salivary levels of 8-OHdG in samples from periodontitis
patients were significantly higher than those from periodontally healthy controls and indi-
cated that salivary 8-OHdG levels may be a useful marker for disease activity and may be
indirectly reflect disease severity parameters [4, 25, 33, 34].

Also, a study report significant positive correlation between MN frequency (a marker of nuclear
damage) and 8-OHdG enzyme levels in subjects with periodontitis. This finding could suggest
that these variables are associated and can be hypothesized that they could be linked in the
development of periodontal disease [25]. The augmented 8-OHdG levels might indicate early
oxidative mitochondrial DNA damage [33], and mitochondrial DNA undertakes OxS early
than nuclear DNA [42].

6. Conclusion

Periodontal diseases are prevalent in human populations and represent a significant public
health problem [43], and oxidative damage plays an important function in the pathogeny
of the disease [9]. Nuclear and oxidative DNA damage area increased in subjects with peri-
odontal disease, and genetic damage is a critical event not only in the initiation phase but also
in the promotion and progression phases, which could be related to carcinogenesis events.
Moreover, recent studies have associated periodontitis with some cancer including head and
neck cancer [44], pancreatic cancer [45], colon cancer [46], and orodigestive cancers [47], which
are relevant to the control of this disease and to promote the importance of good oral health.
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Abstract

Periodontitis is defined as an inflammatory disease of supporting tissues of teeth char-
acterized by progressive destruction of the periodontal ligament and alveolar bone.
Periodontal manifestations of these genetic disorders or syndromes, such as familial
and cyclic neutropenias, granulomatous disease, agranulocytosis, Langerhans’ cell dis-
ease, glycogen storage disease, hypophosphatasia, leucocyte adhesion deficiency, and
Papillon-Lefévre, Chédiak-Higashi, Cohen, Ehlers-Danlos, Marfan, Down, Haim-Munk,
and Kindlers syndromes, imitate some types of periodontal diseases. Most of these syn-
dromes have autosomal-recessive characterization and can be seen commonly in consan-
guineous marriages. Therefore, consanguineous marriages have generally been accepted
as having important detrimental effects on offspring. There is a lot of genetic research
about consanguineous marriage and its detrimental effects on offspring. Although con-
sanguineous marriages are common in the world, the relationship with oral and peri-
odontal diseases has not been thoroughly investigated. We do not have enough of an
understanding of the effects of consanguineous marriage on oral and periodontal dis-
eases. In this chapter, previous studies in the literature related to this subject will be
investigated and evaluated, and then this research will be related to oral and periodontal
diseases. Therefore, this chapter will guide further research. The aim of this chapter is
to show the relation between consanguineous marriages and oral-periodontal diseases.

Keywords: periodontal diseases, genetic disorders related with periodontitis,
consanguinity
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1. Introduction

1.1. Oral and periodontal health

Etymologically, the word “health” was reproduced from the Old English “hale” and means
wholesome, sound, or well-being [1]. Although there is significant improvement in oral
health in developed countries, oral disease still persists as a global problem, especially
among underprivileged groups in both developing and developed countries [2]. The global
public health problems associated with oral disease are a serious burden on governments
[3]. In the Preamble to the Constitution of the World Health Organization (WHO) [4, 5],
health was described as “a state of complete physical, mental and social well-being and
not merely the absence of disease or infirmity.” Moreover, the Preamble proposes: “The
enjoyment of the highest attainable standard of health is one of the fundamental rights of
every human being without distinction of race, religion, political belief, economic or social
condition.” Therefore, the WHO suggests that complete health should be an endpoint that
people and society should struggle to achieve. At the Ottawa Charter for Health Promotion
(1986), the WHO added that “health is a resource for everyday life, not the objective of liv-
ing.” This means that health is a necessity for people’s daily lives. “Health promotion is
the process of enabling people to increase control over, and to improve, their health.” For
this purpose, government and health care workers have important duties to extend health
services for people. What is “complete physical and mental health” and “absence of disease
or infirmity”? Unfortunately, these questions have not been—and probably never will be —
answered satisfactorily [1].

Tooth caries, periodontal diseases, loss of teeth, oral mucosal lesions, and cancers are some
of the major oral health problems that the public face. Pain and trouble with eating, chew-
ing, smiling, speaking, and communication due to discolored, rotten, or missing teeth are
factors that adversely affect people’s everyday lives [6]. Periodontal diseases have histori-
cally been considered one of the most important global oral health burdens for govern-
ments [7, 8].

Periodontal health means the absence of any clinical signs and symptoms of current or
past periodontal disease [1]. For many patients, healthy periodontium is comfortable and
free of functional and aesthetic problems [9]. The American Academy of Periodontology
(AAP) has defined health as “the condition of a patient when there is function without
evidence of disease or abnormality” (AAP 2001). It could be said one has periodontal
health if there are no disease signs and symptoms of periodontal tissues. The diagnosis of
periodontal disease is usually documented by the presence of bleeding on probing (BOP),
probing pocket depth (PPD), and clinical attachment level (CAL) loss. However, other
symptoms of periodontal disease include the results of chronic gingival inflammation and
the destruction of tooth-supporting tissues, such as redness, bleeding on brushing, loosen-
ing of affected teeth, and persistent bad breath [10]. These symptoms affect the quality of
daily life of people.
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2. Classification system for periodontal diseases and conditions

The most commonly accepted systems of classification of periodontal disease have been
offered by the American Academy of Periodontology (AAP). (International Workshop for
Classification of Periodontal Diseases in 1999) [11].

Partial list of periodontal disease which may be associated with genetic conditions has been
given below [11].

(1) Gingival lesions of genetic origin

(a) Hereditary gingival fibromatosis

(b) Other

(2) Chronic periodontitis

(a) Localized chronic periodontitis

(b) Generalized chronic periodontitis
(3) Aggressive periodontitis

(a) Localized aggressive periodontitis

(b) Generalized aggressive periodontitis
(4) Periodontitis as a manifestation of systemic diseases

(a) Associated with hematologic disorders
* Acquired neutropenia
¢ Leukemias
e Other

(b) Associated with genetic disorders

¢ Familial and cyclic neutropenia

* Down’s syndrome

* Leukocyte adhesion deficiency syndromes
¢ Papillon-Lefévre syndrome

¢ Chediak-Higashi syndrome
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¢ Langerhans cell disease (histiocytosis syndromes)
* Glycogen storage disease
¢ Chronic granulomatous disease
¢ Infantile genetic agranulocytosis
¢ Cohen syndrome
¢ Ehlers-Danlos syndrome (types IV and VIII)
¢ Hypophosphatasia
¢ Crohn disease (inflammatory bowel disease)
* Marfan syndrome
e Other
(c) Not otherwise specified (NOS)

2.1. Periodontitis

Periodontal diseases are major global oral health problems that occur on teeth and tissues
around the teeth. One of the most common periodontal disease is periodontitis. Periodontitis
starts first on gingiva and progresses to periodontal ligament and alveolar bone, which
causes the degradation of supporting tissues of teeth and eventually leads to loss of teeth
[12]. Periodontitis is primarily caused by pathogenic microorganisms in the biofilm. The other
predisposing factors are genetic and environmental factors [13].

The shifting of the nucleotides in the genes can lead to periodontitis. Susceptibility to peri-
odontitis among patients is different [14]. The correlation between genetic composition and
periodontal diseases is complex and not clearly explained [11]. Only a special gene is not cor-
related with the all mechanisms of the disease [14]. Family history is a criterion for periodon-
tal diseases that must be taken into consideration [11]. Although the family aggregation may
be affected by both genetic and environmental factors, studies on twins reared apart have
shown that genetic factors are effective parameters for diseases [15].

According to the studies on monozygotic and dizygotic twins, 50% of variance in periodontal
disease has been associated with genetic factors [16]. Also, genetic factors have an important
role on the balance between protective and destructive chemical mediators [17, 18]. Genetic
components may determine the roles of the immune system, host response, and cytokines in
periodontal disease [19]. Researchers who have investigated the genetic effect on periodontal
diseases have focused on familial aggregation and genetic components of aggressive peri-
odontitis (AP) [20], periodontitis associated with Mendelian-inherited diseases [20], twin
research [15, 21], and segregation analysis and linkage studies [22, 23].
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2.1.1. Genetic studies on chronic periodontitis and aggressive periodontitis

Chronic periodontitis (CP) is the most common type of periodontitis and shows a slow rate
of progression. It can begin in adolescence but usually does not become clinically significant
until 35 years of age [24, 25]. There is no proven genetic determinant for patients with chronic
periodontitis in any research. To determine the role of genetic factors in chronic periodontitis,
twin and family studies are the optimal methods [26].

In a study, chronic periodontitis was shown to be 50% of heritable [16]. Chronic periodontitis
has shown familial heredity in a Dutch population epidemiological study [27]. Also, there
is some evidence that shows a correlation between IL-1, IL-6, IL-10, VDR, and CD14 genes
and chronic periodontitis susceptibility [26]. IL-1 polymorphisms have been associated with
severity of periodontitis [28, 29].

Aggressive periodontitis (AP) is a type of periodontitis that is characterized by destruction
of periodontal tissues and alveolar bone, despite the presence of a small amount of dental
plaque. It occurs in systemically healthy individuals who are generally younger in age, but
patients may be older [11]. There are two types of aggressive periodontitis. Generalized and
localized forms of aggressive periodontitis are rare types of periodontal disease that first occur
with rapid attachment and bone loss and tend to appear in the families [30]. The prevalence
of localized aggressive periodontitis (LAP) is less than 1% and that of generalized aggressive
periodontitis (GAP) is 0.13%. Black populations are at higher risk than whites; male popula-
tion is at higher risk of GAP than females [31].

Both genetic and environmental factors have crucial roles in the occurrence of these diseases.
Chronic periodontitis and aggressive periodontitis are also affected by the combined effects
of environmental and genetic factors [32, 33].

Although the familial aggregation of aggressive periodontitis is known, the mode of inheri-
tance is still unclear. Family linkage studies have informed different modes of inheritance
such as X-linked-dominant [34], autosomal-dominant [23], autosomal-recessive [22], or both
X-linked-dominant and autosomal-dominant [35].

Polymorphisms in the cytokine genes, such as interleukin-1 receptor antagonist (IL-1RN) and
interleukin-4 (IL-4), have been found to be positively correlated with aggressive periodontitis
[36, 37]. A combination of two alleles of interleukin, IL-1A®¥ and IL-1B**, have been found
associated with aggressive periodontitis [38—40]. IL-4-590 T/T, IL-4-34 T/T genotype, IL-6-174G
allele, and IL-6-572 C/G polymorphism are associated with aggressive periodontitis [41, 42]. A
relationship between IL-6-1363,-1480 polymorphism and LAP susceptibility has been found [43].

IL-10 promoter polymorphisms at positions -1082 G-A, -819C-T, and -590C-A [44] and FPR348
T-C gene polymorphism in African-American people [45] are potential risk indicators for GAP.
Itis said that Fc gamma RIIIb-NA2 allele and Fc gamma RIIIb-NA2/NA2 genotype, composite
genotype FcaRIIIb-NA2/NA2, FCgammaRIlla-H/H131 [46], and FCgamma polymorphisms
[47] may lead to aggressive periodontitis. IL-1 (IL-la and IL-1(3) genes genotype-positive
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individuals have higher levels of virulent bacterial complexes. The number of virulent bacte-
rial species in deep pockets is seen at higher levels in IL-1 genes genotype-positive people
than genotype-negative people [48].

Angiotensinogen, cathepsin C, E-selectin, formyl peptide receptor, NADPH oxidase, plas-
minogen activator inhibitor 1, calprotectin, tissue inhibitor of matrix metalloproteinase 2, and
tissue plasminogen activator have been correlated with aggressive periodontitis [49]. TLR-4
399 Ile polymorphism has shown a protective effect against aggressive periodontitis in con-
trast to chronic periodontitis [50]. HLA-DR4 gene polymorphism is found in higher frequency
in rapidly progressive periodontitis patients, and HLA-A9, B-15 gene polymorphisms are
found to be significantly elevated [51, 52]. HLA-DQB1 plays a crucial role in pathogenesis of
aggressive periodontitis [53].

2.1.2. Role of genetic factors in periodontitis as a manifestation of systemic diseases

Periodontal diseases include a wider spectrum of diseases than just periodontitis. Some peri-
odontal diseases are affected by genetic variations. Thus, it could be said that genetic factors
play a crucial role in periodontal health and disease (Table 1) [16, 54].

Syndrome Mutated gene Chromosome region

Ehlers-Danlos syndrome Collagen alpha-1(V) gene (COL5A1) or the 9q34, 2q31
collagen alpha-2(V) gene (COL5A2)

Type III collagen for EDS type IV, unknown for

EDS type VIII
Papillon-Lefévre syndrome and Cathepsin C (CTSC gene) (dipeptidyl 11q14.1-q14.3
Haim-Munk syndrome aminopeptidase)
Hypophosphatasia ALPL, tissue non-specific alkaline phosphatase 1p36.12
Chediak-Higashi syndrome Lysosomal trafficking regulator CHS1/LYST, 1q42.1-q42.2

abnormal transport of vesicles to and from
neutrophil lysozyme caused by mutations in
lysosomal trafficking regulator gene (LYST)

Leukocyte adhesion deficiency type I Beta-2 integrin chain 21q22.3
Leukocyte adhesion deficiency type ~ GDP-fucose transporter-1 11p11.2

II

Congenital and cyclic neutropenia ELANE 19p13.3
Glycogen storage disease SLC37A4 11923.3
Down syndrome Multiple, vertical trisomic regions at least 5Mb Trisomy 21

(megabase) long

Table 1. Some syndromes with clinical manifestations of severe periodontitis.
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3. Consanguineous marriages

Linguistically, the word “consanguinity” is reproduced from two Latin words: “con” mean-
ing common or shared and “sanguineus” meaning blood. The meaning of consanguineous
marriage is a relationship between biologically related individuals. As a clinical genetic
term, “a consanguineous marriage” is a union between couples who are related as second
cousins or closer [55-57]. The terms of inbreeding and consanguinity are used to define rela-
tions between couples who have at least one common ancestor [58, 59]. It is estimated that
more than one billion of the global population who live in different communities and coun-
tries prefer consanguineous marriage [56, 60]. At present, this rate corresponds about 20%
of world populations [56]. Categories of consanguineous marriages are different (Figure 1).

Consanguinity rates differ in communities depending on religion, culture, and geography.
The prevalence is high among Middle Eastern and Arab citizens [61]. The highest rates of con-
sanguineous marriages in the world are seen in many Arab countries where 20-50% of all mar-
riages include consanguineous marriages, especially first cousin marriages [62]. In developed
countries, the rate of consanguineous marriage has decreased to a low level but includes dif-
ferent ethnic groups, some of which continue to practice their traditional cultural habits [63].
It is commonly accepted that consanguinity is more prevalent among underprivileged per-
sons in poor communities [64-66]. Education level and socio-economic status of the persons
may have a potential effect on consanguinity [67].

First Cousins 5

First Cousins once removed

ﬁ Uncle-niece

Second Cousins Double Second Cousins

Double First Cousins

Figure 1. Categories of consanguineous marriages.
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Studies of consanguineous marriage and genetic disorders have yielded conflicting results [68,
69]. The correlation between relationship and proportion of genes is as follows [70] (Table 2).

Research on the association between consanguinity and the different parameters of oral and
periodontal health is limited, both in quantity and in quality [71].

Consanguineous marriage leads to increased genetic homogeneity of inbred individuals.
Inbred individuals have similar paternal and maternal genetic materials. The detrimental
effects of inbreeding are the result of homozygosity of harmful genes [58].

Consanguineous marriages have generally been accepted as having important detrimental
effects on offspring [72, 73]. Some of the rare autosomal-recessive diseases can commonly be
seen in consanguineous marriages. Health workers should be aware of these conditions and
should inform patients about possible syndromes [73, 74].

The high consanguinity rates in communities could induce the expression of autosomal-recessive
diseases. These include very rare or new syndromes. Therefore, health workers must be aware
of the risks associated with consanguineous marriages. Currently, many young consanguine-
ous couples planning to have children are afraid of the consequences of consanguinity for their
offspring [74].

If there is a closer biological relationship between parents, identical copies of one or more
detrimental recessive gene will be transferred to their offspring [73]. If one of the parents is
affected, in general, consanguineous marriage does not increase the risk for autosomal-dominant
conditions in offspring [75].

If parents are not related, their offspring have a 2-3% possibility of inheriting detrimental
genes. If parents are first cousins, their offspring have up to 5-6% possibility of inheriting
detrimental genes because they will both transport the same autosomal-recessive mutation. If
parents are consanguineous, no increased rate is observed for X-linked or autosomal-dominant
genes [70].

Although consanguineous marriages are common in the world, the effects on oral diseases
have not been thoroughly investigated. We do not have enough of an understanding of the
effects of consanguineous marriage on oral and periodontal diseases.

Relationship Relationship degree Proportion of genes
Identical (monozygotic) twins 100%
Brothers and sisters, non-identical (dizygotic) twins, parents  First degree (1°) 5, 50%

and children

Uncles and aunts, nephews and nieces, grandparents and Second degree (2°) Y4, 25%
half-brothers and half-sisters

First cousins, half-uncles and aunts and half-nephews and Third degree (3°) 1/8, 12.5%
nieces

Table 2. Proportion of genes among the relatives [70].
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4. Genetic disorders with periodontal manifestations and consanguinity

Genetic disorders with periodontal manifestations are as follows: familial and cyclic neu-
tropenias (CyN); Crohn disease; chronic granulomatous disease (CGD); agranulocytosis;
Langerhans’ cell disease; glycogen storage disease; hypophosphatasia; and leucocyte adhe-
sion deficiency, Papillon-Lefevre, Chédiak-Higashi, Cohen, Ehlers-Danlos (types 4 and 8),
Marfan, Down, Haim-Munk, and Kindlers syndromes [13].

Familial gingival fibromatosis is a rare hereditary condition that causes aesthetic, functional,
psychological, and masticatory problems for patients [76]. It may manifest as an autosomal-
dominant and autosomal-recessive mode of inheritance [77, 78]. Consanguinity has been
observed in the recessive mode of familial gingival fibromatosis [79, 80].

Leukocyte adhesion deficiency (LAD) type I is caused by the combined loss of expression
on the surface of leukocytes of the leukocyte integrins LFA-1, Mac-1, and pl50, 95. It is a
rare, inherited, autosomal-recessive, immunodeficiency disease [81]. Leukocyte adhesion
deficiency type Il is a disease with impaired fucosylation leading to an abnormal sialyl-lewis
X (CD15). It is characterized by recurrent infections, persistent leukocytosis, and severe men-
tal and growth retardation [82]. Leukocyte adhesion deficiency II was first described in two
nonrelated children who have consanguineous parents [83, 84]. In a study, consanguinity has
been found as a major factor for the distribution of LAD [85].

Langerhans-cell histiocytosis (LCH), once known as histiocytosis X, is considered a rare and
non-hereditary disorder that includes a variety of diseases characterized by the dysregulated
proliferation of Langerhans cells and infiltration of organs by pathological Langerhans cells [86].
Research on the relationship between periodontitis and consanguineous marriage is limited [87].

Glycogen storage disease type 1 (GSD-1) is a autosomal-recessive disorder that is caused by a
deficiency in microsomal glucose-6-phosphatase activity [88]. Because of neutrophil dysfunc-
tion and neutropenia, there is an increased susceptibility to bacterial infection. This leads to
symptoms of periodontitis [89, 90]. In a linkage analysis, consanguineous marriages and gly-
cogen storage disease type 1 have been found to be related to each other [88].

Chronic granulomatous disease (CGD) is a rare inherited disease of the innate immune sys-
tem that is characterized by impaired phagocyte microbicidal activity. It is caused by genetic
defects in the superoxide-generating NADPH oxidase of phagocytes [91]. In a retrospective
study, 14 patients with CGD were investigated. According to results of this study, a high
consanguinity rate (75%) was observed [92].

Infantile genetic agranulocytosis is rare, inherited as an autosomal-recessive pattern, and
characterized by severe neutropenia [93]. Patients may suffer from recurrent gingivitis and
even severe periodontitis [94]. To have a family history of consanguineous parenthood may
be a predisposing factor for infantile genetic agranulocytosis [95].

Some rare syndromes affecting phagocytes, epithelia, connective tissue, and teeth may cause
severe periodontal conditions. Some genes that were responsible for these syndromes were
identified. Haim-Munk and Papillon-Lefevre syndromes (PLS) are rare autosomal-recessive
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disorders associated with periodontitis onset at early stage of the life. At childhood, both
deciduous and permanent teeth are lost early. Mutations in the cathepsin gene (CTSC) on
chromosome 11q 14-21 are the cause of PLS [96-98]. Papillon-Lefévre syndrome is an auto-
somal-recessive disorder, and consanguinity in 20-40% of patients has been demonstrated in
some studies [99, 100]. Consanguineously married parents may have offspring with PLS [101,
102]. In patients with PLS, deciduous teeth are lost early, but gingiva remains healthy. When
permanent teeth erupt, gingivitis and periodontitis occur and all permanent teeth except the
third molars are lost in a short time [103].

Ehler-Danlos syndrome is a group of autosomal-recessive disorders that affect the connec-
tive tissues such as skin, blood vessels, joints, etc. [104, 105]. In a case study, a patient with
third-degree consanguineous parents has been described as having the appearance of old age,
hypermobile joints, and skin laxity [106].

Once a patient’s host response or immune system is impaired, severe periodontal disease
and loss of periodontal tissues are often seen. Various systemic diseases such as leukemia,
thrombocytopenia, and leucocyte disorders, such as agranulocytosis, cyclic neutropenia, and
leucocyte adhesion deficiency, could result in increased severity of periodontal disease [13].

Cyclic neutropenia (CyN) is defined as an absolute neutrophil count (ANC) less than 0.5 x 109/L
for at least 3-5 days per approximately 21-day cycles [107]. Neutrophil elastase (NE) gene
(ELANE, formerly known as ELA2) located on chromosome 19p13.3 is the suspected gene
that is the only known genetic defect in patients with CyN. This condition shows an auto-
somal-dominant transmission [108, 109]. Alangari et al. [110] have investigated both cyclic
neutropenia and severe congenital neutropenia (SCN) phenotypes in an extended consan-
guineous multiplex family. According to results of this study, they have shown for the first
time that a G6PC3 homozygous mutation resulted in a phenotype that is compatible with
CyN in addition to the classical phenotype of SCN. They have reported that mutations in that
gene could be said to have an autosomal-recessive pattern of inheritance in patients with CyN.

Chediak-Higashi syndrome (CHS) is a severe autosomal-recessive disease. It is characterized
by partial oculocutaneous albinism, a predisposition to infections, the presence of abnormally
large granules in many different cell types, and insufficient natural killer cell activity [111-
113]. In consanguineous families, patients with Chediak-Higashi syndrome were found to
have homozygous for the haplotype defined by the markers DIS235 and D152649 [111].

Cohen syndrome is a rare autosomal-recessive syndrome [114]. Diagnosis of Cohen syndrome
is determined as the presence of at least seven of the following clinical symptoms as originally
reported by Cohen et al. [114] and further described by Norio et al. [115]: mental retardation,
microcephaly, characteristic facial appearance, slim tapering extremities with relative truncal
obesity, hypotonia, joint hyperextensibility, benign neutropenia, and ophthalmic abnormali-
ties such as myopia and retinal dystrophy. Cohen syndrome has been shown to be related
with consanguinity [116].

Down syndrome is one of the most common human chromosomal disorders. Incidence of
Down syndrome is quite high about 1 in 700 live births [117]. It is a result of an extra copy
of the human chromosome 21 (trisomy 21) [118], and it is the most frequent genetic cause of
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mental retardation [117]. Studies investigating the relationship between Down syndrome and
consanguineous marriage are contradictory [119-121].

Marfan syndrome is an autosomal-dominant disorder and a heritable disorder of fibrous con-
nective tissue. The main symptoms occur in three systems: skeletal, ocular, and cardiovascu-
lar [122]. It appears to be due to heterozygous mutation in the fibrillin-1 gene on chromosome
15q21. De Vries et al. [123] described Marfan syndrome in two cousins from a consanguineous
Turkish family.

Inflammatory bowel diseases (IBD) in the form of Crohn disease and ulcerative colitis result
from a dysregulated immune response to environmental factors in genetically susceptible
people [124]. In a study, Crohn disease was found to be related with consanguinity [125].

Kindler syndrome, a rare subtype of inherited epidermolysis bullosa, shows oral symptoms
such as gingivitis, periodontitis, and loss of teeth. Kindler syndrome is reported more fre-
quently in populations with high rates of consanguinity [126].

5. Conclusion

There does not seem to exist sufficient research on periodontal diseases related to the genetic
disorders. Moreover, further research is needed on periodontal diseases in relation to consan-
guineous marriages.
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Abstract

Chronic periodontitis and chronic obstructive pulmonary disease (COPD) are chronic
inflammatory diseases in which neutrophilic inflammation plays a major role. There are
a few studies showing that these two entities share various predisposing factors and
pathogenetic mechanisms; however, a direct connection between them has not yet been
achieved. Epidemiology data may also show a connection between the two conditions.
Neutrophilic inflammation in periodontitis and COPD is orchestrated by CD8+ lympho-
cytes and macrophages, leading to the aggregation of neutrophils and causing an imbal-
ance to the proteases and antiproteases equilibrium. Finally, further research is needed
to clarify the common pathogenesis of the two diseases to optimize their therapeutic
management.

Keywords: chronic inflammation, neutrophils, oral hygiene

1. Introduction

Periodontitis is a chronic inflammatory disease of the oral cavity, affecting the structures
that support the teeth. Almost half of the adult population has a great inflammation of
the gums that causes loss of optimal contact between the teeth and periodontal tissues
[1]. About 11% of adults develop clinical periodontitis. The dental plaque is caused by the
development of anaerobic bacteria that cause accumulation and activation of neutrophils,
which is orchestrated by various mediators and enzymes that destroy the connective tissue
[2, 3]. Untreated periodontitis ultimately leads to loss of support of the teeth, and atrophy
of the alveolar process, causing loss of the teeth.
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Chronic obstructive pulmonary disease (COPD) is an inflammatory disorder of the air-
ways, largely caused by smoking, and it is characterized by progressive and partially
reversible airflow limitation [4]. The airflow obstruction and consequently the disease are
confirmed by the presence of a postbronchodilator FEV1/FVC < 0.70 [5]. The disease con-
stitutes one of the leading causes of morbidity and mortality in the industrialized world,
affecting approximately 210 million people worldwide. In 2004, COPD was the fourth
most common cause of death and it is expected to be the third cause of mortality by 2030
[6, 7].

COPD is a combination of chronic bronchitis and emphysema, and as a result, it constitutes
a heterogeneous disease. The most common symptoms in patients suffering from COPD are
dyspnea, cough, and production of sputum, which are chronic and progressive [8].

The lesions present in COPD and periodontitis are linked to various immunologic mecha-
nisms, in which T-lymphocytes, macrophages, and neutrophils have a major role. Our chap-
ter attempts to analyze the similarities in pathophysiology of COPD and chronic periodontitis
and to elucidate the common pathogenetic mechanisms.

2. The role of chronic inflammation

COPD and chronic periodontitis are characterized by chronic neutrophilic inflammation,
which mainly stems from the activity of enzymes released from granules of neutrophils. It is
known that the development of COPD depends on the variable exposure to harmful factors,
such as cigarette smoking, as well as on the susceptibility of the individual [9]. It is estimated
that only a percentage of smokers (5-20%) develop COPD. Moreover, some patients develop
mild disease, others moderate, and others serious disease. Among COPD patients, 80-90%
have been current or ex-smokers. Air pollution and occupational exposure have also been
responsible for some COPD cases at a lower rate.

On the other hand, in periodontitis, there is an interaction between environmental and
genetic factors, which eventually leads to the development of the disease. In both COPD and
periodontitis, the pathophysiological mechanisms include the accumulation and activation of
neutrophils. Factors secreted by neutrophil granules cause damage to the connective tissue
[10].

It is believed that COPD is a condition of chronic systemic inflammation, characterized by
elevated C-reactive protein (CRP), interleukin-8 (IL-8), and tumor necrosis factor-a« (TNF-a),
whose levels determine the severity of disease, which is in line with the degree of muscle
atrophy and dysfunction. These cytokines are also related to the development of coronary
artery disease and diabetes [11]. Morbidity and mortality also depend on social and economic
factors [12].

Inflammatory responses taking place in periodontitis are usually caused by the presence of
anaerobic microbes. Thus, the levels of pro-inflammatory cytokines, such as CRP and TNF-q,
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are remarkably elevated. In both COPD and periodontitis, there is an increased incidence of
heart attack, osteoporosis, diabetes mellitus and rheumatoid arthritis as a result of chronic
inflammation [13].

3. Epidemiology of COPD and periodontitis

A variety of stimuli can induce the development of COPD, including heritable genes in con-
junction with environmental risk factors. Air pollutants, cold temperature, lack of compliance
with respiratory medication, and other noninfectious causes, as well as infections, are the
usual triggers of acute exacerbations of COPD. Infections, which are the most frequent cause
of exacerbations, could be of either bacterial or viral etiology [14]. It is known that almost half
of the infections are caused by bacteria, while viruses are responsible for almost the rest of
the infections. Moreover, coinfection with bacteria and viruses is identified in patients with
severe COPD.

Smoking is an important predisposing factor both in COPD and in periodontitis. Almost 80%
of COPD patients are current or ex-smokers. COPD is also associated with age, impaired lung
function, and gender. Initially, it was believed that the impact was greater in men, but more
recent data exhibit equal or greater sensitivity of women smokers to develop COPD [15].

A working environment involving exposure to dust and harmful gases increases the risk of
developing the disease. When smoking coexists, there is a sixfold risk. Exposure to inhaled
gases from burning biomass increases the risk. There are not causative microbes causing
COPD to develop. However, several viruses and bacteria are responsible for COPD disease
exacerbations that lead to impaired lung function and quality of life deterioration [16].

Smoking is also a risk factor for the development of periodontitis, and the severity of the disease
depends on the density of smoking habit [17]. Men and elderly people are more susceptible for
COPD and periodontitis. Other predisposing factors include diabetes and poor socioeconomic
conditions. Since 1990, there has been an increasing interest in the possible links between COPD
and periodontitis. There is a correlation between poor oral hygiene and COPD [18].

In a study of military veterans, a diagnosis of COPD was made in subjects with an FEV1/FVC
ratio <70% and a history of smoking. The existence of periodontitis was documented by X-ray
results which show the loss of the alveolar bone. It was observed that a loss of 20% of the
alveolar bone leads to an increased risk for development of COPD by 60%. However, it should
be noted that the reduction of FEV1 is related not only to the existence of COPD but also to
other respiratory diseases [19].

Other notable studies attempt to correlate COPD severity with the existence of periodontitis
using more comprehensive definitions for the existence of COPD. In a study of 600 people with
COPD was shown that the risk of developing COPD was associated directly with the quality of
oral hygiene [20]. More specifically, patients with COPD had a higher dental plaque index, and
an insufficient support of the tooth from the surrounding tissues. Moreover, the same patients

63



64

Insights into Various Aspects of Oral Health

had an unsatisfactory behavior regarding their oral hygiene, as measured by the frequency of
toothbrushing, the use of dental yarns, and the frequency of visits to the dentist [21]. In another
study, a direct correlation between COPD severity and poor hygiene was found in general.
Therefore, this observation implies that the possibility of poor oral hygiene and the unfavorable
course of COPD may be linked to nonhealthy lifestyle and poor socioeconomic conditions [22].

It is known that the pathogenesis of COPD is directly associated with the pathological relation-
ship of proteases/antiproteases in the lung. The same theory has been suggested in periodon-
titis. Past studies have shown that in patients suffering from mild COPD and periodontitis the
levels of metalloproteinase-8 (MMP-8) are elevated in saliva and serum. MMP-8 is a product
of the secretion of neutrophils. However, levels of MMP-8 in saliva showed no statistically sig-
nificant difference in patients with mild COPD who had no periodontitis compared to those
that did not suffer from COPD. Some other studies demonstrate a poor correlation between
COPD and periodontitis [23].

To sum up, several meta-analyses have shown that periodontitis increases the risk of develop-
ing COPD; however, the exact mechanism is still not fully understood. Future studies should
focus on the elucidation of such pathogenetic mechanisms.

4. Pathophysiology of COPD and periodontitis

COPD is characterized by limitation of airflow which is partially reversible. Progressive
decline of FEV1, inadequate lung emptying on expiration, and static and dynamic hyperinfla-
tion are the results of remodeling of the small-airway compartment and loss of elastic recoil
by emphysematous destruction of parenchyma [24]. Exposure to smoke leads to infiltration
of the mucosa, submucosa, and glandular tissue by inflammation cells. Increased mucus con-
tent, epithelial-cell hyperplasia, and disturbed tissue repair with wall thickening in the small
conducting airways are the main features of COPD [25].

Smoking can cause injury of airway epithelial cells, and as a result, endogenous signals are
released and recognized by receptors such as Toll-like receptors 4 and 2 on epithelial cells.
This recognition leads to a nonspecific inflammatory response which involves the release of
early cytokines, macrophages, neutrophils, and dendritic cells and the transportation of these
features to the site of inflammation [26]. Self-antigens released from damaged tissue as well as
foreign antigens from incoming pathogens are presented to naive T-cells by dendritic cells. The
T-cells are activated into T-helper-1 cells, and these specific CD4 and CD8 cells as well as B-cells
which produce antibodies are transferred to the lungs so as to neutralize the antigens [27].

Alveolar macrophages and other immune cells produce proteinases that destroy the basal mem-
brane and also cause damage to the collagen and elastic fibers of the connective tissue, leading
to the development of emphysema [28]. Moreover, they secrete IL-4 and IL-3 that cause edema
and increased production of mucus, which are both associated with airway hyperresponsive-
ness. These responses take place at the respiratory lobule of second order that is located after
the terminal bronchiole. It consists of 3-5 generations of respiratory bronchioles that contain
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alveoli. This is the structure that is responsible for the exchange of respiratory gases, and its
destruction may cause impaired gas exchange and respiratory failure [29]. Moreover, apart
from the lack of a-1 antitrypsin, other genetic factors involved in the pathogenesis of the dis-
ease include interleukins and cysteine proteinases and elastases, which orchestrate an immune
response which can lead to the destruction of the pulmonary parenchyma. Mast cells play an
important role as antigen-presenting cells in the lung as well, and they have been shown to be
valuable both in COPD and in periodontitis.

Smoking is the main factor that initiates immune system reaction in chronic inflammatory
diseases as the chronic obstructive pulmonary disease and periodontitis [30]. In response to
smoking, neutrophils accumulate rapidly in the lung, because the macrophages and epithelial
cells of the lung are activated. They secrete neutrophil-attracting factors such as IL-8, C5a, and
LTB4. The stimulation of neutrophils causes oxidative damage to the lung due to oxygen radi-
cals produced by activated neutrophils. Moreover, free oxygen radicals cause oxidative injury
to the lung [31]. Oxygen radicals play a role in premature cellular death, but also act on the
epithelial and mesenchymal cells. The destruction of the cellular matrix causes a destruction of
the supporting connective tissue. Some of these polypeptides as laminin and fibronectin have
chemotactic effect and attract neutrophils, playing a key role in the sequence of events of the
destruction of lung parenchyma due to smoking. Neutrophils contain proteinases stored in
their granules, which are released and destroy the parenchyma. There are metalloproteinase-9
(MMP-9) and serine proteinases, which are released and destroy elastin. Elastin is the charac-
teristic component of elastic fibers, which determine the elastic properties of the lung paren-
chyma. The destruction of the elastic fibers causes an increased lung compliance and reduction
of elasticity, which are characteristic changes in pulmonary emphysema [32]. Elastin segments
act as chemotactic agents for macrophages. The aggregated macrophages secrete metallopro-
teinases in turn and participate in the destruction of lung parenchyma. Macrophages secrete
chemokines, which maintain the chronic inflammation that characterizes COPD (Figure 1) [33].

Mediators
(Free radicals ) (| Neutrophil activation|  f(sDestruction of basal )
*Macrophages .ll-8 membrane
eEpithelial cells eDevelopment of COPD
*C5a
*LTB4
*Other mediators

— Smoking \ \— Lung destruction

Figure 1. Pathogenetic mechanisms of lung destruction in COPD.
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Apart from neutrophils and macrophages, there are also increased numbers of CD4+ T lym-
phocytes and CD8+ T lymphocytes in bronchioles and alveoli of COPD patients. Epithelial cells
of smokers with COPD show an increased expression of CXC40 factor, which is a structural
element of the agent of T-cell, CXRCR3 [34]. Although the precise role of T cells is not fully
understood, it seems that they produce metalloproteinases, which have profound destructive
effects on pulmonary parenchyma. The cytotoxic T-cells are also likely to affect epithelial
cells, leading to premature cellular death. Other cells, such as dendritic cells and eosinophils,
have also been reported to be increased in COPD. But their exact role is still unknown.

Cigarette smoking, as previously explained, is the main factor to initiate chronic inflammation.
However, a few other factors cause inflammation to perpetuate, even years after smoking ces-
sation. Indeed, in histological lung preparations derived from pneumonectomy, inflammation
cells, such as macrophages, T-cells, neutrophils, and eosinophils are observed, even 9 years
after the end of smoking habit [35]. The exact mechanism of persistent inflammation is not
known, but it seems that the impaired mobility of the cilia of epithelial cells of the respiratory
mucosa predisposes to the colonization of airways with bacteria, which in turn predisposes to
viral infections, especially adenovirus infections, which trigger the inflammatory processes.
Despite the controversial pathogenesis, numerous inflammatory cells participate in COPD
pathogenesis and cause inflammation that proceeds even when the original trigger of cigarette
smoke is absent.

These pathogenetic mechanisms have not yet been confirmed in the case of periodonti-
tis. It is known that neutrophils are the inflammatory cells that predominate in cases of
gingivitis [36] and their role in the pathogenesis of chronic periodontitis has been inves-
tigated. But, it is not yet fully understood whether the neutrophils have the same charac-
teristics and the same role in both periodontitis and COPD. Further research is needed
in the field. However, it is known that in both COPD and periodontitis, activated neu-
trophils secrete inflammatory mediators, such as proteinases and oxygen radicals, which
are involved in tissue damage and in chronic inflammation. This is an important feature
of both conditions. Moreover, increased free radicals are produced when cells are exog-
enously stimulated by the means of Fusobacterium nucleatum, a bacterium that frequently
causes periodontitis [37].

It should be noted that adverse effects are also caused when local levels of antioxidant factors
in interstitial fluid gum are disrupted. At this point, we should remark that if the hypothesis
of diffuse inflammation is adopted, we can assume that successful treatment of one disease
(periodontitis) could improve the other (COPD) and conversely. It is known that there is a
positive correlation between poor oral hygiene and the frequency of COPD exacerbations
[38]. In a recent study, patients with COPD and concomitant periodontitis were tested. Half
of them (20 patients) received proper treatment for periodontitis, while the rest 20 patients
did not receive any treatment at all. They were all observed for 12 months, and it was
reported that in the first group a lower frequency of COPD exacerbations was documented.
Although this is a significant finding, the study had some methodological problems such
as the fact that the selection of patients was not randomized and the sample size was small.
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Nevertheless, the findings of this study should be carefully considered in order to carry out
further investigation in the field.

5. Antibiotic treatment in chronic periodontitis and COPD

Exacerbations are short periods in the course of COPD characterized by increased cough,
dyspnea, and production of sputum that can become purulent. They can lead to accelerated
lung function impairment, worse quality of life, and increased mortality [39]. Except from the
severity, the frequency of the exacerbations, also, plays an important role in the management
of the exacerbations. Depending on the severity of the exacerbation, different therapeutic
strategies could be used. Therefore, increased doses of bronchodilators are required for mild
exacerbations, systemic corticosteroids, and antibiotics can be used for moderate exacerba-
tions, whereas severe exacerbations often require admission to hospital [40]. However, the
most frequent causes of exacerbations are bacterial or viral infections, which are responsible
for 60-80% of all exacerbations. These infectious exacerbations are more severe than the non-
infectious exacerbations.

There are some articles concerning the possible relationship between chronic inflammatory
diseases and their comorbidities. Both chronic periodontitis and COPD are neutrophilic,
inflammatory conditions characterized by loss of local connective tissue. It is possible that
there is an association and perhaps a casual link between the two diseases. It has been reported
that respiratory pathogens such as Pseudomonas aeruginosa might adhere better to oral epithe-
lial cells obtained from patients colonized by respiratory pathogens than to cells harvested
from noncolonized patients. Trypsin treatment of epithelial cells from noncolonized patients
in vitro resulted in increased adhesion of respiratory pathogens [41]. This suggests that muco-
sal alteration promoted enhanced bacterial adhesion of these bacteria. This alteration is per-
haps the loss of fibronectin (by exposure to proteases) from the epithelial cell surface, which
may unmask mucosal surface receptors for respiratory pathogen adhesions.

Subjects with poor hygiene may have elevated levels of hydrolytic enzymes in their saliva.
These enzymes may process mucins to reduce their ability to bind to and clear pathogens
such as Haemophilus influenzae. Conversely, the enzymes may process the respiratory epithe-
lium to modulate the adhesion of such pathogens to the mucosal surface. Mannino et al. [42]
postulated that oral pathogens continuously stimulate the cells of the periodontium (epithe-
lial cells) to release a wide variety of cytokines and other biologically active molecules such
as IL-1a, IL-1b, IL-6, IL-8, and TNF-a. Oral bacteria in secretions may adhere to the mucosal
surface and stimulate the epithelial cells of the respiratory epithelium to secrete cytokines.
These stimulated cells may then release other cytokines that recruit inflammatory cells to the
site. These inflammatory cells release hydrolytic enzymes resulting in damaged epithelium
that may be more susceptible to colonization by respiratory pathogens. It is possible that the
poor oral health might work in concert with other factors (smoking, environmental pollution,
viral infections, and genetic factors) to promote the progression and exacerbation of pulmo-
nary disease.
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6. Conclusions

The associations demonstrated between periodontitis and COPD suggest a basis for test-
ing the effects of treatment for one condition upon the severity of the other. Improving oral
hygiene might reduce the risk of respiratory infection among subjects who are at risk.

Our article describes similarities in epidemiology and pathogenetic mechanisms of COPD
and periodontitis and proposes that improvement of one condition is linked to the treatment
of the other. Future research is needed to clarify the existing pathogenetic mechanisms and
extend possible therapeutic options.
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Abstract

Probiotics are defined as live microorganisms that, when administered in adequate
amounts, confer a health benefit on the host. Probiotics have been used to directly modify
the resident oral microbiome and proposed to modulate immune responses. In dentistry,
probiotics have been employed as useful adjuncts for the reduction of caries develop-
ment, suppressing oral Candida infection and controlling halitosis. Plaque-induced gin-
givitis is a gingival inflammation caused by the adherent bacterial biofilm around teeth.
Gingivitis and periodontitis are considered to be a continuum of the same inflammatory
process, although many gingivitis lesions do not progress to periodontitis. Periodontitis
is an inflammatory process that affects the attachment structures of teeth. It constitutes a
second cause of tooth loss worldwide. Conventional treatment modalities of periodontal
disease include non-surgical and/or surgical management, with an emphasis on mechan-
ical debridement. However, mechanical debridement as a sole therapy is not always
effective to improve clinical parameters. A growing number of studies support probiotic
therapy to prevent or treat gingivitis and periodontitis. Oral administration of probiotics
is an effective adjunct in reducing pathogenic bacteria and improving clinical signs of
disease. Probiotics may serve as adjunct or replacement therapy substitute antibiotics in
managing human periodontal infections in future.

Keywords: probiotics, periodontitis, gingivitis, periodontal diseases, dental scaling

1. Introduction

In order to speak about probiotics, we have to go back to the twentieth century when the Russian
scientist Elie Metchnikoff postulated the theory about the influence of gastrointestinal micro
biota (gut flora) over ageing. In 1908, this Nobel Prize winner attached the longevity of some
Balkans towns to the frequent consumption of fermented dairy, containing Lactobacillus, which
reduced the toxins produced by intestinal bacteria, promoting health and prolonging life [1].
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The discovery of Lactic Acid Bacteria (LAB) in the middle of the nineteenth century confirmed
the interest in microorganism and since then many people have concluded that dairy fer-
mented by lactobacillales provide numerous benefits to our health [2].

For along time, microorganisms have been responsible for the production of numerous foods
and drinks and also have had an important impact on human health. The discovery of a sym-
biotic relationship between bacteria and humans awoke the curiosity of seeing the bacteria as
potentially beneficial rather than pathogenic [2].

Lilly and Stillwell coined the term “probiotics” first definition in 1965 as: “Living microorgan-
isms that confer a benefit to the host’s health when given in adequate amounts” [3]. The term
“prebiotic” was defined as “a non-digestible food ingredient that beneficially affects the host
by selectively stimulating the growth and/or activity of one or a limited number of bacteria in
the colon, and thus improves host health” by Gibson and Roberfroid [4].

Symbiotic is the relationship between probiotics and prebiotics, which benefits the host by
increasing the survival and implantation of live microorganisms from dietary supplements
in the gastrointestinal system [5]. This has not been deeply studied, but it could increase
bacteria potential to develop their function in the colon because symbiotic products could
increase the survival of probiotic in their intestinal transit phase. Also, a synergic effect has
been described. Prebiotics contribute to the installation of a specific bacterial flora with ben-
eficial effects on health because they stimulate the growth of specific strains [6].

Nowadays the term probiotic has evolved and is now described as “living microorganisms,
mostly bacteria, non-pathogenic, used as nutritional supplement, which after being ingested
in the right amount, improve the intestinal microbial balance and cause beneficial effects on
the health of those who ingest them” [7]. They are considered safe for human health [8].
Since the 1980s scientific investigation about healthy properties of ingesting probiotics has
increased considerably, which boosted their use and led to their appearance in clinical prac-
tice as treatment for diseases such as chronic diarrhea, immune regulation, allergies, inflam-
matory bowel disease, constipation, lactose intolerance and lipid intolerance [9]. Lately there
is big concern regarding the use of probiotics to treat oral infections like dental cavities (car-
ies) and periodontal diseases. However, available information about the effects of probiotics
on periodontal health is still minimal [10].

Chronic oral infections in soft tissues cause inflammatory alterations releasing pro-inflamma-
tory substances such as cytokines, which through the circulatory system, access any area of
the body, increasing the risk of muscular, digestive and cardiovascular problems, premature
birth, diabetes and sports injuries. Hence, the treatment of chronic oral diseases and the main-
tenance of oral health should be considered as an asset in the prevention of systemic problems
for general health [11].

Periodontal diseases and dental cavities have high prevalence [12], and according to the World
Health Organization, the majority of children have signs of gingivitis and among adults the initial
stages of periodontal disease are highly prevalent [13]. Bacterial biofilm that forms in the hard and
soft tissues of the oral cavity is considered the main etiological factor in most pathological conditions
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of the oral cavity. The accumulation of bacteria inside the biofilm, provided by a poor oral health,
influences changes in the microbial community, leading to periodontal inflammation [14].

Several studies such as Gorbach and Goldin (1985) [15], Nése et al. (2001) [16], Grudianov et al.
(2002) [17], Wei et al. [18], Von Bultzingslowen et al. [19], Hatakka et al. (2007) [20] have spoken
about the relation between bacterial strains like Lactobacillus rhamnosus, Bifidobacterium spp,
and Lactobacillus plantarum, which have a positive effect on tooth adhesion and their action
against diseases such as dental cavities (caries) and yeast infection. In recent years, treatments
of periodontal diseases have changed to an antibiotic or antimicrobial kind. Nonetheless,
with the increased incidence of antibiotic resistance, probiotics may be a promising area of
research in periodontal therapy [21]. Currently, there is a probiotic that can be used for oral
hygiene, as it combats dental plaque, gingivitis and cariogenic bacteria through the patented
combination of two strains of Lactobacillus reuteri. This is 100% natural due to its residence in
the human gastrointestinal tract and production of an antibiotic substance of broad-spectrum
called “reuterina”, which administrated in the right amount, causes the desired antimicrobial
effect to keep the intestinal microbiota intact [11].

Increasingly, antibiotics become complex elements to manage in medical therapies due to the
increment of bacterial resistance to them. However, inversely proportional, clinical studies
have shown the positive effects in human health associated with the use of probiotics. This
is the reason why the World Health Organization supports the use of probiotics as micro-
bial interference therapy. Consequently, the use of probiotics could be postulated as a useful
alternative in the control of periodontal diseases, since it improves the conditions of the host,
reducing periodontal pocket depth, inflammation, bleeding and halitosis.

2. Local mechanisms of probiotic action

Several mechanisms have been suggested to contribute to the probiotic action. Their effects at
local level are mentioned as follows:

1. Production of lactic acid (a short chain fatty acid) can penetrate the bacterial membrane
and acidify the cytoplasm by inhibiting the proliferation of Porphyromonas gingivalis, Strep-
tococcus mutans [22] and Prevotella intermedia [23]. Lactobacillus gasseriis a homofermentative
bacteria (metabolism via glycolysis) that is able to produce large quantities of lactic acid.

2. Production of hydrogen peroxide can inhibit the growth of pathogenic bacteria [24-26].
Streptococcus sanguinis reduces the levels of Aggregatibacter actinomycetemcomitans (in
about 45 times) and S. mutans.

3. Protein modification on the site of attachment, removal of aglutinina gp 340, which is
necessary for the attachment of S. mutans [16].

4. Production of biosurfactants that prevent bacterial adhesion. Streptococcus mitis produces
a biosurfactant that prevents adhesion of S. mutans and some periodontopathogenic bac-
teria to the tooth surface.
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5.

6.

7.

10.

11.

Production of bacteriocins (cationic peptides synthesized on ribosomes with antimicro-
bial activity that have a narrow spectrum of action) [27-29].

(a) Salivaricin A and B: Bacteriocins produced by Streptococcus salivarius. Salivaricin
decreases the proliferation of S. mutans and Streptococcus sobrinus in carious le-
sions. Salivaricin B inhibits the growth of Prevotella spp. and Micromonas micros
in halitosis.

(b) Reuterin: Bacteriocin produced by L. reuteri, has antibacterial activity on bacterial
Gram (+) and Gram (-), fungi (Candida albicans) and protozoa. Among them S.
mutans and P. intermedia.

Production of inhibitory substances like bacteriocins: peptides synthesized on ribosomes
with antimicrobial activity and broad spectrum of action.

Production of vitamins and other substances.

(a) Lactobacillus acidophilus can participate in the production of niacin, folic acid and
vitamin Bé.

(b) Bifidobacterium dentium increases the absorption of iron, zinc, calcium and
magnesium.

(c) Streptococcus thermophilus synthesizes polysaccharides such as hyaluronic acid
and produces urease.

Changes in the cellular envelope: Lactobacillus paracasei HL32 inhibits P. gingivalis to in-
duce a change in the cellular envelope [30].

Glucosiltransferasa enzyme inhibition. L. rhamnosus inhibits the glycosyl-transferase en-
zyme by reducing the synthesis of glucans in the formation of the biofilm.

Anti-oxidant effect.

(a) Bifidobacterium longum has anti-oxidant effect by inhibiting the formation of lino-
lenic acid in the form of hydrogen peroxide.

(b) Lactobacillus brevis decreases the levels of nitric oxide synthetases (NOS).

Ingested probiotics can impact resident communities through trophic interactions, a di-
rect alteration in fitness or an indirect alteration in fitness through altered production of
host-derived molecules [31]. The major changes of gastrointestinal microbiome occur in
stomach and small intestine. These are important not only quantitatively; they may also
alter the relative abundance of major phyla [32-35].

3. Systemic mechanisms of probiotic action

The systemic mechanisms of probiotic action are associated with its effect on immune
response. In past years, there have been an increasing number of studies linking gut health
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with several chronic diseases. In order to understand these mechanisms, it is necessary to
review this literature.

3.1. Use of probiotics in medicine

Clinical studies have demonstrated the clinical potential of probiotic against many diseases.
However, generalizations concerning the potential health benefits of probiotic should not be
made because its effects are strain-specific [36]. Probiotics have been used in some conditions,
such as:

3.1.1. Atopic dermatitis

Atopic dermatitis is a chronically relapsing skin disease that occurs most commonly during
early infancy and childhood. It is associated with allergen sensitization, recurrent skin infec-
tions and abnormalities in skin barriers function [37]. Foolad et al. published a meta-analysis
study aimed to find evidence about the effect of probiotics in children with atopic dermatitis
[38]. They concluded that the use of probiotics, specifically L. rhamnosus GG [39], showed
to be effective in mothers and infants in preventing the development and reducing severity
of atopic dermatitis [38]. In adult patients, the use of L. salivarius LS01 [40] and a combina-
tion of L. salivarius LS01 with Bifidobacterium breve BRO3 [41] were associated with significant
improvement of clinical manifestations of atopic dermatitis.

3.1.2. Antibiotic-associated diarrhea

Diarrhea is a common side effect of antibiotic use. It can be classified as Clostridium-associated
antibiotic diarrhea or non-Clostridium difficile-associated antibiotic diarrhea. The first one is
benign. In contrast, the second one refers to a wide spectrum of diarrhea illnesses caused by
the toxins produced by C. difficile, including cases of severe colitis with or without the presence
of pseudomembranes [42]. A series of meta-analysis concluded that probiotics significantly
reduce the risk of antibiotic-associated diarrhea in children [43] and adult patients [44]. It was
associated with the use of L. rhamnosus GG, B. lactis and S. thermophiles [43]. S. boulardii was
reported to be effective in C. difficile disease [45, 46].

3.1.3. Irritable bowel syndrome (IBS)

IBS is defined as an abdominal discomfort or pain associated with altered bowel habits for at least
3 days in the previous 3 months, with the absence of organic disease [42]. A meta-analysis demon-
strated that, compared with placebo, the use L. rhamnosus GG was associated with a significantly
higher rate of treatment responders in the overall population with abdominal pain-related func-
tional gastrointestinal disorders and in the irritable bowel syndrome patients [47].

3.1.4. Inflammatory bowel disease (IBD)

IBD consists of two disorders: ulcerative colitis (UC) and Crohn’s disease (CD). The gut
mucosa suffers a chronic, uncontrolled inflammation. CD is characterized by focal transmural
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inflammatory lesions and ulcerations that can be present anywhere in the gastrointestinal
tract. UC is more superficial and limited to colon.

A meta-analysis concluded that remission rates in patients with active UC were significantly
higher in patients who were treated with probiotics, specifically, VSL#3 (a combination of
probiotics containing B. breve, B. longum, Bifidobacterium infantis, L. acidophilus, L. plantarum,
L. paracasei, L. bulgaricus and S. thermophiles) [48].

3.1.5. Helicobacter pylori

Probiotics do not eradicate H. pylori, but they can diminish the levels of this bacterium in the
stomach. In association with antibiotic treatments, some probiotics increased eradication rates
and/or decreased adverse effects due to the antibiotics [49].

3.1.6. Necrotizing enterocolitis

It is a severe condition occurring especially in preterm infants. A Cochrane review concluded
in 2011 that enteral supplementation with probiotics prevents sever necrotizing enterocolitis
in preterm infants [50].

3.1.7. Hypocholesterolemic treatment

The combinations of prebiotics and probiotics such as bifidobacteria and FOS, lactobacilli and
lactitol, and bifidobacteria and galactooligosacharides were used in trials and have shown
promising results in hypocholesterolemic effect [51].

3.1.8. Radiation enteritis

Pelvic malignancies are commonly treated with radiation therapy. Chronic gastrointestinal
side effects occur in over 30% of patients [42]. A meta-analysis concluded that probiotic treat-
ment with Lactobacillus spp could prevent chemotherapy and radiation enteritis-induced diar-
rhea in patients with pelvic malignancies [52].

3.2. Probiotic effect on immune responses

Probiotics help maintain gut immune homeostasis by modulating immune response, enhancing
epithelial barrier function and inhibiting pathogen growth. Probiotic interaction with mucosal
immune system is through the same pathways as commensal bacteria. Its effect appears to be
more immune regulating than immune activating [37].

Probiotics modulate epithelial barrier function through interactions with Toll-like receptor
(TLR)-2 [53]. The initiation of TLRs signalling regulates synthesis of pro-inflammatory cyto-
kines, chemokines and antimicrobial peptides, recruitment of B cells and production of IgA
[54]. Probiotics have been shown to suppress systemic inflammatory response, modulating epi-
thelial signal transduction pathways and cytokine production [55]. For example, Lactobacillus
johnsonni N6.2 up-regulated type-1 interferon and IFN regulators Statl and IRF7 in a TLR-9
dependent way, in rats [56].
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Several strains of lactic acid bacteria induce in vitro release of pro-inflammatory cytokines
TNF-a and IL-6, reflecting stimulation of nonspecific immunity [57]. L. acidophilus Lal enhances
phagocytosis in humans [58]. L. casei Shirota can enhance natural killer cell activity in vivo and
in vitro in humans [59]. However, there are some bacteria that can decrease pro-inflammatory
molecules. For example, L. brevis CD2 decreases inflammatory markers in saliva from patients
with periodontal disease, including prostaglandin E2 (PGE2) [60]. Also, it was reported that
probiotics, specifically, L. reuteri ATCC PTA 5289 decreased in CGF levels of TNF-a and IL-13
in patients with chronic periodontitis [61]. Streptococcus cristatus, S. salivarius, S. mitis and S.
sanguinis may decrease the release of IL-8 by the epithelial cells stimulated with Fusobacterium
nucleatum and A. actinomycetemcomitans [62—-64].

Some specific strains generate an effect on maturation of dendritic cells (DC). DC has a central
role in directing the T cell response. They can change to T helper cell (Th) 1, Th2, Th17 and
T regulatory cells (Treg) [65]. Certain bacterial strains induce the production of Th polar-
izing key cytokines by DCs, such as IL-10, IL-12 and IL-23 [66, 67]. Also, some Lactobacillus
strains have been shown to stimulate Th1 cytokine production while others have increased
Th2 responses or induced a mixed Th1/Th2 response [37]. An example of this is the use of a
combination of L. salivarius LS01 and Bifidobacterium breve BRO3 in treatment of atopic derma-
titis. This probiotic mix generated a significant reduction in microbial translocation, immune
activation, improved Th17/Treg cell and Th1/Th2 [41]. Intervention with B. bifidum, L. acidophi-
lus, L. casei and L. salivarius effectively reduced signs of atopic dermatitis and serum cytokines
interleukin (IL-5, IL-6, IFN-y and serum IgE) [68]. L. rhamnosus GG could up-regulate IFN-y
and IL-10 in infants with cow’s milk allergy or with IgE-associated dermatitis [69]. The use
of Lactobacillus delbruekii and Lactobacillus fermentum significantly reduced IL-6 concentration
and expression of TNF-a and NFkB in colon of patients with ulcerative colitis [70]. L. brevis
CD2 decreased IFN-v levels in saliva [60]. L. reuteri ATCC PTA 5289 decreased in CGF levels
of IL-17 in patients with chronic periodontitis [61].

Anti-inflammatory effect of probiotics has been associated with Treg. For example, oral admin-
istration of L. casei alleviated colitis and increased the suppressive function of Treg of colon
lamina propia. Consumption of B. infantis drives the generation of Treg cells, which attenuate
nuclear factor kappa B (NF«B) activation induced by LPS of Salmonella typhimurium [71].

There is evidence of the effect of some probiotics on matrix metalloproteinases (MMP). They
represent a family of human zinc-dependent endopeptidases [65]. L. brevis CD2 decreased
MMP in saliva [60]. L. reuteri DSM 17938 + ATCC PTA 5289 decreased GCF MMP-8 and
increased tissue inhibitors of matrix metalloproteinase (TIMP)-1 levels in patients with peri-
odontitis [72].

Current studies also mentioned the role of probiotics in modulation of cell signal transduc-
tion pathways, specifically NFkB, which monitors the inflammatory response in the host [73].
L. reuteri inhibited inhibitory kB (IxB) degradation and IL-8 expression in TNF-a induced T84
cells and NFxB translocation to the nucleus in HeLa cells [74]. In the same way, L. rhammnosus
GG diminished nucleus translocation of NFkB, restored decreased cytoplasmic IkB and limited
IL-8 secretion in Caco-2 cell model [75]. These actions impede the stimulation of transcription
of a series of pro-inflammatory genes such as the encode cytokines, chemokines and grow fac-
tors that modulate the proliferation of immune cells [76]. In bronchial epithelial cells cocultured
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with S. salivarius K12, an immunosuppression was observed, coincident with the inhibition of
activation of the NF-«kB pathway.

Certain strains of Bifidobacteria, Lactobacilli, Escherichia coli, Propionibacterium, Bacillus and
Saccharomyces influence gene expression of TLRs, NFkB and interleukins. In vitro, the interac-
tion of probiotics with antigen presenting cells results in downregulation of pro-inflamma-
tory genes and upregulation of anti-inflammatory genes [36].

4. Probiotics and gingivitis

The adherent bacterial biofilm around the teeth produces a gingival inflammation called plaque-
induced gingivitis [77]. It is the most common form of periodontal disease worldwide and plenty
of data exist, from different countries and age groups, about the prevalence, extent and severity
of gingivitis. Studies on population have shown that regardless of age, gender and race, gingi-
vitis is always associated with the level of oral hygiene [78]. Large-scale population studies on
children, adolescents, adults and elderly people have reported very high prevalence of gingivi-
tis, ranging from 50 to 100% [79-82]. Gingivitis and periodontitis are regarded as a continuum of
a same inflammatory process. However, it is necessary to point out that in many cases gingivitis
does not progress to periodontitis [83, 84].

Once the teeth erupt, a bacterial biofilm immediately begins to form at their surfaces exposed
to the oral cavity and in intimate contact with the gingival margin. The level of biofilm accumu-
lation, the virulence of the biofilm bacteria and the humoral and cellular immune responses to
the biofilm microbiome are the factors that determine the severity of the periodontal disease
[85]. Normally gingivitis in young subjects remains chronic for an extended period of time
and does not cause any damage to the periodontal ligament or bone. Nevertheless, an altera-
tion of the balance between biofilm and host can originate a loss of periodontal attachment.
Chronic and aggressive periodontitis start as gingivitis. However, the biological processes
involved in the progression from gingivitis to periodontitis have been difficult to determine
[86]. It is probable that the following elements are implicated in the disease progression to
periodontitis: microbial dysbiosis, overgrowth of pathogenic bacteria, herpes virus reactiva-
tion, immune-system disruption and acquired and/or genetic susceptibility factors [87-89].

Mechanical removal of supragingival plaque is the most effective tool to prevent gingivi-
tis [90] but most individuals do not adequately control plaque accumulation and gingivitis
continues to be prevalent. To overcome this hindrance, antimicrobial products in the form of
dentifrices or mouthwashes have been tested for their adjunctive efficacy in reducing plaque
and gingivitis.

Probiotic technology represents a breakthrough approach to maintain oral health by utilizing
natural beneficial bacteria commonly found in healthy mouths to provide a natural defence
against the bacteria thought to be harmful to teeth and gums [15]. Within dentistry, the previ-
ous studies with lactobacilli strains such as L. rhamnosus, L. casei, L. reuteri, or a Lactobacilli mix
have revealed mixed results on oral microorganisms.
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Krasse et al. conducted one of the first clinical trial randomized double-blind placebo controlled.
The principal aim of the study was to assess if the probiotic L. reuteri could be effective in the
management of gingivitis and then to evaluate the influence of the probiotic on plaque and the
lactobacilli population in the saliva. Fifty-nine patients with moderate to severe gingivitis were
included and given either/or specific L. reuteri formulations (LR-1 or LR-2) at a dose of 2 x 108
CFU/day, or a corresponding placebo. At baseline (day 0), they collected saliva to determine the
lactobacilli and measured gingival index and plaque on two surfaces. They taught patients to
brush and to floss their teeth carefully and the treatment began. The patients returned on day
14 for final assessment of gingivitis and saliva and plaque were collected. Twenty patients were
randomly given LR-1, 21 took LR-2 and 18 received inactive substances. The gingival index
decreased evenly in all three groups (p < 0.0001). LR-1 only (not LR-2) improved more than
placebo (p < 0.0001). Plaque index fell evenly in LR-1 (p < 0.05) and in LR-2 (p < 0.01) between
day 0 and day 14 but without significant change in the inactive substance. On day 14, 65% of the
patients in the LR-1 group were colonized with L. reuteri and 95% in the LR-2. L. reuteri reduce
both gingivitis and plaque in patients with moderate to severe gingivitis [91].

Twetman et al. conducted a clinical trial randomized double-blind placebo controlled in
patients with gingivitis (n = 42). The subjects were randomly assigned to one of three compa-
rable arms: Group A/P (n = 15) was given one active and one test substance gum daily, Group
A/A (n = 14) received two active chewing gums and Group P/P (n = 13) two placebo gums.
They used chewing gum (2 times a day for 10 min in the morning and evening) with L. reuteri
(ATCC 55730 and ATCC PTA 5289, 1x10® CFU). They taught the patients to chew the gums 10
min for 2 weeks and conducted bleeding on probing and GCF sampling at baseline and after
1, 2 and 4 weeks. The levels of IL-1B, TNFa IL-6, IL-8 and IL-10 were measured using luminex
technology and multiplex immunoassay kits. Bleeding on probing improved and GCF vol-
ume decreased in all groups during the chewing period. Still, the results were statistically
different (p < 0.05) only in Groups A/P and A/A. TNFa and IL-8 levels decreased significantly
(p <0.05) in Group A/A compared with baseline after 1 and 2 weeks, respectively. They also
observed a non-significant tendency to decrease in IL-1f during the chewing period. The
levels of IL-6 and IL-10 remained unchanged in all groups after 1 and 3 weeks. The elemen-
tal basis of the probiotic approach to confront inflammation in the oral cavity could be the
decrease of pro-inflammatory cytokines in GCF [92].

Staab et al. conducted a parallel-designed non-blinded study. Fifty volunteer students took
part in this study. The test group took a probiotic drink (L. casei, 100 billion per 100 ml
everyday); the control group did not drink any product. After 8 weeks, individual mechani-
cal plaque control was delayed for 96 h. Papilla bleeding index, interproximal plaque and
Turesky plaque index were measured at baseline, after 8 weeks and again 96 h later. At the
coincidence points, we collected GCF for evaluation of polymorphonuclear elastase, myelo-
peroxidase (MPO) and MMP-3. There was no difference in the interproximal plaque index
and papillary bleeding between the groups. In the test group, the elastase activity and the
amount of MMP-3 were significantly lower after the intake of the probiotic drink (p < 0.001
and 0.016). A significant increase of MPO activity was noted in the control group; both groups
had differences at the end of the survey (p = 0.014). According to the data, it is suggested that
the probiotic milk drink has a beneficial effect on the gingival inflammation [93].
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lerardo et al. conducted a clinical trial in patients with gingivitis: Test group (n = 21) con-
sumed chewing gum (3 times per day for 60 days) containing probiotic L. brevis. Control
group was used for the laboratory variables (n = 16). Measurements were taken at baseline,
30 and 60 days. It was concluded that L. brevis has anti-inflammatory effects showing clinical
improvement. In addition, it allows to reduce the levels of immunoglobulin (Ig)-A [94].

Iniesta et al. conducted a clinical trial randomized double-blind in patients with gingivitis:
Test Group (n = 20) obtained lozenges with L. reuteri (DSM-17938 and ATCC PTA 5289, 2 x
108 CFU) for two periods of 12 weeks (with an intermediate period of 4 weeks without mea-
sures of hygiene). Microbiological and clinical differences and the pattern of colonization of
L. reuteri were determined again. In conclusion, no significant changes occurred between and
within the groups in the clinical variables. Total anaerobic counts in saliva after 4 weeks (p
= 0.021) and counts of P. intermedia after 8 weeks (p = 0.030) decreased in the test group. In
subgingival samples, P. gingivalis counts reduced significantly from baseline to 4 weeks (p =
0.008). With PCR, the presence of L. reuteri ATCC-PTA-5289 was higher than L. reuteri DSM-
17938. The administration of L. reuferi in tablets reduced the number of selected periodontal
pathogens in the subgingival microbiota, with no associated clinical impact [95].

Hallstrom et al. conducted a clinical trial randomized double-blind controlled in patients with
gingivitis: Group test (n = 18) accepted lozenges of L. reuteri (ATCC 55730 and PTA TM9061,
1x10® CFU), two times a day for 3 weeks (with a period of 2 weeks of experimental gingivitis).
During the intervention periods, all the patients presented local plaque accumulation together
with manifest gingivitis at the test sites. Both groups had an increase in the volume of GCF but
it was statistically significant only in the placebo group (p < 0.05). The concentrations of IL1-{3
and IL-18 (p < 0.05) increased significantly, while IL-8 and macrophage inflammatory protein
(MIP)1-f decreased (p < 0.05). No differences were found between test and inactive substance.
Similarly, the microbial composition was not different between the groups. The plaque accu-
mulation, inflammatory reaction or composition of the biofilm did not seem to be significantly
affected by the daily intake of probiotic lozenges during experimental gingivitis [96].

Karuppaia et al. conducted a randomized double-blind clinical trial in patients with gingivitis
(aged 14-17 years): Test group (n=108) used curd (clump of milk) 4 weeks. The control group
(n=108) excluded curd in their diet for 30 days. Clinical differences were found, the probiotic
was efficacious in reducing the plaque index and gingival index [97].

Purunaik et al. conducted a clinical trial randomized double-blind placebo controlled in
patients (aged 15-16 years) (n = 90) with gingivitis: Group A (n = 30) used chlorhexidine
0.2%, Group B (n = 30) mouthwash of probiotic (L. acidophilus, L. rhamnosus, B. longum and
Saccharomyces boulardii) (dose: 1.25 million mix, 2 times a day for 14 days), and Group C
(n = 30) placebo (20 mL per day for 60 s.). It was found that both the chlorhexidine and
the probiotic group can significantly reduce the plaque index (best chlorhexidine) and the
gingival index (best probiotic) [98].

Lee et al. conducted a clinical trial randomized double-blind placebo controlled in patients
(n = 34) with gingivitis: Group Test (n = 17) used lozenges of L. brevis (CD2, 1x10° CFU), three
times per day x 2 weeks and Control group (n = 17) took placebo for the same period of time.
It was found that probiotic reduced the bleeding on probing. There were no differences with
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respect to the gingival index. The levels of NO (nitric oxid) increased in proportional form in
the placebo group. The levels of MMP-8 and PGE-2 did not change [99].

Nadkerny et al. conducted a clinical trial randomized double-blind placebo controlled in
three groups of patients (n = 45) with gingivitis: Group A (Test) used a mouthwash of pro-
biotic (L. acidophilus, L. rhamnosus, Lactibacillus sporogenes, B. longum and S. boulardii; n = 15),
Group B (positive control) with chlorhexidine 0.2% (n = 15), and Group C (placebo: saline
solution; n = 15) for 4 weeks. The mouthwash of probiotic and chlorhexidine was efficacious
in reducing the plaque index and gingival index [100].

5. Probiotics and periodontitis

Periodontitis is an inflammatory process caused by an infection, and it implicates the inter-
action of biofilm and immuno-inflammatory response of host [101]. Its consequence is the
destruction of attachment structures of teeth, or periodontium. There are three signs of disease:
clinical attachment loss, alveolar bone resorption and presence of periodontal pocket [102].

Periodontitis constitutes the second cause of tooth loss worldwide [103-105]. Moreover, stud-
ies [106, 107] performed in South and Central America have shown that the prevalence of
severe disease is high (>30%) in these populations.

Periodontitis is caused by complex subgingival microbial communities, which are in a dys-
biotic state [108]. However, a few bacteria in the subgingival biofilm have been associated
with disease. Strong evidence concluded that P. gingivalis, A. actinomycetemcomitans and T.
forsythia are periodontal pathogens [65]. Although the tooth-associated biofilm plays a role in
the development of periodontitis, it is primarily the host inflammatory response that inflicts
the irreversible damage on the periodontium [108]. T helper 1 and Th17 lymphocyte have
been described in the pathogenesis of disease [65].

The aim of periodontal treatment is mechanical debridement of root surface. When peri-
odontal pathogens are effectively reduced after therapy and higher proportions of host-
compatible microorganisms is established, improvements in clinical parameters are achieved
[109]. However, mechanical debridement as a sole therapy is not always effective to improve
clinical parameters [110]. Therefore, systemic antibiotics were introduced as an adjunct to
mechanical treatment [111]. This treatment modality eliminates the entire microbiota, irre-
spective of its pathogenicity. Also, it could generate antibiotic resistance and recolonization
of treated sites with pathogenic bacteria is frequent [112, 113]. Hence, there is a need of new
treatment paradigms in periodontal disease management.

Several clinical trials were conducted in order to study the effect of administration of probiot-
ics in initial treatment of periodontitis [114-117]. The bacteria most frequently used as pro-
biotic are L. reuteri (DSM 17938 + ATCC PTA 5289) [72, 118-120], Lactibacillus salivarius WB21
[121, 122], L. reuteri (ATCC 55730 + ATCC PTA 5289) [123], L. reuteri (ATCC PTA 5289) [61],
Streptoccus oralis K]3 + Streptococcus uberis KJ2 + Streptoccus rattus JH145 [124] and L. rhamnosus
SP1 [125].
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Vivekananda et al. conducted a randomized, placebo-controlled, double blind, split-mouth
designed clinical study to evaluate the effect of L. reuteri (DSM 17938 + ATCC PTA 5289)
lozenges with and without scaling and root planning (SRP) on clinical and microbiological
parameters of chronic periodontitis patients. The study period was 42 days. The lozenges
were used two times a day for 21 days, from day 21 to day 42. Thirty systemically healthy
subjects were recruited. On day 42, plaque index, gingival index and bleeding on probing
decreased for all treatments. However, the level of this reduction was higher in SRP + pro-
biotic, and lower, in placebo (p <0.05). Probiotic, with or without SRP, reduced significantly
P. gingivalis, A. actinomycetemcomitans and P. intermedia [118].

Teughels et al. conducted a randomized, parallel, controlled and double blinded clinical,
whose aim was to evaluate the effect of L. reuteri (DSM 17938 + ATCC PTA 5289, 1 x 108
CFU)-containing lozenges as an adjunct to full mouth disinfection protocol (FMD). Thirty
systemically healthy patients were recruited (n = 15 in each group). Clinical measurements
and microbiological samples were collected at baseline and 3, 6, 9 and 12 months after initial
therapy with FMD. The lozenges were used two times a day for 12 weeks. At the end of inter-
vention, i.e., 12 weeks after FMD, all clinical parameters were significantly reduced in both
groups. In probiotic group, there was more pocket depth reduction and attachment gain (p <
0.05). Also, there was more P. gingivalis reduction (p < 0.05) [119].

Tekce et al. and Ince et al. conducted a randomized, parallel, controlled and double blinded
clinical trial in order to evaluate the effect of lozenges containing L. reuteri (DSM 17938 +
ATCC PTA 5289, 1 x 10® CFU) as an adjuvant to full mouth scaling and root planning treat-
ment for chronic periodontitis. The lozenges were used two times a day for 3 weeks. Forty
systemically healthy subjects were recruited (n = 20 in test group). Clinical measurements,
microbiological and GCF samples were obtained at baseline and on days 21, 90, 180 and 360.
After treatment, plaque index, gingival index, bleeding on probing and probing pocket depth
were lower in test group at all times points (p <0.05) [120]. Attachment gain was significantly
higher in the test group on days 90, 180 and 360 (p <0.05) [72]. Total viable cell counts and
the proportions of obligate anaerobes in subgingival plaque were lower in test group at all
time points (p <0.05), with the exception of day 360 [120]. Also, decreased GCF MMP-8 and
increased TIMP-1 levels were found to be significant up to day 180 in test group (p <0.05) [72].

Shimauchi et al. and Mayanagi et al. conducted a randomized placebo-controlled clinical trial,
whose objective was to evaluate the effect of L. salivarius (WB21, 6.7 x 108 CFU)-containing
tablet or a placebo in treatment of mild and moderate periodontitis. The dose was three tab-
lets taken orally every day during 8 weeks. Periodontal treatment was not performed. Sixty-
six systemically healthy volunteers were recruited (n = 34 in test group). Periodontal clinical
parameters, whole saliva samples and supra and subgingival plaque samples were obtained
at baseline, 4 weeks, and at the end of the interventional period (8 weeks). Current smokers
in the test group showed a significantly greater improvement of plaque index and prob-
ing pocket depth when compared with placebo group. Salivary lactoferrin level was also
significantly decreased in the test group smokers [121]. The numerical sum of five selected
periodontopathic bacteria and T. forsythia in subgingival plaque decreased significantly in
test group (p <0.05) at 4 weeks of treatment [122].
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Vicario et al. conducted a randomized placebo-controlled, parallel design, double-blind clini-
cal trial. The aim was to evaluate the effect of L. reuteri (ATCC 55730 + ATCC PTA 5289, 2 x 108
CFU)-containing lozenges in treatment of chronic periodontitis. Twenty systemically healthy
subjects were recruited. Periodontal treatment was not performed. Subjects were advised to use
a lozenge every day for 30 days. Clinical measurements were performed at baseline and at the
end of interventional period. Only test group demonstrated a significant reduction in plaque
index, bleeding on probing and pocket depth at the end of interventional period (p <0.05) [123].

Szkaradkiewicz et al. conducted a clinical trial aimed to evaluate the pro-inflammatory cyto-
kine response in patients with chronic periodontitis administered with probiotic L. reuteri
(ATCC PTA 5289, 1 x 10® CFU)-containing lozenges. Control group did not receive lozenges.
All patients were treated with SRP. They recruited 38 systemically healthy subjects (n = 24
in test group). The dose was two lozenges per day (authors did not mention the duration of
intervention). Test group experimented a significant improvement of clinical measurements
and a decrease in CGF levels of TNF-a, IL-1f3 and IL-17 (p <0.05) [61].

Laleman et al. conducted a double-blind, placebo-controlled, randomized clinical trial with
two parallel arms in chronic periodontitis. The aim was to evaluate the adjunctive effect of
probiotic (Streptoccus oralis KJ3 + Streptococcus uberis KJ2 + Streptoccus rattus JH145, 1 x 108
CFU)-containing lozenges after FMD. The dose was two lozenges per day during 3 months.
Forty-eight subjects were recruited. Clinical parameters and microbiological samples were
collected at baseline, 4, 8, 12 and 24 weeks follow-up visit. In test group, plaque index was
significantly lower at the 24-week evaluation (p <0.05) Also, salivary P. intermedia counts were
significantly lower at the 12-week visit in probiotic group (p <0.05) [124].

Morales et al. conducted a double-blind placebo controlled parallel-arm randomized clinical
trial whose objective was to evaluate the clinical effect of L. rhamnosus (SP1, 2 x 107 CFU)-
containing sachet as an adjunct to non-surgical therapy (SRP) of chronic periodontitis.
Twenty-eight systemically healthy subject were recruited (n = 14 in test group). The dose
was one sachet of probiotic or placebo taken orally every day during 3 months. Treatment
involved SRP per quadrant performed with 1-week intervals in four to six sessions. A peri-
odontal supportive therapy was performed every 3 months. Clinical parameters were mea-
sured at baseline, 3, 6, 9 and 12 months follow-up visit. Both groups showed improvements in
clinical parameters at all time points evaluated. However, there were no differences between
groups in any visit [125, 126].

There are some systematic reviews whose aim was to explore the available clinical evidence
on the efficacy of probiotic therapy in initial treatment of chronic periodontitis. There was a
significant reduction in probing pocket depth, bleeding on probing, plaque index and attach-
ment gain in probiotic group [116]. In the studies where L. reuteri was selected as probiotic,
the reduction of probing pocket depth was 1.31-1.74 mm in probiotic group and 0.49-1.39
mm in placebo group. Also, the attachment gain was 0.99-1.39 mm in probiotic group and
0.29-0.76 mm in placebo group [117]. Finally, the authors concluded that oral administration
of probiotics is a safe and effective adjunct to scaling and root planning in the treatment of
chronic periodontitis. Their adjunctive use is likely to improve diseases indices and reduce
the need for antibiotics [116].
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The use of probiotics in supportive periodontal therapy (SPT) was reported in a clinical trial
conducted by Iwasaki et al. The aim of this randomised, double-blind, placebo controlled
clinical trial was to evaluate the effect of heat-killed L. plantarum L-137 on the outcome of SPT.
Thirty-nine SPT subjects (n = 20 in test group) who completed active treatment for chronic
periodontitis followed by SPT every 4 weeks were recruited. Subjects consumed a hard gela-
tine capsule of 50 mg of probiotic or placebo per day during 12 weeks. The SPT programmes
and clinical examinations were performed at baseline 4, 8, and 12 weeks after start inter-
vention. Bleeding on probing and sites with pocket probing depth >4 mm were significantly
reduced in both groups. In test group, there was a significantly greater probing pocket depth
(PPD) reduction in teeth with sites with PPD >4 mm at week 12 (p <0.05). This result indicates
that daily intake of probiotic may be useful in SPT [127].

6. Conclusions

Oral diseases are a recognized public health problem worldwide [128, 129]. Dental caries, peri-
odontitis and oral cancer, among other oral diseases, currently occupy the health agenda, seek-
ing to establish policies that, when integrated with other health intervention programs, will
impact the oral health of our population. Along with the economic impact on governments
and individuals [130], a higher cost is added in terms of pain, discomfort, social and functional
limitations, and time lost and absenteeism in schools and workplaces [131, 132].

The goals of periodontal therapy are to reduce probing pocket depth, to gain attachment level
and to reduce bleeding on probing suppuration. A new microbial community is needed in
order to achieve the clinical results [109]. Therefore, with the aim of potentiating the effects
of periodontal treatment, other protocols, such as the association of mechanical debridement
with systemic antibiotics, have been used successfully in the treatment of periodontal dis-
eases. The problems of antibiotics are in association with the elimination of the entire micro-
flora, irrespective of their pathogenicity, and the emergence of antibiotic resistance; the shift
towards a less pathogenic microbiota is only temporary with a frequent recolonization of
treated sites with pathogenic bacteria; and the temporary use of antibiotics locally or systemi-
cally, does not really improve the long-term effect of periodontal therapy.

Considering the beneficial effects of probiotics, this therapy could serve as a useful adjunct
or alternative to periodontal treatment. The use of probiotics in oral care applications is gain-
ing momentum [118]. There is increasing evidence that the use of existing probiotic strains
can deliver oral health benefits. Therefore, proposing a treatment involving the non-surgical
treatment plus probiotic intake may result in better regulation of bacterial plaque and thus
contribute to a successful periodontal treatment, and they can also exert effects on modulating
immunological parameters.
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Abstract

Cleft lip and palate (CLP) is the most common congenital deformity of the orofacial.
Clefts are thought to be of multifactorial etiology due to genetic and environmental fac-
tors. Different dental abnormalities are usually seen in cleft patients, including midface
deficiency, collapsed dental arches, malformation of teeth, hypodontia, and supernu-
merary teeth. Moreover, feeding and speech are major functional dilemmas for those
patients. The goal of treatment is to restore esthetics and functional impairments associ-
ated with clefts. The nature and the extent of medical and dental problems among CLP
patients dictate the need toward multidisciplinary approach where different medical and
dental specialists are involved in the treatment. The purpose of this section is to codify
and synthesize a literature about management of cleft lip and palate deformity from birth
until adulthood so that general concepts, principles, and axioms can be formulated. In
this regard, feeding plates, nasoalveolar molding (NAM), lip and palate repair, palatal
expansion, alveolar bone grafting, rhinoplasty, orthodontic treatment, and orthognathic
surgery will be discussed. Furthermore, the question of proper timing for each therapeu-
tic procedure is scrutinized in this chapter. Suggested clinical tips and changes of treat-
ment modalities are summarized and illustrated as well.

Keywords: cleft lip and palate, multidisciplinary management, lip repair, palate repair,
orthognathic surgery

1. Introduction

Cleft lip and palate (CLP) is the most common orofacial malformation affecting one in every
700-1000 newborns worldwide [1]. The anomaly is characterized by the lack continuity of
tissues forming the lip, alveolus, and soft and hard palate. The severity ranges from a small
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notch in the lip to a complete fissure extending into the roof of the mouth and nose. Due to
their disturbing appearance in many cases, these deformities have attracted much attention
in terms of treatment and research. The large impact of the cleft lip and palate on appear-
ance and function renders them a major public health problem worldwide [2]. Data from
human and animal studies have suggested that the etiology of cleft lip and palate results
from gene-environment interaction where genes have a major influence. Current research is
emphasizing on detection of location and nature of mutations in genes associated with cleft
lip and palate.

In comparison with unaffected children, individuals with unilateral cleft lip and palate
(UCLP) present with striking asymmetries of the soft tissues as well as the nasomaxillary
and lower facial structures. The facial profile is significantly affected by the cleft anomaly; the
profile is generally concave due to the maxillary retrognathia. Several studies had reported
that unilateral cleft lip and palate children have increased nose width, reduced mouth width,
nose asymmetry, increased nose width/mouth width ratio, reduced upper lip length [3], and
reduced lip elasticity [4]. For the dentoalveolar relationships, crossbite and open bite are com-
mon findings among unilateral cleft lip and palate patients [5].

Bishara et al. suggested that differences in dentoalveolar morphology between cleft and non-
cleft subjects could be related to many factors. These include the morphogenetic pattern of the
cleft anomaly, long-term management, and adaptive changes due to the mechanical presence
of the cleft or lack of continuity of tissues [6].

Figure 1. Surgical instruments for cleft surgery (Heister’s surgical textbook, 1731).
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The management of children with cleft lip and palate is a real challenge. Intervention of cleft
patients starts as early as intrauterine and continues into late adulthood. Related families are
involved as well. Those patients are presented with various problems, and thus, effective
therapeutic outcomes can be only through a multidisciplinary approach. The cleft team con-
sists of different specialists work closely together, so that maximum care can be delivered in
the optimum way. There is a consensus that understanding of the requirements and specialist
skills of the other team members is necessary so that all members within the team can work
coordinately which leads to improving outcomes.

The first proven description of treatment of a cleft lip and palate appeared in ancient China
in the fourth century after Christ. Heister in 1731 described a clinical picture of cleft lip and
palate management (Figure 1). It was Hagedorn who laid the basics of geometrical anatomical
and surgical lip repair in 1884. He developed the surgical technique of repair using a geomet-
ric cutting procedure, the flap exchange, which in principle is in practice up to now. Thus, he
founded basics of oriented surgical procedures that were described later by clinicians in the
twentieth century [7].

2. Incidence of cleft lip and palate

Incidence of cleft lip and palate had been the subjects of many studies. There are significant
differences in the incidence of cleft lip and palate, with the highest rates in Asian popula-
tions and Native Americans, intermediate rates in Caucasians, and lowest rates in African
American. According to the European registration of congenital and twins (EUROCAT), inci-
dence rates of cleft lip and palate for various regions in Europe between the year 1980 and
1988 were 1.45-1.57/1000 living birth [8]. Unilateral cleft lip and palate (UCLP) occurred in
40% of all cleft groups with male/female ratio (2:1) and was more common on the left side [9].
On the other hand, isolated cleft palate occurs more in females and is usually associated with
syndromes [10].

3. Classification of cleft lip and palate

Different systems were introduced to classify cleft lip and palate.
3.1. Veau classification (1931)

Veau (1931) classified oral clefts based on the anatomy of the oral cavity into four groups:

1. Cleft of soft palate.

2. Cleft of soft and hard palate from incisive foramen up to the secondary palate.
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3. Complete unilateral cleft from the uvula to incisive foramen, going on one side through the
alveolus at the side of the future lateral incisor tooth.

4. Complete bilateral cleft from the incisive foramen to the alveolus, the premaxilla remains
suspended from the nasal septum.

3.2. Classification by International Confederation for Plastic and Reconstructive Surgery
(1966)

International Confederation for Plastic and Reconstructive Surgery had classified oral cleft
into three groups:
1. Clefts of anterior primary palate, where the lip and alveolus are affected.

2. Clefts of anterior and posterior palate, where the alveolus and the hard palate are
affected.

3. Clefts of the posterior palate, where the hard and soft palate are affected.

3.3. Kernahan and Stark classification (1958)

This classification is based on embryology and classifies oral clefts into two main groups:

1. Cleft of primary palate: extends from alveolus up to the incisive foramen.

2. Cleft of secondary palate: extends from soft and hard palate up to incisive foramen. Both
groups could be complete or incomplete, unilateral or bilateral (Kernahan and Stark,
1958).

Kernahan and Stark classification was widely accepted because it is simple and embryologi-
cally sound [11].

3.4. Kernahan stripped “Y” classification

This classification is represented as a stripped “Y” with numbered blocks. Different numbers
represent a specific affected area in the cleft deformity (Figure 2).

Blocks 1 and 4 indicate the lip.

Blocks 2 and 5 indicate the alveolus.

Blocks 3 and 6 indicate hard palate to the incisive foramen.

Blocks 7 and 8 indicate hard palate to incisive foramen.

Block 9 indicates the soft palate.

The shaded boxes represent the site of cleft deformity.
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Figure 2. Kernahan's stripped “Y” classification.

3.5. Iowa classification

Iowa classification had classified cleft lip and palate into five groups (Figure 3). This descrip-
tive classification was a variation of Veau classification and is more commonly used.

[owa Classification CLCP

Figure 3. Iowa classification of cleft lip and palate.
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4. Embryology background

Knowledge of the normal embryological development of the lip and palate is essential for
understanding and management of cleft lip and palate. The face is formed by the fusion of a
number of embryonic processes that form around the primitive oral cavity (stomodeum). By
the 4" week of intrauterine life, five branchial arches develop at the site of future neck. The
nasomaxillary complex is formed through the development of the first branchial arch (the
mandibular arch). The upper boundary of the stomodeum (primitive oral cavity) originates
as a large frontal prominence. The primary mouth is divided from the foregut by the bucco-
pharyngeal membrane. The dorsal end of developing mandibular arch gives off a bud called
maxillary process with the formation of the nasal pit. One medial and two lateral nasal pro-
cesses are formed as the frontonasal process gets divided [12] (Figure 4).

4.1. Development of the primary palate (upper lip and premaxilla)

The maxillary process undergoes rapid growth between the 5th and the 6" weeks of intrauter-
ine life. By the 7th week, the maxillary, the medial, and lateral nasal processes are integrated
to form the intermaxillary segment with its labial component forming the philtrum of the
upper lip while its triangular palatal component forming the maxillary incisors and extend
backwards to the incisive foramen. As a result, the upper lip and the maxilla are formed. Cleft
lip may develop due to inadequate proliferation of the maxillary and medial nasal processes.

4.2. Development of the secondary palate

The rest of the palatal shelves forms hard and soft palates, which are formed from secondary
palate. By the 6™ week of the intrauterine life, palatal shelves are formed from the medial sur-
face of the maxillary process. These will grow medially and downwards, lateral to the tongue
being elevated in the 7" week, and more marked in the anterior region and leading to growth
of the mandible.
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Figure 4. Facial embryo at day 45.



Cleft Lip and Palate Management from Birth to Adulthood: An Overview
http://dx.doi.org/10.5772/intechopen.68448

The tongue plays a vital role in the initial prevention of the palatal shelves union. Thus, the
shelves grow vertically down. By the 8" week of intrauterine life, palatal shelves approximate
touching each other. As a result, the related epithelium degenerates and mesenchyme from
both shelves join in the midline. Final closure by fusion is completed by the 10* week and
usually occurs a little bit later in males than females. Failure of fusion of the maxillary shelves
with each other and with the frontonasal processes results in cleft palate.

5. Etiology of cleft lip and palate

Recent studies have shown that the etiology of cleft lip and palate is multifactorial. The under-
lying genetic factors are enhanced by environmental factors [13].

5.1. Genetic factors

The genetic factors for the etiology of nonsyndromic cleft lip with or without cleft palate and
for nonsyndromic cleft palate only were first indicated in the population studies of Fogh-
Anderson. Animal studies of cleft deformity were directed toward the importance of the
secondary palate formation. These studies have pointed out the importance of extracellular
matrix proteins and soluble factors in normal palate formation. Transforming growth factor-a
(TGF-av), epidermal growth factor, fibroblast growth factor, and TGF-{33 are of clinical signifi-
cance in this process. Moreover, transforming growth factor-a (TGF-at) has been suggested as
a target gene in the etiology of nonsyndromic cleft deformity. In animal studies, high levels
of TGFA were detected in the epithelial tissue of the medial edge of the palatal shelves at
the time of shelf fusion. The biologic support for the role of TGFA gene in cleft etiology was
addressed due to the reported association of TGFA alleles with human cleft lip and palate [14].

Glu mutation of the PVRL 1 gene proved to be a genetic factor for nonsyndromic clefts of the
primary and the secondary palates, but simultaneous occurrence of PVRL1 and CLPTM 1
gene mutations in cleft patients does not correlate with the type of cleft (left, right, bilateral)
or the gender of the patients [15, 16].

5.2. Environmental factors

A positive association between maternal cigarette smoking and cleft lip and palate has been
observed in number of studies [17]. A case-control study of the association between cleft lip
and palate and maternal exposure to tobacco smoke during the first trimester of pregnancy
in United Kingdom proved that there is a statistically significant positive association between
active smoking during pregnancy and the risk of developing cleft lip and palate [18]. B group
vitamin deficiency (including folic acid) during pregnancy has been shown to be a teratogen
in the etiology of cleft lip and palate formation in humans [19].

Krost and Schubert evaluated the seasonal influence on the occurrence of cleft lip and palate and
proved a significant maximum risk in spring and minimum in winter for the conception date.
They claimed that there are seasonal factors implicated in the etiology of cleft lip and palate.
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These include deficiency of vitamins and fluctuations in mother’s diet, intensive UV light expo-
sure, the use of fertilizers and pesticides in agriculture, and infectious disease cycles [20].

6. Cleft management

Management of children with cleft lip and palate should go through a multidisciplinary team
who will provide the optimal treatment (Bill, 2006). The managing team should provide com-
prehensive diagnosis, planning, and treatment. The cleft team usually includes orthodontist,
maxillofacial surgeon, plastic surgeon, prosthodontist, speech therapist, audiologist (ENT
specialist), psychologist, and pediatrician [21]. Goals of treatment of the child with a cleft
lip and palate should include the repairing the birth defect (lip, palate, and nose), achieving
normal speech, language, hearing, functional occlusion, and good dental health. It should
also optimize the psychosocial and developmental outcomes [22]. However, protocols for the
management of CLP patients vary from center to center. According to the Eurocleft project
between 1996 and 2000, there were 194 different surgical approaches followed for treatment
of unilateral cleft alone [23]. Management is discussed according to specific time periods as
shown below.

6.1. Pre-natal diagnosis

Ultrasound examination may detect clefts of the lip and alveolus unlike cleft palate, which is
difficult to diagnose through routine screening (Figure 5). Additional examinations and tests
can confirm the presence of deformity. These include cephalic presentation of the child, low
body mass index of the mother, and examination preferably around the 20th gestational week
[24]. Moreover, information about family history should be addressed so that provisions for
postnatal measures in adequately equipped hospitals can be made in with improvement in
ultrasound technology.

In case of cleft identification, genetic counseling the family including amniocentesis should
be performed. For this purpose, a complete pregnancy progress and family history should
be addressed. Exposure to any teratogenic factors, the presence of family members with cleft
or other birth defects, developmental problems, and genetic syndromes are all important
parameter to explore during counseling. In cases where clefts are diagnosed prenatally, the
cleft team will be involved in the management so that the family can learn about the nature
of the deformity and its care and treatment strategies. Psychological and emotional support
of the family is very essential procedure at this time due to the very negative effect once the
diagnosis was confirmed.

6.2. Birth time

The most immediate problem caused by orofacial clefting is likely to be difficulty with feed-
ing. The anatomical characteristics of cleft lip and palate greatly hinder infants” ability to
feed. Poor intraoral suction may produce choking, emission of milk through the nose, and
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Figure 5. Three-dimensional neonatal view —various cleft deformities.

excessive air intake. The feeding process can also be extremely stressful for the parents of
such infants who often struggle to find effective feeding method [25]. Early referral to the
infant-feeding specialist or nurses associated with cleft teams can facilitate to solve this prob-
lem. Those children need special teat and bottles that allow milk to be delivered to the back
of throat where it can be swallowed (Figure 6). In addition, we may use special dental plates
(palatal prosthesis) to seal the cleft side. Such prosthesis could be effective in increasing the
volume of fluid intake, decreasing time of feeding, and promoting adequate growth and gain
in infants with cleft lip and palate [26]. Some babies may not have the energy to suck from a
teat, and here a cup and spoon method may be helpful (Figure 7).

Presurgical orthopedics and nasoalveolar molding have become part of the treatment proto-
col in many cleft centers to improve the treatment outcome. Presurgical orthopedics approxi-
mates the maxillary alveolar segments and results in reduction of the tension on the repaired
lip. The Latham appliance is an active presurgical orthopedic device used for cleft defects
(Figure 8). Its long-term effects are debated. The basic idea behind appliance is to decrease
the anatomical dilemma in cleft deformity so that better surgical outcome can be obtained.
The device has proved its success in expanding and aligning the maxillary segments; retrud-
ing protruded premaxilla; aligning bilateral alveolar ridges; reducing tension on surgical clo-
sures; and reducing rates of fistula development. However, its long-term effect on maxillary
development or occlusion has not been proven [27].

On the other hand, presurgical nasoalveolar molding (PNAM) can reduce soft tissues and
cartilaginous cleft deformity to facilitate surgical soft tissue repair with minimum tension
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Figure 6. Special feeding bottle for cleft patients.

Figure 7. Spoon feeding for cleft patients.

to minimize scar formation [28]. It stimulates and redirects growth of the alveolar segments,
which will lead to ideal arch formation. Moreover, it aids in normal speech development
through better positioning of the tongue. Other benefits include improvement of appearance
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Figure 8. Pre-surgical orthopedic plate—Latham appliance.

psychosocial wellbeing, better feeding, and bone contour [29]. PNAM appliance consists of
a removable alveolar molding plate made of orthodontic acrylic from a dental cast of the
infant’s maxilla. The nasal stent is bent at the end of a 0.032-inch stainless steel wire that is
embedded into the anterior portion of the alveolar molding plate (Figure 9). The nasal stent

Figure 9. Active alveolar molding appliance.
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and the intraoral molding plate are adjusted weekly or biweekly to gradually correct the
nasal and alveolar deformities, giving rise to the name nasoalveolar molding. PNAM can be
applied to the entire range of cleft deformities including complete clefts without an intact
nasal floor [30].

6.3. Lip repair

There is a wide variation in the timing and techniques of primary lip repair depending
upon the preference and protocol of the surgeon and cleft team involved. These include
LeMesurier—1949, Tennison—1952, Randall—1959, Pfeifer—1970, Millard —1976, Del chei-
lorhinoplasty technique (Delaire—1978), "alar-leapfrog" technique (Pigott—1985) and many
others. In broad terms, lip repair is performed at 3 months of age and palate repair at 12
months of age (Millard technique). Other schools perform surgery earlier (soft palate repair
at 3 months of age and lip and hard palate repair at 6 months of age) as in the case of Malek
protocol [31]. Cleft surgery has a major target in dissecting and approximating the muscles
of the lip and alar base in their correct anatomical position. Debates continue to point out the
suitable dissection procedure (subperipostal dissection or supraperiosteal dissection) [32].

Neonatal repair is still being evaluated. Some schools suggest doing the surgery as early as
possible. According to them, the early surgery improves the facial appearance and reduces
parent’s apprehension. Moreover, earlier surgeries would help in the development of normal
articulation [33]. On the other hand, some schools oppose earlier surgical intervention as this
will restrict future growth leading to maxillary collapse and occlusal crossbites. Moreover,
delayed surgery means that surgeons will have more tissues to deal with giving better outcome.

6.4. Palate repair

Cleft palate repair is a challenging procedure to learn because of the delicate tissue handling
required and the small confines of the infant oral cavity. Hard and soft palate repair is per-
formed at the age range of 9-18 months. The idea behind this relatively early intervention
is giving priority to development of normal articulation, which can be extremely difficult to
eradicate after the age of 5 years [34]. Different surgical protocols are followed to repair the
palate; these include: Von Langbeck repair, vomer flap repair, and Z-plasty repair. In general,
scar retraction due to exposed bone in palatoplasty is the leading cause of constricted maxilla.
Modern techniques have focused on minimizing the effects of scarring by reducing the expo-
sure of the bone area.

It is self-evident that a physical defect that affects the structures of the mouth and face has the
potential to influence articulatory development [35]. Cleft palate often causes problems with
speech and hearing. It has been primarily considered as a disorder of the vocal tract. Parents
are encouraged to stimulate and converse with infants normally expecting the development
of good speech. Speech and language therapist should carry out early assessment with spe-
cial expertise in clefts. Assessment at 18 months gives a good indication and is repeated, for
example, at 3 years. In most cases, the majority of children following cleft palate repair have
normal intelligibility. On the other hand, many babies with cleft lip and palate have recurrent
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otitis media and develop glue ear. A possible etiology for this is that palatal muscles (levator
palati and tensor palati) are involved in cleft deformity leading to eustachian tube dysfunction.
Cleft subjects need extensive screening in ENT department [36].

6.5. Primary dentition (2-6 years)

Velopharyngeal insufficiency (VPI) is a common finding in cleft patients. VPI is the incom-
plete closure of the velopharyngeal sphincter resulting in hypernasal resonance, which can
compromise speech intelligibility. Most sounds are divided to be oral (produced in the oral
cavity) and nasal (m & n only). Speech nasality happens when the oral cavity is not com-
pletely sealed from the nasal cavity. As a result, air escapes through the nose. Even after
palate repair, cleft patients can still sound nasal due to the inability of the soft palate to seal
and separate these two cavities. The reason for that is weakness in muscles of the soft palate.
Moreover, the soft palate is short, which hinders its contact with pharyngeal wall [37]. Speech
assessment might be commenced as early as 18 months of age taking into consideration the
needs of the patient [38]. Assessment of speech must continue through childhood along with
cleft team to detect any developing problems that may arise with growth. ENT surgeon will
be involved throughout all monitoring phase. Lip revision and closure of any residual palatal
fistula before schooling might be considered to support speech development [39].

Orthodontic treatment in this stage is limited to the correction of certain posterior crossbite
and anterior crossbite of mild-to-moderate degree. Posterior crossbites are of both skeletal
and dental origin. A crossbite of a dental origin and accompanied with occlusal shift can be
managed by selective grinding; anterior crossbite of mild-to-moderate degree can be man-
aged by the use of elastic protraction forces delivered through a facial mask [40]. However, if
this crossbite is related to severe maxillary hypoplasia, the patient is best managed with surgi-
cal procedures that are done at later stages. During this age, it is important to develop good
dental care habits, instituting fluoride supplements in nonfluoridated areas [41].

6.6. Mixed dentition (6-12 years)

The negative effects of surgical repair become clear during this phase including maxillary
collapse and arch discrepancies. Moreover, defects in alveolar bone, tooth number, forma-
tion, and position can be detected. Surgeons start to consider alveolar bone graft to correct
the maxillary defects at this stage (Figure 10). Grafting is best performed with autogenously
cancellous bone. Alveolar bone grafting will provide maxillary-alveolar ridge continuity
for tooth eruption and alignment. It also provides nasal base support and provides bone
through which the permanent canines and laterals can erupt into the dental arch. In bilateral
cases, alveolar bone grafting stabilizes the premaxillary segment with bone support [42].
Alveolar bone grafting is performed using a gingival flap of mucoperiosteum, turned back
“book” flaps and cancellous bone harvested from the iliac crest. The covering flap of gingival
mucoperiosteum is used to cover the graft in the alveolus, nostril floor, and anterior max-
illa. The ideal age for bone grafting is 9-11 years to give chance for the lateral incisor or the
canine to erupt through the graft and stabilize it. Supernumerary teeth in the surgical site
should be extracted 8-12 weeks before surgery. This will allow the surgeon to have intact
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Figure 10. Alveolar bone graft.

gingival tissues for proper coverage of the alveolar bone graft. At the time of complete erup-
tion of permanent dentition (approximately 12 or 13 years of age), orthodontic treatment is
commenced.

The timing of bone grafting will be decided on the basis of the dental development of individ-
ual patients [43]. In patients with well-formed lateral incisors that are in the line of the dental
arch, bone grafting can be done quite early, around 7 or 8 years. However, most patients with
complete unilateral cleft lip and palate have a missing, ectopic, or deformed lateral incisor, so
it is preferable that bone grafting is postponed until they are 10 or 11 years of age (Figure 11).
This allows the root development of the cleft-side canine to progress more and may help in
better canine eruption [44].

An interceptive orthodontic treatment is undertaken in the mixed dentition to reposition the
dentition adjacent to the cleft preparing the cleft side for the secondary alveolar bone graft,

Figure 11. CBCT of alveolar bone graft in UCLP patient (A: before and B: after).
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but such procedure must be postponed until the development of the incisor roots to avoid any
resorptive effect on teeth. If maxillary segments and dentition on either side of the cleft are
well aligned, it is not necessary to do presurgical orthodontics [45]. Thus, orthodontic treat-
ment is not generally commenced until age 9 or 10 years when, if necessary, the maxillary seg-
ments are expanded to correct the transverse relationship using palatal expansion appliances,
these include upper removable appliance, quad helix (Figure 12), rapid maxillary expansion,
bonded “fan” appliance (Figure 13), and others [46, 47].

6.7. Permanent dentition

Definitive orthodontic treatment must be commenced at this time. The goals of treatment are
similar to those for noncleft patients, but certain conditions must be taken into consideration
during the treatment planning. These include maintenance of the integrity of the dentition
and supporting structures especially for teeth adjacent to the cleft side, correction of impacted
and transposed teeth, and management of congenitally missing teeth [48].

If the cleft side lateral incisor is missing, management will be based on either replacing the
missing tooth with prosthesis or closing the space. In those patients with missing lateral
incisor in whom the maxillary canine has migrated mesially and is erupting into the grafted
alveolar ridge, replacement of the missing lateral incisor by the canine and movement of
all posterior teeth forward will be the treatment of choice. In cases where the alveolar bone
graft is not ideal, bone morphology can be improved by moving the canine forward into
graft side [49].

Extractions may be required to create space for arch alignment with the second premolars
being first choice in the maxilla. This is related to formation of scar tissue during the course
of primary palatal repair, which pulls the premolars palatally. However, relapse is common
after orthodontic correction. Invariably, fixed appliances are required to achieve a satisfactory
degree of precision in tooth alignment with sound values of tip and torque movements [50].
Once the permanent dentition has been established, planning for orthognathic surgery must
take place in a tempt to correct mid-face retrusion. Factors such as maxillary retrognathia, the
magnitude and effect of any future growth, and patient wishes should be taken into consider-
ation. Surgical correction is indicated only when growth is complete. Surgical revision of the
nose (rhinoplasty) will be the last surgical step. This is because movement of the underlying
bone will affect the contour of the nose [51].

Hypodontia, microdontia, and conical crowns are common findings in cleft lip and palate
(Figure 14). In broad terms, treatment strategies reflect the pattern of tooth absence, the
amount of residual spacing, existing malocclusions, and patient’s attitude [52, 53]. The con-
genital missing of teeth may result in minimal spacing; still, it may not be an esthetic concern
to patients and can be accepted. Space closure and modification of the canine to resemble a
lateral incisor is a common treatment option where maxillary lateral incisors are missing.
However, where several teeth are congenitally absent, the orthodontic redistribution of space
to allow restoration with prostheses is frequently the treatment of choice. The esthetic and
functional outcomes of such an approach should be confirmed with a trial diagnostic set-up.
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Figure 12. Quad helix expansion in UCLP.

Replacement of missing teeth with prosthesis includes removable partial dentures, conven-
tional and adhesive bridges, and implant supported prostheses. Clearly, both the timing and
manner of their application must reflect the needs and limitations imposed by a young, grow-
ing individual [54].

6.8. Orthognathic surgery

The midfacial hypoplasia or maxillary constriction is a common secondary deformity in cleft
deformity involving primary palate. This hypoplasia and constriction are related to growth
impairment and scar formation in hard palate during the palate repair. Despite of orthodon-
tic treatment, up to 25% of patients with cleft lip and palate needs surgical interventions to
achieve balanced and harmonious facial appearance.
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Figure 14. Hypodontia in cleft lip and palate.

At approximately the age of 17-18, a final assessment of facial pattern is carried out clinically.
Detailed cephalometric assessment and growth analyses are carried out to plan for orthog-
nathic surgery. No orthognathic surgery is carried out until growth is complete. Surgeons
perform the corrective surgery in the maxillary bone or both jaws according to the severity of
the underlying skeletal discrepancy. The advantage of this surgical-orthodontic approach is
that the clinicians can provide the patient with occlusal relations close to ideal and markedly
improved function and esthetics.
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6.9. Psychological effects

Children with craniofacial anomalies are at greater risk of developing behavioral, emotional,
or social competence problems [55]. Some children with oral clefts have decreased social com-
petence as shown by fewer friends and poor social interaction. Slifer et al. have found that
30-50% of children with cleft lip and/or palate between the ages of 6 and 16 are rated by their
parents to be 1.0 or more standard deviations below the mean compared to noncleft peers
on measures of social adjustment and competence (sharing their friends in social activities,
degree, and quality of social interaction). Unfortunately, this tendency continued through
adolescence and into adulthood [56].

All the above features will have psychological effects on cleft patients as well as their families;
these effects become more significant when patients get younger. Two stages where those
children have a real challenge to deal with; are when they go to school (5-6) years i.e. the dif-
ficulty of being different. The second when they start to look after their appearance, i.e. the
pre-puberty and adolescence time. Children with visible clefts are often very self-conscious
about their appearance, speech, and schooling.

6.10. Learning disorders and behavioral problems

Children with cleft lip and palate are at an increased risk for learning disorders. There is a
consensus that language skills of cleft palate patients tend to be delayed even if the cleft was
a small one [57]. Broder et al. have examined the prevalence of learning disability, level of
school achievement, and prevalence of grade retention by type of cleft and gender at two
craniofacial centers. The results showed that 46% of subjects with cleft had learning disabil-
ity and 47% had deficient educational progress. Moreover, 27% had repeated a grade in the
school. The results also showed that males with only cleft palate and females with cleft lip and
palate were at higher risk among all cleft subjects [58].
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Abstract

Patients with class II deep bite malocclusion and hypodivergent skeletal typology represent
complex and prolonged cases of treatment due to their muscular characteristics. The etiol-
ogy of the class II deep bite is multifactorial: environmental and/or genetic factors represent
an important part in the establishment of class II deep bite. However, there is a close con-
nection between three class II factors and the adaptation of mandible and occlusal function.
These factors are lack of vertical dimension, inclination of the upper occlusal plane, lack of
occlusal support, and pressure of TM]J. According to Tanaka and Sato, there is a relation-
ship between the inclination of the maxillary posterior occlusal plane and the mandibular
position, consistent with the etiology of different dento-skeletal structures. The occlusal
plane is more tilted in patients with class II and more flat in patients with class III than in
individuals with class I occlusions. Patients and methods: Two male teenagers were treated
with MEAW therapy, and both treatments lasted 24 months. Results: The MEAW therapy
appropriately corrected the class II deep bite over a period of 24 months, achieving a good
occlusal, functional, and esthetic result. Conclusions: The MEAW therapy proved to be
effective in the treatment of class II deep bite malocclusion, in growing patients.

Keywords: class II deep bite, steep occlusal plane, hypodivergent, MEAW

1. Introduction

During the process development of skeletal class II, there are three important factors (insuf-
ficient height of bite, strong inclination of the occlusal plane, lack of occlusal support), which
are closely related with the adaptation of the mandible and the occlusal function [1-3].

The maxillary dentition of patients with class II malocclusion has low vertical dimension in
the posterior area, and the upper posterior occlusal plane is steep. The occlusal interferences

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
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in the molar area prevent the mandible to adapt to a forward position, instead the mandible
adapts posteriorly, aggravating the distoclusion. Actually, 70% of the class II malocclusion
does not imply the protrusion of the maxilla but is known to be caused by retrusion of the
mandible (McNamara [4]).

Morphological characteristics of the class II deep overbite are the following: the mandible is
small and retruded, insufficient vertical dimension and occlusal support, steepening of the
occlusal plane in the upper posterior area, occlusal interferences in the molar area, and labial
tipping of the upper anterior teeth. The skeletal characteristics of class II deep bite maloc-
clusion are closely related to the lack of vertical dimension and the steepness of the occlusal
plane. Some authors proved that the vertical disproportion was in many cases at the origin of
anterior-posterior dysplasias.

Therefore, a treatment approach based on the control of the occlusal plane and vertical dimen-
sion is essential to the success of the treatment. The treatment objectives for class II deep bite
are the following: to increase the vertical dimension, to rebuild and flatten the upper poste-
rior occlusal plane, to coordinate upper and lower dental arch width, to move the mandible
forward, to improve overbite (deep bite), to obtain normal intercuspidation, and to improve
the profile.

The treatment of low-angle class II malocclusions must prevent occlusal interferences and
extrude the upper molars to increase their vertical height and flatten the occlusal plane. As a
result, the mandible readapts to the physiological position, and occlusal function is attained.
The steps of the class II deep overbite malocclusion are leveling, elimination of occlusal inter-
ferences, establishing mandibular position, reconstruction of the occlusal plane, and achiev-
ing a physiological occlusion.

2. The multiloop edgewise arch wire (MEAW)

In 1967, Young H. Kim created the multiloop edgewise arch wire (MEAW) to treat open
bite malocclusions, which he achieved with great efficiency. Subsequently, Prof. Sadao Sato
(Kanagawa Dental College, Japan) [5] developed the MEAW philosophy of treatment and
applied it to all types of malocclusions. MEAW can be constructed with stainless steel 0.016 x
0.022 (bracket 0.018 inch slot) or 0.017 x 0.025 ss (bracket 0.022 inch slot).

The arches have ideal dental arch shape with five loops on each side of the arch. The loops
between the teeth act as a force breaker and allow smooth and continuous forces to be distrib-
uted through the teeth, as well as individual control of vertical, horizontal, and torque forces
on the teeth. The use of MEAW arches with activation must be done together with the use of
intraoral elastics (appropriate to the malocclusion), in order to obtain a successful reconstruc-
tion of the posterior occlusal plane (Figure 1).
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Figure 1. Upper and lower multiloop edgewise arch wire (MEAWs).

3. Cephalometric analysis

3.1. Analysis of Kim

Kim [6, 7] developed his cephalometric analysis in order to identify the types of vertical and
anterior-posterior growth and their connection with the inclination of the occlusal plane:

¢ Overbite depth indicator (ODI)

® Anterior-posterior dysplasia indicator (APDI)

e Combination factor (CF)

3.2. Overbite depth indicator (ODI)

The ODI is the sum of two angles: the A-B plane with the mandibular plane (MP) and the
palatal plane with the Frankfort horizontal (FH) plane. The angle is negative when the palatal
plane inclines superiorly in relation to the FH plane and is read as a positive angle when the
palatal plane inclines inferiorly in relation to the FH plane.

There is a norm of 74.5 degrees with a standard deviation of 6.07. A value lower than 74.5
(+6.07 degrees) shows a skeletal open bite tendency. A highest value of 74.5 (+6.07 degrees)
shows a deep bite skeletal pattern tendency. In these patients with skeletal deep bite tendency,

125



126

Insights into Various Aspects of Oral Health

tooth extractions should be avoided, in order not to lose occlusal support, because loss of
occlusal support increases the risk of relapse (Figure 2).

3.3. Anteroposterior dysplasia indicator (APDI)

The APDI consists of three angles: the angle of the facial plane (Frankfurt horizontal (FH)/
facial plane (FP)), added or decreased to the angle Downs, and added or decreased to the
angle of the palatine plane in relation to the plane HF. The APDI can also be calculated by the
value of the angle formed by the palatine plane (PP) (line linking points A and B).

APDI = (FH-FP) + (AB-FP) + (FH-PP). The average APDI value is 81.4°. A value higher than
81.4° shows a trend skeletal class III; on the contrary a smaller value shows the tendency for
skeletal class II and molar class II relationship. APDI unlike ODI (which is slight altered by
the treatment) shows the potential of the treatment of the clinical case, because the APDI can
be significantly changed by growth and treatment. Kim (Kim and Vietas, 1978) [5] considered

ODI =3+4 APDI = 1+2+43 CF =0DI + APDI

Figure 2. Kim cephalometric analysis.
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that at the end of the treatment the APDI should be close to the norm (81.4°) in order to have
a clinical case with stability and the risk of relapse decreased.

3.4. Combination factor (CF)

The combination factor (CF) [8] is a combination of ODI and APDI.

A value of CF above 155° shows a trend for a skeletal pattern of low angle. A value of CF below
155° exhibits the trend for high angle, and the necessity for tooth extraction is increased.

The CF provides guidance if the clinical case should be treated with or without extractions.

4. The importance of cranial base and the development scheme of
skeletal class II deep bite malocclusion

The base of the skull is formed by the ethmoid, sphenoid, and occipital bones, joined by
spheno-occipital and sphenoethmoidal synchondrosis. The sutures fuse with age, sphenoeth-
moidal at 7-8 years and spheno-occipital at 18-20 years, but allow small movements. Hooper
in 1986 referred to spheno-occipital synchondrosis as the most important at the base of the
skull where the flexion/extension movements occurred. The various malocclusions show
different cranial base angles. Thus, in class I occlusions, the angle of the base of the skull
(Na-S-Ar) approaches to 124.2°, in class II the angle is more obtuse approaching to 130°, and
in class III, the base of the skull presents flexion, being the angle approximately 120°. The
movement of flexion/extension occurred in the spheno-occipital suture is transmitted by the
Vomer to maxillary. According to the movement occurred in the spheno-occipital suture, also
the direction of growth of the maxillary will be different. When sphenoid flexion occurs, the
maxillary growth is more vertical, growing more in height and less in length, resulting in
posterior dental discrepancy; this is what happens in class III skeletal frame. On the contrary,
when extension at the base of the skull occurs, the force transmitted by the Vomer to maxil-
lary will push it protrusively, and maxillary will grow more in length and less in height. This
protrusive rotation of maxillary is responsible for the inclination of the incisors and spaces
between them (typical in class II/1 malocclusion).

The results of a poor maxillary vertical dimension are:
¢ Low vertical dimension

* Decrease of occlusal support

* Steep posterior occlusal plane

When the posterior occlusal plane (POP) is steep, the mandible adapts posteriorly with molar
distoclusion; on the contrary, when the POP is flat, the mandible adapts in an anterior posi-
tion producing molar mesioclusion. In 1975, Petrovic [9] reported on the cybernetic theory
of Petrovic, who stated that the maxillary anterior-inferior growth was responsible for the
anterior functional adaptation of the mandible followed by secondary growth of the condyles.
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5. Low-angle class II deep bite malocclusion characteristics

McNamara and Moyers et al. have suggested that the fundamental problems in class II maloc-
clusion are due not to maxillary prognathism but rather to mandibular retrognathism.

The characteristics of the class II deep bite malocclusion are the following: the mandible is small
and retruded, the posterior maxillary occlusal plane is steep, presence of posterior occlusal
interferences, upper incisors normally labially inclined with spaces between them, labial incom-
petence, low vertical dimension, lack of occlusal support, molar teeth slightly erupted (infra-
eruption), deep overbite, low gonial angle (GOA), and small lower facial height (LFH) [10].

The APDI is less than 74.5°, and the overbite depth indicator (ODI) is quite high (1980s and
1990s). The angle of the cranial base is extended.

The skeletal characteristics of class II malocclusion are closely related to vertical occlusion
deficiencies.

6. Treatment of class II low-angle malocclusion based on the control of
occlusal plane

In the 1970s, several studies (Petrovic, Carlson, McNamara, and Woodside) showed the ability
to change the growth pattern of the mandible according to its function. McNamara, Graber,
Harvold, and Bass (1970) evidenced that the amount of changes in mandibular growth due to
cell increase in the condyles was in conformity with the modifications of the occlusal function.
Fushima et al. (1989) measured vertical height of molar and premolar teeth in patients with
mandibular asymmetry. They verified that the vertical dimension of the posterior teeth of the
displaced side was smaller than the contralateral dental height (nonshifted side).

The MEAW philosophy created by Dr. Young Kim and developed by Prof. Sadao Sato consid-
ers that the treatment of class II low-angle malocclusion should eliminate occlusal interfer-
ences, increase the vertical dimension (extruding the maxillary molars), and reconstruct the
occlusal plane. Once the vertical dimension increases, the mandible moves anteriorly to a
functional position [11-13].

The mandibular dentition, especially the premolars, is extruded to increase the vertical dimen-
sion and flatten the occlusal plane, creating conditions for the mandible to move to a forward
position, more physiologically, and improving the occlusal function.

The forward adaptation of the mandible followed by adaptive remodeling of the TM] is neces-
sary for the success and stability of the treatment.

The objectives of class II deep bite treatment are:

¢ Increase of the vertical dimension

¢ Rebuilding and flattening of the upper posterior occlusal plane
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¢ Correction of the differences of shape between the dental arches
¢ Mandibular advancement to obtain a physiological position

¢ Correction of deep bite

¢ Obtaining correct occlusion and improving the profile
Sequence of class II deep bite treatment:

(1) Alignment and leveling, (2) correction of occlusal interferences, (3) attaining a physiologi-
cal mandibular position, (4) rebuilding the occlusal plane, and (5) attaining a physiological
occlusion (Figure 3).

o R oo
e etSes . Seeee Eocee

Figure 3. Sequence of low-angle class II deep bite treatment.

7. Case report 1

A male patient 14 years and 10 months old, with skeletal class II and dental class II/1 on a hypo-
divergent face pattern (FMA 17°), deep bite (8 mm), overjet (5 mm), steep posterior occlusal
plane producing interferences in the posterior area, insufficient occlusal support on the posterior
area, crossbite on the right side, crown fracture of 11, posterior discrepancy, and crowding on the
anterior maxillary area. The patient began the treatment at the age of 14 years and 10 months old,
and the treatment lasted 24 months. The type of appliance was an edgewise multi-bracket 0.022
x 0.028 slot, 0° torque, 0° angulation, and MEAWSs arch wires along with short class II elastics.

The treatment objectives for this patient with class II deep bite were increasing the verti-
cal dimension, elimination of the posterior interferences, reconstruction of posterior occlu-
sal plane (flatten), coordination between both arches, production of anterior adaptation of
the mandible, and secondarily induction condylar remodeling. The patient and their parents
refused the extraction of 38 and 48 to eliminate the posterior mandibular discrepancy and
were advised to the consequences of such refusal.

Sequence of treatment:

(a) Leveling, (b) correction of occlusal interferences, (c) achieving mandibular position,
(d) rebuilding of the occlusal plane, and (e) achieving a physiological occlusion.

Step 1: Leveling (alignment), onset with 0.016" ss arch wires.
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Step 2: Elimination of occlusal interferences—0.017 x 0.025 multiloop edgewise arch wires
were inserted in both arches, through the use of small class II (3/16 inch, 6 ounces) elastics
bilaterally.

Step 3: Achieving a functional mandibular position: step-down bends (premolars) in the
upper arch and step-up bends (premolars) in the lower arch were done to bite rising (to apply
small class II, 3/16 inch, 6 ounces of elastics). When this phase is finished, the molar relation-
ship is class L.

Steps 4 and 5: Rebuilding the posterior occlusal plane (flatten the posterior occlusal plane)
and establishing a physiological occlusion.

The retention period was done with maxillary Hawley plate for nighttime use (12 months)
and bonded lingual wire from 33 to 43.

The posttreatment results demonstrate an improved smile, profile, and facial balance.

The intraoral photos show a normal class I relationship, a correct overbite, and overjet. The
cephalometric analysis shows a reduction of ANB angle of 4°, mandibular advancement (point
B has advanced 3°), an AO-BO reduction of 3 mm, and a better profile. The APDI increased 7°
(from 66 to 73°) showing an improvement of the skeletal class II malocclusion (Figures 4-11,
Tables 1 and 2).

Figure 4. Pretreatment extraoral (A-C) and intraoral (D-H) photographs.
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Figure 5. Pretreatment records (A-C).

Figure 6. Photos during the treatment (a-m).
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Figure 7. Posttreatment extraoral (A-C) and intraoral (D-F) photos.

E

Figure 8. Posttreatment records (A-D) and superimpositions between pre- and posttreatment (E-F).
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Figure 9. Postretention extraoral photos (A-C) and intraoral photos (D-F).

Figure 11. Three years after the end of treatment: extraoral photos (A-C) and intraoral photos (D-F).
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Pretreatment Posttreatment End of retention
ODI MP/AB 83 69 77 63 76 62
FH/PP -14 -14 -14
APDI HF/FP 90 66 91 73 91 74
FP/AB -10 -4 -3
HF/PP -14 -14 -14
CF ODI + APDI 135 136 136

Table 1. Cephalometric analysis (Kim).

Range Pretreatment Posttreatment End of retention
FMIA 67 +3° 73 73 72
FMA 25+ 3° 17 17 17
IMPA 88 +3° 90 90 91
SNA 82+2° 78 78 78
SNB 80 +2° 73 77 76
ANB 2+2° 05 01 02
AO-BO 2 mm 4 mm 1 mm 1 mm
or 10-14° 7 5 5
zZ 75£5° 83 80 81
PFH 45 mm 45 47 48
AFH 65 mm 66 70 72
INDEX 0.69 0.68 0.67 0.67

Table 2. Cephalometric analysis (Tweed-Merrifield) [14, 15].

8. Case report 2

A young male patient 13 years and 10 months old, with small anterior facial height, skeletal
class II (FMA =18°), dental class II/1 with deep bite of 7 mm and an overjet of 10 mm, hypodi-
vergent face scheme, mandibular retrognathism, steep posterior occlusal plane creating inter-
ferences in the molar area, and lack of occlusal support.

The z angle of 66° confirms an unbalanced face which is based on a rethrognatic chin, absence
of crowding and shape of dental arches is different due to an old habit of thumb sucking.

According to Kim’s cephalometric analysis, the patient shows a low-angle skeletal pattern
(ODI=86°), and removal of permanent teeth is not advised, due to the high potential for deep
biterelapse. The APDI=70° shows a class Il skeletal pattern, and the combination factor=156°
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indicates a skeletal pattern that has a capacity to accommodate the entire dentition. Onset
of treatment with age of 13 years and 10 months, after 2 months a double arch wire (DAW)
was placed to extrude maxillary molars and to align and intrude upper incisors [16]. After
5 months, MEAWSs were inserted in both dental arches, along with small class II elastics
(3/16 inch, 6 ounces).

The duration of the treatment was 24 months. The posttreatment photographs (Figure 15)
show a better pleasant face, an improved facial profile, a pleasant wide smile, a stable class I
molar occlusion, and overbite and overjet corrected.

The mandibular incisors were kept in its pretreatment position. The cephalometric superim-
position between pretreatment and posttreatment displays the entire mandibular improve-
ment in height and length. The APDI =80 at the end of treatment is a guarantee to define this
clinical case as stable and with little tendency to relapse (Figures 12-20, Tables 3 and 4).

I

Figure 12. Pretreatment extraoral (A-C) and intraoral (D-F) photos.

Figure 13. Pretreatment records (A-C).
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Figure 14. Treatment sequence images. (A—C) In the third month of treatment, a double arch wire (DAW) was placed
and remained in mouth 5 months. (D-F) One year of treatment (5 months with MEAWSs along with small class II elastics
(6 ounces, 3/16 inch)). (G-I) Eighteenth month of treatment. (J-M) Twenty-second months of treatment.

!l !C

Figure 15. End of treatment: extraoral photos (A-C) and intraoral photos (D-F).
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Figure 16. Posttreatment records (A-C).
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Figure 17. Superimpositions between pre- and posttreatment (D, E).
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Figure 18. Postretention: extraoral photos (A-C) and intraoral photos (D-H).
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Figure 19. Postretention records (A-B) and superimpositions between posttreatment and postretention (C-E).

D E F

Figure 20. Three years after the end of treatment: extraoral photos (A-C) and intraoral photos (D-F).
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Pretreatment Posttreatment Post-retention
ODI MP/AB 82 80 82 80 82 80
FH/PP -2 -2 -2
APDI HF/FP 80 73 84 80 84 80
FP/AB -5 -2 -2
HE/PP -2 -2 -2
CF ODI + APDI 153 160 160
Table 3. Cephalometric analysis (Kim).
Range Pretreatment Posttreatment Post-retention
FMIA 67 £3° 64 61 60
FMA 25+3° 18 20 20
IMPA 88 +3° 98 99 100
SNA 82 +2° 78 76 76
SNB 80 +2° 72 74 74
ANB 2+£2° 6 2 2
AO-BO 2 mm 7 mm 2 mm 2 mm
or 10-14° 7 8 8
V4 75+ 5° 67 73 72
PFH 45 mm 45 50 50
AFH 65 mm 60 65 65
INDEX 0.69 0.75 0.77 0.77

Table 4. Cephalometric analysis (Tweed-Merrifield).

9. Conclusion

The superimposed tracings confirm in both cases that the mandible shifted forward, the flat-
tening of the posterior occlusal plane, and the vertical dimension increased during active
appliance therapy.

The objectives of both treatments were successfully achieved by the use of MEAW therapy.
A good functionally occlusion and an esthetic profile had been attained. The records 3 years
after the end of treatment show the stability of the treatment and the occlusion.

The MEAW technique proved to be effective in the treatment of class II deep bite malocclusion.
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Abstract

Bioinspired functionally graded approach is an innovative material technology, which
has rapidly progressed both in terms of materials processing and computational model-
ing in recent years. Bioinspired functionally graded structure allows the integration of
dissimilar materials without formation of severe internal stress and combines diverse
properties into a single material system. It is a remarkable example of nature’s ability
to engineer functionally graded dental prostheses. Therefore, this novel technology is
designed to improve the performance of the materials in medical and dental fields. Thus,
this chapter book reviews the current status of the functionally graded dental prostheses
and biomimetic process inspired by the human bone, enamel and dentin-enamel junc-
tion (DEJ) structures and the linear gradation in Young’s modulus of the human bone,
enamel and dentin-enamel junction, as a new material design approach, to improve the
performance compared to traditional dental prostheses. Notable research is highlighted
regarding application of biomimetic prostheses into various fields in dentistry. The cur-
rent chapter book will open a new avenue for recent researches aimed at the further
development of new dental prostheses for improving their clinical durability.

Keywords: functionally graded materials, dental restorations, dental implant, dental post,
dental crown

1. Introduction

The biomechanical behavior of biologic structures as well as restorative systems is influenced
by several factors that interact with one another other [1, 2]. In the oral environment, several
variables contribute to the long term success of restorations. Some of them are dependent on
the individual, just like occlusion, load intensity and direction, temperature, moisture, wear,
presence of sound tooth structure and quality of supporting tissues, whereas other factors are
not controllable, such as structural integrity, microleakage, fatigue and time. Furthermore,

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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teeth and restorative materials are characterized by intrinsic physical characteristics which
are responsible for their mechanical performances during functions over time [3].

Biomaterials are essential for life and health in certain cases. They generally have a high added
value for their size. Biomaterials should simultaneously satisfy many requirements and pos-
sess properties such as non-toxicity, corrosion resistance, thermal conductivity, strength,
fatigue durability, biocompatibility and sometimes aesthetics. However, a single composition
with a uniform structure may not satisfy all such requirements. Therefore, materials scientists
increasingly aim to engineer materials that are more damage-resistant than their conventional
homogeneous counterparts. This is particularly important at surfaces or at interfaces between
dissimilar materials, where contact failure commonly occurs.

Learning from nature, natural biomaterials often possess the structure of functionally graded
materials (FGMs) which enables them to satisfy these requirements. Many engineered mate-
rials are graded in some manner, but FGMs are often characterized by a gradient purpose-
fully formed using compositional or microstructural design. FGMs provide the structure with
which synthetic biomaterials should essentially be formed.

Bioinspired functionally graded approach is an innovative material technology, which has
rapidly progressed both in terms of materials processing and computational modeling in
recent years [4]. Bioinspired functionally graded structure allows the integration of dissimilar
materials without formation of severe internal stresses and combines diverse materials prop-
erties into a single material system. The graded structure eliminates the sharp interface result-
ing from traditional core-veneer fabrication, thus, eliminating the potential for delamination
between layers. Reduced stress concentration at the intersection between an interface and a
free surface is another advantage of this graded transition. Likewise, the local driving force
for crack growth across an interface can be increased or decreased by altering the gradients in
elastic and plastic properties across the interface [5, 6].

Many applications of this innovative technology are found in medical and dental fields [7-15].
Thus, this chapter book will review the current status of the functionally graded dental pros-
theses and biomimetic process inspired by the human bone, enamel and dentin-enamel junc-
tion (DE]J) structures and the linear gradation in Young’s modulus of the human bone, enamel
and DE], as a new material design approach, to improve the performance compared to tradi-
tional dental prostheses.

2. Dental implant

2.1. Overview

Dental implants are an effective treatment to replace the root part of the missing natural tooth
[16], in order to restore patients’ appearance, speech and health [17]. They are completely
placed into the jaw bone and give support to a dental prosthesis [18].

During the last 10 years, dental implants had received an increasingly growing interest and
focus worldwide. They are used to treat about one million individual per year around the



Functional Biomimetic Dental Restoration
http://dx.doi.org/10.5772/intechopen.69534

globe [19]. Complete restoration of dentition, rise in the mean age of population, higher num-
ber of elderly individuals in population along with increased public awareness are all causes
for the increasing demand for dental implants [19].

Basically, implants should be fabricated from biomaterials congruous with the human body
environmental conditions. Titanium and its alloys have been reported as the materials of
choice for most dental implants because of their inertness, biocompatibility and distinguished
mechanical properties [20]. However, the Young’s modulus of titanium alloys is higher than
that of mineralized tissues. Moreover, the dense structure of titanium for biomedical implants
can result in a divergence among the titanium implant Young’s modulus (110 GPa) and that of
human cortical (17-20 GPa) and cancellous bones (about 4 GPa) [21, 22].

The increased stiffness of titanium implants causes stress shielding with improper loading
of the underlying bone tissue [23]. Human bone is a dynamic vital tissue that undergoes con-
tinuous modifications by bone-forming and bone-eating cells in response to applied external
signals. This results in a reduced mechanical loading of bone which in turn leads to bone
resorption, implant loosening and ultimate failure which has been a problem for implants
in the past [9]. Overloading, on the other hand, also creates high stresses in local regions
of bone which can also stimulate resorption [24]. For that reason, many trials have been
performed to improve the mechanical properties of different biomaterials to be compatible
with those of bone tissue. Most of these efforts have directed to develop certain significant
interaction features at the implant surface and bone tissue interface. Recent developments in
dental implant designs, and bone tissue engineering scaffolds, have all added to manufactur-
ing novel porous titanium structures, and these fields utilize and benefit from each other’s
technologies.

Other issue is configuration of implant that represents an essential factor in bone-implant
interface and can promote the process of osseointegration. For promotion of dental implant
stability, various implant surface adjustments have been suggested to adapt the proper-
ties of dental implants [25]. Modifying the implant surface can upgrade the interaction of
implant to bone; however, there is not always a clear explanation for the mechanism of
interface improvement. For example, a morphological modification, such as roughening
the implant surface, can also create alterations in the chemistry of dental implant surface
[26]. Sand blasting with stiff particles such as alumina, TiO, and ceramic has also been
proposed to roughen dental implant surface [19]. Chemical modification, such as plasma
spraying with different powder particles such as titanium oxide, calcium phosphate and
hydroxyapatite, has been used to coat dental implants surface [27]. In spite of being very
successful, there are number of disadvantages related to the previous procedures; the bulk
structure is still high-density titanium, the coating materials can dissolve away over a long
period of time. Furthermore, coating particles that break away from the surface spray layer
could have a negative biological effect on the adjacent tissue such as peri-implantitis [27].
Thus, various alternative approaches have been employed to overcome these shortcomings
of coating materials by producing porous biomaterials as an alternative for the classical
solid structure. Cellular structures can create a suitable biological environment for the
host tissues to grow into these porous designs [28], establishing improved early implant
stability. However, this technology is an expensive which may not be affordable to many
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individuals seeking dental implant treatments and, therefore, methods of providing a
porous structure in titanium or a titanium alloy is of strong interest to the dental implant
community [29].

2.2. Dental implant based on functionally graded concept

Presence of a porous surface or rough surface with macroscopic grooves and threads is one
of the basic requirements of dental implants to establish a primarily mechanical stabiliza-
tion between implants and bone tissues [30]. In addition, adequate support should be pres-
ent mechanically between the radicular part of dental implant and its superstructure coronal
part. This should be accomplished by forming a solid inner core and porous outer shell as a
replacement to a completely porous structure [30]. A problematic issue is that high magnitude
of stress could form at the implant shell and core junction area where the mechanical proper-
ties alter quickly [31]. Consequently, the bond between the implant covering layer and its core
is weakened. Cook et al. [32] have suggested a post-sintering heat treatment in order to reduce
the aforementioned problem that is related to residual accumulated stresses. This method
showed an improvement in the fatigue strength of titanium alloy by about 15%. However,
the concept of designing and manufacturing functionally graded structures can be useful to
prevent stress concentrations between the interface layers where the elastic modulus changes
suddenly [33].

Development of implants based on biocompatible FGMs for various applications in medi-
cal and dental fields has been emphasized [7-15]. FGM permits the integration of different
materials without creating severe internal stresses and combines various unlike properties
into a single material system (Figure 1). Materials in nature, such as bones and teeth, are the
source to the development of FGM concept with its origin in regard to their sophisticated

Figure 1. FGM dental implant with graded material composition.
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properties [34, 35]. For example, bone design which gradually changes from a dense, stiff
external structure (the cortical bone) to a porous internal one (the cancellous bone) reflects
the idea that functional gradation has been utilized by biological adaptation [34]. This
unique bony structure demonstrates biologic revolution and enhances the material’s reac-
tion to extrinsic loads. Thereby, improved structure for a synthetic implant must exhibit
alike gradation. A similar trend has been noticed in the development of functionally graded
dental implants with the suggestion of placing surface layer coatings, adding porosity gra-
dients and composite materials formed basically of metal and ceramics (e.g. hydroxyapa-
tite), which ought to promote implant performance with regard to stress distribution and
biocompatibility issues [36, 37].

Hydroxyapatite/titanium FGM, based on the criterion of minimum residual thermal stress,
was optimally designed and fabricated by Chu et al. [38]. Due to the gradual increase of the
thermal expansion coefficient from the substrate to the coating outer layer, the titanium com-
ponent enhanced the mechanical properties of the coating and also assisted in decreasing the
residual stresses in the final coating. Additionally, Khor et al. [39] produced hydroxyapatite-
titanium functionally graded coatings which result in improvements related to microstructure,
density, porosity, micro-hardness, and Young’s modulus. Hedia and Mahmoud [7] utilize the
finite element method (FEM) to optimize the hydroxyapatite/titanium functionally graded
dental implant, based on the criterion of minimum von Mises’ stress. Improved analysis by
including this effect in another numerical investigation was later made by Hedjia [8]. Yang and
Xiang [12] used FEM to study the biomechanical behavior of a threaded functionally graded
biomaterials dental implant/surrounding bone system under both static and harmonic occlu-
sal forces. They found that functionally graded biomaterials dental implant effectively dimin-
ishes the stress difference at the implant-bone interfaces where maximum stresses occur.
Furthermore, Wang et al. [11] investigated the thermal-mechanical performance of hydroxy-
apatite/titanium functionally graded dental implants with the FEM. They concluded that the
functionally graded implants with different hydroxyapatite fraction perform almost equally
well, while the titanium yields much higher von Mises’ stress. Functionally graded coatings
containing hydroxyapatite and glass also were prepared by Yamada et al. [40].The concentra-
tion of glass increased from the innermost to the outermost. The glass phase was noticed to
improve adhesion of the coating to the titanium substrate.

The concept of creation of functionally graded structures in porous materials by changing the
structure of the lattice has also been investigated [41]. Tolochko et al. [30] used Laser-forming
techniques with continuous wave and pulsed lasers to produce dental implants from Ti pow-
ders with two different zones. They made a compact core and irregular porous shell by incor-
porating selective laser sintering (SLS) for the porous surface and selective laser melting (SLM)
for the solid core. Microscopical examination showed that the average pore size was 100-200
um and the porosity 40-45%. Traini et al. [42] used a laser metal sintering technique to con-
struct Ti alloy dental implant incorporating a gradient of porosity, from the inner core to the
outer surface. The functionally graded materials were proven to give better approximate to the
elastic properties of the bone (Figure 2). Mangano et al. [43] used direct laser fabrication that
has potential to produce dental implants with irregular and narrow intercommunicating crev-
ices and shallow depressions using Ti alloy powder. However, they noticed a residue of metal
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Figure 2. FGM implant with porous Ti alloy.

particles on the implant surface under stereo-scanning electron microscopy. As a result, they
proposed acid etching procedure as a treatment to remove the surface adherent particles [43].

Murr et al. [44] used electron beam melting to produce Ti-6Al-4V open cellular foams with
different cell wall structures (solid and hollow). The elastic moduli were decreased with
increased porosity as widely known for porous metals of all types. On the other hand, the
micro indentation hardness of the hollow cell wall structure was higher than that of the
solid cell wall. Long term stability and mechanical properties of two types of porous dental
implants were investigated under both dynamic and static circumstances [23]. Implants were
coated by porous layers made from ammonium hydrogen-carbonate (NH,) HCO, as space
holder particles. Then testing these coated implant samples was performed in fatigue and
finite element analysis was used to predict their fatigue behavior. It was determined that the
melting process of the electron beam has the potential to process Ti-6Al-4V implants with
wide range of pore geometry [45]. The compressive properties of porous implants varied with
pore structure and can resemble those of human bone [46]. To improve the surface wear resis-
tance of the titanium structures, Laoui et al. applied laser gas nitriding using a CW Nd:YAG
laser, and consequently, the coating layer withstand more cycles without fracture [46].

Nomura et al. [47] recommended the vacuum infiltration technique with sintering to generate
porous titanium/hydroxyapatite composites. The elastic modulus was rated utilizing the poros-
ity percentage and then tailored to be in the scale of bone tissue (given by 24-34% porosity).
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Porosity can be specified by adjusting and controlling the applied temperature and pressure in
a hot-pressing stage. Likewise, Hanks” buffered salt solution was applied to reduce the elastic
modulus of the sintered porous titanium/hydroxyapatite composites. The bone implant contact
and removal torque of dental implants with a porous layer produced by laser sintering were
measured and compared with sandblasted-acid etched implant (i.e., those with a rough, but
not porous, surface) [48]. It was decided that resultant porous dental implants fabricated by the
sintering process are better in terms of biocompatibility and biomechanical properties.

Basically, adequate combination of both mechanical properties and biocompatibility consti-
tute important factors in the application of any biomaterial within the medical or dental field.
Surface characteristics govern the material biocompatibility, while its mechanical strength is
determined by the average mechanical strength of the materials. According to Chenglin et
al. [49] and Lim et al. [50], the combinations of hydroxyapatite and Ti-6Al-4V can results in
an excellent functionally graded material. Although the surface layer is essentially hydroxy-
apatite, the resultant functionally graded material exhibits excellent properties with regards
to biocompatibility and bone-bonding ability or dental-bonding ability. Superior mechanical
strength in the functionally graded material is accomplished by Ti-6Al-4V phase. Yokoyama
et al. [51] analyzed the biocompatibility and mechanical properties of hydroxyapatite/tita-
nium functionally graded implant synthesized by spark sintering technique and found that
much enhancement was accomplished by this technique. Miyao et al. [52] manufactured tita-
nium/hydroxyapatite functionally graded material utilizing spark plasma sintering method,
and both biocompatibility and mechanical properties as an implant were investigated. They
reported that the titanium/hydroxyapatite functionally graded material implants made by the
spark plasma sintering method showed strength, excellent biocompatibility, and controllabil-
ity for graded bioreaction. Watari et al. [53] fabricated the hydroxyapatite/titanium function-
ally graded dental implant and tested its biocompatibility in Wistar strain rat. They noticed
that hydroxyapatite/titanium functionally graded dental implant had better biocompatibility
than titanium implant. Foppiano et al. [54] evaluated in vitro the biocompatibility of func-
tionally graded bioactive coating of novel glasses utilizing mouse osteoblast-like cells. Their
results exhibited that functionally graded bioactive coating performed at least as well as tissue
culture polystyrene and Ti-6Al-4V alloy in the performed biocompatibility tests. Also, func-
tionally graded bioactive coating may influence gene expression favorably promoting osseoin-
tegration. Animal implantation tests have exhibited that the coexistence of the hydroxyapatite
component in both titanium/hydroxyapatite implants and bone accelerates new bone forma-
tion from earlier stage without inflammation [55]. Hedia [9] introduced the optimal design
of functionally graded material dental implant in the form of thin layer of cancellous bone
around the implant. When compared with conventional titanium implants, stresses concen-
tration in the cortical bone, cancellous bone, and implant were shown to be reduced with
the optimal design of collagen/hydroxyapatite functionally graded material implant. In terms
of biocompatibility and controllability, collagen/hydroxyapatite functionally graded material
was excellent. Hedia claimed that the use of functionally graded material concept in dental
implant materials achieve full integration of the implant with living bone, thus increasing the
life span of implant. The computational results showed that the use of a functionally graded
implant effectively reduces the stress difference at the implant-bone interfaces where the maxi-
mum stresses occurred.
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2.3. Biomimetic process and biological interaction

Different biomimetic strategies were established to manufacture new materials, which are
thought to promote the levels of biological and mechanical performance of biomaterials [56, 57].

A number of researchers utilized bovine and human sera in vitro to investigate protein
adsorption on biomaterials [58, 59]. The observed reactions on the biomaterials surface which
is in contact with these protein-containing solutions have also been studied using Dulbecco’s
Modified Eagle’s minimum essential medium supplemented with 10% Nu-Serum [60], which
includes growth factors, hormones and vitamins within their composition. Immersion in cell-
containing solutions is a step further regarding in vitro method to mimic the real condition of
biomaterials immersed into body fluids.

Most dental implant materials aim to support cell attachment by conferring a suitable an
area for cell adhesion [61]. Mangano et al. seeded human dental pulp stem cells on direct
laser metal sintered titanium scaffolds and acid etched surfaces. They observed that gene
expression and protein secretion were faster on laser sintered scaffolds [62]. Cheng et al. pro-
posed using a template from human trabecular bone to produce porous Ti-6Al-4V materials
using particularly laser sintering method as additive manufacturing technology. Different
porosities (low, medium and high) ranging from 15-70% with interconnected structure were
manufactured to produce structures that simulated the human body trabecular bone. After
certain surface treatment with calcium phosphate particles and acid etching, the trabecular
bone structure revealed micro and nanoscale porosities which were able to boost osteoblast
cell differentiation. Therefore, well-suited devices for dental and orthopedic implants can be
produced using the potential of this trabecular structure [18].

Incorporation of a modified sponge replication method and anodization process represents
another trial to promote the mechanical and biological properties of porous titanium struc-
tures as well. Titanium scaffolds with elongated pores were produced by coating a stretched
polymeric sponge template with TiH,. The anodization of the titanium can produce a nano-
porous surface that can stimulate osteoblast cell proliferation and enhance attachment on
implant surfaces [23]. Pore geometry has probably a potential strong effect on cell attach-
ment and matrix formation [63]. However, different pore geometries within a single material
and manufacturing process are rarely investigated by researchers. Recently, Markhoff et al.
[64] evaluated the viability and proliferation of human osteoblast cells in porous Ti-6Al-4V
using various scaffold designs and cultivation methods. They applied additive manufactur-
ing technology to produce different pore geometries (cubic, diagonal, pyramidal), using both
static and dynamic culture techniques which interestingly showed no significant differences
in their results, however, the pyramidal pore design with a 400-620 pum pore size and 75%
porosity showed the best results in regard to cell activity and its migration.

Crucial steps in the discovery of novel implant materials and structures include many in vitro
studies. However, various inherent limitations are present in relation to the use of differ-
ent cell culture methods to estimate the long-term service of an implant. Such limitations
involve the lack of a three-dimensional environment that properly simulate both chemical
and mechanical bone properties, the absence of exerted mechanical loads at the bone-implant
interface after implantation procedure, the lack of proteins intricate matrix and different types
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of bone cells that are present at the bone-implant interface in vivo and the difficulty of pre-
serving the culture for long time periods. Despite the researchers’ efforts to improve the dif-
ferent in vitro studies using 3D environments and bioreactors, the in vivo studies represent
the source to the current information regarding long-term implant stability.

Designing titanium dental implants with intertwined pores and irregular crevices using a laser
sintering process was performed by Mangano et al in vivo studies [65] which showed 95% suc-
cess rate on clinical observation after 1 year postoperatively. On the other hand, histological
evaluations made by Shibli et al. who measured human bone tissue response to three types
of dental implants: direct laser fabrication, sand-blasted acid-etched and machined commer-
cially pure titanium under unloaded circumstances. Their results revealed that eight weeks
post implant insertion, the bone-implant contact produced by the direct laser and sandblasted
acid-etched processes was not significantly different but was higher than that of the machined
implant, and there were no significant differences between the three types. These findings are
explained and attributed to the surface roughness that was produced in both laser and sand-
blasting techniques, which improved the osseointegration process [66]. Another study using
male Sprague-Dawley rats indicated that the biological fixation was affected by the percentage
of titanium implants porosity (25, 11, 3%). Examinations after sixteen weeks showed that cal-
cium ions concentration increased proportionally with increased percentage of porosity [67].
Laoui et al. inserted a Ti implant into a dog’s lower jaw and their result showed a clear bone
growth into the porous structure within the porous surface layer with no observed inflamma-
tion at the interface [46]. Tolochko et al. [30] inserted a prototype porous dental implant into
the lower jaw of a cadaver which demonstrated a firm integration of the implant into the alveo-
lar ridge of the lower jaw with a maximum gap width of 200-300 pm at the bone-implant inter-
face. Another trial was made to decrease the required healing time for the dental implant and
bone by covering a titanium dental implant with a layer of TiO, nanotubes, which was tested
in a rat femur. Various diameter sizes of these nanotubes were used (30, 50, 70, and 100 nm),
with the highest removal torque and osseointegration rate seen in the 30 nm implants after two
weeks while the 70 nm implants exhibited the highest value after six weeks for both tests [23].

3. Dental restorations

The dental restorations categorize as dental post and crown.

3.1. Dental post
3.1.1. Overview

The primary role of teeth in the oral cavity is to serve as a mechanical device for mastication.
Restoration of endodontically treated tooth presents a great challenge in everyday practice of
dental clinicians. Despite the numerous developments in materials and techniques, patients’
demand for improved aesthetics, function and longevity of such restoration drives research-
ers and practitioners to make further developments. This challenge is even greater in cases
where there is massive tooth damage due to caries or trauma. This is explained by less frac-
ture resistance of damaged tooth due to reduction in the number of cross-linked collagen
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fibers and loss of moisture within the tooth [68]. In such cases, there is often a need to com-
pensate for the lack of tooth substance by additional restoration, which is achieved by placing
a post in the root canal and core build up [69].

The main role of a post is to provide retention of the core of an endodontically treated tooth.
When an occlusal force is applied coronally, the force is transferred to dentine through the
core and post system. In such cases, stress tends to be concentrated at the coronal and apical
regions (Figure 3). Stress concentrations at the coronal region of the root are likely to be due
to the increased flexure of the compromised root structure, while stress concentrations at the
apical region (Figure 4) are generally due to the root canal taper and post characteristics [70].
The regions of high stress concentration were also observed at the apical termination of the
post [71]. In such cases, stress concentration which occurred at the apical end, could initiate
a root fracture. This phenomenon is dependent on post geometry, material choice of the post
and the adhesion between post and dentine. Considerable controversy exists with regards to
the ideal choice of material and design of post and core.

Furthermore, as enamel and dentine reveal slightly mismatch coefficient of thermal expan-
sion, thermal loads may even generate stresses in intact sound tooth [72].This problem is
increased if the tooth is restored with various restorative materials. The effect of thermal
stimuli may be further amplified during mastication as functional load could create tensile
stresses on the buccal side of the teeth and compressive stresses on the lingual side.

Endodontically treated teeth are at higher risk of biomechanical failure than vital teeth [73].
The placement of a dental post creates an unnatural restored structure since it fills the root
canal space with a material that has a defined stiffness unlike the pulp. Hence it is difficult to
recreate the original stress distribution within the tooth in order to avoid fractures. Therefore,
post systems must be carefully selected to reduce the incidence of root fractures and to pre-
serve the root if failure occurs. Generally, there are significant mismatch between material
properties of these types of posts, e.g. stiffness, and surrounding dental tissues resulting in
the poor stress distribution and root fracture.

A widely discussed issue in the literature up to date is the most appropriate material for posts
construction [74]. Flexible material that has a flexible dentine-like quality with a low Young's
modulus, such as fiber-reinforced composite posts is the most highly recommended material
for reducing the risk of root fracture [75, 76]. However, de-bonding of the post and movement
of the core can occur due to stress concentrations focused at the post-dentine interface, which
consequently results in microleakage [77]. On the other hand, rigid posts require minimal
tooth preparation due to their smaller diameters but this may lead to root fracture [78, 79].
For the previous reasons, dental practitioners are left with two options: either continuing to
use posts with a high modulus, which could lead to an irreparable failure or choosing low
modulus posts that can result in a reparable failure [74].

3.1.2. Dental post based on functionally graded concept

Needless to say, dental post should be high modulus of elasticity at coronal part which is
approximately similar to the crown/s and bridge abutment/s and it gradually reduced towards
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Figure 3. Schematic diagram obtained from FEM analysis showing the typical distribution of (A) shear and (B) tensile,
compressive and von Mises stresses in a post and core restored teeth..

the apical part of the tooth (Figure 5). Ramakrishna et al. [80] suggested that ideal dental post
should be stiff at the coronal region, i.e. in the region of the core, so that the core is not stressed
excessively when occlusal force is applied to the crown and its stiffness should be reduced
apically. The high stiffness eradicates the stress from the core and the gradual reduction of
stiffness along the post would dissipate the stress from the post to the dentine uniformly. The
gradual dissipation of stress would also help to eliminate local stress concentration areas and
reduce the interfacial shear stress growth.

The problem of materials’ properties mismatch can possibly be solved by compositional gra-
dient of multilayer materials achieved in FGMs. Drake et al. The power distribution law
was utilized to prove that significant stress and plastic strain reduction can be accomplished
through increasing the ceramic materials thickness gradient and tailoring the exponent to
create a compositional change gradient close to the parts showing high modulus and little
plasticity [81].
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Figure 4. Stress concentration due to commercial dental post.

Matsuo et al. [82] fabricated functionally graded dental post (FGDP) using laser lithography,
one of the photo-curing type computer-aided design/computer-aided manufacturing (CAD/
CAM). The elastic modulus of the post could be changed longitudinally at its apical end by
decreasing the filler content of ceramic powders from 64 to 0% in polymer matrix. They used
FEM and showed that stress was reduced further by 30% in functionally graded dental post
compared with the uniform one. Fujihara et al. [83] fabricated functionally graded dental post
and analyzed the stress distribution by FEA. They showed that the peak tensile and shear
stresses for a functionally graded dental post were less than that of stainless steel post. They
suggested that the modulus of elasticity of post material should be as close as possible to the
modulus of elasticity of dentine and crown at the apical part and the coronal part respectively,
in order to minimize the chance of interfacial debonding. Lately, Abu Kasim et al. [84] patented
three types of multilayered composite materials that were produced using powders of zirconia
(ZrQ,), alumina (ALQ,), hydroxyapatite (HA), and titanium (Ti) to develop newly designed
functionally graded dental post. The stress distribution of a newly constructed functionally
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Figure 5. Uniform stress distribution due to functionally graded dental post [15].

graded dental post that is comprised of multiple layer design of ZrO,-Ti-HA was studied in
Ref. [85]. The results were evaluated in comparison to those of posts constructed from a single
homogeneous material such as titanium and zirconia. In terms of stress distribution, it was
concluded that the new multilayered dental post showed better results and advantages in com-
parison to homogenous posts with a better stress distribution at the post-dentine interface of
functionally graded dental post (FGDP). Therefore, it is important to ascertain the thermal
behavior of FGDP in order predict their performance in the oral environment. Madfa et al. [86]
examined thermal stress in endodontically treated teeth restored with FGDP under cold and
hot conditions using finite element analysis. They found that the magnitude of thermal stresses
at the post and surrounding structures interface were greater in the zirconia and titanium
posts especially at the middle third of the posts. In this study, thermal analysis showed that
thermal stress level is closely related to the amount of temperature gradient. The peak stress
by thermal stimuli for the zirconia and titanium posts are approximately three times higher



158

Insights into Various Aspects of Oral Health

than FGSP. This is due to that the FGDP possibly improved the heat flow into dentine because
of the gradual change in thermal conductivity. Madfa [15] also investigated the shear stress
distribution of a newly designed functionally graded dental post which consisted of multilayer
design of ZrO,-Ti-HA and was compared to posts fabricated from homogeneous material such
as titanium and zirconia. They reported that shear stress of FGDP at posts and surrounding
structures was lower than titanium and zirconia posts when tooth loaded obliquely. It was
observed that the peak shear stress for the FGSP reduced approximately three times of those
for titanium and zirconia posts. Moreover, Madfa [15] analyzed the strain distribution pattern
in the natural tooth and endodontically treated teeth restored within either FGDP or titanium
and zirconia posts. Strain mainly occurred at the coronal third of the root and gradually dimin-
ished towards the apical third. This strain may result from the increased displacement of the
alveolar bone in the cervical region, relieving the apical third from any undue strain. The same
authors found that FGDP and natural tooth models distributed strain uniformly in the tooth
structure, the strain found to concentrate at the coronal third of the root, where the cemento-
enamel junction (CEJ) creates a physiological discontinuity of the mechanical properties of
natural tissue.

Furthermore, Madfa et al. [87] compared the fracture resistance and failure modes of end-
odontically treated bovine teeth restored with FGDP prototype, prefabricated titanium and
cast posts. Their results found that there was no significant difference in the mean fracture
resistance (N) for endodontically treated teeth restored with FGDP, titanium and cast posts.
Surprisingly, the failure mode evaluation results exhibited significant differences between
the groups. Most typically, fracture of the sample in all groups occurred initially at the crown
margin on the palatal side where loading was applied. The fracture line then progressed
towards the buccal surface of the root, above, below or at the simulated bone level. If the frac-
ture terminates above or at the simulated bone level, this fracture mode was considered to be

FGSP

Catastrophic Non repakrable
fracture .

Figure 6. Relationship between failure mode and the finite element analysis [15].
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repairable. The FGDP and the endodontically treated teeth without post showed more repair-
able failures compared to titanium and cast posts. The stress were concentrated at middle and
apical thirds for endodontically treated teeth restored with titanium and cast posts compared
to FGSPs and endodontically treated teeth without posts [15] as shown in Figure 6.

3.2. Dental crown
3.2.1. Overview

Ceramic dental restorations are designed to restore both function and esthetics of the compro-
mised teeth. However, these materials showed somewhat poor flexural strength, particularly
when exposed to fatigue loading in wet environments [88-90]. Consequently, this can result in
severe discomfort to patients and can reduce the durability for ceramic prostheses due to their
flexural fracture [91-93]. Furthermore, in metal-ceramic restorations, there are mismatches in
the mechanical properties between the veneering porcelain and underlying metal core. The
Young’'s modulus of the veneering porcelain is 60-80 GPa, while that of the metal core is in the
range of 80-230 GPa [94]. Moreover, there are mismatches in the thermal properties between
the veneering porcelain and metal core, where thermal expansion coefficient for metal core
is usually higher than that of veneering porcelain (Figure 7). These significant mismatches
between both materials properties result in stresses concentration at the metal-ceramic inter-
faces which may cause interface cracking and consequently lead to restoration failure [95, 96].

In spite of the continuous improvement in dental prostheses such as using a strong zirconia
or alumina core to support the esthetic porcelain veneer, ceramic prostheses are still sus-
ceptible to failure at a rate of about 1-3% each year [97]. Also, ceramics prostheses have a
dense, high purity crystalline structure at the cementation surface that cannot be adhesively
bonded to tooth dentin support [98]. Although some authors recommended particles abra-
sion as surface roughening treatment to improve the bond of ceramic-resin-based cements
utilizing mechanical interlocking, particles abrasion further causes surface defects or micro-
cracks which could result in deterioration of flexural strength of ceramic prostheses on the
long-term service [99-105]. Furthermore, the white opaque appearance of the zirconia cores

cﬂﬂfﬁr‘fﬂﬂ:‘lﬁ“ PFM RESTORATION WITHA
STORA COMPOSITE INTERLAYER
SHARP TRANSTION SMOOTH TRANSITION

Figure 7. Schematic of the conventional sharp restoration and the new graded approach.

159



160

Insights into Various Aspects of Oral Health

necessitates placing a thick layer of porcelain veneer with stepwise change in translucency to
cover zirconia core thereby achieving better esthetic results [106]. In addition, dental crowns
generate over $2 billion in revenues each year, with 20% of crowns being all ceramic units.
Aging populations will drive the demand for all types of dental restorations even higher
[107]. Moreover, occlusal contacts induce deformation and cracking of dental crowns leading
to structure failure [108].

For the above reasons, it is highly advisable to develop ceramic prostheses that are more resis-
tant to cracking under occlusal contact in recent decade for long term service and success [109,
110]. Composite ceramics have been designed in an effort to improve strength and toughness
while enhancing functionality. For many years, simple laminate materials have been devel-
oped, where a number of materials with different properties are bonded into a layered struc-
ture [111]. Even though these composites combine varying properties, the abrupt interfaces
between the two materials often reserve residual stresses [10, 112] and perhaps delaminate
under load [113].

3.2.2. Dental crown based on functionally graded concept

Natural teeth are composed of layered structures, dentin and enamel, that are bonded by a func-
tionally graded dentin-enamel junction (DEJ) layer that is about 10-100 micrometers thick [114,
115]. The DE] acts as a bridge between the hard brittle enamel (E~70 GPa) and the softer durable
dentin layer (E~20 GPa), allowing a smooth Young modulus transition between the two struc-
tures [115] as shown in Figure 8. He and Swain [35] investigated the nanoindentation mechanical
behavior of the inner and outer regions of human enamel. They reported that inner enamel has
lower stiffness and hardness but higher creep and stress redistribution abilities than their outer
counterpart. They attributed this observation to the gradual compositional change throughout
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Figure 8. Elastic modulus distribution in natural DE] [10].
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the enamel from the outer region near the occlusal surface to the inner region near DE]. They
suggested that enamel can be regarded as a functionally graded natural bio-composite.

Inspired by the microstructure and mechanical properties of natural teeth, synthetic function-
ally graded materials were proposed to mimic the DE]. Recently, functionally graded dental
prostheses inspired by the DEJ structures and the linear gradation in Young’s modulus of the
DE]J have been recommended, as an alternative technique, aiming to enhance the overall per-
formance of metal-ceramic and all-ceramic dental restorative systems. This technique permits
the production of a material with very different characteristics within the same material at
various interfaces [4].

Francis et al. [115] introduced a procedure to create a DE]J-like interface and enamel coating
involved depositing slurries of oxide or glass powder by a draw-down blade method, drying
at then higher temperature heating. They used alumina-glass or alumina-polymer composite
to mimic the dentin and a calcium phosphate-based coating to mimic the enamel. Bonding
between the two materials was accomplished by a eutectic melt in the CaO-AlLO,-5i0, system.
The interpenetration in this DE]J-like interface originates from a solidified melt phase pen-
etrating into the dentin. Huang et al. [10] added a FGM layer forming an enamel-like dental
ceramic layer. FE simulations of the structure showed that the addition of FGM adhesive
layer could significantly reduce the stress concentrations in the sub-surface of ceramic. This
increases the resistance of the structure to radial cracking. This suggests the possibility of
building synthetic bio-inspired functionally graded dental multilayers that have comparable
or better durability than those of natural teeth. Consequently, also showed similar reductions
in stress concentrations in simulations using a bio-inspired functionally graded material layer
have been shown also by Niu et al. [14]. Their experimental study demonstrated the process-
ing of such functionally graded multi-layers and the increased critical loads in dental multi-
layer structures with FGM structures.

Rahbar and Soboyejo [13] used computational and experimental effort to develop crack-resis-
tant multilayered crowns that are inspired by the functionally graded DE] structure. The
calculated stress distributions revealed that the highest stress was concentrated at the ceramic
outer layer of crown which then was reduced significantly toward the DEJ with the use of
bioinspired functionally graded architecture. In addition, promotion of improvements in the
critical crack size was reported because of these bioinspired functionally graded layers. Du
et al. [116] also found that the bioinspired functionally graded layers were also shown to
promote improvements in the critical crack size. Suresh [117] established that controlled gra-
dients in mechanical properties offer unprecedented opportunities for the design of surfaces
with resistance to contact deformation and damage that cannot be realized in conventional
homogeneous materials.

Graded dental crowns have been shown to display improved features relative to conven-
tional ones, namely higher resistance to contact and sliding [118, 119]; higher adhesion of
porcelain to the substructure (metal or ceramic) [120-122]; improved esthetical properties
and improved behavior under fatigue conditions [122]. FGM design can address another
important point related to diminishing the thermal residual stresses which persist at the
metal-ceramic interface after firing of porcelain throughout its cooling cycles. Such stresses
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are additionally exaggerated due to the presence of a prominent mismatch between the
metal and porcelain thermal expansion behavior. Basing on the remnant thermal residual
stress level in the crown and along with those originating from occlusal functional loads,
a disastrous restoration failure can follow. It was revealed that FGMs reduce dramatically
the remnants of thermal stresses raised at the metals and ceramics interface in other fields
of applications [123]. Some studies demonstrated that when the contact surface of alumina
or silicon nitride was infiltrated with aluminosilicate or oxynitride glass, respectively, they
noticed that the graded glass/ceramic surfaces produced in this manner offered much bet-
ter resistance to contact damage with and without a sliding action than either constituent
ceramic or glass [124, 125].

A number of the studies investigated the effects of increasing elasticity as a function of depth
from the surface on the resistance to contact damage. They established that mass fracture and
failure of veneer may be considerably diminished by specific gradual inclination of the modu-
lus of elasticity through the veneer material thickness. These graded layers show a noticeable
increased resistance to fatigue sliding-contact and flexural damage regarding veneered and
monolithic core ceramics. This is due to the reduction of the tensile stresses intensity as a
result of this gradient and, at the same time, transfers these stresses from the surface layer
toward the interior, away from the source of failure-inducing surface defects [126-133] as
shown in Figure 9.
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Figure 9. Morphology of the graded zone. (A) Schematic of graded structure, (B) Section view of graded zone of glass-
infiltrated yttria stabilized zirconia [126].
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4. Conclusions and future perspectives

The development and selection of biocompatible, long-lasting, direct-filling tooth restor-
atives and indirectly prosthetic materials capable of withstand the aggressive environment
of the oral cavity, have been a challenge for practitioners of dentistry since the beginning
of dental practice. In order to replace the mechanical function of tooth from a restorative
perspective, it is not only important to study its localized tissue properties but also its bulk
structural behavior. Therefore, this chapter highlights functionally graded dental implant
and restorations inspired from nature. The bioinspired functionally graded structure can be
seen as the precursor to recent studies. This is a remarkable example of nature’s ability to
engineer functionally graded dental prostheses. These dental prostheses mimic the biological
and mechanical behavior of natural bone and tooth. These prostheses could potentially lead
to superior long-term clinical performance for dental prostheses.

Work in this area is promising and provides a basis for exciting improvements in dental implant
and restorations for patients. However, the body of research to date has still not clearly identi-
fied the optimal graduation for the most effective biomechanical and biological properties and
their behaviors. Therefore, further studies are necessary to evaluate the potential of advanced
manufacturing methods to optimize the graduation structure of dental prostheses. The present
chapter opens a new avenue for recent researches aimed at further development of new direct
filling tooth restoratives and indirect prosthetic materials for improving their clinical durability.
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Abstract

New dental materials are often introduced into the market and especially in the current
practice, without a basic understanding of their clinical performance because long-term
controlled clinical trials are required, which are both time consuming and expensive.
Ceramic materials are known for their relatively high fracture resistance and improved
aesthetics, but brittleness remains a concern. The stressed areas of the materials are key
factors for the failure analysis, and numerical simulations may play an important role in
the understanding of the behavior of all-ceramic restorations. Simulation-based medicine
and the development of complex computer models of biological structures are becoming
ubiquitous for advancing biomedical engineering and clinical research. The studies have
to be focused on the analysis of all-ceramic restorations failures, investigating several
parameters involved in the tooth structure-restoration complex, in order to improve clin-
ical performances. The experiments have to be conducted and interpreted reported to the
brittle behavior of ceramic systems. Varied simulation methods are promising to assess
the biomechanical behavior of all-ceramic systems, and first principal stress criterion is
an alternative for ceramic materials investigations. The development of well-designed
experiments could be useful to help to predict the clinical behavior of these new all-
ceramic restorative techniques and materials.

Keywords: all-ceramic restorations, design parameters, simulation methods, stress,
biomechanical behavior
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1. Introduction

Ceramic materials and their technologies applied in dental field are in continuous develop-
ment, but the clinical performance of all-ceramic restorations has to be improved due to the
brittle nature of these materials.

As a consequence of brittle behavior, crack initiations and propagations in the materials can
result in compromise of the restorations during functions and will be reflected in a poor clinical
performance. In order to minimize clinical failures, restorations should be fabricated with con-
sideration of their constituent material properties. Ceramic materials are known for their rela-
tively high fracture resistance and improved aesthetics, but brittleness remains a concern [1]. The
stressed areas of the materials are key factors for the failure analysis, and numerical simulations
may play an important role in the understanding of the behavior of all-ceramic restorations.

New materials are often introduced into the market and especially in the current practice,
without a basic understanding of their clinical performance because long-term controlled
clinical trials are required, which are both time consuming and expensive. Simulation-based
medicine and the development of complex computer models of biological structures are
becoming ubiquitous for advancing biomedical engineering and clinical research [2—4].

In order to improve clinical performances of new all-ceramic restorations, studies have to be
focused on the analysis of their failures, investigating different parameters involved in the
tooth-restoration complex. Some of these parameters, like framework design, depend on the
manufacturing technique and can be easily modified, influencing the failure rates and frac-
ture modes of the restorations. How different designs may influence the fracture load and the
mode of fracture of all-ceramic restorations is a topic of interest.

Finite element analysis (FEA) is a simulation method, widely used to understand and predict
biomechanical phenomena in different areas of interest. Because modeling and simulation in
dental field are complex, they involve skilled developers. With the advances in modeling and
simulation, the clinical simulation becomes more real. FEA is a powerful and flexible compu-
tational tool to model dental structures and devices simulate the occlusal loading conditions
and predict the stress and strain distribution. Establishing guidelines for model development
and simulation, particularly for complex structures and different materials, pose a challenge
in the field of dental technology.

Further studies are required to assess the durability of such restorations by different experi-
mental methods before clinical use [5-7].

2. Digital design for all-ceramic crowns

The use of computer-aided design/computer-aided manufacturing (CAD/CAM) technology
has grown in the last 30 years with the development of data acquisition technologies and
computing technology. This led to improved quality restorations in terms of both resistance
and adaptation to preparation and accuracy of occlusal morphology.
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The evolution of these technologies has led to the widespread use of materials with superior
mechanical and esthetic properties, like zirconia ceramics, which has the advantage that it can
be used for almost any type of fixed prosthetic restoration.

It has been shown that resistance to fracture of ceramic restorations is not influenced only by
the mechanical properties of the used material but also by the design of the preparations and
the proper thickness of the restoration [8].

Traditionally, zirconia frameworks were fabricated at 0.5 mm thickness. Introduction of new
types of zirconia served to reduce their thickness to 0.3 mm, allowing more conservative prep-
arations [9]. Recommended finishing lines for these restorations are shoulder with rounded
internal angles and slight chamfer, as a minimally invasive preparation designs, acceptable
from both mechanical and periodontal reasons [8]. A point of interest is the effect of zirconia
copings design on the resistance to load in posterior area, in order to prevent “chipping.”
In current practice, the framework is obtained by milling even thickness copies, rather than
using a scientific-based design [2]. The main reason for zirconia restoration failures is veneer-
ing ceramic fracture and chipping. These are caused by an inappropriate framework design,
which cannot provide a proper support and thickness for porcelain veneer layer [10-12].

The following example suggests various designs for the framework of zirconia-ceramic molar
crowns [13]. For the experiments, a maxillary right first molar prepared for all-ceramic crown
was used. The tooth was prepared leaving a chamfer finishing line; with anatomical occlusal
reduction, a 6° occlusal convergence angle and the palatal surface of the functional cusp were
reduced in two planes.

The master die, the antagonist stone cast, and bite-registration were scanned using the Cercon
Eye scanner (Degudent, Hanau, Germany) (Figure 1).

Scanned data were computed, and frameworks for all-ceramic crowns were designed using
Cercon Art 3.2 software (Degudent, Hanau, Germany). Three different framework designs
were chosen: first, a 0.6-mm-thick framework was prepared, second, a cutback design was
prepared as same as that for metal-ceramic crowns, in order to obtain a uniform, adequate
thickness for the veneering porcelain, and third, a buccal reduction from the anatomic frame-
work, for esthetic purposes (Figures 2-4).

All steps indicated from the manufacturer have been completed for each type of framework
design. Cercon Art allows obtaining different designs for lateral single crowns frameworks
due to the continuous improvements of the software. Hence, the design of the framework and
the future veneer can be controlled.

Cercon Art soft allows also the possibility to scan the bite-registration and therefore an
improved digital design of the framework (Figures 5 and 6), concerning the control of the
veneer thickness in case of the cutback design and also of the contacts with the antagonists in
case of a buccal veneering.

In case of the uniform framework thickness, the veneer design can be also digitized and have
an overview of the finished restoration. Beginning from the final morphology of the restora-
tion, the cutback design provides a uniform thickness of the veneer and a digital control of the
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Figure 1. Scanned preparation, adjacent teeth, antagonists, and occlusion.

Figure 2. Uniform thickness of zirconia framework and digital control of the veneer design.
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Figure 3. Uniform thickness of veneering ceramic when the framework is obtained with cutback design.

Figure 4. Full anatomic contour of the zirconia framework, with buccal reduction of the veneer.
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Figure 5. Zirconia anatomical framework design.

Figure 6. Zirconia anatomical framework design after optimization of the contact points with the adjacent teeth and
antagonists.
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framework thickness. The vestibular veneer became possible also due bite registration, allow-
ing accurate and individualized modeling of the occlusal morphology. A facility of the soft is
to have diagnostic tools, regarding thicknesses and distances, which allow a better control of
the design (Figure 7).

Literature concerning the clinical performance of all-ceramic systems is inconclusive regard-
ing the relative performance of different materials and physical configurations. Proper studies
investigated modified designs and showed the benefits of additional porcelain support com-
pared with a standard design by improving the reliability of all-ceramic crown systems [14].
Clinical studies on zirconia fixed partial dentures with anatomic framework design showed
promising survival rates [15].

Improper framework designs cause an inadequate substrate for the veneering material
and also its inadequate thickness. The improvement of the framework design, by creating
an appropriate support, allows a proper thickness of the veneer proved to reduce the chip-
ping rates [16]. The cutback design of the zirconia framework for all-ceramic crowns is thus a
promising way to reduce veneer chipping failures [10].

The design of the substructure, especially the zirconia frameworks, provided different sup-
port of the veneering. Veneering porcelain with improved strength and fracture toughness
may be one aspect to reduce chipping effects, but only with the change in the design of the
supporting substructure, the number of chipping should be effectively reduced [17].

Figure 7. Diagnostic tools of the soft regarding thicknesses and distances.
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Various influencing factors have been reported, such as the support and thickness of the
veneer, the morphology of the circular finishing line, the adhesive forces between substruc-
ture and veneering, the mismatch of coefficients of thermal expansion, or the firing protocol
during the veneering process [17-20].

Optimization of the zirconia substructure design has been proven as a considerable factor in
reducing chipping failures, and coping modifications are still a topic of current investigations
[14, 21].

Experiments using finite element analysis may help to predict the fracture behavior of specific
material combinations, but failure types and patterns are notably influenced by clinical vari-
ables, such as an individual crown design with its occlusal variations, the patients chewing
behavior, and functioning in an oral environment [22, 23].

3. Simulation methods applied in all-ceramic bilayered crowns

For restoring teeth with single crowns, yttria-stabilized zirconia cores veneered with dental
porcelains are highly esthetic alternatives to conventional metal-ceramic crowns. Zirconia
ceramics can be processed only with computer-aided design/computer-aided manufacturing
technologies, and its properties were proven under in vitro and in vivo conditions over the
past years [24-27].

The application of full-contour zirconia restorations is currently discussed as alternative to
commonly veneered restorations [27-29].

By applying veneering materials, esthetically superior results can be achieved, but these
materials have mechanical properties inferior to those of the frameworks. Because the veneer-
ing glass ceramic is the weakest part in this system, clinically observed failures are mainly
restricted to the veneer layer [30].

Failure of all-ceramic dental restorations is predominately caused by cohesive fractures of the
glass ceramic veneering material [31].

Failure rates were reported due to this “chipping” called failure mode. Some investigations
showed an influence of the firing process of the glass ceramic veneering and the difference in
the coefficients of thermal expansion [32-34].

Another important factor influencing the chipping behavior of veneered zirconia restorations
is the framework design. An anatomical shape of the framework results in a low and nearly
constant veneering thickness. This design is considered to prevent chipping in contrast to a
thin framework with a thick and irregularly shaped veneering [35, 17].

Mechanical stresses that occur during mastication can also be strongly affected by the frame-
work design [36].

Laboratory tests such as finite element analysis may help to predict fracture behavior of spe-
cific material combinations. It was demonstrated that failure types and patterns are mainly
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influenced by clinically determined reasons, such as preparation design, internal and mar-
ginal fit, cement thickness, and also technological reasons, like the individual crowns design
with occlusal morphology and therefore different effects on stress distribution. Simulations
imitating clinical situations during fatigue and thermal variations may help to study the
behavior of the restorations under clinically approximated conditions. Failures resulted after
simulation should be combined with clinically observed failures. Fractographic methods pro-
vide additional information to describe ceramic failures [26].

FEA can be used to evaluate the effect of core design on stress distribution in all-ceramic
crowns [37]. A maxillary first premolar tooth was used as primary 3D model. The design
of the prepared tooth was according to the clinical rules listed as follows: occlusal 2 mm
reduction, 0.8 mm deep reduction chamfer margin, 6° convergence angle. The nonparametric
modeling software (Blender 2.57b) was used to obtain the tooth shape. The collected data
were used to construct three dimensional models using Rhinoceros (McNeel North America)
Nonuniform Rational B-Splines (NURBS) modeling program (Figure 8).

A digital model of the bilayer crown was designed to occupy the space between the origi-
nal tooth form and the prepared tooth form. Two different framework designs were con-
structed: model 1—a coping with a constant framework thickness of 0.6 mm and model
2—an anatomically modified shaped cusp-supporting framework with a constant veneering
thickness (Figure 9). The geometric models were imported in the finite element analysis
software Ansys and meshed using curvature-based mesh software. Finite element calcula-
tions were carried out.

Figure 8. 3D model of the premolar.

Figure 9. Tooth preparations and overlying restorations.
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For the structural simulations, the Young’s modulus and Poisson’s ratio were entered into the
computer soft: Young’s modulus (GPa): 18 for dentin, 64 for veneering ceramics, and 205 for
zirconia; Poisson’s ratio 0.27 for dentin, 0.21 for veneering ceramics, and 0.31 for zirconia. Five
loading areas were defined on the occlusal surface, each with a diameter of 0.5 mm. A total
force of 600 N was applied as pressure load normal to the surface in each point. The bottom of
the teeth models was constrained in all directions, for all simulations.

A static structural analysis was performed, in order to generate stress distribution for all
designs taken into the study. Maximal equivalent stresses were recorded in the tooth struc-
tures and in the restorations for all preparation types (Figures 10 and 11).

For all cases, the stress values were higher in the veneers. Regarding the distribution, in the
veneers, stresses were located around the contact areas with the antagonists. In the frame-
works, maximal equivalent stress values were higher for the cutback design, but for interpre-
tation, they have to be correlated with the thicknesses of the frameworks. The outer geometry
of all-ceramic restorations is strongly defined by anatomical and physiological circumstances,
and therefore, the thickness is variable.

However, a modification of the framework design does not affect the outer shape and thick-
ness of the restoration which means that a thicker framework automatically results in a thin-
ner veneering and vice versa.

Therefore, the models were created with constant outer shape, where the framework thick-
ness was chosen to be either constant or anatomically optimized [38].

Different studies indicated core and veneer designs that minimize tensile loading of porce-
lain. They investigated the effect of differential coping designs on the stress distribution of all-
ceramic crowns under varying loads. The hypothesis of whether a customized coping design
could reduce the stress on veneers is partially accepted [39].

Mechanical testing of anatomic core design modification revealed a significant increase in the
reliability of the coping design and resulted in reduced chip sizes in the veneer porcelain [40].

Figure 11. Von Mises equivalent stress distribution in model 2.
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Based on the results, chipping seems to be a phenomenon, which is not limited to zirconia
restorations, but to the design of the substructure. The chipping failures of all-ceramic zir-
conia crowns can be significantly reduced in number and surface by fabricating optimized
zirconia substructures. These have to provide occlusal support and similar layer thickness for
the veneering porcelain [17].

The results showed that not only the substructure design but also the application technique
and type of veneering material influenced the chipping behavior of zirconia molar crowns [41].

Some authors investigated the influence of framework design and framework material on
the stress distribution in a single tooth restoration, also under different mastication scenarios
using the finite element method. The results presented here show that a cusp-supporting
framework design can significantly decrease maximum tensile stresses in the veneering mate-
rial of single crowns. Therefore, it can be expected that such a design could decrease the risk
of chipping in all-ceramic restorations in vivo [38].

Use of controlled veneer application techniques, such as the press technique, as well as mini-
mizing stress during the firing conditions may constitute one possibility to reduce cracking
and chipping failures. However, only in combination with an anatomically reduced substruc-
ture design and a constant layer of the veneering porcelain, the number and dimension of
failures (chippings, cracks) are likely to be effectively reduced [41].

4. Simulation methods applied in monolithic ceramic crowns

Zirconia is considered a proper material for posterior teeth restoration, because of the excel-
lent esthetic quality, biocompatibility, and mechanical properties. Thus, zirconia is getting
attention to replace existing ceramic systems. Processing of zirconia is closely linked to the
development of CAD/CAM systems [42-44]. CAD/CAM technology has been increasingly
used to fabricate dental crowns in recent years. It resulted in new restorative materials that
would otherwise have been infeasible to use in the dental market, like Yttria-Stabilized
Tetragonal Zirconia Polycrystals (Y-TZP). Recently, the introduction of new computerized
milling technologies and new zirconia made it possible to manufacture full-contour zirconia
crowns with higher strength [45-47]. Several manufacturers have improved the aesthetics of
the zirconia materials mainly by reducing the opacity of the material and by addition of color-
ing pigments. It might also be assumed that, by omitting the veneering, a more solid frame-
work can be made and a conservative preparation similar to full-cast metal-alloy restorations
can be performed [48].

Monolithic crowns offer advantages compared to bilayered crowns like reduced production
time and related improved cost effectiveness. Because crown preparation involves traumati-
zation to the vital tooth, eliminating the veneering material in monolithic crowns allows to
achieve minimally invasive preparations and subsequent restorations [49-51].

Finite element analysis is a specific method for stress analyses. Since it was developed, it has
been a popular option to analyze stresses in engineering field. In dentistry, FEA has been
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introduced to study stress distributions in the teeth structures and all kind of restorations
[52-54]. Even computer-controlled techniques are used in producing dental crowns in order
to improve the accuracy during the manufacturing process, not enough studies have been
conducted on stresses in esthetic monolithic crowns regarding the load values. Therefore, it is
advisable to compare the stresses in anatomic contour zirconia crown to that of glass ceramic
crown regarding the load values, from biomechanical point of view [55]. For the experimental
analyses, first upper molars were chosen in order to simulate the biomechanical behavior of
the teeth restored with complete esthetic monolithic crowns made of yttria-stabilized tetrago-
nal zirconia polycrystals and glass ceramic. The prepared dies were designed with a chamfer
finishing line and an 6° occlusal convergence angle of the axial walls.

Geometric models of monolithic crowns were designed to occupy the space between the origi-
nal obtained tooth form and the modeled prepared tooth form. At first, a nonparametric mod-
eling software (Blender 2.57b) was used to obtain the 3D tooth shapes. The collected data were
used to construct 3D models using Rhinoceros modeling program (McNeel North America)
(Nonuniform Rational B-Splines). These were imported in the FEA software ANSYS; meshed
and finite element calculations were carried out. In order to simulate stress distribution and
calculate stress values, the Young’s modulus and Poisson’s ratio were introduced: Young's
modulus (GPa) 18 for dentin, 64 for glass ceramic, and 205 for zirconia and Poisson’s ratio
0.27 for dentin, 0.21 for glass ceramic, and 0.31 for zirconia. Five loading areas were defined
on the occlusal surface, in order to simulate physiological mastication behavior. Each defined
loading area had a diameter of 0.5 mm. A total force between 200 N, respective 800 N was allo-
cated to these areas as pressure load normal to the surface in each point. For all simulations,
the bottom of the abutment teeth models was constrained in all directions. A static structural
analysis was performed using the computer-aided engineering software, to calculate stress
values and highlight stress distribution. First principal stresses were recorded in the tooth
structures and in the restorations for all load values and all geometries. Stresses were calcu-
lated in the crowns for both materials and in the teeth structures, under different load values
(Figures 12 and 13).

Between the materials, the highest stresses were recorded in glass ceramic, followed by zirco-
nia. In the dentin, the lowest stresses were recorded for the teeth restored with glass ceramic,
followed by zirconia. Compared to the tensile strength of the materials, 745 MPa for zirconia,

A S

Figure 12. First principal stress distribution in the zirconia crowns and subjacent dentin (for 200 N load).
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Figure 13. First principal stress distribution in the glass ceramic crowns and subjacent dentin (for 200 N load).

and 48.8 MPa for glass ceramic, the maximal principal stresses in the crowns exceed them for
600 N and 800 N load for zirconia crowns, respective for 400 N, 600 N, and 800 N load for glass
ceramic crowns. The maximal principal stresses in the crowns do not exceed the strength of the
materials in case of 200 N load for both studied materials. For glass ceramic at a load of 400 N,
maximal principal stresses exceed the tensile strength value of the material.

Regarding stress distribution in the crowns, high stresses are concentrated around the con-
tact areas with the antagonists, and they are larger for the zirconia crowns. In the dentin for
molars, high stresses were distributed around the shoulder, and under the preparation line
for all type of restorations.

The material is important to withstand increased loads which occur during functions.
Reported loads during normal function in vivo vary considerably. It is not stated how these
loads should be replicated in vitro. Some authors use lower loads, 100-200 N, others use loads
in the range of 500-800 N [56].

According to the literature data [57] that the tensile strengths of dentin ranged from 44.4 to
97.8 MPa, no harmful effects occur in hard teeth structures, because in all cases, first principal
stresses in dentin are much lower.

When compared with some reported clinical failure rates, it can be stated that the theoretical
predictions showed relevant quantitative values for some materials. Even though there are
some differences in assumptions between clinical and theoretical models, they can be justified
and an even more accurate prediction tool for single crowns may be developed by incorporat-
ing better mechanical models in the future [58].

5. Conclusions and perspectives

In current practice, frameworks of all-ceramic restorations are obtained by milling even thick-
ness copies, rather than using a scientific-based design. The recent possibility of the softs of
the CAD/CAM systems to scan the bite-registration allows achieving an improved digital
design for the framework, through the control of the final veneer thickness in case of cutback
design and of the contacts with the antagonists in case of buccal veneering.
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The effect of zirconia copings design on the resistance to load in posterior crowns in order
to prevent “chipping” is very important. Finite element analyses provide a biomechanical
explanation of the clinical behavior of different all-ceramic bilayer crowns. A cusp-supporting
design reduces maximum stresses in the framework, but these have to be correlated also with
the thickness of the framework.

The biomechanical behavior of ceramic monolithic crowns for the posterior areas can be
assessed using finite element analyses. The material is important to withstand increased loads
which occur during functions.

Stress values and distribution results can provide design guidelines for new and varied
esthetic crowns, in order to withstand functional loads in the posterior areas. The develop-
ment of well-designed experiments could be useful to help to predict clinical survival of these
new all-ceramic restorative techniques and materials. The experiments have to be conducted
and interpreted reported to the brittle behavior of ceramic systems. Varied simulation meth-
ods are promising to assess the biomechanical behavior of all-ceramic systems and first prin-
cipal stress criterion is an alternative for ceramic materials investigations.
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Abstract

Oral health promotion is for upliftment of oral health of community rather than an indi-
vidual and has long-term impact. Since Ottawa Charter for health promotion is imple-
mented, significant advancements have happened in oral health promotion. Under
comprehensive health programs, India has been running oral health promotion pro-
grams, and these evidences are shared here. Such examples are apt learning and exe-
cution to any part of world having similarities. The chapter put forward the strategic
view points to consider further oral health promotion aspects and based on the needs.
The authors have gathered various examples from national programs implemented in
India. The authors discuss how these programs are linked to the Oral health promo-
tion concept. For example, National tobacco control program which currently running
across many states in India, how the banning on tobacco products near school premises
helped to reduce the incidence is discussed. The worldwide literature and evidences of
oral health promotion strategies are explained. The evidences and strategies mentioned
can be significant for another region of world. Unless published, many programs remain
hidden and are loss of valuable evidences to oral health science.

Keywords: oral health, oral health promotion, fluorosis, school health, dental health

1. Introduction

The twentieth century was noteworthy in dentistry for many epidemiologic advances that
occurred in the study of oral diseases and conditions. These combined efforts of optimum
personal, social, biological, behavioral and environmental factors contributed to better oral
health. Hence, oral health promotion is a planned effort to build public policies, create sup-
portive environments, strengthen community action, develop personal skills or reorient
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health services pertaining to influence above factors. Following are enlisted examples of effec-
tive oral health promotion:

* Promotion of healthy eating

¢ Training of relevant oral hygiene methods

® Access to preventive oral health services at the earliest
¢ Promotion of topical fluoride application [1].

Ottawa Charter principles form a sound base for oral health promotion. This suggest that
individuals alone are not at risk but the entire population, which needs to be involved in
directing action towards the causes of ill health. Importantly, three principles, that is, partner-
ship, participation and protection, are taken into consideration while planning a public health
program or intervention. Empowerment than compelling is the key for successful Oral health
promotion while achieving good oral health [2].

The purpose of this article is threefold. First, it reviews the relevance of need of oral health
promotion particularly through the public health surveillance of oral disease burden. Second,
it puts forward the evidences from the various examples of oral health promotion programs
integrated into general health promotion carried across the India. Finally, the authors briefly
discuss the strategies for expanding frame of oral health promotion.

2. Oral health promotion through Ottawa Charter

Health promotion programs achieve success through actions that influence the social, physi-
cal, economic and political determinants of health. Health promotion irrefutably acknowl-
edges the broader health determinants and focuses on risk reduction via sensitive policies
and actions. Ideally, promotion of health in a day-to-day life setting having people live, work,
learn and play is credible for efficacious and cost-effective way of improving oral health and
indeed the quality of life. Imperatively, actions that address the determinants of health should
not be progressed in isolation. Research evidences suggests that isolated activities can have
limited impact, particularly over the long term. For this reason, we suggest using the logic
model based on Ottawa Charter to develop a comprehensive oral health promotion program,
involving a range of interventions.

The Ottawa Charter was developed by the World Health Organization' (WHO) as a frame-
work for constructing health promotion programs that address the wider determinants of
health. The charter suggests that programs be built around the following five action areas:

¢ Building healthy public policy

¢ Creating supportive environments

*WHO = World Health Organization.
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¢ Strengthening community action
* Developing personal skills

* Reorientating health services [2].

3. Need for oral health promotion

The remarkable improvements in oral health over the past half century reflect the strong sci-
ence base for prevention of oral diseases that has been developed and applied in the commu-
nity, in clinical practice and in the home. Yet, despite the remarkable achievements in recent
decades, millions of people worldwide have been excluded from the benefits of socioeco-
nomic development and the scientific advances that have improved health care and quality
of life. Social and cultural determinants comprising poverty, lack of education, unsupportive
traditions, cultures and beliefs increase the relative risk of oral disease and conditions. For
instance, lack of safe water and sanitary facilities are the environmental risk factors for both
oral and general health. While, access to high sugar containing foods and unhealthy dietary
habits may lead to higher risk of dental caries in certain communities. Improvement in avail-
ability, accessibility and feasibility of oral health services can definitely cure and control oral
diseases. However, strong evidences suggest that limiting the risks to disease is best possible
when health services are primary care and prevention oriented. Clinically, oral health status is
measured in terms of causal factors, that is, tobacco, sugar, micro-flora, which have negative
impact on quality of life. Emphasizing the risk behavior modifications, such as curbing use
of tobacco and alcohol; restraining sugar intake in terms of quantity, intake frequency and
nature; proper oral hygiene practices, is equally important incongruent to social and cultural
determinants [3].

The Global Burden of Disease (GBD) 2010 Study produced comparable estimates of the bur-
den of 291 diseases and injuries in 1990, 2005 and 2010. Pertaining to oral health, dental caries,
aggressive periodontitis and tooth loss are considered as global burden, which compared from
1990 to 2010. Criteria used were disability adjusted life-years (DALYs) and years lived with
disability (YLDs) metrics to quantify burden. These oral diseases/conditions encroached 3.9 bil-
lion. Among all, prevalence of dental caries in permanent teeth was among the highest preva-
lent condition evaluated for the entire GBD 2010 study (global prevalence of 35% for all ages
combined). Among the top 100 ranking as causes of DALYs, oral diseases also secured a ranking
after some serious diseases. Oral diseases altogether affected 15 million DALYs globally with
the breakdown as 1.9% of all YLDs; 0.6% of all DALYs. Statistical calculations imply that could
be average health loss of 224 years per 100,000 populations. While there was reduction observed
for other diseases from 1990 to 2010, DALYs due to oral conditions increased by 20.8%. This
was due to population overgrowth and aging. DALYs due to aggressive periodontitis and den-
tal caries increased, however due to extensive tooth loss has decreased. While DALYs differed
by age groups and regions, those not by genders. The report revealed the challenging scenario
of diversified oral health needs across the globe, with alarming needs in developing countries.
Further, the burden of oral diseases has unevenly risen in the past 20 years.



198

Insights into Various Aspects of Oral Health

As the noted prevalence of oral diseases is very high and has association with disability, it
accounted for a substantial number of DALYs. Dental caries without any treatment was the
most prevalent condition among all 291 conditions. Moreover, the disability weight in con-
nection with extensive tooth loss (0.073) was marginally neared to those reported for moder-
ate heart failure (0.068) and moderate consequences of stroke (0.074). Oral diseases received
ranking of 31st, 34th and 35th of health outcomes causing YLDs in the category of non-fatal
outcomes. Compared to other non-communicable diseases/conditions, such as maternal con-
ditions, hypertensive heart disease, schizophrenia, hemoglobinopathies and hemolytic ane-
mias, oral diseases/conditions were ranked higher. While oral conditions scored high index
for more YLDs than 25 of 28 categories of cancer, shows its significance in terms of affecting
individuals equal to lethal diseases. The other organ cancers, such as stomach, liver and tra-
chea, and bronchus and lung cancers ranked higher than oral diseases [4].

The global burden of oral conditions is shifting from extensive tooth loss toward aggressive
periodontitis and untreated dental caries. Tooth loss is a final common pathway when pre-
ventive or conservative treatments to alleviate pain fail or are unavailable. The social, eco-
nomic, political and cultural determinants of health are significant, and it may be argued that
better health can be achieved by reducing poverty. Poverty, poor education and inequality
not only result in poor oral health but also affect the way in which people think about their
oral health. In spite of excellent oral health care, oral diseases are prevalent. This suggests
that improving healthcare services merely will not address the issue, oral health promotion
is mandatory. Hence, health policymakers should be made aware of these evidences and
directs themselves to restructure the policy framework. Health promotion policy acknowl-
edges complimentary measures such as legislation, fiscal measures, taxation and organiza-
tional change altogether. These are best example of a coordinated effort towards creating
supportive environments and strengthening community action. Ottawa Charter implemen-
tation for health promotion through establishing concrete and effective community actions
in setting priorities, making decisions, planning strategies leads to achieve better health.
Communities facilitate themselves with self-help, social support, participation and owner-
ship for development and empowerment. They are the best possible existing human and
material resources of community and for community.

Oral health promotion through sensitive health policies and actions which already exist in
some parts of world can address the global burden of oral diseases, essentially to improve
oral health and quality of life.

4. Evidences: country examples from India

Identifying a significant health issue on the basis of prevalence, incidence, severity, cost,
or impact on quality of life is preliminary step to design prevention programs. A combina-
tion of community, professional and individual strategies is the cost-effective and creative
methods for oral disease prevention. Incorporating public, practitioners and policymakers
into strategic development of oral disease prevention and health promotion intervention is
necessary. They should be liable to create a healthy setting, limit risk factors, inform target
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groups, generate knowledge and thus improve behaviors. This section includes a discussion
of knowledge and practices of the public and healthcare providers regarding the oral health
promotion. The purpose of this discussion is not to outline specific health promotion strate-
gies to enhance knowledge and practices but to indicate the opportunities and needs for both
broad-based and targeted health promotion programs and activities.

4.1. Oral health promotion in health promoting schools (HPS)

Oral health education has been considered as one of the fundamentals in oral health pro-
motion [5, 6]. With education, a child receives training and encouragement especially to
stimulate development of skills, aptitude formation and creation of values, which lead to act
positively in relation to his oral health and other people’s oral health on a daily basis. High
caries risk, change in dentition, ability to change bad habits and facilities to learn make oral
health promotion for children a priority. The importance of oral health education programs in
schools is significantly reported predominantly in the form of positive learning and behavior
in children [5-11].

One-fifth of the world’s population is adolescent, defined by WHO as a person between 10 and
19 years of age. The oral health promotion programs should primarily focus on this age group
who become easy victims of excessive consumption of sweets, sugary beverages, tobacco and
alcohol. Commonly, their main association is with home, school and community organizations.
These three along with oral health professionals can form an effective alliance to control risks
to oral diseases and form oral health promotion programs for young people [12]. Prevalence of
dental caries and gingivitis is high in human populations throughout the world, and over 80%
of schoolchildren are affected in some parts of the world. Dental erosion due to excessive car-
bonated beverages consumption is on rise, which was earlier noticed only among the late adult-
hood. Enamel defects due to malnourishments, dental trauma due to negligence and safety
barriers are some of the increasing evidences in children. Moreover, youth became the easy
targets of tobacco-containing products. Eventually and unknowingly, early start of tobacco
consumption manifolds risks of oral precancerous lesions and cancer in life ahead [8, 10, 13].

Strong arguments for oral health promotion through schools include the following;:

* Personal and social education aimed at developing life skills—Pupils and students can be
accessed during their formative years, from childhood to adolescence. Students develop
lifelong oral health-related behavior, as well as beliefs and attitudes are being developed.

* Schools can provide a supportive environment for promoting oral health. Access to safe wa-
ter, for example, may allow for general and oral hygiene programs. Also, provision of mouth
guards—accessible and affordable sports protection, a safe physical environment and school
policy on bullying and violence between students reduce the risk of dental trauma.

* The burden of oral disease in children is significant. Most established oral diseases are ir-
reversible, will last for a lifetime and have an impact on quality of life and general health.

* School policies on control of risk behaviors, such as intake of sugary foods and drinks,
tobacco use and alcohol consumption.
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¢ Schools can provide a platform for the provision of oral health care, that is, preventive and
curative services [14-18].

¢ Common risk factor approach-based oral health promotion policies in schools can lead to
improvement in oral health and reduce oral health inequality [10, 16].

The need to set up oral health promotion programs in schools is evident, and it can easily be
integrated into general health promotion, school curricula and activities. One of the proposed
examples has been shown in Figure 1 [13].

Using the structures and systems already in place as a competent setting for the installation of
vital facilities such as safe water and sanitation can instigate oral health promotion in schools.
The HPS strategies are effective, leading to potential long-term cost savings. For instance,
Each key components of an HPS, that is, healthy school environment, school health education,
school heath services, nutrition and food services, physical exercise and leisure activities, mental health
and well-being, health promotion for staff and community relationships and collaboration, incorporate
equal opportunities oral health promotion as well as general health promotion. While oral
health issue is specifically addressed, it can be admixed in general health promotion strategy.
It is well illustrated in following examples of school health policies as shown in Table 1 [13].

The Act on Dental Care 1972

School oral health services Comprehensive school oral

@ School-based and outreach services health education programmes
@ Oral health education (details are given in Table 3)

@ Systematic prevention

® Monitoring and assessment

@ Systemnatic oral hygiene instruction
@ Special attention to high-risk groups
@ Nutritional advice

@ Topical fluoride administration

@ Curative care

Interdisciplinary collaboration
@ Nurses

® Schoolteachers

@ Day-care centres

@ Libraries

Local health activities
Community and families

Healthy school environment

School health policies

Figure 1. Integration of oral health in health-promoting schools: an example from Denmark.
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Areas

Cause

Health promoting school measures

Trauma

Dental
caries/
periodontal
disease

Areas

Nutritional
deficiency/
infections

Sports injury,
violence/fights and
unsafe playgrounds

Sugary diet, lack of
oral hygiene

Cause

Malnutrition, lack
of adequate food/
knowledge

Healthy school environment

¢ Safe and well-designed school buildings and playgrounds to prevent inju-
ries and avoid “sick building syndrome”

® A caring and respectful psychosocial environment

* A protocol for dealing with bullying and violent behavior, as well as inter-
personal conflicts

Oral injury

® Accident prevention

* Clear protocol of vital actions to be taken without delay

* Monitoring incidence of oral trauma

¢ A protocol on safe sport, for example, use of mouth guards
No sugar

* A ban on sugary foods and drinks on the school premises
Policy developmen

® The role of school in supporting local health issues, for example, water
fluoridation

Oral health education

e Oral health education should form part of all subjects in the school
curriculum

* Daily supervised tooth brushing drills

¢ Training for parents about good oral health and encouragement for them to
take part in health promotion activities at school

¢ Training for school staff
Health promoting school measures
Healthy eating

* Healthy foods must be made available in the school canteen, tuck shop,
kiosks and vending machines

¢ Only nutritious meals are served in the school canteen
* Promotion of 5-a-day (fruit and vegetables)

* Drinking water fountains throughout the school

¢ Training for cooks and food providers

* Assessment and surveillance of nutritional status

* Support for school- or community-based health promotion activities such
as breakfast clubs

Control of cross-infection
* Clear guidelines on how to control cross-infection

¢ Training for school staff
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Areas Cause Health promoting school measures
Areas Cause Health promoting school measures
General and Lack of knowledge, Oral health service

oral health  habits, social

environment * Working closely with central or local oral health service providers
* Dealing with dental emergencies

* Role of teachers in oral health surveillance, screening and basic treatment,
for example, ART

* Monitoring of oral health-related complaints and absenteeism.
* Training for school staff
Physical exercise

¢ Commitment to provide safe facilities for training in sport and leisure
activities

* Exercise and physical education are a compulsory part of the school
curriculum

Table 1. Examples of oral health-related school health policies to be promoted in HPS.

There is an association of socio-economic, geographic factors and type of schools with school
based health promoting activities. On an average, students attending private schools belong to
more advantaged backgrounds than their counterparts in public schools. Privately managed
schools achieve greater efficiency or academic value-added than publicly-managed schools
[18]. According to one study, ten out of eleven participated countries (including India) had
the large socio-economic gap between private and public school pupils except Chile [19].
Moreover, students going to city/town schools generally belonged to more privileged back-
grounds than their counterparts in village schools. All the school headmasters in this study
reported that primary school student’s absenteeism rate decreased when the students received
support in the form of school uniforms, textbooks, meals and various financial assistance
schemes. For example, urban schools tend to have greater resources than those in rural. Also,
students in private schools had higher levels of positive behavior than those in public schools,
and these results were statistically significant for most countries [19]. Public and private school
differ from each other in many ways as better amenities in school, extra-curricular activities,
outdoor and indoor sports, etc. The private school allots more fees from students for such
activities/facilities. Consequently, children from upper and high middle socioeconomic status
prefer private schools, while children with low socioeconomic strata attend public schools
[20]. Students gain more attention when the student to teacher ratio is higher. Bruneforth et
al. [19] also reported inferior pupil-teacher ratios in village schools than in city/town schools
in India. The children who do not have adult supervision after school are more vulnerable
to indulge them into health hazarding habits like smoking, drugs and substance abuse and
behavioral problems. The schools providing self care activities after school were found more
effective in reducing the prevalence of smoking among ninth-grade students in Los Angeles
and San Diego Counties [21]. Smoking and chewing tobacco are systematically associated
with socioeconomic markers [20].
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4.2. Healthy food at school: Mid Day Meal Scheme of India

The whole school approach with availability of healthy food in school canteen, tuck shops,
instructing parents for healthy food and school staff involved in planning for food and cur-
riculum has amplified student’s knowledge. However, it has not led to change in behavior
[22, 23].

Providing healthy food in schools can meet the nutritional requirement of students and also
guide the parents to deal with healthy diet chart for their children. In UK, campaigns like the
ones conducted by famous chef, Jamie Oliver, are one example of actions in this area.

In India, Mid Day Meal Scheme in school started in 1925 from a single city, Madras (now
Chennai) and now spread to all States. From April 1st, 2008, the program covers all children
studying in Government, Local Body and Government-aided primary and upper primary
schools across the country. The Mid Day Meal Scheme is the world’s largest school feed-
ing program reaching out to 0.84 billion primary students and 0.33 billion upper primary
Students, in total about 1.2 billion children in over 9.50 ten thousands schools across the coun-
try during 20092010 [24].

Unhealthy eating habits and sedentary lifestyles are closely bound not only to various socio-
economic indicators such as the parent’s education levels, financial resources and profes-
sional situations, but also to living in economically deprived areas. This suggests significant
contributions of gender, age and religion belief to the eating habit. Therefore, Schools should
introduce healthy food policy and activity after consulting with school authority, nutrition
expert and parents so as to maintain good eating habits among students [25].

4.3. National tobacco control program of India

Tobacco consumption either in smoke form or smokeless form has deleterious effect general
and oral health. Tobacco abuse is the leading preventable cause of death and disease so far.
Long list of diseases caused by tobacco abuse includes different cancers — lung cancer, oral can-
cer, cardiovascular disease, stroke and chronic lung disease. Pertaining to oral health, it causes
aggressive periodontitis, tooth loss, wound healing complications and mainly pre-cancerous
or cancerous lesion leading to disfigurement of face. Risk of oral cancer is 10-fold in smokers
than no-smokers and 11-fold risk in smokeless tobacco users than non-users. One can expect a
normal life expectancy with early acknowledgement of tobacco health hazards and culminat-
ing tobacco use especially below 35 years. Prevention is the prime key factors, and at initial
stage, most of the adverse effects of tobacco are reversible. This fact can be used to motivate
tobacco using people to curb the use of tobacco [26].

India is the second largest consumer and producer of tobacco. India accounts for 10% of the
world tobacco area and 9% of the production. 30% of cancer deaths, majority of cardiovas-
cular and lung disorders; 40% of tuberculosis and other related diseases are attributed to
tobacco consumption. Over 80% of oral cancers are caused due to tobacco use. As per the
WHO Global Report on “Tobacco Attributable Mortality” 2012, 7% of all deaths (for ages
30 and over) in India are attributable to tobacco. Ministry of Health and Family Welfare
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(MoHFW), Government of India inaugurated The National Tobacco Control Program (NTCP) in
2007-2008, as included in 11th five year plan. The program includes objectives as:

¢ Nationwide awareness regarding tobacco use harms and following tobacco control laws.
¢ Necessary actions for strong implementation of the Tobacco Control Laws.

o Effective primordial and primary level prevention strategies are planned under the
National Tobacco Control Program (NTCP).

The prime areas under the NTCP as targets are:

¢ Training of trainers, that is, health and social workers, NGOs, school teachers and enforce-
ment officers.

¢ Information, Education and Communication (IEC) activities.
¢ School Programs.

¢ Monitoring tobacco control laws.

¢ Co-ordination at village level activities.

¢ Medicinal treatment facility for cessation at district level.

Indian government implemented Cigarette and Other Tobacco Products Act (COTPA; addressing
tobacco use in public places, tobacco advertising and sale and packaging regulations) since 2003
with comprehensive action in 2005 following the Framework Convention of Tobacco Control
(FCTC). Following laws through the lobbying of anti-tobacco advocates were successfully estab-
lished by Indian judiciary.

 Section 4: Prohibition of smoking in public places.

e Section 5: Prohibition of direct and indirect advertisement, promotion and sponsorship of cigarette
and other tobacco products.

* Section 6a: Prohibition of sale of cigarette and other tobacco products to a person below the age of
18 years.

 Section 6b: Prohibition of sale of tobacco products within a radius of 100 yards of educational
institutions.

* Section 7: Mandatory depiction of statutory warnings (including pictorial warnings) on tobacco
packs.)

 Section 7(5): Display of tar and nicotine contents on tobacco packs [27].

The achievements of this national program are examples of apt implementation. Increase
in taxation had led to a reduction in self-reported tobacco sales and consumption at the
short-term end-point. The GATS data (2009) indicate that 54.7 and 62.9% are aware of health
warnings on cigarette and smokeless tobacco packaging, respectively. Trials of school-based
education interventions demonstrated a positive impact on knowledge, advocacy skills
and tobacco use. Teaching about the risks of tobacco use for health professional trainees
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appeared more widespread, but may have reduced slightly post-FCTC. Community-based
education interventions and education interventions for adult tobacco users appeared ben-
eficial. Moreover, the secondary outcomes of tobacco control programs observed as cleaner
streets and air quality, preservation of forests, increased performance at school/work,
reduction in fire hazards, healthy mother and infants and indeed a better quality of life.
Tobacco-use outcomes could be improved by school/community-based and adult education
interventions and cessation assistance that are facilitated by training for health professionals
and schoolteachers [28].

4.4. National fluorosis prevention program

Fluoride is an essential mineral for human health. It widely exists in natural water and
in foods such as tea, fish and beer. The twentieth century documented association among
reduced level of dental caries with communal fluoridated water consumption. Soon, fluo-
ride has become an effective preventive measure for dental caries. Easy incorporation into
toothpaste has improved oral health in some parts of world, particularly in developing
countries [26].

However, the other part of world suffers from excessive fluoride in natural environment.
Fluorosis, a public health problem, is caused by excess intake of fluoride through drinking
water/food products/industrial emission over a long period. Moderate-level chronic exposure
(above 1.5 mg/liter of water-the WHO guideline value for fluoride in water) is more common.
Acute high-level exposure to fluoride is rare and usually due to accidental contamination of
drinking-water or due to fires or explosions. It results in major health disorders like dental
fluorosis, skeletal fluorosis and non-skeletal fluorosis. The late stages of skeletal and dental
fluorosis are permanent and irreversible in nature and are detrimental to the health of an
individual and the community, which in turn has adverse effects on growth, development
& economy of the country. There is no treatment for severe cases of skeletal fluorosis, only
efforts can be made towards reducing the disability which has occurred. However, the dis-
ease is easily preventable if diagnosed early and steps are taken to prevent intake of excess
fluorosis through provision of safe drinking water, promote nutrition and avoid foods with
high fluoride content.

Fluorosis is worldwide in distribution and endemic at least in 25 countries. It has been reported
from fluoride belts: one that stretches from Syria through Jordan, Egypt, Libya, Algeria,
Sudan and Kenya, and another that stretches from Turkey through Iraq, Iran, Afghanistan,
India, northern Thailand and China. There are similar belts in the Americas and Japan. In
India, fluorosis is mainly due to excessive fluoride in water except in parts of Gujarat and
Uttar Pradesh where industrial fluorosis is also seen. The desirable limit of fluoride as per
Bureau of Indian Standards (BIS) is 1 ppm (parts per million or 1 mg per liter). High levels
of Fluoride were reported in 230 districts of 20 States of India (after bifurcation of Andhra
Pradesh in 2014). The population at risk as per population in habitations with high fluoride is
11.7 million as on 1.4.2014. Rajasthan, Gujarat and Andhra Pradesh are worst affected states.
Punjab, Haryana, Madhya Pradesh and Maharashtra are moderately affected states, while
Tamil Nadu, West Bengal, Uttar Pradesh, Bihar and Assam are mildly affected states.
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Understanding the clinical manifestations of fluorosis

* Dental fluorosis: It is categorized into mild, moderate and severe dental fluorosis depending on
the extent of staining and pitting on the teeth. In severe dental fluorosis, unaesthetic & brittle
enamel is found. Vitamins A and D deficiency or a low protein-energy diet are also linked to
enamel defects. Ingestion of fluoride after 6 years of age will not cause dental fluorosis. The
teeth could be chalky white and may have white, yellow, brown or black spots or streaks on
the enamel surface. Discoloration is away from the gums and bilaterally symmetrical.

* Skeletal fluorosis: The early symptoms of skeletal fluorosis include stiffness and pain in the
joints. In severe cases, the bone structure may change and ligaments may calcify, with resulting
impairment of muscles and pain. Constriction of vertebral canal and intervertebral foramen
exerts pressure on nerves, blood vessels leading to paralysis and pain.

* Nonskeletal fluorosis/Effects of fluorosis on soft tissues/systems:

o

Gastrointestinal symptoms: Abdominal pain, excessive saliva, nausea and vomiting are
seen after acute high-level exposure to fluoride.

Neurological manifestation: Nervousness and depression, tingling sensation in fingers
and toes, excessive thirst and tendency to urinate.

Muscular manifestations: Muscle weakness and stiffness, pain in the muscle and loss of
muscle power, inability to carry out normal routine activities.

Allergic manifestation: Skin rashes, perivascular inflammation—pinkish red or bluish
red spot, round or oval shape on the skin that fade and clear up within 7-10 days.

Effects on fetus: Fluoride can also damage a fetus, if the mother consumes water/food
with high concentrations of fluoride during pregnancy/breast feeding. Abortions, still
births and children with birth defects are common in endemic areas.

Low hemoglobin levels: Fluoride accumulates on the erythrocyte (red blood cells) mem-
brane, which in turn looses calcium content. The membrane which is deficient in calcium
content is pliable and is thrown into folds. The shape of erythrocytes is changed. Such
RBC:s are called echinocytes and found in circulation. The echinocytes undergo phago-
cytosis (eaten-up by macrophages) and are eliminated from circulation. This would lead
to low hemoglobin levels in patients chronically ill due to fluoride toxicity.

Kidney manifestations: Low volume, dark yellow to red color of urine is seen.

Calcification of ligaments and blood vessel: Forms unique feature of the disease helps in
differential diagnosis.

With an aim to prevent and control fluorosis cases, Government of India initiated the National
Program for Prevention and Control of Fluorosis (NPPCF) as a new health initiative in
2008-09. During the 11th Plan, 100 districts from 17 States were identified for program imple-
mentation. During the 12th 5-Year Plan period, it is proposed to add another 95 districts for
prevention and control of fluorosis. In the 12th Plan, the program has been brought under the
Non-Communicable Disease Flexi-pool of National Health Mission (NHM).
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4.4.1. Goal and objectives

* To collect, assess and use the baseline survey data of fluorosis of Ministry of Drinking
Water Supply for starting the project.

¢ Comprehensive management of fluorosis in the selected areas.

* Capacity building for prevention, diagnosis and management of fluorosis cases.
4.4.2. Strategy

a. Surveillance of fluorosis in the community and school children.

b. Capacity building at different level of healthcare delivery system for early detection, man-
agement and rehabilitation of fluorosis cases.

c¢. Diagnostic facilities in the form of laboratory support and equipment including ion meter
to monitor the fluoride content in water and urinary levels at district/hospital/medical col-
lege for early detection and confirmation of fluorosis cases.

d. Health education for prevention and control of fluorosis: (a) Creating awareness about
fluorosis disease, drinking water (safe/unsafe), diet editing and diet counseling through
interpersonal communication, group discussions, media, posters and wall paintings. (b)
Create awareness and skills among the medical as well as paramedical health workers
to detect the disease in the community. (c) Provision of safe drinking water, water har-
vesting (rain water) and other measures in collaboration with Public Health Engineering
Department.

e. Management Efforts are aimed to reduce the fluorosis induced disability and to improve
quality of life of affected patients. Medical treatment is mainly supplementation of Vita-
mins C & D, Calcium, antioxidants and treatment of malnutrition. Treatment of deformity
includes physiotherapy, corrective plasters and orthoses (appropriate appliances).

4.4.3. Expected outcome

The expected outcome of the National Program for Prevention & Control of Fluorosis in the
districts will be:

a. Number of fluorosis cases managed and rehabilitated in the program districts.
b. Capacity for laboratory testing for fluoride in water, urine to be developed.

¢. Trained health sector manpower in Government set up for measuring fluoride in urine
and water.

d. Improve information base for the community and all concerned in the program districts [29].
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Likewise, fluoride is double edge sword, that is, its deficiency and excess both affect the oral
health. Hence, science based on effectiveness, safety and benefits should be implemented at
different needs at different part of the world.

5. Strategies for oral health promotion

5.1. Generation of strategies based on evidences

WHO aim at building healthy populations involving all communities by combating every
possible illness. The organization has recommended strategic framework which focuses and
guide on oral health promotion activities/programs.

® Reduction in oral disease/condition burden and disability, especially in poor and marginalized
populations.

* Promoting healthy lifestyles and reducing risk factors to oral health that arise from environmental,
economic, social and behavioral causes.

* Developing oral health systems that equitably improve oral health outcomes, respond to people’s
legitimate demands and are financially fair.

* Framing policies in oral health, based on integration of oral health into national and community
health programs, and promoting oral health as an effective dimension for development policy of
society [7].

Program goals are broad statements on the overall purpose of a program. For instance, “to
eliminate racial disparities in oral cancer survival rates,” “to improve the oral health of nurs-
ing home residents” or “ to improve the oral health of country’s children under 5 years.
Program objectives are more specific statements of desired endpoints of program.

Objectives of oral health programs should meet SMART criteria:
Specific—they should describe an observable action, behavior or achievement.

Measurable—they are systems, methods or procedures to track to record the action upon
which objective is focused.

Achievable— the objective is realistic, based on current environment and resources.
Relevant —the objective is important to the program and is under the control of program.
Time based —there are clearly defined deadlines for achieving the objective [3].

Designing an oral health promotion program: step by step can be studied as shown in
Figure 2 [1]:

Best practices in oral health promotion and prevention can take various forms, be it education,
health promotion, integrating oral health promotion into general health promotion programs,
policy changes which promote better oral health, the provision of care services, or programs
specifically designed at addressing oral health inequalities. It is interesting to learn how oral
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Figure 2. A step-by-step design of an oral health promotion program (based on Ministry of Health, New Zealand, 2006).

health promotion and practices are implemented in through various interventions applying
the Ottawa Charter guidelines.

5.1.1. Building healthy public policy

Establishing healthy policies is integral in improving oral health. Based on the needs, evi-
dences and situation analysis, National Government, health ministry, local governments,
organizations, communities, schools, primary healthcare settings and local stakeholders
forms or reforms the healthy policy. Health promotion advocates hold key responsibility to
convey appropriate health needs of the population.

Examples of interventions that build healthy public policy

¢ Campaigning to extend the coverage of optimal water fluoridation or water de-fluoridation
based on needs.

* Supporting early childhood centers and school boards in developing healthy food and nu-
trition policies.

* Working on policy options that eliminate the advertising of harmful food and beverages
to children.

* Working with organizations to promote injury prevention policies, for example, mouth-
guards in sport or safe play equipment.

¢ Industrial approach to limit the marketing of carbonated & sugar-containing drinks to
children.

¢ Working to study and develop standards for marketed harmful products to children.

* Developing and implementing smoke free environment policies.
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5.1.2. Creating supportive environments

Making the healthy choice easy choice is the aim of health promotion. This can be achieved
by creating supportive social, physical, biological and cultural environments. These determi-
nants of health directly and indirectly affect the oral health with or without general health
consequences. Hence, the needs of local population should be considered in order to design
and implementation of health promotion actions. Health promotion practitioners play a lead
role in creating supportive environments along with public health units, government agen-
cies, health organizations, NGOs, professional Dental Association, industry organizations
and print and digital media.

Interventions that harness creating healthy supportive environments for oral health

* Provision of fluoridated toothpastes at subsidized cost that low income group can also
avail.

* Reforming supermarket’s marketing policies for instance replacing sugary products like
chocolates.

* Encouragement for usage of smoke-free environment advertisements and sponsorship for
oral health promotion.

* Media coverage of healthy food choices which enhance oral health.
¢ Oral health awareness and promotion through social marketing campaigns.

* Promoting safe water supply at all the public events.

5.1.3. Strengthening community action

Communities are a powerful force for achieving actions for any health promotion program
where the key success factors are: partnership, participation and engagement. Encompassing
all the communities for united efforts to understand their own oral health needs and ascer-
tain to improve the oral health outcomes of their community. These health promotion
programs may differ with age, society, culture and environment. Among the five actions
themes of Ottawa Charter, community action is unique as concentrate on how particular
health actions to be carried out. It eventually may turn out to be effective examples to be
followed. Important factor for communities to have equitable access to resources to support
the control they must have over their own health and development. Hence, strengthening
community action is about providing and facilitating access to sufficient and appropriate
resources.

Examples of interventions that strengthen community action for oral health

* Engaging the community to support water fluoridation/de-fluoridation and encourage safe
water supply.

* Engaging communities to participate in school oral health programs through leadership
activities.
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* Empowering communities for healthy eating programs that enhance oral health.

* Specific target-oriented oral health improvement programs based on community
cultures.

¢ Community and school collaboration for establishing playgrounds with safe play equip-
ment, barricades for children safety.

5.1.4. Developing personal skills

Personal skills can help individual to take control of his own health. Empowering people
with appropriate knowledge and skills to improve and maintain their oral health is essen-
tial. Oral health literacy is the way that provides information, education and skills for oral
health improvement. Such things help increases the resources available to people to exercise
more control over their own health and environments. Health promotion programs needs
to be updated that go collateral with changing environment and culture. Hence, continuum
for health education, particularly for oral health, throughout life is necessary. Here, comes
the role of oral health professionals who forms the bridge between health promotion advo-
cates and health promotion program communities. At community level or at individual
level, they create support system to ingress healthy personal skills to improve and maintain
oral health. Oral health professionals fulfill this role of trainer by providing information,
resources and training.

Interventions that help developing personal skills

* Oral health promotion though guided tooth brushing using fluoridated toothpaste as self-
care habits.

* Smoking cessation actions under the guidance of Oral health professionals.
* Nutritional and dietary education programs which include oral health message.

* Encouraging sports authorities for safe environment at sports events such as making
sportsmen to put on mouth guards compulsory when required.

5.1.5. Reorientating health services

Health services carry the burden of all diseases by providing three tier cares. With advancing
burden of new diseases and population explosion challenges, reorientation of health services
is inevitable. The global burden of oral diseases had led to integrate oral health into general
health. Indeed, it is giving a new direction for oral health services and recognizing that oral
health is not merely a biomedical process. Health services should be reformed such that they
not only treat the diseases but also find suitable solutions for health promotion. Strengthening
of health services to analyze needs, to understand the socioeconomic determinants of health
of the population is required. Such reformation which reduces oral health inequalities and
improves oral health-related quality of life is all about reorienting health services. While
prime focus is on primary healthcare services, prevention, allocation, access and cost-benefi-
cial health services are obligatory to achieve this.
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Interventions for reorientating health services
* Establishing community-led oral healthcare providers.

* Extensive collaboration with NGOs and social services for oral health promotion, so the
curative burden from Government is reduced.

¢ Linking general health services and children oral health care under primary health
centers.

¢ Training the trainers, that is, training all health professionals about preventive and social
components of oral health promotion.

¢ Facilitating and building knowledge for diagnosing early caries detection programs by
primary healthcare professionals.

* Health care led healthy policies supporting access to oral health care.

* Provision of professional fluoride lack and excess treatment facilities delivered by primary
healthcare professionals and community [1].

Oral health should be an important agenda on the country’s health policy. The above inter-
national policy examples envision the challenges and opportunities for better identification,
prioritization and integration of oral health services. Collaborative planning and organiza-
tion may accelerate the process to arrest the global burden of oral diseases and pioneer the
oral health promotion. Relevant international developments suggest that some other health
promotion frameworks exists that are parallel to Ottawa Charter framework. Although their
principles are same, the implementation may differ according to the needs and socio-cultural
environment of the region. One can develop or reform a different model based on above evi-
dences for oral health promotion programs at their region.

5.2. Country examples for oral health promotion program

Investment in simple preventive programs is cost-effective for prevention of oral diseases and
promotion of good oral health which is already proven in Europe. Twenty eight examples of
good practice are presented from across Europe as shown in Figure 3. These cover all areas of
oral health promotion across the life course and include programs aimed at pregnant moth-
ers, children and adolescents, the elderly and disadvantaged groups. To solve the problem
of poor oral health in other parts of world a thorough evaluation of existing successful poli-
cies and programs, identification of evidence-based interventions can be learned from these
programs.

These programs outline a number of successful initiatives that can help prevent oral
diseases, which reduce the social burden and in turn reduce existing inequalities. This
is done with various measures, for instance: prevention programs in communities; lim-
iting social, economic, cultural and environmental risk factors for non-communicable
diseases, oral hygiene promotion, oral health literacy and an appropriate access to oral
health care [30].
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Figure 3. Examples of good practices in oral health promotion programs existing across the Europe.
6. Conclusion

Gradient shift to rural population to urban area, issues of migrants, urbanization, socio, cul-
tural and environmental changes alienate health promotion. Isolated intervention may not be
successful at such circumstances. Oral health promotion actions with different approaches
can only improve. Health for all is certainly efficient way than the target specific behaviors. It
is evident that an effective and sustainable intervention combines health, society and individ-
ual through organization, policy and laws to create healthy living conditions which promotes
better quality lifestyle.

WHO is considered as an accountable and reliable organization which provide necessary
technical and policy support. Their evidence based guidance enable countries to integrate oral
health promotion programs into the general health promotion. The organization has different

213



214

Insights into Various Aspects of Oral Health

expertise at Collaboration Centers across globe that is resourceful for oral health promotion
guidance. However, most of the developed and developing countries utilize own resources
and develop their own action program for health promotion. It is based upon local expe-
riences and strengths, active communities to contribute participation facilitate community
empowerment by creating sustainable supporting environment. WHO has given a vision to
oral health promotion programs, that is, “think globally —act locally.” To conclude the chap-
ter, an oral health promotion program should focus on following aspects:

Recognition of health determinants, capacity building for designing and implementing in-
terventions to promote oral health.

Community led and based oral health promotion programs, having equal opportunity for
marginalized segments of population.

Planning, monitoring and evaluation strategies to be implemented strictly for national oral
health promotion activities/programs.

Methods and methodological development to analyze the processes and outcomes of na-
tional oral health promotion interventions.

Collaboration with strong of networks and alliances that strengthen local, national and
international activities for oral health promotion. Every experience, whether success or
failure should be counted and shared to acknowledge the cost-effective and cost-beneficial
experience that yield to improve oral health quality of life.

Oral health promotion is one practice that involves strategic planning, integrative activi-
ties, evidence-based concepts, evaluation, policy making and other related multifactor.
Knowledge generation for oral health promotion through evidence-based concepts is the goal
of this chapter.

Abbreviations

WHO World Health Organization

GBD Global burden of disease

DALYs Disability adjusted life-years

YLDs Years lived with disability

HPS Health promoting school

NTCP National tobacco control program
MoHFW Ministry of Health and Family Welfare
COTPA Cigarette and Other Tobacco Products Act
GATS Global Adult Tobacco Survey

NPPCF National Program for Prevention and Control of Fluorosis

NGOs Non-government organizations
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