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Preface

In this book, evidenced and reviewed aspects of pathology, diagnostics, and therapy in the field
of periodontics is presented. In this comprehensive resource, collaborative efforts from interna-
tional specialists and researchers in the scientific and clinical management of periodontitis and
periimplantitis are presented. The following topics are covered in various measures through
scientific review and research studies:

Gingival pathology

This topic addresses the early detection and differentiation of desquamative gingivitis. The dis-
cussion includes autoimmune bullous diseases and the role of the oral healthcare practitioner in
diagnosis. Collaboration with other healthcare providers in the management of the condition is
highlighted.

Molecular status

Immunomodulation describes the interaction between the dental-derived mesenchymal stem
cells and the immune system. Its importance in tissue homeostasis due to the immunomodula-
tory mechanisms of mesenchymal stem cells is discussed.

An immunohistochemical examination and histopathological experimental study is conducted
to analyze the role of heat shock protein (HSP47) on the relationship between traumatic occlu-
sion and bone resorption.

Periodontal disease diagnosis

The use of optical devices as diagnostic adjuncts for improving periodontal diagnosis and treat-
ment is addressed here.

Periodontal therapy

The topic investigates the rationale for using a subantimicrobial dose of doxycycline hyclate in
the treatment of periodontitis. The effect this has on downregulating the activity of matrix metal-
loproteinases, leading to new bone formation by upregulating collagen production, is discussed.

In aggressive periodontitis, nonsurgical and surgical periodontal treatments combined with
systemic antibiotics are recommended for the complete eradication of deep periodontal pock-
ets, followed by maintenance for preventing attachment and tooth loss.

Advanced regenerative techniques based on stem cell scaffold constructs application in bone
tissue engineering is proposed, as this can enhance antimicrobial, antiinflammatory, and regen-
erative processes in susceptible individuals.

This chapter focuses on the past, current, and future potential of platelet-rich fibrin in treating
periodontitis, and its ability as an autologous source to enhance healing and regeneration in
periodontal and implant procedures.

Nonsurgical and periodontal surgical procedures, while providing beneficial outcomes to the
patient, can also result in unwanted side effects, such as exposure of the root surface and gingi-
val recession, leading to hypersensitivity. Techniques for the successful management of root
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hypersensitivity, dependent on the extent and severity of the problem, are discussed through
preventive strategies such as patient education, lifestyle, behavioral changes, professionally ap-
plied products and procedures, as well as home-use products.

Oral implant supportive procedures

A case report on a one-stage technique called immediate dentoalveolar restoration, which uses
an autogenous bone graft harvested from the maxillary tuberosity, is presented here. The aim is
to restore bone defects in compromised alveolar sockets, while achieving soft tissue stability
with predictable results.

An extensive review of the clinical application of the role of enamel matrix derivative was per-
formed in vitro and in vivo. Enamel matrix derivative has been shown to enhance the prolifera-
tion and osteogenic differentiation of human periodontal ligament stem cells on the titanium
implant surface, and the combination therapies of enamel matrix derivative and bone graft
were shown to yield better regenerative outcomes regarding the clinical attachment level gain.

The long-term success of implants depends on adequate supportive periodontal treatment visits.
Prevention of disease is a key factor in preserving the supporting tissues around implants. Thus,
sufficient supportive therapy during maintenance is essential to achieve optimal results. In the
clinical practice of implant dentistry, cumulative interceptive supportive therapy protocols ad-
dress early detection and methodical sequential treatment, with the objective of rescuing and
even reversing the fate of the ailing or failing endosseous dental implant.

Endo-perio relationship

Endoperiodontal lesions with their distinct pathophysiology when compared to other perio-
dontitis or endodontic lesions are addressed here. Understanding the underlying perio-endo
interrelationship guides a clinician in diagnosing and subsequently deriving a sensible and
timely treatment plan.

Management of periodontal disease patients with special needs

Despite scientific and technological developments in the treatment of people with special
healthcare needs (SHCN), the major challenge for healthcare professionals is to promote the
best interdisciplinary practices in oral healthcare. Due to the high complexity of disabilities,
conditions, disorders, and diseases of these individuals, dental services and hospitals must fo-
cus on developing and maintaining a strong interpersonal relationship between healthcare pro-
viders, patients, family, and caregivers. Periodontal disease is discussed in this context of oral
health conditions affecting SHCN patients, as it is the most frequent of the diseases in these
susceptible patients.

These chapter resources continue to expand our knowledge base and add to the continual im-
provement in the clinical management of patients by oral health students and clinicians in the
field of periodontology. As the new periodontal classification (AAP, EFP. 2018) does not im-
pact the discussions, it is not referred to in this text.

Dr Jane F. Manakil

BDS, MDS (Periodontolgy), PhD (UQ), GCCD (UQ), MRACDS (Periodontolgy), FAGE
School of Dentistry and Oral Health, Griffith University

Queensland, Australia
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Abstract

Early signs and symptoms of autoimmune bullous diseases such as mucous membrane
pemphigoid (MMP) or pemphigus vulgaris (PV) develop in the oral cavity in almost
all cases. Desquamative gingivitis (DG) is a clinical manifestation common to several
diseases or disorders and is frequently associated with autoimmune bullous diseases.
This is a retrospective study of 37 patients with MMP (24 cases) or PV (13 cases) includ-
ing 10 males and 27 females with a mean age of 58.4 years. The study indicates that DG
is an early sign of autoimmune bullous diseases such as MMP or PV. About 70.3% of the
oral lesions were confined only to the gingiva, and DG was the only manifestation of the
diseases. Since some lesions remain limited to the oral cavity for a long period of time,
patients diagnosed with 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. The oral healthcare provider should collaborate with other
healthcare experts including dermatologists, ophthalmologists, and otolaryngologists to
evaluate and manage patients with autoimmune bullous diseases in the oral cavity.

Keywords: gingival diseases/pemphigus/pemphigoid, benign mucous membrane/
autoimmune diseases/mouth diseases

1. Introduction

Early signs and symptoms of autoimmune bullous diseases such as mucous membrane pem-
phigoid (MMP) or pemphigus vulgaris (PV) develop in the oral cavity in almost all cases. MMP

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [(cc) ExgIEN
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is the most commonly recognized, followed by PV [1]. MMP is one of a group of autoimmune,
subepithelial blistering diseases that predominantly affect the mucous membranes. MMP is
considered to be a disease phenotype related to one or more different anti-basement membrane
zone (BMZ) autoantibodies. Various components in the hemidesmosomes have been recog-
nized as the target antigens of MMP, including bullous pemphigoid antigen 2 (BP180), bullous
pemphigoid antigen 1 (BP230), laminin 332, type VII collagen, and 34 or a6 integrin subunits
[2-5]. Most MMP patients are in the fifth or sixth decade of life, and the majority of them are
women [6-8]. Oral lesions are observed in almost all cases, and the primary lesion often appears
in the oral cavity [6-10]. PV is an autoimmune bullous disease characterized by acantholysis
and suprabasilar separation in the epithelium of skin and/or mucous membranes. The main
target antigen of PV is desmoglein (Dsg) 3, which is a constituent of desmosomes on the kerati-
nocyte [11, 12]. Almost all PV patients with lesions limited to the oral mucosa have circulating
autoantibodies to Dsg3 [12-15]. PV patients with lesions in the oral mucosa and skin also have
Dsg1 autoantibodies, the main antigen of pemphigus foliaceus [12, 14, 15]. PV can develop at
any age, but is most commonly observed in middle-aged and elderly individuals [16-19]. Early
signs and symptoms of PV develop in the oral cavity in about 80% of patients [19].

Since patients with MMP or PV frequently experience only oral symptoms of pain and dis-
comfort, they often visit the dentist or periodontist before other health care workers [20-22].
Desquamative gingivitis (DG) is a condition characterized by painful erythematous gingiva
not resulting from dental plaque, sloughing of gingival tissues, erosions and ulcerations of the
gingival epithelium and bulla formation on the gingiva [23-26]. It is a clinical manifestation
common to several diseases or disorders [23-26]. Most DG patients are caused by mucocu-
taneous diseases. The differential diagnoses include oral lichen planus, MMP, and PV [24].
MMP is responsible for 35-48% and PV for 3-15% of DG [26]. Contact allergic reactions to
various oral hygiene products, dental materials, or food flavoring and preservatives have
also been reported in the differential diagnosis of DG [23, 24]. Gingival desquamation is a
prominent clinical feature, and Nikolsky’s sign often shows a positive reaction in DG caused
by autoimmune bullous diseases [21]. This sign involves the application of a firm sliding or
rubbing force on normal-appearing gingiva, inducing epithelial desquamation [21, 27].

Although an accurate diagnosis of oral mucosal disease or disorder causing DG is required
to provide proper treatment, it is almost impossible to do so based solely on clinical appear-
ance. Therefore, histopathological examination and direct immunofluorescence (DIF) testing
are often required to establish the final diagnosis [24]. The specific disease or disorder causing
DG, the severity of the DG lesions, the presence or absence of extraoral lesions, and the medi-
cal history of the patient are the key factors in determining the selection of a topical or sys-
temic treatment [10, 23, 24]. In some patients, DG can be successfully managed with moderate
to very high-potency topical corticosteroids combined with effective plaque control. Patients
with severe and/or multiple oral lesions, or recalcitrant lesions, may need aggressive systemic
treatment. The presence of extraoral lesions also may require systemic treatment for effective
management. Although scarring with MMP is rarely a feature of the oral mucosa, conjuncti-
val scarring may lead to blindness if not treated aggressively [28, 29]. Airway obstruction due
to laryngeal scarring is a rare condition, but it may occasionally be a fatal complication [30,
31]. PV is a life-threatening condition if left untreated [32], so it is important to diagnose and
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treat it in its early stages. This study describes in detail the clinical and diagnostic findings of
MMP or PV as a common oral manifestation of autoimmune bullous diseases.

2. Materials and methods

This is a retrospective study of 37 patients with MMP (24 cases) or PV (13 cases) who were
seen by the authors at Nihon University, School of Dentistry at Matsudo between 2001 and
2017. Patients participating in the study included 10 males and 27 females, aged 24-83 years,
with a mean age of 58.4 years. The medical records included information on each patient’s
clinical features, intraoral site involvement, presence or absence of extraoral lesions, dura-
tion from the onset of symptoms until presentation for diagnosis, and diagnostic information
provided to the patient. A biopsy was obtained that included perilesional tissue and was then
submitted for routine histopathology and DIF study for each of the 37 patients. DIF study
was performed using conjugates for immunoglobulin (Ig) G, IgA, IgM, complement C3, and
fibrinogen. Patients were diagnosed with MMP or PV through clinical examination supported
by histologic diagnosis and DIF testing [24, 25, 33]. Some of the 37 patients presented in this
study have been previously reported [9, 13, 14, 21, 34]. The current study was approved by the
institutional review board (Ethics Committee Approval no. EC14-011-1).

3. Results

The results summarizing the intraoral involvement in 37 patients are shown in Table 1. All
37 patients described DG lesions including erythema, erosions, ulcerations, and epithelial
desquamation (Figures 1-4). The oral lesions were confined to gingiva in 70.3% of patients. In
a small number of patients, ulcers and erosions were also observed in the buccal mucosa, soft
palate or tongue (Figures 5-7). Table 2 summarizes the diagnostic pattern in the 37 patients.
Diagnosis delays of more than 6 months were experienced by 30.8% of the PV patients
and 54.2% of the MMP patients. 16.7% of patients with MMP were delayed for more than
12 months from onset to diagnosis. The results summarizing the characteristics of the biopsy

Site MMP (n =24) PV (n=13) Total (n=37)
Gingiva only 17 (70.8%) 9 (69.2%) 26 (70.3%)
Gingiva + buccal mucosa + tongue 1(4.2%) 2 (15.4%) 3(8.1%)
Gingiva + buccal mucosa + soft palate 0 (0%) 1(7.7%) 1(2.7%)
Gingiva + buccal mucosa 2 (8.3%) 1(7.7%) 3(8.1%)
Gingiva + soft palate 3 (12.5%) 0 (0%) 3(8.1%)
Gingiva + tongue 1(4.2%) 0(0%) 1(2.7%)

Table 1. Intraoral site involvement in 37 patients.

5
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Figure 1. Desquamative gingivitis associated with mucous membrane pemphigoid. Diffuse erythematous lesions on
the gingiva.

Figure 2. Desquamative gingivitis associated with pemphigus vulgaris. Patchy erythematous lesions were found on the
gingiva.

Figure 3. Pseudomembrane-covered erosion of the gingiva associated with mucous membrane pemphigoid.

findings in these 37 patients are shown in Table 3. Subepithelial separation was observed in
the H&E-stained section in 20 patients with MMP (Figure 8). Three MMP samples showed
nonspecific inflammation, and one MMP sample was nondiagnostic because of a total lack
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Figure 4. Localized erosions of the gingiva associated with pemphigus vulgaris.

Figure 5. Pseudomembrane-covered erosion of the buccal mucosa associated with mucous membrane pemphigoid.

Figure 6. Localized erosions of the palatal mucosa associated with pemphigus vulgaris.

of the epithelium in the H&E-stained section. In contrast, acantholysis and a suprabasilar
separation in the epithelium were observed in the H&E-stained section in all 13 PV patients
(Figure 9). In the DIF testing, all 37 samples showed positive staining at the BMZ (MMP
Figure 10) or at the intercellular space (PV Figure 11).
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Figure 7. Desquamative lesion of the tongue associated with pemphigus vulgaris.

Diagnostic delay Diagnosis

MMP (n =24) PV (n=13) Total (n=37)
<6 months 11 (45.8%) 9 (69.2%) 20 (54.1%)
7-12 months 9 (37.5%) 4 (30.8%) 13 (35.1%)
>12 months 4 (16.7%) 0 (0%) 4 (10.8%)

Table 2. Diagnostic pattern in 37 patients.

MMP (n =24) PV (n=13)
Histopathology
Subepithelial separation 20 0
Acantholysis and suprabasilar separation 0 13
Non-specific 3 0
Non-diagnostic 1 0
Direct immunofluorescence
Positive 24 13"
Negative 0 0

"A linear BMZ deposition of varying combinations of IgG, IgA, fibrinorgen and complement C3.
“An epithelial intercellular deposition of IgG and complement C3.

Table 3. Biopsy findings in 37 patients.

After a diagnosis of MMP or PV, patients were advised to confirm the presence or absence of
extraoral lesions by a dermatologist, otorhinolaryngologist, and ophthalmologist. Eleven (eight
patients with MMP and three patients with PV) of the 37 patients (29.7%) confirmed the pres-
ence of extraoral lesions. The sites where clinical involvement was found were skin (5 patients),
upper airway (10 patients), and eye (2 patients). Multiple extraoral mucosal involvements were
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Figure 9. Hematoxylin-eosin-stained section of pemphigus vulgaris. Acantholysis and a suprabasilar separation in the
epithelium were observed.

Figure 10. Direct immunofluorescence of the mucous membrane pemphigoid. A linear deposition of IgG at the basement
membrane zone was recognized.

found in four patients with MMP and two patients with PV. All patients with extraoral involve-
ment were managed by medical specialists with systemic treatment with or without hospital-
ization (Figure 12a and b). Patients with exclusively oral lesions were managed at the authors’
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hospital using a topical corticosteroid combined with effective plaque control. Patients were
carefully monitored at 2-3 week intervals, and complete remission or minimalization of symp-
toms was achieved (Figure 13a and b).

Figure 11. Direct immunofluorescence of pemphigus vulgaris. An intercellular deposition of IgG was evident.

"

Figure 12. (a) Desquamative gingivitis associated with pemphigus vulgaris. Localized erosion was observed on the
palatal mucosa. Lesions were also found on the skin and upper airway. (b) Treatment response. The patient was managed
by dermatologists with systemic treatment with hospitalization.

(b)

Figure 13.(a) Desquamative gingivitis associated with mucous membrane pemphigoid. (b) Treatment response.
Desquamative gingivitis was successfully managed using a topical corticosteroid combined with effective plaque control.
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4. Discussion

The results of this study indicate that DG is an early sign of autoimmune bullous diseases
such as MMP or PV. Although multiple oral sites were affected in some patients, 70.3% of the
oral lesions were confined only to the gingiva, and DG was the only manifestation of the dis-
eases. Data from this study indicate 70.8% of MMP patients had oral lesions confined only to
the gingiva. This figure agrees with other reports [8, 25]. In contrast, in the present study, the
frequency of oral lesions limited to the gingiva in PV patients is higher (69.2%) than previous
reports (3-30%) [17-19, 25, 35]. The oral lesions of PV are usually multiple, typically in the
buccal mucosa and soft palate [17, 18]. This disparity may be due to the selected bias due to
an author’s speciality (periodontist), as the patients may have been presenting for treatment
of gingival lesions. Another limitation is that the number of PV cases is limited.

Nearly half (45.9%) of the patients in this study had experienced diagnostic delays longer than
6 months, indicating that early diagnosis of autoimmune bullous diseases in the oral cavity was
still difficult. According to the survey of Sirois et al. [19] diagnostic delays greater than 6 months
were common in oral PV, but 100% of cutaneous PV patients were correctly diagnosed within
6 months. Mobini et al. [36] reported that the mean period from onset of the disease until diag-
nosis was 7.57 months in patients with MMP. In this study, diagnosis was delayed more than
1 year for 16.7% of the MMP patients. This may be related to the characteristics of MMP. The
initial symptoms of MMP often tend to undergo repeated episodes of onset and remission,
and spontaneous remission was also observed in a few MMP patients. Furthermore, obtain-
ing diagnostic biopsies from MMP patients is technically challenging. An inadequate surgical
technique or surgical site selection, or improper tissue handling may easily lead to the loss of
the gingival epithelium [25, 34, 37]. Four of the patients diagnosed with MMP at the author’s
clinic were previously biopsied at other facilities, but diagnosis was not rendered. This may be
because the intact epithelium was not retained in those specimens. To avoid this problem, the
authors reported a stab-and-roll biopsy technique designed to maintain the gingival epithe-
lium for patients with DG [25, 34]. In this technique, more than 90% of biopsies were obtained
exhibiting successful retention of intact epithelium, and all biopsies offered diagnostic support
[34]. This biopsy technique may facilitate early diagnosis and treatment of diseases causing DG.

To establish a correct diagnosis of DG-associated diseases, conventional microscopic exami-
nation and DIF testing are essential. In particular, DIF testing is the gold standard used to
diagnose autoimmune bullous diseases and is required for a definitive diagnosis [25, 33, 38]. In
this study, all 37 autoimmune bullous diseases showed positive DIF staining. In H&E findings,
acantholysis and a suprabasilar separation in the epithelium was observed in all 13 patients
with PV. In contrast, a subepithelial separation was observed in 20 patients with MMP (83.3%).
Since epithelial acantholysis is quite distinctive, it may be possible that correct diagnosis to be
rendered based on H&E findings alone [38]. In contrast, the subepithelial separation, which is
a characteristic of MMP patients, is a nondiagnostic finding as it is also found in other vesicu-
lobullous diseases. Therefore, the international expert consensus on MMP does not consider
results from conventional microscopic studies as an absolute criterion for the diagnosis [2].

In this study, extraoral lesions were confirmed in 11 of the 37 cases (29.7%) at the time of
diagnosis. Since the oral cavity is the site of most problematic lesions, the patients came to
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the author’s hospital first. Concomitant extraoral lesions were more common in MMP, and
the patients tended to be affected in multiple mucosal sites or skin. Multiple target antigens
of MMP were identified in BMZ components by the appearance of circulating autoantibod-
ies in the patients’ serum [2-5]. Therefore, it is currently believed that MMP is not a single
entity but has distinct clinical subsets. For example, some MMP patients have involvement
limited to the conjunctiva. They are referred to as having ocular cicatricial pemphigoid [39,
40]. Similarly, Mobini et al. [36] proposed that the MMP lesions confined only to the oral
cavity are called “oral pemphigoid.” In these clinical subsets, other mucous membranes and/
or skin are not involved at long-term follow-up [4, 36, 41]. Di Zenzo et al. [42] pointed out in
their review that it is important to know whether the exclusive oral lesion is only a stage of the
course of MMP or if it represents the phenotype of a distinct clinical entity. In some long-term
studies, MMP patients with exclusively oral lesions show that lesions do not develop in other
mucous membranes and/or skin during follow-up [4, 36, 41]. In contrast, other studies indi-
cate that MMP patients with initial oral lesions have a risk of developing ocular involvement
with a calculated incidence rate from 0.03 to 0.05 persons per year [28, 29]. Several authorities
suggest that early diagnosis of ocular MMP lesions is essential to successful management yet
early signs of MMP may not be readily evident to other healthcare workers. Consequently, it
may be advisable to refer any MMP patient to an ophthalmologist for immediate and long-
term follow-up. Although there is a possibility that the clinical subset of MMP is classified
based on the antibody profiles in their serum [3], at present, there is no known correlation
between antigen-specific autoantibodies and the prognosis of disease [2].

PV frequently begins with oral lesions and later progresses to skin lesions [19]. Patients with
PV with exclusively oral lesions should be followed closely and referred to other experts
immediately if they develop signs or symptoms of lesions elsewhere on the body. Although
the necessity of systemic therapy is decided with reference to the circulating anti-Dsg anti-
body titer in some cases, the therapeutic approach to PV is largely based on expert opinion
rather than empirical evidence [43-46]. The monitoring of PV disease activity is mainly based
on clinical findings at the present moment [43, 45, 46]. In any case, PV limited to oral cavity
should be followed for a long period of time and perhaps indefinitely.

5. Conclusion

DG is an early sign of autoimmune bullous diseases such as MMP or PV in the oral cavity. In
this study, about 70% of the oral lesions are confined to the gingiva, and DG was the only mani-
festation of the diseases. To establish a correct diagnosis of DG caused by autoimmune bullous
diseases, conventional microscopic examination and DIF testing are essential. In particular, DIF
testing is the gold standard used to diagnose of MMP or PV. Since some lesions remain limited
to the oral cavity for along period of time, patients diagnosed with 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. The oral healthcare provider should collaborate
with other healthcare experts including dermatologists, ophthalmologists, and otolaryngolo-
gists to evaluate and manage patients with autoimmune bullous diseases in the oral cavity.
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Abstract

Mesenchymal stem cells are considered as an attractive tool for tissue regeneration.
Almost all dental tissues contain a population of MSC-like cells, which were extensively
studied within the last few years. Besides their ability to differentiate into different cell
types, dental MSCs also possess strong immunomodulatory properties. Dental MSCs
modulate both innate and adaptive immune response and influence the activity of almost
all components of the immune system. The interaction between dental MSCs and the
immune system is reciprocal because immunomodulatory activity of MSCs is strongly
regulated by cytokines produced by immune cells. MSCs isolated from inflamed tissues
might exhibit impaired immunomodulatory capacity, suggesting a potential role of these
cells in inflammatory diseases and particularly periodontitis. Recent studies suggest that
immunomodulatory properties of MSCs can also play an important role in their tissue
regenerative capacity. The therapeutic effects of MSCs, including their immunomodu-
latory capacity, are largely explained by their tropic activity, including production of
immunomodulatory proteins and growth factors. Summarizing, dental MSCs play an
important role in tissue homeostasis under healthy and diseased conditions.

Keywords: mesenchymal stem cells, immune response, immunomodulation,
T cells, dendritic cells, natural killer cells, B cells, macrophages, polymorphonuclear
neutrophils

1. Introduction

Mesenchymal stem cells (MSC) are defined as cells that fulfill at least three criteria: adherence
to culture plastic under standard cell culture condition; surface expression of mesenchymal
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markers CD73, CD90 and CD105 as well as lacking expression of hematopoietic markers
CD11b, CD14, CD34, CD45 and HLA-DR; ability to differentiate into osteoblasts, adipocytes
and chondrocytes in vitro [1]. Originally, MSCs were isolated from bone marrow, but later
MSC-like cells were found in different postnatal tissues [2]. MSC-like cells were isolated from
numerous dental tissues: dental pulp stem cells (DPSCs) [3]; stem cells of human exfoliated
deciduous teeth (SHED) [4]; periodontal ligament stem cells (PDLSCs) [5]; stem cells from
apical papilla (SCAP) [6]; dental follicle stem cells (DFSCs) [7]; gingival mesenchymal stem
cells (GMSCs) [8] and bone marrow MSCs from orofacial bones [9]. One peculiarity of most
dental tissue-derived MSCs is that these cells express several neural lineage markers, which
can be explained by their neural crest origin [10, 11].

MSCs in dental tissues reside in perivascular niches, where they are maintained in quies-
cent nondifferentiated state by specific microenvironment [12]. Upon tissue injury, these
cells are recruited to the damaged area and participate in wound healing by proliferation
and differentiation into tissue-specific cells [13]. Another important function of MSCs is
modulation of immune and inflammatory response. Perivascular localization of MSCs
is an essential factor, which enables their interaction with a wide range of cells during
the process of their recruiting in vivo, as well as transvascular migration and modula-
tion of the functional acticity of these cells. Furthermore, inflammation is characterized by
chemotaxis of MSCs to inflamed area where they can perform their immunomodulatory
function.

Although the exact mechanisms underlying immunomodulatory properties of MSCs are not
fully understood, it is known that they depend on expression of enzymes, production of soluble
factors and cell-to-cell contact. The most important factor involved in MSC-mediated immu-
nosuppression is indolamine-2,3-dioxygenase (IDO). This intracellular enzyme catalyzes the
catabolism of tryptophan into kynurenine. The resulted tryptophan depletion leads to sup-
pression of different immune cells [14]. The expression of IDO is very low in resting MSCs and
is drastically upregulated by interferon (IFN)-y [15, 16]. The most important soluble factors
mediating immunomodulatory effects of MSCs are prostaglandin E2 (PGE-2), transforming
growth factor (TGF)-f3, and interleukin (IL)-10. PGE-2 is a metabolic product of arachidonic
acid cascade, which production is controlled by cyclooxygenase 2, and is involved in regula-
tion of both innate and adaptive immune system by MSCs [17]. Potent immunomodulatory
cytokine TGF-f is continuously produced by MSCs, and its production can be enhanced by
other anti-inflammatory factors such as IL-4 and IL-13 [18]. IL-10 is an anti-inflammatory
cytokine, which can be produced either by MSCs themselves or by MSC-instructed immune
cells [19]. Further soluble factors are also reported to be involved in MSC-mediated immuno-
modulation: human leukocyte antigen (HLA)-G5, galectins, hepatocyte growth factor, tumor
necrosis factor a-stimulated gene 6 [20]. Direct cell-to-cell contact mediates immunosup-
pression effect of MSCs at least partially. This mechanism acts mainly through programmed
death ligand 1 (PD-L1), which expression is upregulated by IFN-y [21]. The membrane-bound
HLA-G1 is another factor involved in direct interaction between MSCs and immune cells [21].
Summarizing, the mechanisms involved in MSC-mediated immunosuppression are com-
plicated; they are specific for individual cell types and are largely determined by degree of
inflammation and microenvironment (Figure 1).
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Figure 1. Inmunomodulatory effects of MSCs on different components of innate and adaptive immunity.

2. Immunomodulatory effect of MSCs on different components of
immune system and their role in dental tissues

2.1.T cells

T cells are one of the most important effector cells of the adaptive immune system, involved
in the cell-mediated immune response. Antigen-specific activation of T cells via specialized
antigen-presenting cells (APC) leads to clonal selection and differentiation of antigen-specific
naive T cells into different effector subtypes. Depending on which major histocompatibility
complex (MHC) the antigen is presented, two different T cell subtypes evolve: CD4+ T-helper
cell (MHC class II) with its different phenotypes (Th1/Th2/Th17/Treg) or CD8+ cytotoxic T cell
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(MHC class I). The subtypes/phenotypes differ in their surface marker expression, their cyto-
kine secretion profiles and their functions. CD8+ cytotoxic T cells are involved in destruction
of virus-infected and tumor cells. Thl cells are involved in eliminating pathogens, residing
in vesicular compartments, whereas Th2 cells participate in B lymphocyte activation, lead-
ing to antibody producing plasma cells. In addition, Th17 cells detect extracellular patho-
gens, recruiting neutrophil granulocytes. Regulatory T cells exhibit a suppressive function,
involved in the self-tolerance process and in diminishing inflammatory processes [22].

Although there are a lot of studies investigating the multiple roles of T lymphocytes in peri-
odontitis, the function of T cells in the pathogenesis of periodontitis is still to be clarified
[23]. Both Thl and Th2 cells are detected concurrently in inflamed periodontal tissue [24]
and seem to be directly involved in alveolar bone destruction, mainly by producing RANKL
[25]. Recently discovered, Th17 cells play an essential role in periodontitis and are one of
the primary sources of RANKL [23, 26]. Regulatory T cell-produced IL-10 inhibits RANKL
expression of T cells [27]. Periodontitis is shown to be associated with both increased and
decreased number of Treg cells [27, 28].

Among all immune cells, the effect of MSCs on T cells is studied at most [29]. It is already
known that MSCs influence the activation, proliferation and differentiation of T cells, modu-
lating T cell-mediated immune response [30]. MSCs are potent suppressors of T cell prolifera-
tion, including CD4+ T-helper and CD8+ cytotoxic T cells [29, 31]. This suppressive effect of
MSCs is enhanced by priming with IFN-y and TNF-« is mediated by IDO, PGE-2, HLA-G5
[32-34] as well as by cell-to-cell contact through PD-L1 and HLA-G1 [35, 36]. In addition,
MSCs suppress proliferation of naive but not maturated CD8+ T cells [37]. Furthermore,
MSCs modulate CD4+ T-helper cell differentiation, their cytokine production and the balance
between different CD4+ T-helper subtypes [38, 39]. The effect of MSCs on T cell polarization
might depend on their activation state [40]. Interestingly, nonprimed MSCs stimulate prolif-
eration of nonactivated T cells, but retain their ability to promote Treg formation [41].

MSCs from different dental tissues also show the ability to modulate T lymphocytes. T cell
proliferation is inhibited by different IFN-y primed dental MSCs, particularly DPSCs, PDLSCs,
GMSC, and SCAP [8, 42-44]. DPSCs can also induce T cell apoptosis [45]. The inhibitory effect
of dental MSCs on T cell proliferation is mediated mainly by IDO, hepatocyte growth factor
(HGF), and TGF-p [29, 46]. Furthermore, DPSCs, PDLSCs, and SHED inhibit IL-17 production
by T cells and stimulate formation of Treg cells, which might dampen periodontal inflam-
mation [42, 44, 47]. Interestingly, immunomodulatory properties of PDLSCs on T cells are
impaired under inflammatory conditions. PDLSCs isolated from inflamed tissue exhibit lower
inhibitory effect on T cell proliferation, Th17 differentiation, and IL-17 production as well as
induce lower number of regulatory Treg cells and IL-10 production [44]. Moreover, PDLSCs
from inflamed tissue also inhibit IFN-y production by T cells and Thl cell differentiation,
whereas PDLSCs from healthy tissue have no effect on these parameters [44].

2.2. Dendritic cells

Denderitic cells constitute a critical interface between innate and adaptive immune response
and are responsible for initiating antigen-specific immune response [48]. The major function of
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classical dendritic cells is detection of invading pathogens and their presentation to the adaptive
immune system, which results in initiation of long-lasting antigen-specific response. Besides
antigen detection and presentation to T cells, classical DCs also produce pro-inflammatory
cytokines, which plays a crucial role in T cell differentiation into different subsets. Classical
DCs (cDCs) derive from bone marrow precursors and can be found in lymphoid tissue, bone
marrow, and most nonlymphoid tissues. In the absence of pathogens, cDCs are immune
tolerogenic and induce expansion of Treg [49]. Activation of cDCs by pattern recognition
receptors induces their maturation, migration to lymph node and priming of T cells. Besides
cDCs, there are several nonclassical DCs subsets: monocyte-derived DCs, plasmacytoid DCs
and Langerhans cells [50].

In recent years, an importance of dendritic cells in both maintaining of periodontal health and
progression of periodontal disease was recognized [51]. Under healthy conditions, immature
DCs of periodontal tissue promote production of Treg cells and thus are involved in induction
of immune tolerogenic state. Langerhans cells, which are present in sulcular and junctional
epithelium, are also involved in maintenance of periodontal health homeostasis via induction
of Treg cells [51]. Upon exposure to periodontal pathogens, DCs can contribute to different
types of adaptive immune response. Activation of Th1, Th2, or Th17 response by DCs might
be both beneficial and destructive for the host [52]. The activation and maturation of dendritic
cells is influenced by periodontal pathogen Porphyromonas gingivalis [53], which is thought to
lead to subversion of local immunity and alteration of host immune homeostasis.

The functional activity of dendritic cells is substantially affected by MSCs. Bone marrow
MSCs inhibit differentiation of DCs from their precursors. This concerns both classical DCs
and monocyte-derived DCs [54-56]. Furthermore, DCs differentiated in the presence of
bone marrow MSCs exhibit impaired maturation upon stimulation with pattern recognition
receptors and/or inflammatory cytokines [54, 57, 58]. Interestingly, no impaired maturation
is observed when DCs are differentiated in the presence of MSCs isolated from inflamed tis-
sue.” ocktail [59]. In contrast to DCs differentiation, the effect of MSCs on the maturation of
differentiated DCs is less obvious. On the one hand, some studies show that MSCs inhibit
maturation of differentiated DCs [60, 61]. On the other hand, some studies show that MSCs
have no effect on maturation of differentiated DCs [54] or even can potentiate this process
[62, 63]. The process of DCs maturation is also stimulated by MSCs originating from inflamed
tissue [59]. The effect of MSCs on DCs is often associated with production of IL-6 and PGE-2,
which are known to inhibit DCs differentiation [64, 65] and stimulate their maturation [66].
Another important factor for interaction between MSCs and DCs is TNF-stimulated gene 6
protein (TSG-6), which is produced by MSCs and might inhibit DCs maturation [67].

MSCs derived from different dental tissues also exhibit an ability to modulate the function
of DCs. Periodontal ligament STRO1+ CD146+ stem cells inhibit expression of nonclassical
major histocompatibility complex-like glycoprotein CD1b, which results in inhibition of
DC-mediated T cell proliferation [68]. Gingiva-derived MSCs are shown to inhibit maturation
and activation of DCs resulting in attenuation of the inflammatory response, associated with
PGE-2-dependent mechanisms [69]. MSCs derived from SHED are shown to influence differ-
entiation, maturation, and T cell activation ability of monocyte-derived DCs [70]. Particularly,
after exposure to SHED-derived MSC, DCs induce higher proportion of Treg cells, exhibit
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decreased production of pro-inflammatory cytokines IL-2, TNF-a, and IFN-y and produce
increased levels of anti-inflammatory IL-10 protein [70].

2.3. Natural killer cells

Natural killer cells (NK cells) are originally thought to be a component of innate immune
system, but studies of last few years show that these cells have attributes of both innate
and adaptive immune system [71]. NK cells can directly induce the death of tumor and
virus-infected cells. Additionally, NK cells are considered as a major source of IFN-y and
also produce other cytokines. This makes them important players of immune system,
regulating the function of other immune cells like DCs, macrophages, neutrophils, T cells
and B cells [72-76]. Two major populations of NK cells are present in peripheral blood.
Predominant population of NK cells is CD564™CD16" and exhibits moderate expression of
CD56. Approximately 5% of all NK cells show CD56"*CD16™ phenotype and exhibit high
expression of CD56 [77].

Although NK cells play an important role in both innate and adaptive immune response,
their role in periodontal disease remains obscure [78]. Chronic periodontitis is associated
with an increased number of NK cells in human gingiva [79, 80]. NK cells are considered
as one of the major sources of IFN-y [81], which can be associated with increased tissue
destruction and periodontal disease severity [82, 83]. Besides, NK cells can directly interact
with some periodontal pathogens. Interaction between P. gingivalis and NK cells leads to
enhanced IFN-y production and is involved in production of P. gingivalis specific IgG2 [84].
Another periodontal pathogen A. actinomycetemcomitans promotes IFN-y production by NK
cells either directly or mediated by DCs [85]. Direct recognition of Fusobacterium nucleatum
by NK cells through their receptor NKp46 contributes to increased tissue destruction in
experimental periodontitis [86].

NK cells and MSCs interact in a complex reciprocal manner. Cultured MSCs are recognized
and lysed by NK cells that are activated by IL-2 or IL-15, which could be explained by low
MHC class I expression on MSCs’ surface. Interestingly, priming of MSCs by IFN-y induces
upregulation of MHC class I expression and prevents them from being killed by activated
NK cells. The susceptibility of MSCs for NK cells mediated killing is also regulated by toll
lile receptor (TLR) activation [87]. MSCs primed with TLR-3 are protected from being killed
by activated NK cells, whereas priming with TLR-4 and TLR-7/-8 has no significant effect
on MSCs susceptibility to NK cell mediated lysis [88]. In turn, MSCs also influence activity
of NK cells. Particularly, MSCs suppress cytokine production and cytotoxicity of freshly
isolated NK cells but not those of activated NK cells [37, 89, 90]. The effect of MSCs on NK
cells is largely mediated by IDO and PGE-2 [89].

Information about interaction of dental MSCs and NK cells is rather limited. Similarly to bone
marrow MSCs, dental pulp stem cells are susceptible to lysis by activated NK cells [91]. NK
cells exert the strongest cytotoxic effect on undifferentiated DPSCs, whereas differentiated cells
are less susceptible to lysis [92]. DPSCs could be protected from NK cell mediated cytotoxicity
by co-culture with monocytes [92] or by overexpression of hypoxia-inducible factor 1 [93].
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2.4. B cells

B cells are an indispensable component of the adaptive immune response, which is mainly
involved in antibody production. B cells develop from hematopoietic progenitor cells in the
fetal liver and in the bone marrow postnatal [94]. After exiting bone marrow, immature B
cells migrate to secondary lymph organs like the spleen or lymph nodes, where they may
encounter antigens through interaction with antigen-presenting cells like dendritic cells and
macrophages. After interaction with antigen, B cells differentiate into short-lived antibody-
producing plasma cells. Alternatively, B cells may enter a germinal center, where they
undergo clonal expansion, class switch recombination and somatic hypermutation resulting
in differentiation into high affinity antibody-producing plasma cells and memory B cells [95].
Recent studies revealed that beside antibody production, B cells are also involved in the pro-
cesses of antigen presentation and cytokine production [96-98].

B cells and plasma cells are the major leukocytes in periodontal lesions and represent 18% and
50% of all infiltrating cells, respectively [99]. Despite this fact, the role of B cells in periodonti-
tis is not characterized sufficiently. B cells comprise several functionally different subsets and
their distribution is altered in patients with severe periodontitis [100]. The major function of
B cells is producing specific antibodies against periodontal pathogens, which is an important
step of bacteria elimination [101]. However, B cells are also considered as major source of
deleterious effects of immune response. Particularly, B cells are known to be one of the major
sources of RANKL, which plays a central role in bone resorption by osteoclasts [102]. Mice
with B cells immunoglobulin D deficiency exhibit lower alveolar bone loss upon oral infec-
tion, suggesting an important role of B cells in tissue destruction [103]. Some B cells subsets
are also involved in the autoimmune response in periodontitis [99].

The information about the effect of MSCs on B cells is rather controversial: it seems that
this effect depends on several factors like B cells maturation state, stimuli used for B cells
proliferation and differentiation and ratio between MSCs and B cells. Thus, MSCs inhibit
B cell proliferation at MSC:B cell ratio 1:1 to 1:2 [104], but stimulate B cell proliferation at
ratio 1:5 to 1:10 [104]. Interestingly, under highly proliferative conditions, MSCs inhibit
B cell proliferation even at low MSC:B cells ratio [104]. MSCs stimulate proliferation of naive
and memory B cells [105]. MSCs enhance IgG production by B cells upon stimulation with
lipopolysaccharide or cytomegalovirus [106], but inhibit production of IgG, IgA and IgM
in mixed lymphocyte culture [107]. Pre-exposure of MSCs to IFN-y enhances their inhibi-
tory effect on B cell proliferation and IgG production [108, 109] but eliminate their ability to
induce regulatory B cells [109]. The inhibitory effect of MSCs on B cells largely depends on
cell-to-cell contact, in which interaction between programmed death-1 (PD-1) and its ligand
PD-1 L takes place [108, 110].

The information about the effect of dental MSCs on functional activity of B cells is rather lim-
ited. The only one report shows that PDLSCs influence B cells both in vitro and in vivo [111].
Particularly, PDLSCs inhibit proliferation, differentiation and chemotaxis of B cells in vitro as
well as fail to activate humoral immunity in vivo in miniature pig models [111]. This inhibitory
effect of PDLSCs on B cells is achieved by interaction of PD-1 and its ligand PD-1 L [111].
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2.5. Macrophages

Macrophages are phagocytic tissue resident cells of the innate immune system, which are
generated from peripheral blood monocytes. Macrophages are found almost in all tissues
and their differentiation is determined by specific tissue environments in physiological or
inflammatory conditions [112]. The major function of macrophages is the elimination of
pathogens by phagocytosis and antigen presentation to cells of the adaptive immune sys-
tem [113]. In addition to pathogen elimination, macrophages are involved in regulation of
immune response, inflammation resolution and immune suppression [114]. Besides their role
in immunity, macrophages also play a central role in the clearance of apoptotic cells and
damaged tissue [115]. In the early 1990s, a concept for classically activated pro-inflammatory
M1 macrophages and alternatively activated anti-inflammatory M2 macrophages emerged.
Nowadays, the M1-M2 concept of macrophages activation is extensively revisited since it
became obvious that macrophages exhibit extremely high plasticity [116]. Upon activation,
macrophages adapt an intermediate state which exhibits some features of both M1 and M2
types, which are considered as extreme states. The activation state of macrophages is driven
by the environment and thereby, macrophages are thought to provide an optimal progression
of the immune response.

Macrophages activation and polarization to M1-like or M2-like phenotypes play an essential
role in the progression of periodontal disease. Upon infection, macrophages are polarized into
M1-like phenotype, promote inflammatory response and are correlated with bone resorption
[117]. These macrophages produce high amount of cytokines such as IL-1, TNF-a, IL-6, MMP-9,
which are associated with periodontal tissue destruction. Moreover, M1 macrophages produce
high amount of IL-12 and IL-23. These cytokines stimulate differentiation and proliferation
of Th17 cells, which promote further tissue destruction [118]. In case of successful pathogen
elimination, a switch into M2-like phenotype occurs. These macrophages play a crucial role
in the clearance of apoptotic cells and damaged tissue as well as in wound healing promo-
tion. The increased level of IL-10, which is produced by M2 macrophages, is associated with
decreased severity of periodontitis. The ratio between M1 and M2 macrophages is increased
in periodontal disease compared to the healthy state and gingivitis [119, 120]. Moreover, the
enhanced levels of M1 macrophages correlate with the pocket depth and the levels of tissue
destructive cytokines IL-13 and MMP-9 [120].

MSCs modulate the polarization of macrophages. Co-culture of macrophages with MSCs
induces their polarization towards regulatory M2 phenotype and is characterized by decreased
production of pro-inflammatory TNF-a and IL-12, increased production of IL-10, increased
expression of M2 marker CD206 and enhanced phagocytic activity [121, 122]. The polarization
of macrophages into M2 phenotype by MSCs is mediated mainly by PGE-2 and IDO [122, 123].
However, the contribution of direct cell-to-cell contact to MSC-mediated macrophage polar-
ization cannot be excluded as well [124]. Induction of macrophages regulatory phenotype is
also observed upon systemic or local MSCs administration [122, 125]. Macrophages co-cul-
tured with MSCs are described as a novel type and called MSC-educated macrophages [121].
These macrophages are currently considered for potential clinical application in the treatment
of myocardial infarction, graft rejection, diabetes mellitus, ischemic disease and so on [126].



Immunomodulatory Properties of Dental-Derived Mesenchymal Stem Cells
http://dx.doi.org/10.5772/intechopen.78049

Macrophages polarization is also influenced by different dental MSCs. Human gingiva-
derived MSCs induce macrophages polarization into M2 phenotype, which can be associated
with an acceleration of wound healing [127]. Human DPSCs isolated from both healthy and
inflamed tissue markedly suppress LPS-induced TNF-a production by macrophages through
IDO-dependent mechanism [128]. Transplantation of DPSCs into the unilateral hindlimb
skeletal muscle suppresses inflammation of sciatic nerves by promoting macrophages M2
polarization [129]. Conditioned medium of periodontal ligament stem cells enhances peri-
odontal regeneration, which was accompanied by alteration of macrophages activity [130].
Recently, SCAP is shown to attenuate neuro-inflammation, which was accompanied by regu-
lation of macrophages activity [131].

2.6. Polymorphonuclear neutrophils

Polymorphonuclear neutrophils are the major fraction of leukocytes circulating in blood
(50-70%) and form the first line of host defense against pathogens [132]. Under physiologi-
cal conditions, up to 2 x 10" neutrophils are generated from myeloid precursors in the bone
marrow daily. To fulfill their key role in the innate immune response, neutrophils must be
recruited from bloodstream to the sites of inflammation. Transendothelial migration of neu-
trophils is a complex process initiated upon activation of tissue-resident leukocytes by invad-
ing pathogens [133]. Neutrophils are rather short-lived cells and their lifespan in peripheral
blood is thought to be up to 7 h and might be prolonged under inflammatory conditions
[134]. Upon tissue migration, the lifespan of neutrophils might be extended up to 2 days
[135]. Neutrophils possess several pathogen elimination mechanisms. First, pathogens can
be phagocytized and exposed to reactive oxygen species or antibacterial proteins released
from the neutrophils granules [136]. Another possibility is the elimination of pathogens via
neutrophil extracellular traps (NETs), which consist mainly of DNA and are capable of direct
degradation and elimination of bacteria [137]. Recently, a regulatory role of neutrophils in
inflammatory response and inflammation resolution has been emerged [138].

Neutrophils play an important role in the homeostasis of periodontal tissue in both healthy
and diseased conditions [139]. Neutrophils comprise more than 95% of all leukocytes
recruited into the gingival sulcus by dental biofilm [140] and prevent potential bacterial inva-
sion into gingival tissue under healthy conditions. Nevertheless, they are not sufficiently
effective in control of dysbiotic microbiota [141]. In addition, keystone pathogen P. gingivalis
can subvert neutrophil-mediated immunity and promote the conversion of symbiotic micro-
biota to dysbiotic one [142]. Congenital disorders associated with either neutrophil deficiency
or impairment of their life cycle are characterized by the development of aggressive forms
of periodontal disease [143]. The maintenance of periodontal health is critically dependent
on number and distribution of neutrophils: both insufficient and unrestrained neutrophils
recruitment is associated with periodontal inflammation [142].

The knowledge about the interaction of MSCs and neutrophils is rather limited. So far, MSCs
were found to exhibit some modulating effects on polymorphonuclear neutrophils. Both resting
and TLR-3 primed MSCs have been shown to exert antiapoptotic effects on neutrophils medi-
ated by IL-6, IFN-B and granulocyte macrophage colony-stimulating factor (GM-CSF) [144].
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These antiapoptotic effects have also been observed at very low MSC:neutrophil ratio of
up to 1:500 in naive and IL-8 activated neutrophils [145]. Additionally, MSCs dampened
the N-formyl-l-methionin-l-leucyl-l-phenylalanine (f-MLP)-induced respiratory burst [145].
Furthermore, MSCs augment antibacterial activity of neutrophils [146]. Human MSCs from
amniotic membrane inhibit NET release by neutrophils through a TSG-6 dependent mecha-
nism [147]. The efficacy of MSCs to suppress neutrophils recruitment might also partially
depend on MSCs’ origin [148].

MSCs of dental origin were also shown to influence neutrophils’ functional properties.
Particularly, PDLSCs significantly reduce neutrophil apoptosis and enhance their antimicro-
bial function [149]. PDLSCs exhibit antiapoptotic and proliferation promoting effects on IL-8
activated neutrophils through IL-6 production [150]. The effect of PDLSCs on neutrophils
seems to be independent on cell-to-cell contact. Human DFSCs infected with periodontal
pathogens P. intermedia or T. forsythia reduce neutrophil chemotaxis, phagocytic activity and
NET formation [151]. Further investigations are needed to clarify the interactions between
MSCs of dental origin and polymorphonuclear neutrophils as well as their underlying
mechanisms.

2.7. Mast cells

Mast cells are bone marrow-derived granule-containing immune cells, which are present
in almost all tissues, including several dental tissues. Upon activation, mast cells release
numerous inflammatory mediators from their granules, which are either preformed (his-
tamine, TNF-a, cathepsin G, etc.) or synthesized de novo (interleukins, platelet activating
factor, macrophage inhibitory factor 1at) [152]. Mast cells are recognized to be involved in
allergic reaction and autoimmunity, but also play an important role in pathogenesis of some
inflammatory diseases, particularly arthritis and multiple sclerosis [153, 154]. The func-
tions of mast cells are phagocytosis, antigen presentation and regulation of other cells of
the immune system, particularly monocytes, T cells and B cells [155]. Beside inflammatory
mediators, mast cells also secrete different growth factors such as VEGF, FGF, TGF-3 and
PDGF [156].

The role of mast cells in periodontitis is investigated rather poorly and the existing data are
sometimes controversial [157]. Two studies show that the density of mast cells is increased in
patients with gingivitis and further increased in periodontitis patients suggesting a potential
role of these cells in disease progression [158, 159]. In contrast, a decrease in mast cells density
or even lack of these cells is reported for marginal chronic gingivitis and acute necrotizing
gingivitis [160]. In human, degranulation of mast cells correlates with periodontal disease
severity underlying the role of these cells in disease progression [161].

The effect of MSCs on mast cells function is investigated only by few studies. Bone mar-
row MSCs suppress mast cells degranulation, cytokine production and chemotaxis through
production of PGE-2 by COX-2 [162, 163]. MSCs derived from human umbilical cord blood
inhibit mast cells degranulation in pre-clinical model through PGE-2- and TGF-31-dependent
mechanisms [164]. The effect of dental MSCs on mast cells function is not investigated to date.
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2.8. Complement

The complement system is a component of the innate immune system comprising more than
40 plasma proteins, which are primarily produced in the liver as inactive precursors [165]. The
complement could be activated through three different pathways: classic, alternative and lec-
tin pathway. All three pathways are converged at C3 complement component and lead to the
generation of different effectors. Complement system components are involved in pathogen
destruction, amplification of immune response through synergy with TLRs, mobilization of
hematopoietic stem cells from the bone marrow and regulation of T cells subsets activation [166].

The complement system plays an important role in pathogenesis of periodontal disease [167,
168]. Component of complement system is present in the gingival crevice, and its concentra-
tion is increased in periodontitis. As the first defense line of immune system, complement
system is involved in the control of oral microbiota and maintenance of host-microbial
homeostasis in the oral cavity [169]. Exploitation of complement components by periodontal
pathogens, particularly P. gingivalis, leads to dysregulation of host immune system, dysbiosis
of oral microbiota and triggering destructive inflammatory processes [169, 170].

Interaction of MSCs with complement system is bilateral and not yet completely investigated.
Upon intravenous injection, MSCs activate complement system, which leads to their damage
by membrane attack complex [171]. However, MSCs might inhibit complement activation and
associated damage by secreting factor H, which is increased by pro-inflammatory cytokines
TNF-a and IFN-y [172]. Bone marrow MSCs can also synthesize some components of comple-
ment system and thus influence some immune cells. Particularly, mycoplasma-induced pro-
duction of C3 protein is shown to inhibit Ig production by B cells [173].

To date, only interaction of dental pulp cells with complement system was investigated. Upon
stimulation with lipoteichoic acid, dental pulp progenitor cells produce almost all compo-
nents required for activation of complement system [174]. Moreover, DPSCs express C3a- and
Cba receptors, which are activated by complement system and induce cell proliferation and
mobilization [174, 175].

3. Inmunomodulatory effect of MSCs on different components of
immune system and their role in dental tissues

Similarly to bone marrow MSCs, immunomodulatory properties of dental MSCs are not con-
stitutive and are affected by surrounding microenvironment. Inmunomodulation capacity of
quiescent MSCs is usually low and can be drastically enhanced upon stimulation with inflam-
matory cytokines such as IFN-y, TNF-a and IL-1(3 [176]. These cytokines are mainly produced
by activated immune cells and thus MSCs and immune cells regulate each other reciprocally.
This interaction plays an important role in tissue homeostasis as well as in the processes of
inflammation and tissue repair. Upon activation with inflammatory cytokines, MSCs usually
adapt an immunosuppressive phenotype and might dampen excessive inflammatory response
[177]. However, under low levels of inflammation, MSCs might also stimulate immune response
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and promote inflammation [177]. In dental MSCs, inflammatory cytokines usually increase the
expression of immunomodulatory proteins. Activated PBMCs enhances the expression of TGF-
[1, hepatocyte growth factor and IDO-1 in PDLSCs, DPSCs, and gingival MSCs [178]. IDO
expression is drastically upregulated by IFN-y in different dental MSCs [16, 178].

The immunomodulatory capacity of MSCs is also influenced by different pathogen-associated
molecular patterns through activation of TLRs, but the role of MSCs priming by TLR is rather
controversial to date. In some cases, priming of MSCs by TLR-3 and TLR-4 ligands enhances
their immunosuppressive effect [179]. Another report shows that TLR-3 and TLR-4 activation
results in abolishment of MSCs ability to suppress T cells activation [180]. These differences
could be explained by the fact that activation of TLRs in MSCs induces production of both
anti-inflammatory and pro-inflammatory mediators. The role of TLRs in immunomodula-
tory capacity of dental MSCs is currently under investigation and might be tissue specific.
TLR-3 agonist augments immunosuppressive potential of DPSCs and dental follicle stem
cells, whereas TLR-4 agonist augments immunosuppressive properties of dental follicle stem
cells but inhibits those of DPSCs [181]. Different bacterial lipopolysaccharides induce produc-
tion of proinflammatory mediators IL-6, IL-8 or MCP-1 in PDLSCs and DPSCs [16, 182-184].
TLR-2 and TLR-4 agonists fail to induce the expression of IDO-1 on protein level in PDLSC,
but TLR-2 agonist enhances IFN-y-induced IDO-1 expression [16]. In turn, LPS also enhances
production of anti-inflammatory PGE-2 by PDLSCs [184]. Thus, TLR agonist might activate
both proinflammatory and anti-inflammatory properties of dental MSCs and their exact role
in inflammatory response is determined by other factors, like degree of inflammation and
microenvironment.

Dental MSCs are located in the region which is continuously exposed to different bacterial
challenges. Inflammatory milieu has a substantial effect on immunomodulatory properties of
dental MSCs. PDLSCs isolated from inflamed tissue exhibit higher migratory capacityas well
as impaired ability to promote Treg induction and suppress Th17 differentiation compared to
cells isolated from healthy tissue [44, 185]. Similarly, DPSCs derived from teeth with pulpitis
fail to suppress proliferation of PBMCs, but this ability might be restored by IFN-y [186]. In
contrast to above data, one study found no difference between DPSCs isolated from normal
and inflamed tissues in their ability to modulate macrophage function [128]. To summarize,
the alteration of immunomodulatory properties of dental MSCs under inflammatory condi-
tions might play an essential role in the progression of different inflammatory disease such as
pulpitis, gingivitis and periodontitis.

4. Contribution of the immunomodulatory effects of MSCs in their
tissue regenerative potential

Although the regenerative potential of MSCs is largely recognized, their application for tis-
sue regeneration in clinic is still limited. The major hurdle for clinical application of MSCs is
the fact that the mechanisms of their differentiation in vivo are largely unknown. Preclinical
studies and clinical trials with MSCs transplantation show that the rate of MSCs engraftment
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is rather poor and does not correlate with the clinical outcome of MSC-based therapy. The
lifetime of transplanted MSCs is rather short: for example, intravenously injected MSCs are
accumulated in the lung, where they disappear within 24 h [187]. Although the exact mecha-
nisms of MSCs differentiation in vivo are unknown, it is a fact that differentiation is regulated
by the local microenvironment and interaction of transplanted MSCs with the hosts” immune
system is one of the key elements in this process [188]. The mechanisms underlying MSCs
differentiation in vivo are also altered by diseased microenvironments [189]. Moreover, trans-
planted MSCs themselves contribute to the creation of the microenvironment through their
immunomodulatory function and the production of different growth factors, which in turn
promote activation of endogenous tissue repair mechanisms [190]. Immunomodulatory and
tropic capacity of MSCs are now considered as the major mechanisms of their therapeutic
effect in vivo. This statement is supported by the observations that the secretome of MSCs
exert similar tissue regenerative effects as transplanted MSCs [191]. Furthermore, the secre-
tome of MSCs possess also strong immunomodulatory effects [20, 192].

It is rather difficult to discriminate between the role of regenerative potential and immuno-
modulatory abilities in the output of MSC-based therapies. Tissue regeneration is a complex
process, which consists of several timely overlapping phases and involves interaction between
different cell types. The immune system plays an important role in the processes of tissue
repair and regeneration. Different immune cells are involved in the different stages of tissue
regeneration processes [193]. Neutrophils and macrophages are the major cells involved in
the inflammatory phase and are responsible for bacteria phagocytosis and removal of tis-
sue debris. Regenerative M2 macrophages and regulatory T cells secrete anti-inflammatory
cytokines, which create microenvironments promoting tissue repair. Therefore, the modula-
tion of the immune response by MSCs might be an important mechanism underlying their
regenerative potential. Regenerative potential of MSCs and their immunomodulatory proper-
ties are tightly interconnected. Many factors mediating immunomodulatory effects of MSCs
are also influencing their differentiation potential. Particularly, activation of IDO by IFN-y
alters osteogenic, adipogenic and neural differentiation of human MSCs [194]. TSG-6, another
immunomodulatory factor produced by MSCs, plays a crucial role in their differentiation
ability [195, 196]. TGF-{ produced by MSCs is potentially involved in both regenerative and
immunomodulatory function of these cells [197].

Immunomodulatory properties of dental MSCs also seem to play an important role in the
regeneration of dental tissues [198]. The major information about the potential role of immuno-
modulatory properties in therapeutic efficacy of dental MSCs arise from animal studies. Most
studies suggest that allogenic transplantation of dental MSCs is well tolerated by recipients’
immune system and does not induce any immune rejection [199]. Systemic transplantation
of SHED cells ameliorates ovariectomy-induced osteopenia presumably through induction
of Treg cells and reducing Thl and Th17 cells number [200]. Transplantation of allogenic
bone marrow MSCs into periodontal defects suppressed local levels of pro-inflammatory
cytokines IL-1p3, TNF-a and IFN-y, which indicates their immunomodulatory function in
vivo [201]. An in vitro study shows that the differentiation potential of PDLSCs is influenced
by inflammatory microenvironments and is largely determined by their immunomodulatory
properties [202].

33



34 Periodontology and Dental Implantology

5. Conclusions

Dental MSCs, similarly to MSCs from other tissues, influence the properties of both the innate
and the adaptive immune system. Particularly, dental MSCs change the functional activities
of all components of the immune system: T cells, dendritic cells, natural killer cells, B cells,
macrophages, neutrophils, mast cells and complement system. The effects of MSCs are mostly
immunosuppressive, but in some cases, MSCs might also enhance the immune response. The
immunomodulatory mechanisms of MSCs include both production of soluble mediators
and cell-to-cell contact. The interaction between MSCs and the immune system is recipro-
cal: immunomodulatory ability of resting MSCs is rather low and is substantially enhanced
by proinflammatory cytokines IFN-y, TNF-a and IL-1§3. This circumstance suggests a tight
interaction between MSCs and the immune system, which plays an important role in the
maintenance of local tissue homeostasis.

In some cases, dental MSCs isolated from inflamed tissues exhibit impaired immunomodu-
latory capacity. Furthermore, immunomodulatory properties of dental MSCs might also be
influenced through activation of their TLRs by different pathogen-associated bacterial pat-
terns. These observations suggest that dental MSCs might also play an important role in the
pathogenesis of different inflammatory diseases and particularly periodontitis.

Although dental MSCs exhibit significant differentiation capacity in vitro, the mechanisms
underlying their regenerative potential in vivo are still unclear. Since the immune system
plays one of the key roles in tissue repair processes, immunomodulatory capacity of dental
MSCs could be considered as one of the major mechanisms of their effects in vivo.
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Abstract

Mechanical stress induces various molecules such as heat-shock protein (HSP), which
causes structural changes in the proteins in periodontal ligament (PDL). We carried out
an experiment to induce traumatic occlusion in mouse PDL and analyzed the expres-
sion of HSPs. HSPs investigated acts differently depending on the time of expression.
HSPs are constitutively expressed in the PDL and defend cells from stress and maintain
homeostasis under normal conditions. During bone addition to the PDL on the tension
side, HSP27 and HSP47, HSP70 also acts as molecular chaperone, which assists the matu-
ration of bone morphogenetic proteins and aids osteoblast activation. In HSP 70 and HSP
47, mechanical stress is applied to the PDL on the tension side for a short period of time
for alveolar bone repairing, and when abnormality occurs in the collagen structure fibro-
blasts of PDL, it functions at the injured site, whereby extracellular that promotes abnor-
mal collagen secretion and stores the modified protein in the endoplasmic reticulum,
there by controlling the decalcification of PDL. In other words, HSP47 and HSP70 are
expressed in PDL fibroblasts on the pressure side damaged by application of mechanical
stress and contribute to the repair of collagen tissue by activating PDL fibroblasts, sup-
porting recovery from cell damage.

Keywords: periodontal ligament, mechanical stress, homeostasis, heat-shock proteins,
HSP, fibroblasts, collagen tissue, immunohistochemistry, occlusal trauma
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1. Introduction

The periodontal tissue responds to different types of stimulus such as mechanical stress and
inflammation, to maintain homeostasis, and expresses various proteins to bring about active
remodeling of the periodontal tissue [1-12]. Periodontal connective tissue remodeling occurred
due to traumatic occlusal overload [13, 14]. Heat-shock proteins (HSPs) reply to mechanical
stress, and it is learned about as the main protein manifested by various systems and organiza-
tions. HSP is also led by an inflammation, a physical stress, a chemical stress and a pathological
change in heat shock [15]. But, the function of each HSP is still unclear. HSP participates in
defense and restoration of an injury cell, and it is thought that it contributes to the control of
cellular function [16-18]. The main ingredient of a cell outside matrix of PDL is the collagen, and
this acts on it so that mechanical stress of bite force and the mechanical correction power may be
eased. When a collagen fiber of PDL suffers damage by mechanical stress, and mechanical stress
is freed once, a collagen fiber returns to the original shape. However, many points are unclear
about the cell protein which contributes to recovery mechanism. In the remodeling course, the
fibroblasts play an important role, such as collagen synthesis. HSP47 is a collagen-binding stress
protein that acts as a collagen-specific molecular chaperone during the biosynthesis and secre-
tion of procollagen. Type I collagen is a major component of periodontal ligaments [19-21].

We focused on collagen synthesis and HSP47, which are essential to the development of
mouse and humans. We developed an experimental model by exposing the periodontal tis-
sue to occlusal overload, and the expression of HSP47 was determined using immunohis-
tochemistry (IHC). Then, we carried out an immunohistochemical investigation of HSP47
expression state in mouse PDL tissue after applying a mechanical stress and during the
recovery of the PDL.

2. Materials and methods

Before the experiments: Anesthesia was induced in the mouse by inhalation of a gaseous
mixture of isoflurane and air (preanesthetic concentration 4.0%). The experiment animal were
using gas anesthesia system for insensitivity to pain by the administration of lower concentra-
tion gases before experiment. Gas anesthesia system was control with the fixed current veloc-
ity, it was became stable, and the experiment was conducted under the maintained opiate.
The upper part of body of a mouse was lifted and fixed on the experimental platform after
anesthesia. General anesthesia was maintained during an experiment using an induction pipe
through a nose of a mouse (maintenance anesthetic density 1.0%). The upper and lower jaw
of the mouse was fixed on the laboratory table to do while opening the mouth of a mouse
during an experiment. We prepared the specimen after completing loading occlusal trauma
and mechanical stress on the maxillary molar part of the mouse.

Experimental animals: Seventy 8-week-old male ddY mouse (body weight 35 + 5 g) was used
in this study. The mouse was kept in an environment controlled by an air-conditioning unit,
in metal cages with bedding on the floor.
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This study was planned according to the Matsumoto Dental University (MDU) Experimental
Animal Guidelines. This protocol followed the MDU Experimental Animal Study Guidelines
and was approved by Animal Study Experimental Committee of MDU (Approval No. 179-10,
233-13).

2.1. Load mechanical stress from the vertical direction

Experiments 1 and 2: We made a hole in an occlusal surface of the upper jaw first molar using
one-quarter sizes of round bur. After that, stainless micro screw of head diameter 1.7 mm,
head thickness 0.5 mm, official diameter 1.0 mm and the full length 3.5 mm was planted. This
makes the mandibular first molar opposite cause a prematurity, and an occlusal trauma has
been caused. The experimental period continued for 30 days. A change in the periodontal lig-
ament was observed on 1, 4, 7 and 14 days. The untreated maxillary first molar of the mouse
served as the control group (Experiment 1). Then after, the micro plus screw was removed at
4 days after implantation and the subsequent tissue changes were observed (Experiment 2).

2.2. Load mechanical stress from lateral direction

Experiments 3 and 4: A separator was inserted by the method of Waldo [22] in order to apply
persistent mechanical stress to the upper molar PDL region of the mouse (Figure 1). The
one from which a rubber weir seat was severed in a square of 2.0 x 2.0 mm of folding into
two was employed as a separator. The upper part molar range of the mouse is sequence of
three teeth, and the first molar and the second molar from the near heart side are the third
molar. Therefore, a separator was inserted between the first molar of upper right and the sec-
ond molar. HSP manifestation was estimated using two experimental systems by this study.
Mechanical stress has been loaded with the passage of time using a separator. Mechanical
stress was released at most 24 h later, and lumping was removed by the upper part molar of
a periodontal tissue of a mouse of the range of the problem. We decided to observe total of

Figure 1. The situation of the insertion. The upper jaw was immobilized by fixing a kite string, and the position of the
lower jaw was immobilized by fixing a rubber band. Quotation alteration of literatures #1.
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six experimental duration, a group for 10 min (10 min), a group for 20 min (20 min), a group
for 1 h (1 h), a group for 3 h (3 h) and a group for 9 h (9 h) and 24 h (24 h) and used five
experimental animals per one group. It should be noted that only water was given to a mouse
to prevent a separator being dropped during impressing of mechanical stress (Experiment 3).

After loading a mechanical stress by a separator during the 3 hours, and then the stress
was released. In the shortest experimental time, an organization that around the maxillary
molar and incisers of the mouse have been extracted after 20 minutes later from remove sepa-
rator. In the longest experimental time was 1 week immediately after removal of a separa-
tor. The group in which the tissue was removed immediately after removing the separator
(3h+0min, 3h+0min), a20 min after removing the separator group (3 h + 20 min), a 1 h after
removing the separator group (3 h+ 1 h), a 3 h after removing the separator group (3h +3h),
a 9 h after removing the separator group (3 h + 9 h), a 24 h after removing the separator group
(3h+24h), a3 day after removing the separator group (3h +3 d), and a 1 week after removing
the separator group (3 h + 1 w), with five mice per group.

A mechanical stress was loaded for 3 hours, and it was released, then we were permitting that
the mouse could consuming water and solid feed freely till the end of an experimental period
(Experiment 4).

The periodontal tissue of the upper left molar from the same individual mouse (the opposite,
untreated side) was used as a control group. For both the experimental and control groups,
the distal buccal root of the upper first molar was the observation site by this experiments.

2.3. Tissue preparation

In the four experiments described earlier, the mouse upper molar periodontal tissue was
excised together with the jawbone, promptly fixed and immersed for 24 h in a fixing solu-
tion. Then after, specimens were decalcified in 10% EDTA solution for 3 weeks. Next, it was
embedded in paraffin.

Experiments 1 and 2: This was followed by embedding in paraffin, deparaffinization in xylene
and vertical sectioning of the root portion with a thickness of 4 pm.

Experiments 3 and 4: A series of horizontal 5-um thick sections was produced for the PDL
region of the roots in question and immune histochemically examined.

3. Histopathology

Specimens were stained with hematoxylin and eosin and were examined under the light
microscope.

3.1. Histopathological examination: vertical sectioning of the root portion

Experiment 1: Dense amount of PDL fibroblasts and spindle cells were seen in the control
group. Capillaries were congested with red blood cells. PDL fibers were irregularly arranged
(Figure 2A). At alveolar bone, osteoclasts were noticeable. The furcation is lined by acellular
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cementum. First a histopathology view of an experimental group is described. At day 1,
capillaries shevel hyperemia were filled with red blood cells dilated. At day 4, hyperemia
was observed stronger than day 1. The amount of deeply stained cells with round shape
nuclei increased (Figure 2B). A lot of osteoclasts were observed on the glassy surface of the
alveolar bone. At day 7, the cytological density reduced compared to day 4. Further, osteo-
clasts appeared in between fibroblasts (Figure 2C). Howship’s lacunae formed in borders
of resorbed alveolus bone and cementum (Figure 2D). Resorption of cementum was part of
the acellular cementum. At day 14, bone resorption and osteoclasts in lacunae have become
more evident as compared to day 7, and resorbed cementum also increased. The PDL at the
furcation area in the control group runs in an orderly fashion from the tooth to the alveolar
bone. But, the fibroblasts were sort of irregular. It can be speculated that the occlusal force to
the furcation was in an equilibrium state.

It was inferred that congestion and vasodilation occurred from day 1. Since there was an
increase in hyperemia at day 4, excessive occlusal load caused tissue reaction by a rise in
blood supply. But, the blood vessels did not show any change at day 7, and this is consid-
ered to be affected by the HSP47. On the other hand, the osteoclasts in Howship’s lacunae as
well as bone resorption continued to rise. The osteoclasts expressed by occlusal trauma have
been derived from bone marrow [13]. According to this result, the osteoclasts observed at
day 7 were probably bone marrow derived cells. The enlargement of Howship’s lacunae at
day 14 compared to day 7 suggested that the activity of the osteoclasts was elicited excessive
load.

Figure 2. Histopathology of Experiment 1. Control specimen (A), Experimental day 4 specimen (B), Experimental day
7 specimen (C) and Experimental day 14 specimen (D). The inset scale bar indicates 50 um. Quotation alteration of
literatures #14.
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Experiment 2: In the control group, strong hyperemia was seen at day 4 (Experimental
group 1). At day 3 of the experimental group, significant vasodilation were observed com-
pared to control group. Osteoclasts were scattered in the alveolar bone and some formed
clusters in Howship’s lacunae (Figure 3A). At day 6, capillaries were decreased in hyperemia,
and fewer osteoclasts were noted. Fibroblasts were deeply stained with hematoxylin stain
and have round shape nucleus. At day 10 of the experimental group, Howship’s lacunae were
more observed compared to day 6. Fibroblasts and dilating capillaries were no longer con-
spicuous at day 30. These histological findings at day 30 of the experimental group are similar
to the control group in experiment 1 (Figure 3B).

To summarize this finding, at the experimental group of day 3, hyperemia was not so
prominent compared to control group, and when occlusal overload was released, hyperemia
declined as well. At day 6 and 10, osteoclasts were reduced. The osteoclasts were induced
by the implantation of micro screw at day 4, and these activities continued even if the micro
screw was removed.

Howship’s lacunae were enlarged at day 10 compared to day 6. The constant activity of osteo-
clasts was brought about by the influence of occlusal overload which allowed the cells to
proceed to the activity which already began. This result means that osteoclasts was increased
due to occlusal overload and continued to increase even when the occlusal overload was
removed. The congestion or vasodilation was no longer observed at day 30 of the experiment.
It can be inferred that the periodontal ligament was restored to its equilibrium state at day 30
of the experimental group.

3.2. Histopathological examination: horizontal sectioning of the root portion

Experiment 3: The distal buccal root of the upper jaw first molar was horizontally examined.
At the control group, the mesial side of root had a slight deviation where the PDL width is
about 50 pm. The distal side of PDL in between the alveolar bone and the distal buccal root
of the left maxillary first molar were relatively arranged in order (Figure 4, C-H, C-T). In
contrast, the mesial side PDL of the distal buccal root and the PDL fibroblasts were observed
in a diagonal orientation (Figure 4, C-P).

At the experimental group, the PDL located near by the separator were called the tension side
(PDL of the distal side at the distal buccal root of right maxillary first molar); the PDL located
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Figure 3. Histopathology of Experiment 2. Experimental day 3 specimen (A) and Experimental day 30 specimen (B). The
inset scale bar indicates 50 pum. Quotation alteration of literatures #14.
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at opposite side were called the pressure side (PDL of the mesial side PDL at the distal buccal
root of the maxillary first molar). The 20 min group of the tension side, difference between
the tension and pressure side became apparent (Figure 4, 20m-H, 20m-T, 20m-P). 1 h group

aqp upgz

g

Figure 4. Histopathology of Experiment 3. Center histopathological image shows the alveolar bone socket morphology.
Left and right histopathological image shows high power view of pressure side and tension side. The most upper row
is the control group (cont), and the following is the experimental groups of 20 min (20 min), 1 h (1 h), 3h (3 h) and 24 h
(24 h). The inset scale bar indicates 50 um. Quotation alteration of literatures #2.
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of the tension side, the root moved further to the mesial direction (Figure 4, 1h-H). The PDL
width created a greater traction and the fibers had been stretched considerably (Figure 4,
1h-T). The 1 h group of the pressure side, the PDL cells showed various degenerative changes.
Furthermore, osteoblasts lining the bone surface were reduced in number; the cytoplasm and
nucleus became flattened by pressure and distinction among surrounding fibroblasts became
difficult (Figure 4, 1h-P). The 3 h group of the tension side, the root continued to move mesi-
ally and the width of the PDL space increased (Figure 4, 3h-H). The number of fibroblasts
decreased compared to the 1 h group. Oval-shaped osteoblasts are observed lining the surface
of the alveolar bone (Figure 4, 3h-T). The 3 h group of the pressure side, the PDL space further
became narrower; degenerative changes were more severe that distinction of PDL cells was
difficult. PDL fibroblasts increased its eosinophilic staining; they had fewer nuclei per unit
area. Osteoblasts lining bone surfaces were also fewer (Figure 4, 3h-P). The 9 h group of
the tension side, the root stopped moving in the mesial direction and the width of the PDL
did not further increase. The gap in between collagen bundles was reduced. The 9 h group
of the pressure side, eosinophilic staining of the PDL further increased; the number of PDL
fibroblasts decreased. Moreover, some obscure spaces partly in the fiber bundles showed
hematoxylin staining caused by karyolysis. The 24 h group of the tension side, osteoblasts lin-
ing the alveolar bone surface are oval or short cuboidal in shape. Dilated vessels and scattered
hemorrhages can be observed (Figure 4, 24h-H, 24h-T). The 24 h group of the pressure side,
the PDL became strongly eosinophilic. Strong nuclear chromatin condensation or pyknosis
has been observed in PDL fibroblasts, karyorrhexis is very evident (Figure 4, 24h-P).

4. Immunohistochemistry

Experiments 1 and 2: This was followed by embedding in paraffin, deparaffinization in
xylene and vertical sectioning of the root portion with a thickness of 4 pm. After deparaf-
finization, the slides were treated in incubator at 60°C for 30 min. Specimens were subjected
to proteolytic enzyme, immersed in 0.03% hydrogen peroxide methanol solution for 3 min,
followed by endogenous peroxidase activation for 10 min. Anti-HSP47 was the primary anti-
body (1/2000 dilution). Polyclonal anti-rabbit was the secondary antibody [14]. Then after,
slides were washed with PBS and then subjected to DAB color development for 3 min. Finally,
counterstaining was done by immersing the specimen in hematoxylin for 1 s.

Experiments 3 and 4: A series of horizontal 5-um thick sections was produced for the PDL
region of the roots in question and immune histochemically examined. The immunohistologi-
cal study was carried out using Dako Envision+Kit. Anti-rabbit HSP47 polyclonal antibody
was the primary antibody (1/1000 dilution) [1]. The specimens were counterstained with
hematoxylin. The negative controls were treated by using the same experimental protocol,
but without the primary antibody.

4.1. Immunohistochemical examination: vertical sectioning of the root portion

Experiment 1: HSP47 was slightly detected in the cytoplasm of fibroblasts in the control group
(Figure 5A). Other cells that were scattered in the periodontal ligament were also positive to
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HSP47 (Figure 5B). At day 1, HSP47 expression was detected more in fibroblasts in epithe-
lial attachment, the intensity was similar to those in the control group. At day 4, HSP47 was
detected in the entire periodontal ligament. Strong expression was detected in the fibroblast
with which covered an alveolar bone in particular (Figure 5C). More expression of HSP47 was
increased on day 7 more than day 4. HSP47 was also detected by a vascular endothelial cell.
The strongest expression of HSP47 was detected by a cell of fibroblasts on day 14 (Figure 5D).

In the control group, periodontal ligaments expressed HSP47 even though they were at equi-
librium. Only few cells in junctional epithelium and subepithelial connective tissue showed
positive reaction. This result means that HSP47 was co-expressed at cells of nonstress condi-
tion in which the protein was regulated at the transcription level. Moreover, we mentioned
that the weak expression of HSP47 [5, 6] in normal tissues was considered to be involved in
the maintenance of homeostasis in the periodontal tissue. From day 1, fibroblasts near the
epithelial attachment expressed HSP47. The findings were similar to our study of horizontal
sectioning of the root portion where HSP70 was initially detected on tension side of PDL after
loading orthodontic force. This result suggests that HSP47 is initially involved in remodeling
of collagen fibers on tension side upon mechanical stress application. HSP47 was increased
at a cell on the alveolar bone in particular on day 4. Compression of a PDL was clear because
a collagen fiber received restoration. HSP47 has begun to show conspicuously in an endo-
thelial cell on day 7. This suggests that becoming a capillary depends on surplus occlusal
load. Although there was no increase in congestion at day 4, but HSP47 was still considered
to be involved in the process. HSP47 had peaked on day 14 and kept being increased by a
continuous load. You can guess the collagen fibers to keep restoring under the existence of a
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Figure 5. Inmunohistochemical features of Experiment 1. Control specimen (A, B), Experimental day 4 specimen (C)
and Experimental day 14 specimen (D). The inset scale bar indicates 50 um. Quotation alteration of literatures #14.
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traumatic occlusion. Fibrosis follows a continuous stress by successive accumulation of a col-
lagen fiber. These suggest that manifestation of HSP47 always participated in a physiological
remodeling of a periodontal ligament by the excessive occlusal load.

Experiment 2: At day 3, the number of fibroblasts that expressed HSP47 was similar to the
control group (Figure 6A). Some cells scattered in the periodontal ligament also expressed
HSP47. The manifested strength on day 6 was increased more than day 3 (Figure 6B). Most
of a positive cell possesses round nuclei. At day 10, the number of the cell which indicates
positive reaction decreased more than the sixth day (Figure 6C). A small number of scattered
cells were positive and this was equal to opposition on day 30 (Figure 6D). On day 3, HSP47
was slightly stronger than the control group suggesting the progressive repair of damaged
collagen.

Though excessive occlusal load was removed, the cell with which I cover an alveolar bone
kept manifesting expressions of HSP47 on day 4. HSP47 kept being increased on day 6 and
decreased on day 10. Thus, HSP47 tends to be increased with the over time. But on day
30, the expression of HSP47 was like the contrasting group and that a cell had returned to
equilibrium state. The previous studies had shown the increase in HSP expression caused
by mechanical stress and decrease upon mechanical load release. Our data suggested that
HSP47 expressed by damaged epidermis during wound healing, and damaged cells caused
by mechanical trauma also express HSP47 [23]. Continuous expression of HSP47 prevented
a disturbance of epidermal cells, abnormal cell division, rupture of a blood vessel and other

Figure 6. Immunohistochemical features of Experiment 2. Experimental day 3 specimen (A), Experimental day 6
specimen (B), Experimental day 10 specimen (C) and Experimental day 30 specimen. The inset scale bar indicates 50 pm.
Quotation alteration of literatures #14.
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occurrence of apoptosis. The continuous HSP expression from day 1 to the day 14 was a
defending reply. The abnormal function of HSP47 was observed by the collagen bundles of
the periodontitis damaged.

4.2. Immunohistochemical examination: horizontal sectioning of the root portion

Experiment 3: In the PDL tissue from mouse in the control group, HSP47 expression was
detected in the cell cytoplasm of the PDL collagen bundles uniformly over the entire PDL
(Figure 7).

In the PDL tissue from mouse in the experimental group, the distal side of the PDL on the side
in which the separator was inserted was the tension side and the proximal PDL on the opposite
side was the pressure side. After loading mechanical stress over time up to 24 h by inserting
a separator, histological analysis of the mouse periodontal tissue was performed (Figure 8).

In the 10 and 20 min group, there was hardly any clear difference in the intensity of HSP47
expression when compared with the control group. There was a clear difference in the width
of the PDL on the tension side and PDL on the pressure side by a 1 h group. HSP47 mani-
festation in expansion PDL on the tension side was stronger than HSP47 manifestation in
opposition. PDL space on the pressure side shrunk and was small by a 3 h group, and the
width of the PDL space on the side pulled it and expanded more, and PDL fiber in this ter-
ritory was extended conspicuously. PDL fiber was sparsely by the part of PDL, and there
was a place where PDL fiber breaks and causes space. But the manifestation of HSP47 on
the tension side was stronger than that of the control group. The expansion width of tension
side PDL observed by a 3 h group was maintained by a 9 h group. However, the intensity of
HSP47 expression showed localized changes in the 9 h group. Stronger HSP47 manifestation
was observed on the pressure side more than the tension side. A stronger HSP47 reply was
observed in PDL on the tension side by a 24 h group. However, on the pressure side, HSP47
expression disappeared because the PDL fibroblasts were strongly compressed, but HSP47
expression was detected in the PDL fibroblasts adjoining the compressed PDL.

&o

Figure 7. Immunohistochemical results of the control group. IHC staining profile of HSP47 in control specimens. The
inset scale bar indicates 50 um. Quotation alteration of literatures #1.
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Figure 8. Immunohistochemical results of Experiment 3 at horizontal sectioning of the root portion. (a) 3 h group, (b) 9 h
group and (c) 24 h group. The inset scale bar indicates 50 pm. Quotation alteration of literatures #1.

Summarize the results of immunohistochemical experiment 3. So early time, a positive HSP47
response appeared in the PDL on the tension side, and the same level expression of HSP47
was keeped for 9 hours. The 24 hours group indicated the manifested strength of HSP47 the
most highest in the all experimental group. A positive immunohistochemistry-like HSP47
response in the tension side indicated strong step-by-step increase with the passage of time.
The low manifested position was maintained about immunohistochemistry-like HSP47 posi-
tive reaction on the pressure side, and there were no manifested conspicuous changes after
stress loaded. But strong positive reaction was detected by a group for 9 hours. A PDL fibro-
blast was compressed hard by a group for 24 hours, but HSP47 manifestation disappeared on
the pressure side because strong HSP47 manifestation was detected in a PDL fibroblast which
neighbors compressed PDL. In the 24 hours group, HSP47 expression disappeared in the
pressure side because of the PDL fibroblasts were strongly compressed. But intense HSP47
expression was detected in the PDL fibroblasts adjoining the compressed PDL.

Experiment 4: After 3 h of mechanical stress loading, separator was removed. Mouse periodon-
tal tissue of upper jaw was removed for the passage of time until after 1 week. An immuno-
histochemistry analysis of HSP47 manifestation with the passage of time in the mouse PDL
organization of the territory concerned was performed. Just after having removed separator for
3 h + 0 min after impressing mechanical stress for 3 h, a manifested local change in HSP47 was
observed at the tension side and the pressure side of mouse PDL. The manifestation of HSP47 in
PDL on the tension side was higher than the control group. Manifestation of HSP47 on the pres-
sure side did not change and was while being weak. In the 3 h + 20 min group the intensity of
HSP47 expression in the whole around the root of the tooth was also similar to 3 h + 0 min group.
The strength of HSP47 manifestation in PDL on the tension side was maintained more than a
group in 3 h+0 min and 3 h +20 min by a group for 3 + 1 h. Manifestation of HSP47 was increased
in PDL on the pressure side, and there was not a clear difference between the pressure side and
the tension side in the strength of HSP47 manifestation. HSP47 manifestation was similar on both
sides. The location of the root of the alveolar socket returned to an initial position substantially by
a group for 3 + 3 h, and the width of PDL was convalescent. HSP47 manifestation in the pressure
side and the tension side was increased more than that of a group for 3 + 1 h. HSP47 manifesta-
tion in PDL on the pressure side was stronger than something which can be put in PDL on the
tension side. There were no changes in HSP47 manifestation by a group for 3 + 9 h. However,
24 h after removing separator (3 + 24 h), HSP47 expression was again noticeably increased over
the entire PDL. A positive HSP47 response was also noted in the osteoblasts and the bone cells of
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Figure 9. Immunohistochemical results of Experiment 4. (a) Control group, (b) 3 h + 0 min group, (c) 3 + 3 h group, (d)
3+ 9 h group, (e) 3+ 24 h group and (f) 3 h + 1 w group. The inset scale bar indicates 50 um. Quotation alteration of
literature #1.

the alveolar bone. The same response was also observed 3 days after remove separator (3h+3 d).
HSP47 expression remained strong over the entire PDL 1 week after remove separator (3h +1 w).
However, expression of HSP47 was weaker than 24 h after release separator.

Summarize the immunohistochemical experiment 4. So early, a positive HSP47 response
appeared in the PDL on the tension side, and the same level expression of HSP47 was kept for
9 h. The 24 h group indicated the manifested strength of HSP47 the most highest in all experi-
mental groups. A positive immunohistochemistry-like HSP47 response on the tension side
indicated strong step-by-step increase with the passage of time. The low-manifested position
was maintained about immunohistochemistry-like HSP47 positive reaction on the pressure
side, and there were no manifested conspicuous changes after stress loaded. But a strong posi-
tive reaction was detected by a group for 9 h. A PDL fibroblast was compressed hard by a group
for 24 h, but HSP47 manifestation disappeared on the pressure side because strong HSP47
manifestation was detected in a PDL fibroblast which neighbors compressed PDL (Figure 9).

5. Discussion

Long-term excessive occlusal force and occlusal trauma has an influence on the PDL. An
occlusal trauma has a destructive influence on a periodontal tissue [24-27]. It has been stud-
ied variously about a relation between a traumatic occlusion and bone resorption. Glickman
et al. [28] reported that an inflammatory change is caused by pathogenicity bacteria in a
serious periodontitis syndrome with a progressive bone resorption, but influence by both
of the excessive occlusal force and occlusal trauma. They were experimented with the rat
to which the excessive occlusal load has been added by Kaku et al. [29]. It was transplanted
to the upper jaw first molar for micro plus screw with average head diameters to generate
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high occlusal contact uniformly in that experiment. It was possible to reduce the torque by
tightening micro plus screw cross recessed up during the experimental period. The too early
contact which makes a molar cause the excessive occlusal load was also easy to produce
because the gliding movement of the jaw of a mouse was easy relatively. A result suggested
that increase of a fibroblast as the part of the remodeling of a periodontal tissue depends on
adaptation to the excessive occlusal load. We considered that a histology-like change in a
fibroblast is increased significantly on day 4 and prepared a different experimental system
about this regard. When paraphrasing, the implantation of the micro plus screw to cause a
traumatic occlusion was possible by the day 4. So we were examined about that histological
and expression of HSP47 after traumatic occlusion. Osteoclast was induced by transplan-
tation of a micro plus screw on day 4, and even if a micro plus screw was removed, the
way continued. On the other hand, a fixed way of an osteoclast was brought by influence of
occlusal overload, and it was possible to advance toward the activity that a cell has already
been begun by that. This was indicated by expansion of a glandular cavity of Howship’s on
day 10 more than day 6. Increase of an osteoclast depends on occlusal overload, and even if a
load is removed, this means that it kept being increased. Becoming or a hemangiectasis with
the histology-like features like the contrasting group was no longer observed on day 30. It is
possible to guess a root of the periodontal ligament to have been convalescent in equilibrium
state on day 30.

In summary of experiment about the vertical sectioning of the root portion, there is a pos-
sibility that a collagen fiber in a periodontal ligament is destroyed for a continuous occlusal
overload. This was clear by increase of HSP47 expression by arrangement of a micro plus
screw. HSP47 is maintained by a fibroblast for restoration of the damaged collagen fibers.
Simultaneously, though a load to stress was released, an osteoclast keeps being increased. The
osteoclast which appeared on the alveolar bone surface is probably caused by sustained activ-
ity and it is activated. We presumed increase of an osteoclast to happen after load application
on day 4. It kept being increased until day 6 of experimental 2, but HSP47 decreased on day
10. Therefore, HSP47 shows after a period of certain activities that a damaged collagen fiber
is restored. The activity of HSP47 returned to equilibrium state on day 30, and expression of
HSP47 decreased significantly.

We focused on the collagen fiber which is a main component of a PDL and check manifested
movement of HSP47 which is peculiar molecular chaperone in the collagen. HSP localized in
the endoplasmic reticulum in the fibroblasts of the PDL.

Heat-shock protein is one kind of proteins by which manifestation is reinforced with a stress
[16]. HSP is the stress protein caused by an inflammation, a physical stress, a chemical stress
and a pathological change in a heat shock. A stress response functions as the universal and
basic defense mechanism which participates in a biological defense response. HSP was the
protein from which even the state that has no stress ranges to a cell of equilibrium state
widely, and it was indicated clearly by in vitro and in vivo experiment that HSP is the
indispensable protein to various cellular function of a cell differentiation, multiplication,
survival and maintenance of function [17, 30, 31]. HSP are polypeptides which are classi-
fied by molecular weight, and each has different functions. Many HSPs suppress protein
modifications as well as repair of modified proteins. They are molecular chaperones [30]
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having a so-called anti-apoptosis function to escape cell death [17, 18]. Periodontal ligament
is the fibrous connective tissue which is surrounding the dental root. A tooth is fixed on an
alveolar bone and mechanical stress of the occlusal pressure is received periodically. The
biological metabolic half-life of PDL is very short in 1 day. PDL is composed of much cell
type like a fibroblast, an osteoblast, an epithelium stationary stem cell of an osteoclast, a
cementoblast, cementoclasts and Malassez, a mastocyte and a macrophage. A blood vessel,
anerve and a matrix protein outside the collagen fibers and the cell of an oxytalan fiber and
a sugar protein exist. The type I collagen is the main ingredient (90%) about an ingredient
of a periodontal film, there is less type III collagen (10%), and type V collagen is present in
very small quantities. The collagen is one of general fibrous proteins most at the interior of
the body of an animal. The collagen is formed to construct more than one numerator out of
in vivo. A polypeptide of the amino acid 1000 combined is included in the collagen molecule
of which the unit of the collagen is composed. Three a chains form a spiral and form the
collagen fibers.

HSP47 defends a cell against a stress and supports maturity of the collagen in the cell and
secretion. When normal synthesis is failed for a stress of the different type, and abnormality
has occurred to the collagen structure; HSP47 obstructs a cell external secretion of the abnor-
mal collagen and stores a modified protein in an endoplasmic reticulum. It was reported
that indispensable molecular chaperone is HSP47 to form the collagen with the right three
chains reported by Nagata et al. [32, 33] in 1986. Abnormality occurs to formation of a col-
lagen fiber including the type I collagen by a collagen-specific molecular chaperone HSP47
lost knockout mouse. Abnormality is admitted by basic film formation with abnormality
of the type IV collagen, and a mouse is embryonal fatality [34, 35]. Therefore, HSP47 is the
molecular chaperone indispensable to normal occurrence in a mammal and a histogenesis.
Accordingly, it was thought that HSP47 would be similarly expressed in the periodontal
ligament in vivo when mechanical stress such as excessive occlusal force or orthodontic
force is loaded.

Some researchers did experiments on animals to establish an immunohistological basis for
a orthodontic treatment at the past. They were a basic research about a tooth movement
of orthodontic treatment and the mechanism in the root in order to clarify aspects of bone
absorption and addition and the underlying mechanism which has a clear have long history.
After loading the mechanical stress which imitated the orthodontic treatment, we studied
the various proteins manifested in a periodontal tissue of a mouse using the experiment
that horizontal sectioning of the root portion [1-12]. However, almost no cellular responses
related to harmful influential restoration of mechanical stress to a PDL fibroblast during
an orthodontic treatment is studied. Therefore, we focused on manifested HSP to oppose
various types of cell damage. Expression of HSP peptides occurs within an extremely short
time in PDL cells subjected to mechanical stress over time [2, 4-6, 8, 11, 12]. Therefore, we
infrared HSP47 which contributes to a cell differentiation was manifested by a short time
relatively and that a manifested strong change in HSP47 might be observed within 24 h.
The experimental periods of these experiments were set to enable comparison with the
data obtained by Watanabe et al. [11, 12] Matsuda et al.[4, 8], and prior reports [2, 5, 6, 9],
from 10 min to a maximum time of 24 h after inserting a separator. Moreover, in order to
investigate the recovery of the PDL from damage caused by the mechanical stress, after
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loading a mechanical stress to the mouse PDL tissue for only 3 h, HSP47 expression was
observed over time up to a maximum time of 1 week after releasing the stress. This results
show that, in the PDL at the control group (distal buccal root of untreated mouse upper
left first molar), HSP47 expression was noted in the cell cytoplasm of the PDL collagen
bundles uniformly over the entire periodontal membrane and remained low level. At the
normal circumstances, teeth are subjected to mechanical stress caused by mastication several
thousand times per day. Under these circumstances, the supporting PDL tissue maintains
its physiological functions. These findings in the control group PDL agree with reports that
other HSP such as HSP27 and HSP70 are present even in the absence of stress [17, 36, 37]
and act to maintain physiological functions in the PDL tissue [2, 5, 6]. It appears that, like
these proteins, HSP47 is also expressed in the absence of stress and serves as an element of
the mechanism underlying the physiological functions of the PDL tissue and maintains the
homeostasis of the PDL.

Next, in the experimental groups subjected to mechanical stress over time for up to 24 h,
HSP47 expression was detected in the PDL on the tension side from a very early time and
gradually increased over time with the greatest increase in the 24 h group. No marked
change was detected in HSP47 expression on the pressure side, after loading stress, expres-
sion of HS5P47 was maintained low level. However, a strong positive HSP47 response was
observed in the 9 h group. However, on the pressure side in the 24 h group, HSP47 expres-
sion was absent because the PDL fibroblasts were strongly compressed, but intense HSP47
expression was detected in PDL fibroblasts adjoining the compressed PDL. When examin-
ing the time course of HSP47 expression after loading a mechanical stress, HSP47 expres-
sion occurred with the same timing as the expression of proteins such as Runx2, Msx2, ALP,
BMP, Smad and P-Smad reported by Watanabe et al. and Matsuda et al., which contribute
to controlling bone formation by activating osteoblasts [4, 8, 11, 12]. These data suggest that
during addition of a bone to PDL on the tension side. HSP47 also has a molecular chaperone
function, assisting the maturation of bone morphogenetic proteins and supporting osteo-
blast activation.

Further, we observed expression of HSP47 at different time points after loading a mechan-
ical stress to the mouse PDL tissue for only 3 h and releasing the stress up to at most
1 week. HSP47 was manifested highly in PDL on the tense side at the very early stage
of the later when mechanical stress was freed, but manifestation in a periodontal film
on the pressure side was while being still weak. However as time passed, the width of
the compressed PDL was gone back in the previous early stage width before applying
stress, and HSP47 expression in the PDL on the pressure side increased, and 3 h after
release, when the position of the root in the alveolar bone had almost returned to the
initial state, HSP47 expression was stronger in the periodontal membrane on the pres-
sure side than that in the periodontal membrane on the tension side. After 24 h releasing
the stress, expression of HSP47 notably increased over the entire PDL, and expression of
HSP47 remained at a high level over the entire PDL until 1 week after release the stress.
These reactions are thought to have been caused by the mechanical stress on the PDL. We
previously reported that HSP70, expressed on a pressure side, which has been subjected
to intense cell damage, may contribute to osteoclast differentiation on the pressure side,
suppresses modification of nascent protein therein and fulfills the function of carrying
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out management and repair of modified proteins, which cannot be regenerated [6]. It is
conjectured that HSP47 which, like HSP70, has a function in tissue repair, is expressed
in PDL fibroblasts on the pressure side damaged by applying a mechanical stress, con-
tributes to repairing collagen tissue by activating PDL fibroblasts and contributes to the
recovery from cell damage. Moreover, as previously mentioned, HSP47 manifested by the
fibroblasts on the tension side probably has a molecular chaperone function, which assists
the maturation of bone morphogenetic proteins and aids osteoblast activation. However,
when mechanical stress is loaded to the PDL on the tension side during time which is not
enough for bone addition, cell damage forms, and there is a possibility that abnormality
occurs to the collagen structure of the PDL fibroblast. By functioning at the damage site,
HSP47 obstructs a cell external secretion of the abnormal collagen, stores a modification
protein in an endoplasmic reticulum and controls decalcification which is the feature of
PDL by that by functioning by a damage part.

6. Conclusions

The results suggest that HSP47 is actively involved in homeostasis of periodontal tissue sub-
jected to mechanical stress and occlusal overload. In other words, HSP47 is constitutively
expressed in the PDL and defends cells from different types of stress and maintains homeo-
stasis under normal conditions.

There is a possibility that a collagen fiber in the PDL is destroyed for mechanical stress and a
continuous occlusal overload. HSP47 is manifested in the PDL fibroblast damaged by applica-
tion of mechanical stress. HSP47 contributes to restoration of the collagen organization by
activating a PDL fibroblast and supports a recovery from cell damage.

HSP47 was suggested that in the course of the alveolar bone addition to the PDL at the tension
side, that also acts as molecular chaperone and that support the maturation of bone morpho-
genetic proteins and aids osteoblast activation.

Further, HSP47 inhibits extracellular secretion of abnormal collagen, stores the modified pro-
tein in the endoplasmic reticulum, thereby controlling decalcification of the PDL.

HSP47 acts differently depending on the time of expression in PDL.
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Abstract

The performance of clinicians undertaking periodontal assessment or periodontal therapy
can be improved by using optical methods as adjuncts to visual inspection and periodon-
tal probing. Subtle changes that occur over time in periodontal tissues that are below the
detection limit of visual examination or periodontal probing can be found and tracked
accurately over time using 3D imaging, fluorescence spectroscopy, and optical coherence
tomography. During debridement of teeth and dental implants, the effective removal of
subgingival microbial biofilms and dental calculus deposits can be enhanced using mag-
nifying loupes and operating microscopes and by novel methods based on the interactions
of light with bacterial deposits, such as differential reflectometry and light-induced fluo-
rescence. While such techniques can also be used using initial case assessment, their
primary purpose is for checking debridement procedures, since the point when bacterial
deposits are no longer present represents an endpoint for treatment. The concept of real-
time feedback has been developed, using fluorescence readings to control the removal of
deposits. Overall, optical methods can support traditional periodontal diagnosis and
improve treatment planning and clinical periodontal care.

Keywords: periodontal diagnosis, fluorescence imaging, laser-induced fluorescence,
porphyrins, fluorescence spectroscopy, differential reflectometry, optical coherence
tomography

1. Introduction

The standard approaches that are used in periodontal diagnosis are less than perfect in terms of
their clinical performance. Tactile assessment of periodontal soft tissues and root surfaces using
periodontal probes of various types provides useful information, but the results are influenced
by the design of the probe, the probing force applied, and the extent of inflammation in the tissue

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [{(cc) ExgIN
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Technology Clinical applications

3D Optical scanning Monitor graft sites
Track recession over time
Track gingival enlargement over time
Optical spectroscopy Distinguish periodontitis sites from gingivitis
Distinguish peri-implantitis from peri-implant mucositis
OCT All of the above applications, plus the following:
Measure the thickness of the gingival tissues
Assess biological width
Detect deposits of subgingival calculus

Early detection of bone loss and bone formation

Table 1. Applications of optical diagnostic systems for periodontal patient assessment.

[1-3]. It is not possible to relate periodontal probing measurements to precise histological mea-
surements of actual sulcus or pocket depths. During clinical probing, the periodontal tissues are
compressed and displaced, and the junctional epithelium may or may not be perforated [4, 5].

There are also issues with being able to reliably detect subgingival calculus on root surfaces
using tactile feedback from a periodontal probe [6, 7]. While supragingival calculus is easily
seen, deposits of subgingival calculus are hidden from view and are difficult to detect [8, 9].

Given these limitations, there has been long standing interest in additional methods that could
be used to augment traditional periodontal clinical examination (Table 1). Using optical
methods has the major advantage of patient safety, since light with low photon energy is
nonionizing (unlike dental X-rays). This chapter summarizes the use of optical diagnostic
devices in periodontics, for the assessment of periodontal soft or hard tissues (including the
subgingival surfaces of tooth roots and dental implants), and discusses the use of such devices
to better inform the clinician during subgingival debridement. By better monitoring the pro-
gress of debridement during a treatment session, the frequency of iatrogenic problems such as
instrument-induced damage to the treated surfaces and excessive removal of root structure
should be reduced.

2. Assessment of periodontal tissues at baseline and recall periodontal
examinations

2.1. Three dimensional optical scanning

Intra-oral 3D scanners that are used to scan tooth preparation for CAD-CAM restorations also
record exquisite details of the form and color of the periodontal soft tissues. Periodontal
parameters of interest that can be measured from such scans include the height and width of
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areas of recession, the changes in contours of sites that have undergone grafting or augmenta-
tion procedures, and the progressive development of areas of gingival enlargement. By com-
paring measurements from 3D scans over time, the clinician can track subtle changes in soft
tissue architecture between dental appointments [10, 11].

Studies comparing clinical measurements with digital measurements taken from intra-oral 3D
scans, or from 3D scans of study models, have shown that digital measurements taken from
3D scans are more reliable than those taken in the clinical measurements [12]. A series of 3D
scans will document changes in tissue volume and color over time, making it an ideal way to
track outcomes of grafting procedures. One can predict that data from 3D intra-oral scans will
become the new gold standard in periodontal practice for monitoring patients being treated
surgically for muco-gingival problems or who have undergone surgery for gingival over-
growth. It has been suggested that high definition color 3D intra-oral scans could even even-
tually replace both intraoral photographs and study models. This trend has already been seen
in orthodontics [13].

2.2. Optical spectroscopy using near-infrared light

This optical method is a simple, yet powerful addition to the diagnostic armamentarium of
periodontal practice. It has been used for many years in medicine and agriculture for the
noninvasive assessment of the composition of biological tissues. In periodontics, a portable
spectrometer can be used to measure blood flow and inflammation in the periodontal tissues.
Optical spectroscopy using near-infrared light provides information on tissue oxygenation, the
various forms of hemoglobin present, and tissue edema. There are higher concentrations of
deoxyhemoglobin (and thus less tissue oxygenation) at sites of periodontitis, compared to sites
with gingivitis or healthy sites [14]. Thus, in any one patient, this method can be used to
discriminate between sites with periodontitis, as opposed to sites with gingivitis [15-17]. The
same approach can be used to monitor peri-implant disease, because tissue oxygenation at
peri-implantitis sites is lower than at healthy sites [18, 19], even when the patient is a smoker.

2.3. Optical coherence tomography

For detailed examination of periodontal hard and soft tissues, optical coherence tomography
(OCT) is superior to other approaches because it can provide the three dimensional tissue
contour information of an intra-oral 3D scan, as well as cross-sectional images at high resolu-
tion that are comparable to histology.

The use of OCT systems for imaging of hard and soft tissues in the oral cavity has been
investigated for more than 20 years. Dental OCT systems work on the same principles as their
medical OCT counterparts, such as the systems used in ophthalmology, but they require
specially designed delivery systems for use in the confined environment of the mouth. The
light source in a typical OCT system is a near infrared diode laser that emits light with a
wavelength between 850 and 1310 nm. This light penetrates well through teeth, bone, and soft
tissues [20]. OCT images have very high resolution (1-15 pum), with a level of detail that
surpasses other clinical imaging systems, including ultrasound and radiography [20, 21].

75



76  Periodontology and Dental Implantology

The first dental OCT system suitable for intra-oral use was built in 1998, and was used to
obtain high resolution images of periodontal tissues in the laboratory setting. The OCT images
revealed details of the cemento-enamel junction and the interface between the teeth and the
gingival tissues [21, 22]. When used in the clinical setting, this OCT system provided visual
recordings of periodontal tissue contour, sulcular depth, and connective tissue attachment
[23, 24], and provided a cross-sectional “optical biopsy” of tissue, up to a depth of 3 mm from
the surface [25, 26]. In later OCT systems, the penetration was increased to 4 mm by using
longer wavelengths of light (up to 1325 nm) [27].

Using OCT, the thickness of the gingival tissues and the constituent epithelial and connective
tissues can be measured, as well as the biological width and the position of alveolar bone crest
[28], and the location of any deposits of subgingival calculus, to a high resolution that sur-
passes traditional methods [29, 30].

The high resolution of OCT allows cellular level details to be seen, including subtle changes in
the width of the periodontal ligament, or in the depth of the gingival sulcus [31-34]. Early
detection of bone loss is possible. OCT can also be used for checking debridement, and for
monitoring the response to periodontal treatment [35].

As the technology for deploying OCT systems into intra-oral handpieces improves, it will become
more accessible for use in clinical dental practice as a noninvasive method for imaging the micro-
structural detail of periodontal tissues in situ. Over time, it could replace some current applications
of radiology or other diagnostic approaches, as has occurred in some fields of medicine [36].

3. Optical devices for assessing subgingival deposits and monitoring
their removal during periodontal debridement

3.1. Conventional optical magnification devices

During closed periodontal debridement or open debridement, improved visibility for ensuring
that all deposits are removed properly can be gained using optical magnifying devices, such as
operating microscopes and telescopic loupes. Operating microscopes are particularly useful
during surgical periodontal therapy, because the lighting is coaxial, giving a well-illuminated
site [37-39]. In contemporary specialist periodontal practice, telescopic loupes are more popu-
lar than operating microscopes [40].

Fiber optic periodontal endoscopes (“perio-scopes”) are an important further part of the
armamentarium. These devices are a modification of medical endoscope technology, and use
a small rigid optical element or a fixed, fused fiber optic bundle. In both cases, the tip is less
than 1 mm in diameter, so that it can be fitted inside a periodontal pocket with only minimal
reflection of the adjacent soft tissues. The images from a perio-scope are displayed on a video
monitor. In some perio-scopes, a dual lumen allows irrigation of the periodontal environment
to improve the clarity of the field that is being viewed [41].

Because effective debridement is difficult in deep pockets and furcation areas [42], perio-
scopes are particularly useful for monitoring the removal of subgingival deposits in such
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locations [41, 43, 44]. Perio-scope images will also show scratches and gouges of the root
surface created by instruments. These types of surface irregularities make tactile assessment
of root surfaces challenging, as the roughness could be misinterpreted as indicating that
calculus deposits are still present [41]. The benefits of using a perio-scope have been shown in
clinical studies using teeth destined for removal during a complete dental clearance. In these
studies, the quality of subgingival debridement of interproximal root surfaces was improved
when perio-scopes were used, with a significantly reduced area of residual deposits compared
to conventional debridement [43, 44].

To use a perio-scope effectively, the clinician has to learn how to position and manipulate the
imaging tip while viewing the image [43, 44]. Interpreting the image requires training, as the
typically dark color of subgingival calculus may be less apparent due to variations in lighting
as the perio-scope tip approaches the surface of the calculus. The clinician must use consider-
able care when moving the perio-scope tip, to prevent damage to the optical components. In
some cases, using gas shielding or irrigation during viewing is necessary to gain a clear image
and overcome problems of fogging and fouling of the optics during use [45].

3.2. Differential reflectometry

In this optical approach, the root surface is illuminated through a narrow optical tip that is
similar in size to a periodontal probe. Two light sources are used, typically visible red light
(623 nm) and near infrared light (880 nm). The spectral distribution of the reflected light is
analyzed to detect the presence of calculus. The readout indicates when calculus is present, via
an audible alert tone. Differential reflectometry is more accurate than tactile assessment for
assessing deposits of subgingival calculus on the root surfaces of teeth than a periodontal
probe [46].

3.3. Laser fluorescence using visible red light and the DIAGNOdent™

As a means to detect subgingival deposits of calculus remaining after debridement, laser-
induced fluorescence (LF) seems ideal, since it can provide a numerical assessment of the
volume of the remaining deposits in real time, using an optical probe that is similar in shape
to a periodontal probe. LF readings are highly reproducible over time. When using LF at
intervals during debridement, LF scores will reduce as calculus is removed. When the LF score
reaches the threshold for a healthy root surface, the clinician has reached the endpoint of
complete removal of calculus.

When LF is undertaken using 655 nm visible red laser light as the excitation source, the
remaining deposits of subgingival calculus emit strong near infrared fluorescence at 720 nm,
but these do not occur with sound root surfaces [47]. Using visible red excitation means that
the light penetrates through blood and is not masked by any bleeding from the site [48].

In the DIAGNOdent™ Classic and the DIAGNOdent™ Pen (KaVo, Biberach, Germany), the
655 nm light is generated by an In:Ga:As:P diode laser. This light then elicits the near infrared
fluorescence from the bacterial porphyrins contained within the subgingival calculus deposits
[49]. The optical pathway is designed so that reflected light and any ambient light (from
daylight and operatory lighting) is removed using a high-pass (680 nm cutoff) filter. The longer
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near infrared wavelengths of light pass through the filter to reach a time-gated detector.
Finally, the intensity of the fluorescent radiation is presented to the user as a digital value (on
a 0-99 scale). Once the LF reading has reduced to the baseline value for cementum or healthy
dentine (e.g. an LF score of 7), no further calculus deposits remain, and the endpoint for
instrumentation has been reached [50, 51]. Key clinical aspects of using LF devices are sum-
marized in Table 2 below.

In terms of overall performance, LF is superior to both differential reflectometry and conven-
tional periodontal probing for detecting subgingival calculus [52, 53]. The usefulness of LF has
led to the concept of fluorescence-controlled ablation of subgingival bacterial deposits. The
debridement component is undertaken using a pulsed Er:YAG laser which generates middle
infrared light that is strongly absorbed in water [54]. The Er:YAG laser gives effective calculus
removal when low energy pulses are applied onto the root surface at a shallow angle [55-57].
In addition to physically removing calculus and biofilms, the Er:YAG laser pulses have little or
no effect on the surfaces of teeth or dental implants. The laser pulses inactivate or vaporize
bacteria, and reduce the biological activity of bacterial endotoxins [58-60].

In the KEY3™ Jaser system (KaVo, Biberach, Germany), the firing of Er:YAG laser pulses is
controlled using the LF readings, which provide the feedback for the “autopilot”. When used
with LF control, the laser debridement process causes no adverse thermal effects on root
surfaces [59, 60]. The treated root surfaces are biocompatible, and new cementum formation
and the formation of new connective tissue attachment can occur following treatment [61].
Clinical studies of root surface instrumentation have shown that superior removal of
subgingival calculus occurs, but without any undesirable surface alterations caused by instru-
mentation [62, 63]. This means that fluorescence-controlled Er:YAG laser debridement of root
surfaces is a direct but superior replacement for conventional closed periodontal debridement
undertaken with hand or ultrasonic instruments [64-66].

The same concepts of LF guidance can be applied to subgingival implant surfaces. Er:YAG
laser treatment guided by LF removes microbial contamination. The lased surface is biocom-
patible, and supports adhesion and growth of osteoblasts [67, 68].

When using LF, it is essential that the clinician interprets correctly the readings that guide their
decision around when to stop treatment. The LF readings from the DIAGNOdent Classic, Pen,
and KEY3 laser correlate to the surface area and volume of subgingival calculus deposits [69].

Keep the optical components (tips) free of visible contamination

Calibrate the fluorescence system daily as per the manufacturer’s instructions

Hold the working tip with a light touch and do not apply strong force against the surface being assessed

When working around restorations, be aware of endogenous fluorescence of restorative materials

Teeth with discoloration from first and second generation tetracycline antibiotics will have elevated background
fluorescence

Lesions of root surface caries will give strong fluorescence readings

Ensure that the correct threshold value is being used for the instrument readings

Table 2. Major aspects of clinical technique when using laser fluorescence for detection of subgingival calculus and
dental plaque biofilms.
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Thus, if readings remain high at a particular site, deposits remain and further debridement is
needed. Depending on which LF device is being used, the clinician may need to adjust their
decision point. The reason for this is that there are subtle performance differences between the
three systems. The KEY3 gives superior accuracy and reproducibility over the DIAGNOdent Pen
and the DIAGNOdent Classic [52, 69, 70]. The threshold LF reading for the boundary between a
healthy root surface (or implant surface) and bacterial deposits is 5 for the DIAGNOdent Classic,
but 7 for the DIAGNOdent Pen and KEY3 laser.

3.4. Fluorescence detection of dental calculus using other wavelengths of light

The fluorescence concepts that underpin LF can be applied using nonlaser light sources, using
wavelengths of light other than those in the visible red portion of the spectrum to excite the
target tissue. Ultraviolet light (315400 nm), violet light (405 nm) and visible blue light (400-
420 nm) will all generate fluorescence emissions in the visible red region [71-75] (Figure 1).
The major fluorophores are the porphyrins, particularly protoporphyrin IX, which emits at
633 nm [73]. This approach has been used for detecting mature deposits of supragingival
plaque and calculus.

In an intra-oral camera, a long pass orange filter placed over the imaging sensor will remove
reflected light [72]. This direct imaging approach cannot however be used for viewing
subgingival surfaces during patient examination or during debridement.

Figure 1. Visible red fluorescence emissions produced by calculus when excited with 405 nm violet light. Left side,
supragingival calculus deposits on lingual aspects of mandibular incisor teeth, prior to a debridement visit. Right side,
subgingival calculus deposits in the buccal furcation area of an extracted mandibular molar tooth. This location would not
be visible using an intra-oral camera unless the patient was having periodontal flap surgery.
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4. Conclusions

Optical methods are promising diagnostic technologies that can be used to augment tradi-
tional periodontal examination. A key factor that supports the use of optical devices as diag-
nostic adjuncts is that they are safe, and employ nonionizing radiation, thus making them
suitable for frequent use in clinical practice on the same patient. 3D scanning, fluorescence
spectroscopy and OCT can all provide valuable information on periodontal soft tissues and
their relationship to teeth and dental implants. Light-induced fluorescence can provide
improved detection of subgingival calculus during debridement.
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Abstract

The use of chemotherapeutic agents or drugs specifically designed to treat periodontal
diseases is emerging to aid in this risk assessment and reduction strategy. They include
locally applied and systemically delivered antimicrobials and host modulatory thera-
pies. Tetracyclines are a group of antibiotics produced naturally from certain species of
Streptomyces or derived semisynthetically. Their advantages were broad-spectrum activ-
ity, better tolerated, and less toxic to some individuals. Further modifications of these
natural products by means of synthetic reactions and reagents led to the production of
the clinically used antibiotic tetracycline compounds—minocycline, doxycycline, and
methacycline. Tetracyclines are now recognized to have non-antimicrobial properties
that may also be therapeutically advantageous. They have anti-inflammatory properties,
particularly in the treatment of certain skin diseases. One important aspect is their abil-
ity to inhibit host collagenolytic enzymes, an effect that inhibits the connective tissue
degradation and thus preventing bone resorption. To identify the site of the anticollage-
nase property, Golub and co-workers in 1991 synthesized 10 different analogs of tetra-
cyclines known as chemically modified tetracyclines (CMTs 1-10). All 10 analogs lacked
antimicrobial efficacy and inhibited collagenase activity, but only 1 did not. Though not
approved for human use by the FDA, preliminary studies using CMT-3 are being inves-
tigated on humans with cancer.

Keywords: anti-collagenase, anti-inflammatory, collagenolytic enzymes,
nonantimicrobial

1. Introduction and background

Host modulation with chemotherapeutic therapy or drugs is a new adjunctive therapeutic
option for the management of periodontal diseases. The concept of host modulation was
introduced by Williams and Golub et al. and then expanded on by many scholars. Various
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studies have indicated that host responses believed to be involved in pathogenesis of peri-
odontal diseases may be efficacious in slowing progression of periodontitis. For the manage-
ment of periodontal diseases, conventional approaches were initially mechanical in nature, as
reviewed in the historical section, that is, surgery as well as scaling and root planning. New
adjunctive approaches involve modulation of the host response. It has been recognized that
genetic, environmental (e.g., tobacco use), and acquired risk factors (e.g., systemic disease)
can increase a patient’s susceptibility to developing periodontitis. Some of these risk factors
can be modified to reduce a patient’s susceptibility.

Risk assessment and therapy may include smoking cessation, improved control of diabetes,
nutritional supplementation, improved oral hygiene, changes in medication, stress manage-
ment, and more frequent dental visits.

The use of chemotherapeutic agents or drugs specifically designed to treat periodontal dis-
eases is emerging to aid in this risk assessment and reduction strategy. They include locally
applied and systemically delivered antimicrobials and host modulatory therapies which can
be used to reduce excessive levels of enzymes, cytokines, and prostanoids as well as to modu-
late osteoclast and osteoblast function. Golub and colleagues discussed “host modulation with
tetracyclines and their chemically modified analogs.” When considering the imbalance in
destructive or pro-inflammatory mediators versus protective or anti-inflammatory mediators
in the diseased state, physicians should contemplate the use of pharmacological agents or host
modulatory therapy.

Tetracyclines are a group of antibiotics produced naturally from certain species of Streptomyces
or derived semisynthetically. Chlortetracycline (Figure 1) is the first tetracycline to be fully

E-Cod, o B-Enrygre
gm— S O
- mﬁ OH OH OH OH O
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Tetracychine Namsral Products R
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Figure 1. Polyketide synthesis pathway, tetracycline natural products, and semi-synthetic compounds.
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characterized both chemically and clinically. Their advantages were broad-spectrum activity,
better tolerated, and less toxic to some individuals. Further modifications of these natural
products by means of synthetic reactions and reagents led to the production of the clinically
used antibiotic tetracycline compounds—minocycline, doxycycline, and methacycline.

2. Advantages of tetracyclines in periodontitis

Chemically modified tetracycline plays an important role in suppressing the concentration of
Gram-negative microorganisms in the subgingival plaque. Concentration in the (GCF) was
5-10 times greater than in serum. Tetracyclines are now recognized to have nonantimicrobial
properties that may also be therapeutically advantageous. An ability to promote fibroblast
and connective tissue attachment to tooth & other surfaces (Figure 2), which is relevant to
periodontal regeneration. They have anti-inflammatory properties, particularly in the treat-
ment of certain skin diseases like rosacea, dermatitis herpetiformis and epidermolysis bul-
losa, disorders that are not thought to have a bacterial etiology and their ability to inhibit host
collagenolytic enzymes, an effect that inhibits the connective tissue degradation, including
bone resorption [1].

2.1. Matrix metalloproteinases (MMPs)

These are a family of enzymes capable of degrading connective tissue matrix. These enzymes are
secreted in latent form by fibroblasts, keratinocytes, macrophages and polymorphoneutrophils.

Periodontal Breakdown Cascade

PGE;
9 B4 :’Em

Figure 2. Role of chemically modified tetracycline in periodontitis.
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There are about 28 MMPs. There are about 28 MMPs. All MMPs have similar multi-domain
structure (Figure 3) Ryan et al. [2]:

1. “Pre” region to target for secretion

. “Pro” region to maintain latency

. Catalytic region that contains the active zinc-binding site

> W N

. Proline-rich hinge region, which acts as a zinc-binding site
The majority of MMPs have additional domains, such as hemopexin region or fibronectin-like
region, which play a role in recognition and in inhibitor binding.

MMPs can be grouped into six:

(a) Collagenase

(b) Gelatinase

(c) Stromelysins

(d) Membrane-type MMPs
(e) Matrilysins

(f) Other MMPs
Activation and regulation of MMPs (Figure 4)
Metal ions

Thiol reagents

Detergents
Organomercurials

Oxidants

PROTOTYPE

Figure 3. Structure of matrix metalloproteinases (MMPs).
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Inactive MNMPs Active MMPs

Figure 4. Inactive and active MMPs.

Inhibitors of MMPs can be broadly classified as being

a. Nonsynthetic, e.g., endogenous TIMPs

b. Synthetic, e.g., collagen peptidomimetics, non-peptidomimetics, bisphosphonates, tetra-
cycline derivatives like chemically modified tetracyclines (CMTs), and subantimicrobial
dose doxycycline (SDD)

2.1.1. Host modulatory therapy

It is a treatment concept that aims to reduce tissue destruction and stabilize or even regenerate
the periodontium by modifying or downregulating destructive aspects of host response and
upregulating protective or regenerative responses [3, 4].

Various host modulatory agents proposed to block pathways responsible for periodontal tis-
sue destruction are:

1. Inhibition of MMPs through CMTs

2. Inhibition of arachidonic acid metabolites

3. Modulation of bone metabolism
4

. Regulation of immune and inflammatory responses

2.2. Chemically modified tetracyclines (CMTs)

The unexpected ability of tetracyclines to inhibit the breakdown of the connective tissue and
bone by a nonantimicrobial mechanism was first reported over six decades. Based on the
thoroughly explored chemistry of tetracyclines, a number of tetracycline analogs can be syn-
thesized with side-chain deletions or, in some cases, moieties added to the parent tetracycline
molecule.
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Golub and co-workers (1983, 1987) [5] made the observation that collagenase activity was
inhibited by tetracycline.

Their study showed that: in severe hypoglycemic rats, there was a shift to Gram-negative
microflora in subgingival plaque with more of endotoxin penetration into subepithelial con-
nective tissue leading to stimulation of host cells.

2.2.1. The diabetic rat model

Golub [5] and co-workers modified their experimental diabetes protocol using tetracycline
therapy and germ-free rats to determine whether the Gram-negative microflora increased
collagenase levels (Figure 5).

As aresult of these initial studies, Golub et al. proposed:

1. Collagenase action was inhibited by tetracycline.

2. This property of tetracycline can be useful not only for periodontal disease but also for
rheumatoid and osteoarthritis (as well as several cutaneous and other diseases) that
involve collagen destruction.

Tetracyclines are known to inhibit collagenase and some other, but not all, matrix metal-
loproteinases or MMPs from a variety of cells:

Conventional Rats Gnotobiotic Rats
AT ‘_

Periodontitis Diabetes
& Diabetes

Minocycline Minocycline

Figure 5. The diabetic rat model.
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Figure 6. Inhibition mechanism of polymorphoneutrophils (PMNs) and fibroblast collagenase.

¢ Neutrophils
* Macrophages
* Osteoblasts
¢ Chondrocytes

* A wide range of tissues: skin, gingiva, cornea, cartilage, and rheumatoid synovium
Tetracyclines inhibit PMN but not fibroblast collagenase [6, 7] (Figure 6):

* PMNs are the major sources of collagenase that mediates tissue breakdown instead of
fibroblasts.

* During inflammation, collagenolytic activity will be reduced by the use of these drugs but
not the collagen turnover.

To identify the site of the anti-collagenase property, Golub and co-workers (1991) [5] synthe-
sized 10 different analogs of tetracyclines known as chemically modified tetracyclines (CMTs
1-10). All 10 analogs lacked antimicrobial efficacy and inhibited collagenase activity, but only 1
did not.

3. Structure of CMT

This modification did not reduce the ability of drug to block the activity of collagenases from
a number of tissue sources (PMNs, gingiva, osteoblasts, synovial tissue, lung cancer cells) or
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its ability to inhibit bone resorption [8] (Figure 7). Thus, it was concluded that the C-4 moiety
had no role in anti-collagenase action of the drug.

When changes were made at C-11 and C-12 position by converting tetracycline to the pyr-
azole derivative or CMT-5, the collagenase inhibitory activity was lost.

These carbon groups are thought to be the sites for cation binding at physiologic pH 48,
and all collagenases are known to require the cations, calcium and zinc, for their hydrolytic
activity.

Tetracycline (TC) Analogs

®CMT-| (4-dedimaibylamins TC)
=& CMT-2 ( TC nitrila)
ECMT-3 [(6-demethyl G-deoxy 4-dedimethylamine TC)
W ECMT-4 (T-ehloro 4-dedimathylomineg TEC)
B CMT-5 (pyrarcis)

Figure 7. Structure of chemically modified tetracyclines (CMTs).

CONH,

CMT-1
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CMT-2 oly
tetracyclinonitrile was
produced by
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at carbon 2.
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Tetracycline [TC) Asalogs

S LTI 4 -dedimaniylnniss TL)
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3.1. Mechanism of action of CMTs

a. CMTs bind metal ions, particularly Ca2+ and Zn2+, which are required by enzymes for
their normal activity [9] (Figure 8).

b. Inhibition of pro-MMPs.

¢. CMTs have also been shown to downregulate expression of MMP-2 and MMP-9 [Golub
et al. (1991, 1998)].

d. Also, CMTs may inhibit the activation of collagenases (MMP-1, MMP-8, and MMP-13)
e. Inhibit stromelysins (MMP-3, MMP-10, and MMP-11).
f. Inhibit MT-MMPs.

Other mechanisms that have been proposed include:

* Retards cytokine production.

* Reduced serine proteinase and trypsinogen-2 (Pruzanski et al., 1998; Kirkwood et al., 1999).
* Inhibition of protein glycation.

* Inhibition of non-collagenolytic proteases.

¢ Inhibit secretion of other collagenolytic enzymes like lysosomal cathepsin.

* Scavenges reactive oxygen species.

* Modulates the osteoclast function and inhibits already active MMPs.

Tetracyclines affect several parameters of osteoclast function (Figure 9).

« TC effects on pro- collagenase activation:=
L] L]

Osteoblasts

Procollagenase

l.__

Collagenase

Inhibits 40 < 80%

Figure 8. Mechanism of action of chemically modified tetracyclines (CMTs).
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Figure 9. Effect of tetracyclines on osteoclast function.

3.2. Action on P. gingivalis and T. denticola

¢ Inhibits Arg- and Lys-gingipain activities and collagenolytic activity of P. gingivalis.
¢ Inhibited trypsin like activity of T. denticola.

* CMT-I inhibited serum albumin degradation by P. gingivalis and T. denticola.

e CMT-1 inhibited the inactivation of a1l proteinase inhibitor by P. gingivalis.

* CMT's potential advantages over conventional tetracyclines:

¢ The recent observations in rats showed that CMT-1 is absorbed after oral administration
more rapidly and has a longer serum half-life than tetracycline.
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¢ Their long-term systemic administration does not result in gastrointestinal toxicity.
¢ No resistance.

* Can be used for prolonged periods.

3.3. Current status of CMTs

* Though not approved for human use by the FDA, preliminary studies using CMT-3 are
being investigated on humans with cancer.

* Greenwald et al. recently conducted a synergism study using CMT-1 + flurbiprofen, a
standard nonsteroidal anti-inflammatory drug selected primarily because of its reported
beneficial effect on bone loss in humans with adult periodontitis and the beagle dog model
of periodontal disease.

4. Periostat

It is subantimicrobial dose of doxycycline hyclate (SDD) capsule of 20 mg prescribed for
patients with chronic periodontitis twice daily for 3 months, up to a maximum of 9 months of
continuous dosing [10]. Indications for periostat are patients who have not responded to non-
surgical therapy, patients with generalized recurrent sites of 5 mm or greater pocket depth
that bleed on probing, and patients with mild to moderate chronic periodontitis and a high
susceptibility to rapid periodontal disease progression. It is the only FDA-approved systemi-
cally administered HMT indicated in the treatment of periodontitis [11]. Most patients will
have small (i.e., less than 1 mm) additive effect on pocket depth reduction when this systemic
approach is added to scaling and root planning. Modulation of host response may be valuable
in enhancing effects of antimicrobial agents, such as doxycycline, which are locally released
and in periodontitis treatment, especially in smokers.

4.1. Mechanism

The rationale for using SDD is based on the concept of host modulation; that is, it downregu-
lates the activity of destructive responses such as MMP activity and upregulates protective
responses as it promotes osteoblastic activity leading to new bone formation by upregulating
collagen production.

4.2. Indications

a. Indicated in the management of chronic periodontitis
b. Can be used in patients with Ag periodontitis who are treated nonsurgically

c. Can also be used as an adjunct to periodontal surgery
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d. May also be beneficial in cases that are refractory to treatment, as well as in patients
with risk factors such as smoking or diabetes, in whom the treatment response might be
limited

4.3. Contraindications

SDD should not be used in conditions such as gingivitis and periodontal abscess or when
an antibiotic is indicated. The other contraindication of its use is in allergy to tetracycline.
Patients taking oral contraceptives may have reduced protection from pregnancy with this
therapy.

Host modulation therapy is an emerging treatment concept and can be used in susceptible,
high-risk patients in whom a prolonged and excessive host response to microorganisms pro-
motes activity of MMPs and osteoclast. Clinical trials have demonstrated a clear treatment
benefit when it is used in combination with phase I therapy. The further development of
these agents will help clinicians to treat specific aspects of periodontal diseases by reducing
inflammation and inhibiting destructive processes in tissues, which will result in enhanced
periodontal stability after conventional periodontal treatment such as scaling root planning
(SRP) and surgery.

Ramamurthy et al. (2002) tested doxycycline and five different CMTs to prevent MMP-
dependent periodontal tissue breakdown in an adult rat model. CMTs were administered
orally at conc. 2 mg/day for 7 days, and gingival biopsies were taken to assess cytokines TNF,
IL-1, and MMP-2 and MMP-9. All tetracycline inhibited periodontal breakdown in the follow-
ing order of efficacy: CMT, 8 >1 >3 > doxy >4 >7.

Long-term (i.e., 9-18 months) administration of SDD does not result in emergence of resis-
tant organism or alteration of subgingival microflora. Various long term studies have been
conducted.

Doxycycline 20 mg bid was used in 51 patients with active periodontitis based on pocket
depth and increased collagenase at multiple exams showed no clinical attachment loss over
36 months.

Twenty subjects < 45 year old patients with severe generalized periodontitis patients and
showing >30% of sites with CAL > 5 mm were given subantimicrobial dose of doxycycline for
6 months. The result showed less clinical attachment loss, probing depth. Gingival index and
bleeding on probing were not significant when compared to placebo.

Doxy 20-mg bid for month along with scaling and root planning was done in 208 chronic
periodontitis subjects. The patients showed improvements in clinical attachments level and
probing depth>4 mm.

Used 20 mg bid SDD for 9 months + scaling and root planning in 190 adult periodontitis
patients, there was a significant improvements in CAL (=2 mm) PD and BOP when compared
to placebo group receiving only SRP.
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Abstract

Aggressive periodontitis (AgP) is a disease characterized by rapid loss of periodontal tis-
sues affecting systemically healthy individuals under age of 30 years. AgP classified into
two categories named localized and generalized aggressive periodontitis. It differs from
chronic periodontitis (CP) depending on age of onset of the disease, rate of progression of
the disease, structure and composition of the associated subgingival microflora, changes
in host response and familial predisposition. Tissue destruction in patients with AgP is
not directly related to bacterial deposits also personal immune response plays a major
role in severity of destruction. Surgical and non-surgical techniques can be applied in the
treatment of AgP. It is important to treat and obtain frequent controls of individuals with
AgP. The main purpose of the treatment is to create a clinical condition that can hold the
largest number of teeth in the mouth. After the treatment performed and provided the
health of periodontal tissues, patient should be included in the maintenance program.

Keywords: aggressive periodontitis, generalized aggressive periodontitis, genetics,
familial predisposition, localized aggressive periodontitis

1. Introduction

Aggressive periodontitis (AgP) is a disease characterized by rapid loss of periodontal tissues
affecting systemically healthy individuals during adolescence and adulthood, and forms a
group of periodontal diseases [1]. It differs from chronic periodontitis (CP) depending on
age of onset of the disease, rate of progression of the disease, structure and composition of
the associated subgingival microflora, changes in host response and familial predisposition.

AgP classified into two categories named localized and generalized aggressive periodontitis
[2] and took place prepubertal, juvenile, rapidly progressive periodontitis in the group that

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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was defined as early onset periodontitis in 1999 International Workshop for a Classification
of Periodontal Disease and Conditions [1]. This report defined some characteristic features of
the AgP [2, 3].

* Patients are clinically healthy, except for the presence of periodontitis.
¢ Rapid attachment loss and bone destruction.

¢ Familial aggregation.
Secondary features that are often, but not always, present include the following:

¢ The amounts of microbial deposits are inconsistent with the severity of periodontal tissue
destruction.

* Elevated proportions of Actinobacillus actinomycetemcomitans (A. actinomycetemcomitans)
which is now termed Aggregatibacter actinomycetemcomitans.

* Elevated proportions of Porphyromonas gingivalis (P. gingivalis) in some populations.
¢ Phagocyte abnormalities.

* A hyper-responsive macrophage phenotype, including elevated levels of prostaglandin E2
and interleukin-1p.

2. Localized aggressive periodontitis (LAgP)

2.1. Clinical features

LAgP starts at a much earlier age than CP, but it is not right to go to a certain age limit. The
age of onset of the disease can help us diagnose the disease [4]. There is no significant sub-
gingival and supragingival calculus in patients with LAgP. Lesions are mostly associated
with the biofilm layer. In the form of LAgP there is little or no inflammation of the gums
[5, 6]. During this period gingival hyperplasia depending on dental plaque and/or calculus
rarely appears [6]. It is characterized by rapid bone loss in the first molar and incisors [7].
In this disease, there are at least two permanent teeth involvement, one of them must be the
first molar, and involving no more than two teeth other than first molars and incisors [8].
Powerful serum antibody response to infecting agents and circumpubertal onset are among
disease features [3]. According to the workshop in 1999, if the involvement is less than 30%,
the disease is localized, if it is not, considered as generalize [1]. During the disease bone
loss in the first molar region is symmetric [9]. Patients with LAgP between the ages of 21-35
are those who have not been diagnosed and treated before, depending on the severity of
the disease and previous treatments, tooth loss, bone defects and gingival recessions are
observed [6, 7].

The following reasons have been proposed regarding the limited localization of lesions in
AgP [8].
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Figure 1. LAgP patient; (a)-clinical view of the LAgP patient, (b) 7 mm probing depth at distal of the incisor tooth, (c) radiographic
view of the LAgP patient.

1. A. actinomycetemcomitans affects the host response in many ways after colonization in first
molars and incisors:

* A actinomycetemcomitans secretes a factor that inhibits Polymorphonuclear leukocytes
(PMNL) chemotaxis.

* A actinomycetemcomitans secretes some factors such as endotoxin, collagenase and leu-
kotoxin to facilitate the colonization of bacteria in the periodontal pocket and cause
destruction of periodontal tissues.

2. Antagonistic bacteria against to A. actinomycetemcomitans. Colonize the periodontal tissues
and prevent the colonization of A. actinomycetemcomitans in other areas of the mouth. This
situation leads the localization of infection and tissue destruction.

3. For unknown reasons, A. actinomycetemcomitans may lose its ability to produce leuko-
toxin. In this case, the disease progression slows down and colonization of new areas is
prevented.
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4. The possibility that the cement formation is defective and may also cause the lesions to
be localized. The hypoplasia or aplastic cement formation was seen in the examinations
performed on teeth withdrawn from patients with LAgP.

LAgP progresses rapidly and bone loss is three to four times greater than CP. Other clini-
cal features of LAgP are distolabial migrations of the upper incisor teeth and consequent
diestema formation, increased mobility in the first molars, tenderness on the uncovered root
surfaces, deep pain spreading in every direction during chewing that does not last so long. In
this phase, periodontal abscess and regional lymphadenopathy may occur [8].

2.2. Radiographic features

The classic feature of LAgP is the vertical bone loss seen in alveolar bone in the first molar and
incisor teeth in healthy teenagers. Radiographic finding may include an arc shaped alveolar
bone loss extending from the distal surface of the premolar to the mesial surface of the second
molar. In this disease bone loss usually wider than CP [8] (Figure 1).

3. Generalized aggressive periodontitis (GAgP)

3.1. Clinical features

GAgP; is characterized by diffuse attachment and bone loss affecting at least three perma-
nent teeth other than first molar and incisor teeth, usually seen in young adults, where poor
serum antibody responses to infectious agents occur [10]. The GAgP may begin as localized
and become more generalized as more teeth are affected over time. The disease remained
active and passive periods. The rate of attachment and bone loss is not the same at these
times. Dark red and ulcerated areas are characterized by severe acute inflammatory disease
table is detected during the active phase. The condition is accompanied by bleeding which
usually occurs with light stimulation and discharge of the pus. Severe attachment and bone
loss occur during this period of the disease [10, 11]. GAgP sometimes accompanied by
systemic findings such as weight loss, mental depression and fatigue [12]. Also, GAgP has
been implicated in the pathogenesis of systemic diseases such as uncontrolled diabetes mel-
litus, AIDS, leukemia, neutropenia, histiocytosis X, syndromes such as Papillon-Lefevre or
Cheidak-Higashi, rare inherited diseases such as hypophosphatasia and intraoral symp-
tom of acquired disorders such as granulocytopenia [13]. In the passive period, the clinical
image is especially similar to that of healthy individuals in terms of color, shape and con-
sistency. However, deep periodontal pockets are encountered in the probing. It has been
stated that Gram(-) microorganisms play a role mostly in microbial dental plaque (MDP).
Pathogenic microorganisms, especially P. gingivalis and Tannerella forsythensis (T. forsythensis)
are related to disease progression [10, 11]. Patients also had increased antibody response
against A. Actinomycetemcomitans, Prevotella intermedia (P. intermedia) and Campylobacter rectus
(C. rectus) [14].
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Figure 2. GAgP patient; (a) clinical view of the GAgP patient, (b, c) increased probing depth around the teeth, (d) radiographic
view of the GAgP patient.

3.2. Radiographic features

The radiographic image of GAgP, characterized by severe horizontal and vertical alveolar
bone loss especially in the first molar and incisors. This severe destruction can affect only a
few teeth as well as the majority of the teeth in the mouth. The disease can progress so quickly
that the aggressive nature, radiographs taken at different times, bone loss is easily recogniz-
able [8]. Page et al. [12] reported that in patients with GAgP, the loss of alveolar bone in
regions where periodontal destruction is more severe is increased from 25-60% over 9 weeks
(Figure 2).

4. Epidemiology of AgP

The prevalence of AgP changes significantly different between geographical regions and
between different racial/ethnic origins. For this reason, the prevalence of the disease in a
given population can be determined by the distribution of the population according to the
type and proportion of the race and ethnic group. In the studies, the methods which have
been used to diagnosis of disease such as; whether radiographies is taken or not, differences
in diagnostic equipment, different indexing systems etc. varies. According an epidemiologic

107



108 Periodontology and Dental Implantology

study performed by Susin et al. [15] prevalence of AgP in Africa is between 1-5%, in North
and mid-Europe Caucasians 0.1%, in South European ~0.5%, in North America ~0.1-0.2% of
Caucasians, 0.5-1.0% of Hispanics and 2.6% of Black people, in South America 0.3-2.0%, in
Asia 0.2-1.0%. According these results, AgP can be a health problem in some populations
and/or races. In a national survey which include US school children aged 13-19 years, the
prevalence of AgP was found 0.40% in 13-15 years, 0.80% in 16-19 years, 0.06% in whites,
2.60% in blacks and 0.50% in Hispanics [16]. Haubek et al. [17] found a high prevalence of
AgP as 7.6% in Moroccan children aged 14-19 years. Also Albandar et al. [18] found AgP with
a high prevalence 6.5%, in Uganda. Given the prevalence of AgP in Asia; it found 1.8% in
Iraq, 0.86% in Israel, 0.47% in Japan and 0.42% in Saudi Arabia [19]. In South America, the
prevalence of disease was vary among the countries: 0.32-2.6% in Brazil, 0.32% in Chile [19].
In Europe it has relatively low prevalence been observed; 0.1% in Denmark, 0.1% in Finland,
0.5%inItaly, 0.1-0.3% in Netherlands, 0% in Norway, 0.11-0.13% in Switzerland, 0.02-0.8% in
United Kingdom [19]. The disease is most commonly seen in African-Caribbean (80%) and
least Norwegian (0.2%) [20]. In terms of the prevalence of racial attachment, it was found
that AgP was higher in black people (2.6%) than white people (0.17%) [21]. Most studies
show comparable disease prevalence in both male and female patients. Gender factor and
its role in development of AgP have not become clear. In some studies AgP was found to
be more common in women than men with 3: 1 ratio [22-25]. However, researches are also
available that indicates AgP more common in men than women [18, 21].

5. Pathogenesis of AgP

Periodontal destruction in AgP occurs pathogenic microorganisms and host immune system
interaction [14, 26] and this interaction is influenced by many local and systemic factors [27].
Four basic factors play role in the pathogenesis of AgP [26].

¢ Microbial factors.
e Host factors.

¢ Environmental factors.

¢ Genetic factors.

5.1. Microbial factors

The presence of microorganisms is essential for the initiation of the inflammatory process in
periodontal diseases and the factors related to the host are involved in the progress of the
disease. The appearance of severe tissue destruction with a small amount of plaque in AgP
suggests that microorganisms with high virulence in the etiology of the disease may play a
role. A. actinomycetemcomitans is considered to be the most effective etiologic agent in AgP
for about 30 years [28]. A. actinomycetemcomitans, short (0.4-1 pum), facultative anaerobic,
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immobile, Gram(-) rod. The virulence factor is serotypically variable and some serotypes are
known to be invasive epithelial cells and gingival tissue. Tonetti and Mombelli (1999) listed
the findings of A. actinomycetemcomitans in relation to LAgP [11].

1. In areas where periodontal tissue destruction occurs in aggressive periodontitis patients,
90% of A. actinomycetemcomitans are found.

2. In the areas where the destruction proceeds and continues, in high amounts, A. actinomy-
cetemcomitans were detected.

3. High serum antibody levels against A. actinomycetemcomitans were observed in the major-
ity of locally aggressive periodontitis patients.

4. Clinical trials have shown that improvement in clinical parameters with treatment is as-
sociated with a decrease in the level of A. actinomycetemcomitans in subgingival floras.

5. It is known that A. actinomycetemcomitans has virulence factors that can play a role in the
development of the disease such as leukotoxin.

A. actinomycetemcomitans has been suggested to play a role in the onset of AgP by interacting
with facultative anaerobic and capnophilic species such as the locally useful Capnocytophaga
species and Eikenella corrodens (E. corrodens) [29]. Today, the microbiological profile of AgP
has changed from the presence of specific microorganisms to the presence of more com-
plex microbiota [30]. Some of the bacteria found in periodontal pockets related to gingivi-
tis, while some are related to periodontitis. Dental plaque biofilm is a dynamic structure and
changes over time. Different bacterial groups are complexed at different times in biofilm.
Among these, orange complex bacteria: P. intermedia, Prevotella nigrescense (P. nigrescense),
Parvimonas micra (P. micra), Fusobacterium nucleatum (F. nucleatum), C. rectus, Eubacterium noda-
tum (E. nodatum) and Campylobacter showae (C. showae) build a bridge between the pathogens
seen in the early period of periodontal disease named red complex bacteria. Red complex
bacteria named P. gingivalis, T. forsythia and Treponema denticola (T. denticola) were associated
with periodontal tissue destruction [31]. In some studies, P. gingivalis and T. Forsythia have
been shown to be an etiological agent for AgP [10, 11]. Patients also had increased antibody
response against A. Actinomycetemcomitans, P. intermedia and C. rectus [14]. Electron micro-
scopic studies performed on LAgP demonstrates that bacteria found in the connective tissue
to the extending bone surface. When examined by more advanced techniques, the presence
of A. Actinomycetemcomitans, Capnocytophaga sputigena (C. sputigena), mycoplasma strains and
spirochetes has been defined [8]. In the extracted teeth affected by LAgP, electron microscopic
observations showed that in the biofilm layer on the root surface formed Gram(-) cocci bacteria
and other microorganisms [5]. In some studies, it has been reported that spirochetes are rarely
or not present in LAgP lesions [32, 33], in contrast some authors reported that there is a high
number of spirochetes in lesions [34, 35]. In a study performed in population of Chilean patients
with GAgP and CP, P. gingivalis, P. micra and C. rectus isolated from subgingival plaque and
found to be related to disease progression [36]. In a recent study performed with patients who
affected by GAgP, the authors concluded that existence of a complex cooperative interaction
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promoted by Herpes Simplex Virus Type-1 (HSV-1) infection, involving Staphylococcus aureus
(S. aureus) and the periodontopathogens P. gingivalis, T. forsythia, and Fusobacterium periodon-
ticum (F. periodonticum), that could promote an accelerate progression of lesions of GAgP [37].
Dogan et al. [38] compared subgingival flora in LAgP, GAgP, CP and healthy controls in 69
Turkish people. T. forsythensis and C. rectus found the lowest frequency in LAgP. A. actinomy-
cetemcomitans, P. gingivalis, and C. rectus were higher in GAgP than in healthy controls. Yeasts
also were found in samples. Lee et al. [39] found the bacteria in diseased sites in Korean AgP
patients, descending percentages; Fusobacterium sp., P. gingivalis, Treponema sp., T. forsythensis,
P. intermedia and A. actinomycetemcomitans. They also concluded P. intermedia was associated
with GAgP. In a study red complex bacteria found in that of Generalized CP and GAgP. No
significant differences found in term of 40 bacteria species in Generalized CP and GAgP [40].
Human cytomegalovirus, Epstein—Barr virus type-1 and HSV-1 are also involved in the progres-
sion of the disease [41, 42]. These differences may be related to variations in the societies living
in the various regions of the world, as well as the difficulties in grouping diseases.

5.2. Host factors

AgP is a disease that shows significant differences from other periodontal diseases in terms
of severity of destruction, rate of progression, response to treatment, etiologic factors and
genetic susceptibility criteria. Defects of host defense system and complex factors like micro-
bial flora play a role together in hostility and disease formation affecting severity of destruc-
tion, speed of disease progress and response to treatment. In the response to dental plaque
accumulation, which leads to gingivitis, substantial evidence has been collected to propose
large differences between individuals. In line with this concept, it has been shown from the
initial research attempts on early-onset periodontitis forms that affected individuals, suffer
from metabolic imbalance or hereditary host response defects.

The first step of periodontal defense is inflammation in innate immune response that pro-
vided a respond to bacterial plaque by neutrophils, macrophages, fibroblasts, epithelial and
dendritic cells [43]. If this immune response is not capable to control the inflammation pro-
cess, complex inflammatory cascades are activated. Second stage which is called adaptive
immune response that resumed by antigen-presenting cells and predominantly B-cell lesions
composed in periodontitis [43]. Tissue destruction in patients with AgP is not directly related
to bacteria accumulation in root surface. Personal immune response plays a major role in
severity of destruction [44].

PMNL is an important component of the immune system and found in gingival lesions and in
root surfaces of AgP cases [45]. Some of neutrophil malfunctions such as increased adhesion,
reduced chemotaxis, increased superoxide and nitric oxide production and reduced phagocy-
tosis were thought to be responsible for disease progression [46-48]. Hyper-responsive mac-
rophage phenotype including elevated prostaglandin E2 and interleukin-1{ levels took place
among the features of AgP in the 1999 Workshop [49]. According to Kantarci et al. [50] LAgP
has been associated with various abnormalities of host cell function such as; neutrophil abnor-
malities, reduced chemotaxis, increased superoxide production, reduced receptor expression,
reduced phagocytosis and killing of A. Actinomycetemcomitans, impaired leukotriene B, and
signal transduction abnormalities. They suggest the PMNL is not hypofunctional or deficient,
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but it is hyperfunctional and excessed activity is responsible of the tissue damage. A con-
stantly uncontrolled periodontal infection activates neutrophils and make them more effec-
tively stimulated to counteract microbial episodes. Thus, differences in neutrophil functions
in AgP are thought to be a combination of genetic and acquired properties of person [51].
Human leukocyte antigens (HLA) are antigens that regulate the immune response. HLA-9
and HLA-15 antigens have been shown to be associated with AgP [8, 52]. Another study has
shown that HLA class I, HLA class II antigens are associated with periodontal disease [53]
but no significant associations were found between HLA class II antigens and AgP. There
is a positive association with HLA-A9 and negative relationship with HLA-A2 and HLA-
B5 have shown in patients with AgP [54]. HLA class II antigens are capable bind peptides
derived from bacterial antigens and present them to T cells while HLA class I antigens gener-
ally present peptides derived from viruses and self-antigens to cytotoxic T cells. In a theory,
viral peptide binding and presentation to T cells via HLA-A9 or HLA-B15 is not sufficient for
activating immune response properly resulting AgP with severe periodontal destruction [53].
IgA plays an important role in the host defense system and, locally dominant in saliva. IgA is
important because of its antiinflammatory function and reduces inflammation by inhibiting
IgG and IgM production. Studies have shown that the IgA ratio decreases significantly in AgP
subjects [55]. Hwang et al. provides evidence against the 1999 Workshop’s decision of weak
serum antibody response in AgP. In their study, serum IgG levels to A. Actinomycetemcomitans
in GAgP patients is not differ from LAgP, Localized CP and Generalized CP but it is signifi-
cantly increased to several species, including P. gingivalis, T. denticola, and C. rectus [56]. CRP
is an acute phase response molecule and increases in an inflammatory condition such as heat,
infection, hypoxia and tissue damage. Elevated fibrinogen levels can activate the inflamma-
tory cascades. Chandy et al. [57] investigated these two molecules in AgP patients. Elevated
CRP and fibrinogen levels found in CP patients not in AgP and healthy controls. These results
may explain the severity of the lesions by delaying the immunological response against to
AgP. In some studies platelet size and function found to decrease in GAgP patients due to the
consumption of large platelets at sites of periodontal inflammation. Platelets may play active
role in host response in GAgP patients [58, 59].

5.3. Environmental factors

Environmental factors such as oral hygiene/bacterial plaque, smoking, stress and systemic
factors may exacerbate the inflammation and play an important role in the periodontitis
progression. Studies have shown that there is a positive correlation between AgP and stress
[60]. In a controlled study patients in the GAgP group were significantly more depressed
and lonely than patients in the CP and control groups [60]. Existing dental plaque is also
very important to develop the periodontal disease. A positive correlation found between the
amount of plaque and GAgP, but not in LAgP [61]. Smoking is also a risk factor for AgP [54].
In a study smoking found to related disease activity and progression in GAgP but it is not
associated with LAgP [62]. Also smoking affects the cytokine profiles of patients with AgP
and disturbs the host—parasite relationship [63]. AgP patients who are smoking showed poor
clinical respond the periodontal treatment [64].

According to the 1999 workshop, the main feature in diagnosing of AgP is that the individual
should be medically healthy [1]. However symptoms of the gum in some systemic diseases/
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conditions may resemble AgP. This group of diseases includes; neutropenia, hypophosphata-
sia, leukemias, Cheidak-Higashi syndrome, leukocyte adhesion deficiency, Papillon-Lefevre
syndrome, trisomy 21, histiocytosis and agranulocytosis [1].

5.4. Genetic factors

AgP is a multifactorial disease and many etiological factors are required for clinical presenta-
tion. Bacterial content and host defense clearly play an important role in the disease. Genetic
variations may affect the host response to the disease. Once diagnosed, the sibling of the child
or adolescent must also be investigated for the AgP. The genetic factors that may be involved
in the pathogenesis of AgP, have been investigated by considering the immune system regu-
lated by genetic factors and that certain genetic polymorphisms may disrupt the defense sys-
tem against the agent that infects the immune system.

Interleukin-1 (IL-1) is a potent pro-inflammatory mediator that is mainly released by mono-
cytes, macrophages and dendritic cells and genetic polymorphisms of IL1 have been studied
in association with AgP. Three studies have reported no association between the carriage
rates of the IL1A - 889 (+4845) C — T gene and AgP [65-67], but one study have found an
association with this gene and AgP in Chinese Population [68]. IL1B + 3954 (+3953) C - T
gene polymorphisms and carriage rate of the rare (R) allele in Caucasians found associated
with AgP in a study [65]. In studies involving IL-4 which have anti-inflammatory proper-
ties, no association was found between AgP and genotype encoding this cytokine [69]. In a
meta-analysis that conducted the evaluating IL-6 polymorphisms, there was concluded an
associated with AgP and IL-6 polymorphisms [70]. IL-10 is an anti-inflammatory cytokine
which down-regulates the pro-inflammatory immune response of monocytes and macro-
phages. The results of the studies investigating polymorphism on the gene that encoded IL-10
were not significant [71, 72]. IL-17 plays an important role in natural and acquired immune
response; there is a study in mice demonstrating that IL-17 receptor trigger bone loss in infec-
tious conditions [73]. In a recent metaanalysis authors concluded that there is no significant
association between the polymorphisms rs2275913 and rs763780 in interleukins 17A and 17F
genes and CP and AgP in the allelic evaluation [74]. IL-23 is a pro-inflammatory cytokine
and found positively correlated with CP but existing studies how that there is no significant
association of IL-23 polymorphisms with AgP [75]. IL-8 is a chemokine and plays role of che-
moattractant for the neutrophils. Insufficient studies exist that correlate IL-8 polymorphisms
with AgP. Existing studies in literature demonstrated that there is no significant association
between IL-8 polymorphisms and AgP [75].

Tumor necrosis factor (TNF) is a pro-inflammatory cytokine which has the potential to
stimulate the production of secondary mediators, including chemokines or cyclo-oxygenase
products, amplifying the degree of inflammation. No associations between the TNFA poly-
morphisms and AgP in a meta-analysis [72]. An Fc receptor is a protein found on the sur-
face of certain cells and part of immunoglobulin (FcyR) link cellular and humoral parts of
the immune system that contribute to the protective functions of the immune system [76]. A
Japanese study reported an association for a composite genotype of the Fc cRIlla N allele and
the Fc cRIIIb +141 R allele in AgP [77] in contrast in a stud performed with Caucasian popula-
tion there is no association found in term of this gene [78]. There is limited information about
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polymorphism of FcyR and AgP. The vitamin D receptor was included various biological pro-
cesses such as bone metabolism and the immune response to microbial infections. Nibali et al.
[79] and Park et al. [80] found an association with AgP but Bret et al. [65] could not find any
accociation.CD14 and Tolllike receptors (TLRs) are extra and intracellular receptors such as
recognize pathogen-associated molecules on Gram(+) and Gram(-) bacteria and mediate the
production of cytokines required for effective immune response. In studies that performed
to find a relationship CD14 polymorphism and AgP received no association [81, 82]. About
TLRs, there is limited information and studies are available.

Most studies performed about polymorphisms were limited by sample size and had varia-
tions in case inclusion criteria. Genetic studies can also be limited by geographic and ethnical
differences. To understand the pathogenesis of this complex disease multicenter studies and
large sample sizes are required.

6. General treatment strategy

AgP is a complex periodontal disease that causes rapid destruction of the periodonticum and
even causes tooth loss. Complex pathogens are involved in the etiology of AgP. Therefore, it
is important for clinicians to treat the disease and maintain periodontal health [83]. The treat-
ment protocols are based on studies so far. Physicians can achieve very effective results if they
are working with microbial tests during and after treatment. People with the same clinical
characteristics may have different bacterial flora, or people with different clinical characteris-
tics may have the same bacterial flora. In clinical trials, the success of treatment is assessed by
considering the probing depth (PD), clinical attachment level (CAL) and bleeding on probing
(BOP) using conventional periodontal instruments. All parameters for the patients should be
assessed and the treatment decision should be given. Surgical and non-surgical techniques
are applied in the treatment of AgP [84]. It is important to treat and obtain frequent controls
of individuals with AgP which is seen in younger patients coexistent rapid attachment and
alveolar bone loss. There are studies demonstrated that the post-treatment attachment level
can be maintained despite the risk of recurrence of the disease [85, 86]. A study of 40-year
follow-ups from patients with GAgP shows that even the most aggressive and most advanced
periodontitis cases are treatable [87]. The motivation and adaptation of the patient is very
important in order to control the disease. In this phase, the patient should be informed by the
doctor about the role of the patient, the severity of the illness and the risk factors. The main
purpose of the treatment is to create a clinical condition that can hold the largest number of
teeth in the mouth for as long as possible. Periodontal treatment is considered in four main
phases. First phase; initial therapy or non-surgical periodontal treatment. The second peri-
odontal treatment phase is surgical periodontal treatment, third phase prosthetic treatment
and fourth phase maintenance periodontal treatment.

6.1. Non-surgical treatment of AgP

Removal of agents causing periodontal disease, providing good oral hygiene to the patient,
and reducing pre-existing gingival inflammation and periodontal pocket depths in advance
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of future phases are among the goals of non-surgical periodontal treatment. Mechanical treat-
ment involves removal of plaque and its products from dental surfaces (supra/subgingival),
as well as dental and other plaque-retaining local agents by hand or ultrasonic instruments.
Root planning are also included. The responses of patients with LAgP to initial periodontal
care vary in studies. In general, the least amount of work on this issue and it is not long to
observe the final results. Based on the literature GAgP responds good clinical results to scal-
ing and root planning (SRP) in the short term (up to 6 months). However, after 6 months
despite frequent visits to the physician and strengthening oral hygiene, relapses and disease
progression have been reported [88].

Studies have shown that the total supragingival and subgingival plaque mass is reduced by
mechanical treatment. However, because some pathogens can invade into the tissue, or because
periodontal instruments are not effective in deep and complex pockets, mechanical treatment
is sometimes ineffective [89]. The success of periodontal treatment depends on the removal of
dental plaque and therefore pathogenic microorganisms in the dental plaque. The anti-infective
treatments applied in this context directly affect the success of the treatment. Anti-infective
treatment includes both mechanical and chemotherapeutic approaches and aims to destroy or
reduce the microbial dental plaque biofilm which is primary etiological agent of periodontal
infections. The use of therapeutic agents especially systemic antibiotics have been widespread
to be able to obtain predictable treatment responses due to conventional periodontal treatment
and to support treatment for the specific microbial structure of the disease.

At this time there is a clear consensus that mechanical instrumentation should always precede
antimicrobial therapy. To achieve effective levels of the drug on the day of the completion of
SRP [90]. The subgingival bacterial load that will be inhibited by the antimicrobial agent must
be reduced by mechanical treatment. Insufficient antimicrobial agent concentrations may cause
the emergence of resistant bacterial strains [88]. The tetracycline group is considered first in
systemic treatment. Tetracycline and SRP found to be more effective in term of elimination A.
actinomycetemcomitans, Capnocytophaga and spirochetes comparing only SRP [91]. Tetracycline
is known to have beneficial effects in wound healing regarding its anticollagenase activity [92] .

Doxycycline is a semisynthetic tetracycline and is effective in the treatment of periodonti-
tis. It is easier to take doxycycline at lower doses and use it with daily foods. In a study 60
patients were divided into a placebo group and a group that received systemic doxycycline
(loading dose of 200 mg and doses of 100 mg daily for 14 days) SRP was performed to all
groups over an 8-week period, systemic antibiotic or placebo was only used during the first
2 weeks of the SRP. At the end of the study no significant differences were found in term of
PD, BOP [93]. It was demonstrated in many studies, biofilm showed high levels of resistance
against tetracycline, minocycline, amoxicillin, doxycycline and amoxicillin/clavulanate. In
addition, high-degree of antibiotic tolerance has been demonstrated in mature biofilms [94]
when tetracycline was unable to suppress A. actinomycetemcomitans, it has been raised a com-
bined use of antibiotics for the treatment of AgP. Metronidazole is a nitroimidazole deriva-
tive antibiotic which has a strong bactericidal effect on obligate anaerob Gram(-) bacteria.
It is highly effective on periodontopathogenic bacteria such as P. gingivalis and P. intermedia
which in the “red complex” [95]. The combination of 250 mg of metronidazole and 375 mg of
amoxicillin, three times a day for 7 days, as an adjunct to SRP, was found to be very effective
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in suppressing subgingival A. actinomycetemcomitans load [96]. Guerrero et al. [97] evaluated
SRP plus systemic metronidazole and amoxicillin in use on clinical parameters, in total of
41 individuals with GAgP. Twenty randomly selected patients were given 500 mg metroni-
dazole and 500 mg amoxicillin three times a day for 1 week in addition to mechanical treat-
ment, and the remaining 21 patients were given placebo in addition to mechanical treatment.
Two and six months re-evaluations were made. Additional metronidazole and amoxicillin
may provide a statistically significant improvement in clinical parameters in the short term.
Xajigeorgiou et al. [84] investigated metronidazole + amoxicillin, doxycycline, metronidazole
efficacy in 43 GAgP patient clinically and microbiologically. Patients were randomly divided
into 4 groups. First group was received SRP plus 500 mg metronidazole +500 mg amoxicillin
three times a day for 1 week, second group was received 200 mg for the first day loading,
100 mg doxycycline for the following 14 days, third group was received 500 mg metronida-
zole three times a day for 1 week, and the fourth group was evaluated as the control group.
After 6 weeks and 6 months patients were reevaluated in term of CAL, BOP, PD. Additional
metronidazole + amoxicillin or metronidazole plus SRP have been effective comparing the
other groups. Adjunctive use of metronidazole plus amoxicillin, metronidazole alone or
clindamycin in patients with GAgP results in well clinical improvements comparing with
the use of doxycycline for a similar amount of time or with SRP alone [88].

The use of azithromycin in recent years has become an issue in AgP treatment. Long half-life
of and use of only once every 3 days of azithromycin, provides advantages for the patient and
the physician. In a study clinical efficacy of the adjunctive use of azithromycin with SRP was
investigated in AgP. Twelve months after treatment, approximately 1 mm reduction in PD
and higher percentage of teeth with attachment gain was observed in test group [98]. There is
no certain protocol for the use of adjunctive systemic antimicrobials with SRP, but in general
suggests that antibiotic intake should start on the day of debridement completion; debride-
ment should be completed within a short time (preferably <1 week) [94].

Local antibiotic applications may also used to complete the periodontal therapy. Several local
antibiotic applications have been developed in addition to initial periodontal therapy. These
include metronidazole, chlorhexidine, minocycline, doxycycline and tetracycline. The use of
this systems in LAgP may be more beneficial effect in term of the nature of the disease. To
achieve maximum efficacy, drugs must provide some criteria such as; the drug must reach the
targeted site of action, remain at an effective concentration and last for an adequate period of
time [99]. In a study, 26 patients with LAgP divided into a control group, a group receiving 1%
chlorhexidine gel and a group receiving a 40% tetracycline gel. After 12 weeks, either of these
antimicrobial agents provide significant additional improvement of the clinical parameters
[100]. Kaner et al. compared local chlorhexidine chip and ministration and systemic amoxi-
cillin plus metronidazole combination in addition to SRP on clinical parameters in GAgP
patients. Systemic use of amoxicillin plus metronidazole combination found to be statistically
significant clinical improvements comparing the local chlorhexidine chip [101]. In a similar
study Purucker et al. [102] concluded that additional applied local (tetracycline fibers) and
systemic (500 mg amoxicillin/clavulanic acid) antibiotics showed equally benefits in terms of
clinical parameters. In conclusion, local antimicrobial adjuvant effects reported in the litera-
ture do not appear to improve on the adjunctive effect of systemic antibiotics in patients with
AgP. When using such systems, cost-benefit and efficiency should be considered well.
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6.2. Surgical treatment of AgP

Surgical treatment may require for the remaining pockets after initial periodontal treatment
of AgP. The surgical approach has the advantages such as; reaching difficult anatomical for-
mations of the teeth, cleaning the pocket epithelium from invaded A. actinomycetemcomitans
and application of regenerative procedures.

Twenty-five periodontal lesions in seven patients with LAgP divided into three treatment
groups: SRP; SRP plus soft tissue curettage; SRP plus modified Widman flap surgery. The
microbiologic and clinical measurements were performed up to 16 weeks. At the end of
the study SRP alone unable to suppress A. actinomycetemcomitans in periodontal lesions, in
contrast SRP plus soft tissue curettage and modified Widman flap surgery succeeded [103].
Systemic antibiotic use can preferred with various surgical techniques in the treatment of
AgP. Kornman and Robertson [104] found modified Widman flap surgery plus tetracycline
was effective in areas where the black pigmented bacteroides and A. actinomycetemcomitans
load was high. Lindhe and Liljenberg [105] treated 16 patients with modified Widman flAgP
surgery plus tetracycline (14 days). As a result of 5-year follow-up, successful clinical results
were obtained and radiological bone fill in angular bony defects. In a case series performed by
Buchmann et al. [106], SRP and modified Widman flap surgery plus systemic amoxicillin/met-
ronidazole combination provide periodontal tissue stabilization at a rate 95% over 5 years.

There are many methods to regain bone in vertical bone defects such as bone grafting, guided
tissue regeneration by using membranes, the use of biologic modifiers and combinations of
the above. Autografts are the gold standard and have been extensively used because of its
osseoinductive, osseoconductive, and osteogenic properties but it has limitations like mor-
bidity and mortality hence different graft materials are available in practice. Allografts (e.g.
freeze-dried bone allograft), xenografts (bovine or corral derived) and alloplastic materials
(e.g. bioactive glass, hydroxyapatite and beta-tricalcium phosphate) are alternatively used
instead of autograft [107]. Yukna and Sepe [108] demonstrated an average defect fill (80%) in
12 LAgP patients using freeze-dried bone allografts. In a study different graft materials were
evaluated in 10 patients with LAgP. 4:1 ratio combination of beta-tricalcium phosphate/tetra-
cycline, hydroxyapatite/tetracycline or freeze-dried bone allograft/tetracycline were applied
into these groups. Each graft material showed a decrease in defect and pocket depth although
no significant differences between the different grafting materials were found in terms of
hard-tissue or soft-tissue changes. But hydroxyapatite/tetracycline showed a greater percent-
age of defect fill was comparing with beta-tricalcium phosphate/tetracycline [109].

Membranes have been grouped into two major categories: nonresorbable (high-density
polytetrafluoroethylene (PTFE) membranes reinforced or not with a titanium framework (e.g.
Cytoplast ® TXT-200; Osteogenics Biomedical, Lubbock, Tex., USA) and resorbable mem-
branes (polylactic acid (PLA) and its copolymers, tissue-derived collagen membranes) [110].
Nonresorbable membranes serve as a space maintenance which is needed for tissue regenera-
tion and inert also biocompatible. Unfortunately, second surgery for removal or membrane
exposure take place among its disadvantages. Although resorbable membranes show lack of
sufficient strength, unpredictable degradation rate and cause a greater inflammatory response
[110]. Usage of nonresorbable or resorbable membranes for treating intrabony defects in AgP
has been shown to be effective in many studies [86, 111].
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6.3. Other treatment modalities

Photodynamic antimicrobial therapy that photosensitizers (toluidine blue, methylene blue,
malachite green) are used inside periodontal pockets for increasing the cytotoxic potential of
laser light to potential periodontal pathogens. In a metaanalysis authors concluded that pho-
todynamic antimicrobial therapy cannot be suggested as routine with nonsurgical treatment
of patients with AgP according to lack of evidence based on the literature [112].

Enamel matrix proteins (amelogenin) which provides new cementum and the formation
of new attachment in periodontal defects and growth factors/differentiation factors (plate-
let-derived growth factor, insulin-like growth factor, fibroblast growth factor, bone mor-
phogenetic protein, transforming growth factor-beta) which play an import role in tissue
development and healing are tools for gaining attachment. Their effectiveness on periodon-
tium were demonstrated in many studies with CP but studies with AgP, mostly exist as case
reports [113, 114]. Yilmaz et al. [115] treated patients with GAgP with a total of 12 intrabony
defects with the combination of platelet rich plasma +bovine derived xenograft combination.
PD, marginal recession, relative attachment, probing bone and radiographic bone levels were
measured at the beginning and at 12 months reentry. The researchers noted that the combina-
tion of platelet rich plasma and bovine derived xenograft for the treatment of GAgP, provided
successful clinical results in large intrabony defects and that prognosis was affected positively
even for teeth that were thought to have hopeless prognosis.

Dental implants are a widely used treatment edentulism and provides functional and esthetic
resolutions. Since tooth loss is frequently seen in AgP patients, dental implant applications
can be applied. However, marginal bone loss and implant survival rates in AgP patients sig-
nificantly higher than those of CP and healthy subjects [113, 114]. Care should be taken when
considering dental implant in AgP patients. Frequent follow-ups should not be neglected in
these patients.

6.4. Maintenance therapy

After the treatment performed and provided the health of periodontal tissues, patient should
be included in the maintenance program. Due to the recurrence nature of AgP, maintenance
is given to for prevention of additional tooth loss and disease recurrence. Regular controls
are useful for controlling the progression of the disease. These controls should be lifelong,
but there is no definitive protocol for frequency. Some researchers suggested monthly checks
during the first 6 months after the treatment finished. Some researchers stated that 3—4 con-
trols per year would suffice. In every control session; PD and CAL should be assessed. Also,
when necessary, SRP should be performed. Radiographs should be taken separately from
each tooth or area affected by the disease once a year. Local antibiotic administration may
be preferred to risky areas [116]. The prognosis of teeth that affected AgP depends on many
factors such as the amount of missing bone, the presence or absence of furcation region, the
morphology of bone defects, the degree of mobility, crown/root ratio, occlusal contacts, oral
hygiene and general health. Treatment should be evaluated according to the initial condition.
It is also important to perform microbial testing at every control session whenever possible.
Thus, the physician may be an idea about the activation of the disease.
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7. Conclusion

AgP is a complex disease and has multifactorial etiology. While bacterial plaque is essen-
tial for initiation of disease, it is generally accepted that genetic factors and host immune
response play a large role in the disease susceptibility. Also environmental and behavioral
factors determine the final clinical outcome. The outcome of rapid and severe alveolar bone
loss; gingival recession, pathological migration of teeth, mobility and eventual loss of teeth
occur. Because of the clinical results, AgP patients suffer social problems due to esthetic, pho-
netic and nutritional problems and their quality of life diminishes. The treatment of these
patients is quite challenging, due to the absence of a standard treatment protocol for this
disease which its etiology is not fully understood, but also because of the rapid progression,
severe periodontal tissue loss and recurrence of the disease. Non-surgical and surgical peri-
odontal treatments combined with systemic antibiotics are recommended for the complete
eradication of deep periodontal pockets. In long term, active periodontal treatment must fol-
lowed by maintenance periodontal treatment for preventing attachment and tooth loss.
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Abstract

Recent progress in periodontology intended to reduce the risk represented by periodontal
disease for systemic disorders and general human health condition. In this chapter, we
overview the advantages and limitations of current techniques based on occlusive mem-
branes for periodontal regeneration. Special emphasis is paid to advanced techniques using
stem cells from dental pulp for the regeneration of bone defects caused by the chronic
periodontal disease. Stem cells isolation, in vitro expansion and characterization techniques
are presented. Therapeutic strategies of stem cells delivery using natural polymeric carri-
ers are discussed. Stem cell-scaffold constructs application in bone tissue engineering is
proposed, taking into account the marked decline of healing, and regenerative processes in
elderly individuals. Future researchers envisage multiple effects of engineered constructs
with antimicrobial, anti-inflammatory, and regenerative activity for periodontal treatment.

Keywords: cell carrier, collagen, dental pulp, periodontitis, regenerative medicine,
scaffold, stem cells, tissue engineering

1. Introduction

Periodontium is a structural and functional tissue, which facilitates the anchoring of teeth
in the maxillary and mandibular bones. It consists of two hard tissues, the cementum and
the alveolar bone, and two soft tissues, the gingival connective tissue, and the periodontal
ligament [1]. The periodontal tissues provide structural support at the tooth-jaw interface,
a resilient attachment of the teeth during mastication and protection against the pathogenic
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microbial flora from the oral cavity [2]. Periodontal remodeling is a necessary process in
response to occlusal changes and dental abrasion, while the gingiva can initiate an immune
response against pathogenic bacterial flora [3]. At the molecular level, tissue remodeling is
accomplished by resorption and deposition of extracellular matrix components [4].

Periodontitis is the second most common oral infectious disease after dental caries, which
affects the periodontium. It is a result of the inflammatory response caused by the accumula-
tion of bacterial plaque at the gingival edge of the tooth. In its first phase, gingivitis, an inflam-
matory process occurs in the gingival tissue causing oral discomfort, but the following phases
of periodontal disease are characterized by progressive destruction of the supporting tissues
of the tooth, increased dental mobility, impairment of dental function, and, finally, tooth loss
[5]. Periodontitis involves a cascade of temporally and spatially coordinated molecular pro-
cesses, which degrade the host tissues in a similar way to other tissue remodeling actions.
Researchers indicated the involvement of main components of the periodontal ligament
extracellular matrix in the initiation and progression of periodontitis [1, 2], but the molecular
mechanisms have not been identified. The presence of chronic inflammation in association
with bacterial plaque leaded to enzymatic degradation of the extracellular matrix components
and an increase of soluble glycosaminoglycans fractions [6], carboxy-terminal telopeptides
of type I collagen (COL) molecule [7], and the 40 kDa pro-apoptotic fragment of fibronectin
(EN) [8]. In addition, increased levels of pro-inflammatory cytokines (tumor necrosis factor
TNF-q, interleukin IL-1{3), matrix metalloproteases (MMP-8, MMP-9) and apoptosis events
called anoikis, which induce detachment of cells from the matrix, were observed [9]. The main
mechanism of tissue damage encountered in periodontitis is extracellular matrix degradation,
in particular, COL catabolism, by matrix metalloproteinases (MMP-1, MMP-3, MMP-8, MMP-
9, and MMP-13). These enzymes are synthesized and activated by resident fibroblasts and
macrophages during the inflammatory process, under the action of proinflammatory cyto-
kines [10]. Their activity is regulated at the transcriptional level, post-translational level and
through tissue inhibitors of metalloproteinases [11]. Other mechanisms coordinated by exter-
nal bacterial virulence factors or proinflammatory cytokines secreted by host T-lymphocytes,
at the inflammatory situs, induce the expression of receptor activator of nuclear factor kappa-
B ligand (RANKL). RANKL is expressed by numerous cell types, including osteoblasts and
lymphocytes, and is found in soluble form or associated with the cell membrane [12]. RANKL
binds to its monocyte-expressed receptor RANK, inducing the formation of multinucleated
osteoclasts. In the same time, osteoprotegerin (OPG) is a secreted receptor that acts as a com-
petitive inhibitor of RANKL. Unlike healthy periodontal tissues, there are very high levels
of RANKL and low OPG concentrations found in the gingival crevicular fluid of damaged
periodontal tissues [13]. The balance within RANKL/RANK/OPG system controls the physi-
ological processes involved in bone turnover and loss. Besides tissue damage, the cytokine
network promotes fibroblast activation and proliferation, which can lead to fibrosis [5].

Periodontal disease presents a high risk for the general health, leading to systemic diseases, such
as rheumatoid arthritis, chronic bronchitis, and pulmonary fibrosis [14]. Periodontal therapy
targets the structural and functional regeneration of the complex structure of the periodontium,
aiming the restoration of cementum lining the tooth root and the periodontal ligament attached
to the cementum, together with the formation of new alveolar bone and gingiva. In the same
time, the subgingival space needs protection against the pathogenic bacterial flora [2]. Stem
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cell biology has enabled the development of innovative cellular therapies that stimulate the
endogenous regenerative process of the periodontal tissue [15]. Thus, two-dimensional (2D)
cell sheets or three-dimensional (3D) cell aggregates served as grafting materials, but only for
small periodontal defects due to their low stability [16]. There are numerous stem cell sources
with potential application in periodontal regeneration involving both oral and extra-oral tis-
sues. A major problem of stem cells clinical application in periodontal regeneration strategies is
their low survival rate after transplantation [17]. In order to improve the therapeutic properties
of stem cells, they are implanted in biomaterials that must meet the requirements of the biologi-
cal environment. A detailed investigation of stem cells-biomaterial interaction, in correlation
with the role of stem cells secretome represented by cytokines, growth factors and chemokines
is needed. Tissue engineering is a strategic approach for periodontal regeneration in controlled
conditions. Clinically meaningful results were obtained using complex biomaterials capable of
spatial and temporal guiding of the periodontal regeneration [18]. The use of composite bioma-
terials can be complementary to existing clinical procedures, such as guided tissue regenera-
tion (GTR) or combined with cellular therapies and/or bioactive molecules. These emerging
technologies of regenerative medicine were tested in vitro, in preclinical studies, and clinical
trials for periodontal tissue engineering [1, 19]. They facilitate the integration of stem cells into
the surrounding milieu and functional reconstruction of the periodontal complex [16].

This chapter describes the advantages and limitations of current techniques and proposes
advanced techniques based on stem cells and cell carriers for the treatment of periodontal
disease. Special emphasis is paid to dental pulp stem cells (DPSCs) isolation, expansion con-
ditions in vitro, and their use for the regeneration of bone defects caused by the chronic peri-
odontal disease. Their delivery after injection within natural polymeric carriers is discussed
as a new therapeutic strategy for periodontal lesions.

2. Current techniques of periodontal regeneration

2.1. Guided tissue regeneration

Many clinical and biological factors can impair the process of periodontal tissue regenera-
tion. The tissue is in permanent contact with the external environment of the oral cavity
and presents a risk of infection during the regeneration process. There are several types
of mechanical stress, caused by occlusal forces or dental gum stretching, which affects the
mucous membranes and reduces bone resorption. Surgical techniques of periodontal tissue
regeneration include root surface modification, bone grafting, and GTR. The most common
regenerative treatment GTR is based on the application of barrier membranes, in order to
restrict epithelial and gingival connective cells in periodontal defects and to increase the
number of cementoblasts and osteoblasts that synthesize extracellular matrix and, finally,
new functional tissue [20]. On GTR market, several products are intended for the clinical
treatment of intraosseous defects or class II fissure defects. They consist of non-resorbable
membranes of synthetic materials (expanded polytetrafluoroethylene, nylon on silicone) or
resorbable membranes made of organic materials, presenting different composition, and
structure. In case of using non-resorbable membranes, bone regeneration is low, and a second
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surgery is needed to remove them. The resorbable membranes composed of COL types I
or III extracted from bovine tendon or porcine skin are enzymatically degraded and their
resorption time varies with the cross-linking degree. Polymeric membranes of polylactic acid
or copolymeric materials of polylactic acid/polyglycolic acid are biocompatible, but their deg-
radation depends on composition, pH, and presence of enzymes and bacterial infection [21].
Resorbable membranes, such as Avitene® are obtained from bovine pericardium crosslinked
with diphenylphosphorylazide, Collistat® is a semi-occlusive membrane (pore size 0.004 um)
prepared from bovine dermis, BioMend® is made of type I COL from bovine tendon and
exhibit variable efficacy, depending on the shape and size of the defect [22], Paroguide® from
COL, and chondroitin sulfate (CS) helps to repair the periodontal ligament, cementum, and
alveolar bone, without signs of inflammation [23]. Resorbable membranes have many ben-
eficial properties as medical products, being hemostatic, chemotactic, and biocompatible,
but they are not stable enough to allow the formation of new tissue. These membrane barri-
ers are used during GTR to stimulate selective cell repopulation of the periodontal defects.
Therefore, biocompatibility is the most important feature of a barrier membrane and any sign
of cytotoxicity can lead to irreversible destruction of the periodontal tissue. In addition, the
membranes must exhibit structural and mechanical properties, in order to maintain space and
to resist against external forces. They should initiate tissue integration and be easily used in
order to reduce intervention time and patients discomfort [24].

2.2. Limitations

Clinical trials have showed that periodontal treatment is effective in achieving the primary
goal of preventing disease progression and loss of affected tooth. Long-term studies on peri-
odontal disease noted that 95% of treated teeth were not lost for 10 years [25]. Although there
are encouraging results, existing treatment methods have numerous limitations, and indicate
the lack of complete periodontal tissue regeneration. Thus, most treatments of periodontal
pocket lead to gingival retraction, which can progress over time in poor esthetics, increases
tooth mobility, and affects dental functions [5]. In intraosseous defects, minor regeneration of
periodontal tissue may occur in the apical region of the defect [26]. GTR can induce partial
remodeling and restoration of the cortical bone, but total regeneration of bone or periodontal
ligament does not occur [27]. It was noted that the biological process of epithelium growth
and differentiation needed a layer of connective tissue to mediate the passage of signaling
molecules [28]. Studies suggested that, in contrast to superficial connective tissue of the gin-
giva, deep connective tissue prevented epithelial migration and leaded to formation of a sim-
ple epithelium, phenotypically similar to the junctional epithelium [28]. Besides epithelium
ingrowth, specific signaling pathway involved in the periodontal repair process is not known.

3. Stem cell therapy for periodontal regeneration

Stem cell research is one of the most promising areas of biology due to its therapeutic implica-
tions [29]. Stem cells are defined as immature, undifferentiated cells with self-renewal capac-
ity, clonogenicity (the ability to form cell colonies), and cellular differentiation capacity [30].
The regenerative capacity of adult tissues depends on their own stem cell populations that
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have the ability to self-renew and form progenitor cells capable of differentiating into special-
ized cells. Mesenchymal stem cells (MSCs) are pluripotent cells that can differentiate into any
cell type from all three embryonic layers, including periodontal tissue associated cells. Due to
their differentiation capacity, widespread tissue distribution and promising results obtained
in both preclinical and clinical models of tissue repair, MSC are increasingly used in tissue
engineering. Ideal stem cells must be non-immunogenic, easy to obtain, highly proliferative,
and have the ability to differentiate into desired cell type. Extraoral stem cells from adipose
tissue and bone marrow, as well as intraoral stem cells from periodontal ligament, dental
pulp, papilla, and follicle cells were used in periodontal tissue engineering, to repair damaged
parodontium [24, 31, 32]. Dental tissues are easily accessible sources of stem cells, which can
be used in cell therapy of periodontal disease and maxillofacial reconstruction due to their
ability to form bone, dentin and pulp tissue [15, 33, 34].

3.1. Dental pulp stem cells (DPSC) role in periodontal regeneration

The dental pulp is the vital organ of the tooth, presenting very good repair and regenerative
capacity. DPSC with high proliferative capacity and multipotency were used in orthopedics
and maxillofacial reconstruction for regeneration of bone and dental tissues, respectively [35].
DPSC transplantation into the human alveolar bone initiated dental pulp regeneration [36]. In
addition, a graft of DPSC from the child to the parent differentiated into osteoblasts and regen-
erated the mineralized tissue [37] or into odontoblasts responsible for reparative dentin secre-
tion [38, 39]. Cultivation of a large number of DPSC in medium without xenogeneic serum
granted these cells with major impact in regenerative medicine and clinic applications [40, 41].
Moreover, DPSC were reprogrammed into induced pluripotent stem cells at a higher rate than
other cell types [42], confirming their periodontal tissue regenerative capacity [43, 44].

MSC was first isolated from the adult dental pulp by Gronthos et al. [45] and, then, from
primary dentition extracted during periodontal and oral surgery [46]. DPSC from primary
dentition presented higher proliferative capacity and differentiation potential, compared to
DPSC from permanent teeth [47]. Still, scientific interest has lately turned to adult DPSC
because the processing and storage of stem cells from primary dentition is not possible for the
majority of the population [29]. DPSC were also isolated from inflamed pulp tissue and their
markers profile was similar to that of cells from normal tissue [48]. DPSC is easily accessible
and available in a larger amount than MSC from bone marrow due to their high proliferation
rate [49, 50].

The regenerative quality of DPSC can be influenced by the isolation process and biological
parameters, such as the age of the donor, its general health status and oral health, long-term
storage conditions and post-freeze viability [29, 51, 52]. Dental pulp aging results in changes
that are difficult to distinguish from physiological and pathological processes. An obvious
change caused by aging is pulp size decrease due to continuous secretion of dentinal matrix
(secondary dentinogenesis). As a result, the number of constituent cells (odontoblasts, fibro-
blasts, MSC) decreases, COL and crosslinked fibers increase, lipid infiltration and calcification
take place [53]. These changes suggest a decline of DPSC characteristic functions with increas-
ing age. In conclusion, isolation of DPSC is recommended from healthy young adult donors,
in order to present clinical applicability in stem cell therapy.
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3.2. DPSC isolation

Both explant culture and enzymatic digestion protocols are efficient for DPSC isolation from
adult teeth, considering a pulp weight of at least 0.2 g for establishing a viable primary culture
[54]. Third molars (wisdom tooth) are usually used after their extraction during mandatory
surgical or orthodontic treatment of healthy adults (21-34 years), with patient’s agreement,
according to the bioethics rules in force. Immediately after extraction, the molars are placed
in 10 mM sterile phosphate buffered saline (PBS) supplemented with a mixture of antibiotics
(200 U/ml penicillin, 500 pg/ml streptomycin, 400 pg/ml neomycin, and 2.5 pg/ml ampho-
tericin) and transported to the lab, on ice, for processing or storage at 4°C, for up to 24 h
(Figure 1). Dental pulp is extracted from the pulp chamber of molars and subjected to enzy-
matic digestion in a solution of 3 mg/ml type I collagenase and 4 mg/ml dispase, at 37°C, for
1 h (Figure 1). The obtained cell suspension is filtered through 70 pm cell strainer and cultured
in minimum essential medium eagle-alpha modification (a-MEM) supplemented with 20%
fetal bovine serum, 100 pM r-ascorbic acid, 2 mM r-glutamine and 1% antibiotics mixture, in
a humid atmosphere with 5% CO,, and at 37°C. The culture medium is changed every 3 days.

3.3. DPSC properties

DPSC present typical characteristics of MSC isolated from other sources, like specific pheno-
type, in vitro renewal capacity, distinctive cell surface antigens, and clonogenicity [38]. Periodic
observation of DPSC seeded in a culture plate is usually performed using an inverted micro-
scope. At 24 h of in vitro cultivation, DPSC adhered to the plastic surface, and in the first week of
cultivation, they started to form colonies, similar to mesenchymal-type stem cells. At 12 days of
cultivation, the colonies reached confluence, and the first passage was performed. Hematoxylin-
eosin staining of confluent DPSC revealed the fibroblast-like morphology, characteristic for the
mesenchymal phenotype (Figure 2A). DPSC culture processed for transmission electron micros-
copy [55] exhibited typical ultrastructure of MSC with spherical or irregular shaped nucleus (N)
containing a large amount of euchromatin and mitochondria-rich cytoplasm (Figure 2B). Some
cells presented rough endoplasmic reticulum (ER) with dilated cisterns (Figure 2B).

DPSC cultures cultivated in standard conditions were investigated for self-renewal by colony-
forming units (CFU-F) analysis. At 14 days of cultivation, cell clusters of different sizes and
densities were observed (Figure 2C). This demonstrated that subpopulations of cells were
able to generate new colonies from a single cell.

MSC immunophenotyping consists in cell surface antigens analysis using flow cytometry.
DPSC at passage 3 (2 x 10° cells) were washed in PBS and incubated with primary antibodies
directed to specific antigens, at 4°C, for 30 min. After centrifugation at 1200 rpm, for 10 min,
cells were resuspended in PBS and analyzed at a flow cytometer. Unlabelled cells were used
as a control. Data are processed as histograms using provided software and the results are
expressed as percentages. Flow cytometry of DPSC cultures showed similar profile to that of
mesenchymal-type stem cells. Specific markers, such as CD29, CD44, CD73, and CD90 were
expressed at high levels, ranging between 96 and 100%. DPSC were negative for hematopoi-
etic markers, CD34, CD45, and CD133, in accordance with previous studies [56]. STRO-1 is a
specific marker present in stromal precursors from bone marrow with multiple differentiation
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Figure 1. Isolation of stem cells from the third molar dental pulp by enzymatic digestion. The sample was transported to
the lab on ice (A). Third molar (B) was thoroughly washed in 70% ethanol and PBS, pH 7.4 (C). The pulp chamber was
mechanically exposed (D), the dental pulp was extracted (E) and the tooth remained empty (F). The dental pulp was
digested in enzymatic solution (G).

potentials and, in particular, osteo/odontogenic. To date, DPSC populations expressing this
marker [57, 58], as well as populations characterized by STRO-1 negative immunophenotype
[56] were reported.

3.4. DPSC multidifferentiation capacity

DPSC exhibit plasticity and can be differentiated into osteoblasts, odontoblasts, osteocytes,
chondrocytes, adipocytes, myocytes, cardiomyocytes, neural, and hepatocyte cells [29, 35, 59].
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Figure 2.Light micrograph of DPSC at confluence showed characteristic spindle-shaped cell morphology (A,
hematoxylin-eosin staining, bar = 10 um). Transmission electron micrograph of DPSC revealed the N, mitochondria
(M), and rough ER (B, bar = 2 um). Colony-forming unit analysis of DPSC detected cell clusters after 14 days of in vitro
cultivation (C, hematoxylin-eosin staining).

For DPSC differentiation, isolated cells are expanded in vitro by trypsinization and, at passage
5, 6, are seeded in 6-wells culture plates, at a density of 5 x 10* cells/ml in a-MEM until reach-
ing confluence. Then, the culture medium is replaced with osteogenic differentiation medium
based on 1 uM dexamethasone, 20 mM sodium B-glycerophosphate, and 45 mM vr-ascorbic
acid-2-phosphate [60]. The plates are incubated in a humid atmosphere with 5% CO,, for
21 days and the medium is changed every 3 days. For adipogenic differentiation of DPSC, the
monolayers are cultivated in specific induction media based on 5 pg/ml insulin, 10° M dexa-
methasone, 0.5 mM isobutylmethylxanthine, and 60 pM indomethacin [60]. Chondrogenic
differentiation is performed in pellet mass culture (2 x 10° cells/pellet) placed in conical poly-
propylene tubes, centrifuged at 500 x g, for 5 min and cultivated in specific induction medium
based on 5 pg/ml linoleic acid, 1x insulin-transferrin-selenium concentrate, 10 ng/ml trans-
forming growth factor 31, 14 pg/ml ascorbic acid, and 107 M dexamethasone [60]. Specific
staining protocols are used to analyze the morphology of differentiated stem cells.

Osteogenic differentiated cells fixed in 4% paraformaldehyde solution in PBS were stained
with 2% alizarin red S, for 30 min [61], and images acquired at an inverted light microscope.
DPSC cultivated in osteogenic differentiation medium, for 21 days presented characteristic
calcium mineral deposits, visualized as strong red color (Figure 3A). Adipogenic differenti-
ated cells stained with 0.5% Oil Red O solution in isopropanol, for 30 min [61] showed mor-
phological changes, intracellular lipid droplets accumulation and reduced proliferation rate
(Figure 3B). The spheroid of chondrogenic differentiated cells stained with 1% Alcian blue
solution, pH 2.5, for 30 min [61] presented specific proteoglycans storage within the extracel-
lular matrix (Figure 3C).

Morphological observations can be confirmed by immunofluorescence [55] or microarray
investigations [62] that evidentiate specific markers expression at protein and gene level,
respectively. In osteogenic differentiated DPSC, analysis of osteocalcin, osteopontin, and type
I COL is performed. Adipogenic differentiation is marked by secretion of adiponectin and
lipoprotein lipase, while DPSC differentiated toward chondrocytes express aggrecan, SOX-9
and type II COL [60, 62]. In each experimental model, control DPSC grown as undifferenti-
ated cells in normal culture medium have no reaction for these specific markers.
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Figure 3. In vitro multilineage differentiation of DPSC after three weeks of cultivation in specific culture media.
Osteogenesis was evidentiated by calcium deposits (A, Alizarin red S staining, bar = 100 pm). Adipogenesis was
observed as intracellular lipid droplets accumulation (B, Oil Red O staining, bar = 50 pm). Chondrogenesis was showed
by proteoglycans deposits in the extracellular matrix (C, Alcian blue staining, bar = 50 pm).

4. Advanced techniques for periodontal regeneration

Gene therapy and cell therapy are two advanced techniques that represent an effective solu-
tion to maximize the delivery of molecules involved in periodontal regeneration and to
reduce limitations of currently used regenerative treatments. Gene therapy is a strategy for
modulating host immune response triggered by dental microbiota. It consists of the direct
insertion of certain genes into patient cells or indirect gene delivery using a carrier [24]. Their
cellular transport is considered a more secure approach because it requires isolation of target
cells and insertion of therapeutic genes under controlled conditions [32].

Cell therapy envisages induction of complete periodontal regeneration using triple complexes
of cells injected in scaffolds containing bioactive molecules. The scaffold helps maintain the
space of lost tissue and to protect the regenerated tissues of infection and mechanical stress.
In addition, a tailored scaffold in terms of viscosity can promote high percentage of cells
retention in injectable transplantation therapies [63]. Bioactive molecules, including bone
morphogenetic proteins (BMP), enamel matrix protein derivatives and growth factors, such
as platelet-derived growth factor, were also used to stimulate periodontal regeneration. BMP
are multifunctional polypeptides that belong to the transforming growth factor-f superfam-
ily, their main feature being the ability to induce ectopic bone formation. Bone regrowth in
periodontal defects was achieved in various animal models by BMP application together with
carrier systems [24]. Growth factors have regulatory effects on immune function, proliferation,
and differentiation of periodontal tissue cells. Both in vitro and in vivo studies demonstrated
the efficiency of platelet-derived growth factor in increasing osteoblast cells population for
bone regeneration, endothelial cell multiplication for the capillary formation and fibroblasts
proliferation for collagen synthesis and connective tissue regeneration [24].

4.1. Cell-scaffold constructs for periodontal regeneration

Solid biomaterials in which the cells of interest are seeded represent the most used cell
transport method [64]. Their great advantages are the ease of application and the ability
to encapsulate and concentrate cell suspensions at the target site. After implantation, these

137



138 Periodontology and Dental Implantology

cells-biomaterial constructs stimulate cell proliferation and differentiation, resulting in tissue
development [15]. The structure and porosity of biomaterials are important to allow nutri-
ents absorption and to avoid cell apoptosis in the central region of the construct. Also, the
structural integrity and mechanical properties of solid biomaterials should be adjusted for
specific applications of bone and periodontal regeneration. Analysis of 1-year clinical trial on
7 adult patients (2440 years old) demonstrated that a construct of autologous DPSC in 3D
COL sponge could restore the mandible bone defects occurring after molar extraction, with
final regeneration scores of 70-100% [40]. Other polymeric composites, hybrid materials or
biomaterials incorporating biological active factors, such as platelet-rich plasma and fibrin-
rich plasma, have been developed to transport DPSC for human periodontal tissue formation
[65-68]. Implantation in animal models demonstrated repair of affected cementum, periodon-
tal ligament, and alveolar bone. In vitro and in vivo studies demonstrated that DPSC in 3D
systems have high osteogenic potential and increased the bone tissue production [38, 69].
Further tailoring is needed in order to be used as dental implants for bone tissue engineering.

4.2. DPSC-scaffold constructs fabrication

Natural proteic, polysaccharidic, and glycoproteic polymers having high molecular weight,
such as COL types I, III, and V, CS contained by decorin and biglycan proteoglycans and FN
were reviewed as main components of the oral extracellular matrix [4]. They were mixed in
different weight ratios, at room temperature, for 2 h, to obtain biocompatible variants of com-
posite material with regenerative properties. The mixtures were conditioned as 3D porous
scaffolds by lyophilization [70]. Sterile scaffolds (~0.25 cm?®) were placed in 24-wells culture
plate and 200 pl a-MEM culture medium supplemented with fetal bovine serum, containing
5 x 10° DPSC were injected into the scaffold. Cell suspension was absorbed during 30 min
of incubation in a humid atmosphere with 5% CO,, at 37°C. Cell-scaffold constructs were
covered with 500 ul culture medium and incubation continued in standard conditions. The
culture medium was changed every 48 h.

4.3. Biologic activity of DPSC-scaffold constructs

Assessment of cell viability, membrane integrity, cell adhesion, and proliferation are useful
tools, in order to select optimal ratios between scaffold’s polymers and to establish DPSC
cultivation conditions.

A method for assessing DPSC viability within cell-scaffold constructs cultivated in stan-
dard conditions, for different periods of time is live/dead assay based on cellular esterase
activity. Calcein AM penetrates living cells membrane and is transformed into fluorescent
calcein under the action of esterases. Ethidium homodimer-1 penetrates only cells with the
damaged membrane, intercalates DNA double helix, and emits red fluorescence. Live/dead
assay allows simultaneous staining of live and apoptotic cells, measuring both cell viability
and plasma membrane integrity. For the experiment, DPSC-scaffold constructs incubated in
standard cultivation conditions, for 72 h are washed in PBS and, then, 20 puM calcein-AM and
5 uM ethidium homodimer-1 in PBS are added. The plates are incubated in the dark, at room
temperature, for 20 min. The images of cell-scaffold constructs are acquired at 490 nm using
an inverted fluorescence microscope equipped with a photo camera. A large population of
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viable cells colored in green was observed in COL-CS-FN composite material after 72 h of
cultivation (Figure 4A). Adhered cells were distributed throughout the entire scaffold. Cells
in different stages of apoptosis, colored in red, were present in very low number, indicating
a very good biocompatibility of the natural composite scaffold toward stem cells from dental
pulp tissue.

For observations on DPSC infiltration capacity and the degree of cell colonization within
composite materials, scanning electron microscopy is a useful technique. Cross sections of
cell-scaffold constructs cultivated in standard conditions, for 48 h are fixed in 2.5% glutaral-
dehyde in cacodylated buffer, at room temperature, for 20 min. Then, samples are visualized
using an environmental scanning electron microscope, operated at 15 kV, in an inert nitrogen
atmosphere. Scanning micrographs showed that DPSC infiltrated the 3D composite scaffold
and adhered to pore walls as isolated cells (Figure 4B) or group of cells (Figure 4C).

For cell proliferation assessment in cell-scaffold constructs, MTS test is applicable after PBS
washing to remove unattached cells. Cells are incubated with 3-(4,5-dimethylthiazol-2-yl)-
5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) and phenazine metho-
sulfate, at 37°C, for 3 h. The tetrazolium salt is reduced in the presence of mitochondrial
dehydrogenases from the viable cells and generates a colored product. Thus, its quantity
measured as optical density at 490 nm is directly proportional to the number of metabolically
active cells. The degree of DPSC proliferation in COL-CS-FN composite scaffold was reported
to a control of DPSC on the 2D plastic surface. The results showed that, at 48 h of cultiva-
tion, cell proliferation was 1.46 times higher than in control and, at 96 h of cultivation, DPSC
proliferated 1.62 times more than in control. These data indicated that 3D composite scaffold
stimulated DPSC proliferation.

The influence of FN on cell adhesion within DPSC-scaffold constructs can be analyzed using
DNA fluorometric assay. The constructs are minced and mixed with a lysis solution of 30 mM
saline sodium and 0.2 mg/ml sodium dodecyl sulfate, at 37°C, for 1 h. The mixture is then
centrifuged at 13,000 x g, for 15 min and the supernatant used to determine the DNA content.

75,0k 40

Figure 4. Constructs of DPSC in 3D porous composite scaffold based on collagen, CS and fibronectin in 10:1:10* (w/w/w)
ratio. Fluorescence microscopy showed viable DPSC in biocompatible constructs after 72 h of cultivation in a-MEM (A,
bar =50 pum). Scanning electron micrographs revealed isolated DPSC (B, bar = 100 pum) or cell groups (C, bar = 100 pum)
within the composite scaffold.
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Briefly, over 10 pl of supernatant, 190 pl of working solution is added, followed by a vor-
texing step, incubation at room temperature, for 2 min, and the optical density is recorded
at a fluorometer for nanoquantities. Taking into account a content of 8 pg DNA/cell [71],
the results can be expressed as cell count/scaffold. Statistical analysis using Student’s test on
control-sample pairs of interest show differences considered significant at p <0.05. The results
obtained for DPSC cultivated in COL-CS-FN composite scaffold in standard conditions, for
96 h showed the significantly higher number of DPSC (786,675 + 23,600 cells/scaffold) than in
COL-CS scaffold (718,335 + 25,100 cells/scaffold). This could be due to FN presence in materi-
als composition and indicated its usefulness for improvement of cell adhesion. FN supports
cell adhesion through synergistic action of both integrin-binging regions and N-glycans [72].
Variation of FN concentration and distribution is a topic of interest for cell-scaffold construct
fabrication.

Further incubation of DPSC-scaffold constructs in standard conditions indicated that cell
adhesion and proliferation decreased, probably as a result of cell migration outside the
porous scaffold. Tailoring the pore size of 3D materials by polymer concentration, lyophiliza-
tion temperature or cross-linking should adjust the adhesion and proliferation of DPSC for
longer periods of cultivation.

4.4. Osteogenic properties of DPSC-scaffold construct

Osteogenic differentiation of DPSC is of interest in repairing bone defects, including in den-
tistry for elderly people with a deficit of stem cells. DPSC-scaffold constructs could serve
as biomimetic experimental models, in order to improve the fabrication of dental materials
with modified surfaces, and enhanced bioactivity. Individual components of ECM, like type
I COL and FN, promote osteogenic differentiation of stem cells, but the process is influenced
by environmental culture conditions [73]. COL-CS-FN composite scaffolds injected with
DPSC were cultivated in specific osteogenic differentiation medium, for 21 days. Conditioned
medium was harvested at 3, 6, 9, and 12 days of cultivation and analyzed for secretion of
specific markers, such as alkaline phosphatase, calcium, and type I COL, using specific and
sensitive techniques.

MSC are characterized by the low activity of alkaline phosphatase, while its increased activity
is an index of cell differentiation into fully functioning osteoblasts. The analysis of alkaline
phosphatase activity uses 50 pl supernatant incubated with 7.34 mM p-nitrophenyl phos-
phate in diethanolamine buffer, pH 9.8, containing 2.58 mM MgCl,, at 37°C, and for 30 min.
The reaction is stopped with 1 M NaOH solution and the optical density is recorded at 410 nm
using a microplate reader. The alkaline phosphatase activity is calculated using a standard
curve of p-nitrophenol and expressed as mM p-nitrophenol/min. For comparable results, the
protein concentration of cell supernatants is determined using Bradford method. The results
obtained for DPSC in COL-CS-FN scaffolds indicated that alkaline phosphatase activity
increased by 4 times in the first 10 days of cultivation in osteogenic medium (Figure 5). After
another 10 days of cultivation, the enzymatic activity reached 10 times higher values than at
3 days of cultivation. The steep slope of alkaline phosphatase activity profile demonstrated
the differentiation of DPSC into osteoblasts within 3D composite scaffolds of COL-CS-FN
cultivated in osteogenic differentiation medium.
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Figure 5. DPSC cultivated within 3D porous composite scaffold based on collagen, CS, and fibronectin in 10:1:10°®
(w/w/w) ratios, in the presence of osteogenic induction medium, for 21 days. Increasing quantities of alkaline
phosphatase, calcium, and type I collagen showed DPSC differentiation into osteoblasts.

Determination of calcium amount deposited by cells can be performed using a quantification
assay kit based on o-cresolphthalein dye reagent, which forms purple stable complexes with
calcium ions. Supernatant of culture medium (50 pl) is incubated with 90 pl chromogenic
reagent and 60 pl buffer, at room temperature, for 10 min. The optical density is recorded at
575 nm using a microplate reader and final results are expressed as nm calcium/ul. In case
of DPSC in COL-CS-FN composite scaffold, the results indicated a rapid increase of calcium
secretion in the first 10 days of osteogenic differentiation and, then, the values reached a pla-
teau (Figure 5).

An important marker of stem cells differentiation into osteoblasts is type I COL synthesis. To
avoid the interference of COL present in composite materials or degraded during incubation in
the culture medium, it is recommended to use an antibody that specifically detects the propep-
tides from the C-terminal end of type I procollagen molecule. These are enzymatically cleaved
and released into the medium only during the synthesis of triple helical COL molecule. The
amount of type I procollagen secreted is quantified by incubation of 50 ul culture supernatant
in 96-wells culture plate pre-coated with a specific monoclonal antibody, at 37°C, for 1 h. After
subsequent washing steps, as provided by ELISA protocol, the incubation with peroxidase
conjugate polyclonal antibody is performed, followed by substrate addition. Optical density
is read at 450 nm using a microplate reader and the results are calculated as ng type I procol-
lagen/ml. The results obtained for DPSC in COL-CS-FN scaffold presented similar variation
to that of alkaline phosphatase activity (Figure 5). The curve profile of procollagen synthesis
increased throughout the entire cultivation period, but higher concentrations of type I procol-
lagen were registered after 10 days of cultivation in osteogenic medium (Figure 5).

In conclusion, specific markers of osteoblastic differentiation, alkaline phosphatase, calcium,
and type I COL were secreted by DPSC cultivated in direct contact with COL-CS-FN com-
posite materials. This indicates the possible use of these constructs not only as experimental
models in vitro but as materials with osteogenic effect in periodontal tissue engineering. In
addition, the values of all markers were significantly higher (p < 0.05) than those obtained
in 2D DPSC cultures. The values demonstrated that 3D porous composite materials had a
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positive effect on calcium secretion and mineralization process useful in bone repair, as well
as the capacity of cell-scaffold constructs to improve new extracellular matrix formation.

5. Conclusions

Periodontitis is a very common condition that poses a challenge to oral tissue engineering.
Periodontal disease affects all four tissues of the periodontium, namely the gingival tis-
sue, periodontal ligament, cement and alveolar bone and can be partially treated by clas-
sic periodontal surgical methods. Specialized therapeutic methods, such as GTR, stem cell
therapies, and innovative biomaterials including bioactive molecules, envisage the functional
reconstruction of the periodontal complex, and reduction of periodontal disease risk for
general health. Stem cells from numerous sources have potential application in periodontal
regeneration because they are non-immunogenic, have high proliferation rate and ability to
differentiate into the desired cell type. Stem cells from dental pulp are easy to obtain and
currently studied in combination with 3D porous biomaterials of certain porosity, mechani-
cal and regenerative properties. Cell culture data demonstrated that COL-CS-FN composite
material had the capacity to improve the secretion of osteogenic markers and the synthesis
of bone matrix. These studies are important and can provide progress in periodontology,
especially for elderly individuals presenting marked decline of healing and regenerative pro-
cesses. Future researchers envisage multifunctional engineered constructs with antimicrobial,
anti-inflammatory, and regenerative activity for use in periodontitis treatment.
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Abstract

Periodontitis is a chronic inflammatory disease affecting the supporting structures of the
teeth and results in loss of supporting bone around the teeth leading to eventual tooth
loss. It is a multifactorial disease that involves bacteria and host responses. Advanced
options to treat periodontitis are aimed at regeneration procedures to restore lost peri-
odontal structures. These include bone replacement grafts and the use of biological mate-
rials to enhance regeneration. Platelet-rich fibrin (PRF) is an autologous platelet-rich
concentrate derived from a fibrin clot and is a natural source of growth factors derived
from platelets, which are released over time and have been shown to have potential in
periodontal procedures to enhance wound healing and regeneration. This chapter will
focus on the past, current and future scope of PRF for treating periodontitis.

Keywords: platelet-rich fibrin, periodontitis, autologous, growth factors, regeneration,
healing

1. Introduction

Blood is an integral part of the human body, which is responsible in delivering necessary
nutrients and oxygen to different cells and also transports the metabolic waste products from
those cells to be excreted out of the body. Blood includes four components: platelets, white
blood cells (WBCs), red blood cells (RBCs) and plasma. Particularly, platelets play a major role
in the release of growth factors at the site of injury to initiate wound healing [1]. Wound
healing is an essential inflammatory process which requires cellular organization and remod-
eling, cellular migration and cellular proliferation. Platelets play a crucial role in all of these

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [{(cc) ExgIN
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functions. Due to these properties, the concept of using platelet concentrates for therapeutic
purposes was introduced. The main aim was to isolate large numbers of platelets from the
whole blood and then use them to enhance the wound healing process. Initially, platelet-rich
plasma (PRP) was developed for this purpose and can be considered as the first generation of
the platelet concentrates. Whole blood was collected and anticoagulants (i.e., calcium chloride
or bovine thrombin) were added to the blood prior to centrifugation to prevent clotting. The
platelet-rich fraction was removed after the blood components were separated by centrifuga-
tion. Various studies showed that the final product after processing contained 95% platelets
and played direct roles in influencing osteoblasts, periodontal ligament cells, connective tissue
cells and epithelial cells [2]. Due to the lengthy centrifugation protocols, the need for special-
ized equipment, and the need to combine the liquid PRP with other biomaterials made it
cumbersome to use in a clinical setting for outpatient oral and maxillofacial surgeries and
periodontal surgical procedures. To overcome the limitations presented by PRP, the second
generation of platelet concentrates (i.e., platelet-rich fibrin, PRF) was developed [3].

With the main objective of obtaining platelet concentrates without the addition of the anticoagu-
lation agents, a new protocol was developed which included centrifuging the blood at high speed
(3000 rpm) for 10 minutes to separate different components that included the heavier RBCs in the
bottom of the centrifugation tube, clear serum at the top of the tube with an interposed fibrin clot
layer consisting largely of platelets and WBCs [3, 4]. Because no anti-coagulation factors were
used, a three-dimensional yellow fibrin clot was obtained between the two liquid layers and was
termed as PRF (Figure 1). It was shown that approximately 97% of the platelets and >50% of the
leucocytes in the blood sample were concentrated in the PRF clot and due to its additional

Acellular Plasma |

| Fibrin Clot (PRF) |

- l Red Corpuscle Base

Figure 1. PRF clot after centrifugation.
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leucocyte content, these platelet concentrates are also sometimes referred to as leucocyte-PRF
(L-PRF) [4].

1.1. PRF processing

Intravenous blood is collected through venipuncture (superficial veins in arm: median cubital
vein, cephalic vein, basilica vein or dorsal metacarpal veins) and collected in 10-ml sterile tubes
without anticoagulants (Figure 2a). The volume of blood depends upon the application of the
PRF. Immediately after collection of the venous blood, the tubes are centrifuged at specified
speed and time as shown in Figure 2b. This centrifugation allows the formation of the fibrin-
scaffold in the middle of the tube as shown in Figures 1 and 2c. This fibrin clot is separated
from the red corpuscles base with the help of the sterile tweezers and scissors and is trans-
ferred to the sterile PRF box for compression (Figure 2d). The minimum compression period
required is 4-5 minutes for uniform thickness. This converts the clot into PRF membrane
(Figure 2e) which can be used for various applications in the field of periodontics as discussed
later. The lower chamber of the box collects the exudate after the compression which may be
used for hydration of other regenerative materials (Figure 2f).

Figure 2. (a—f) PRF procedure. (a) Blood collection, (b) centrifugation, (c and d) fibrin clot, (¢) PRF membrane after
compression, (f) Exudate collected in lower chamber.
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1.2. Properties of PRF

With the advancement and research to explore the properties of the PRF, various procedures
have been established for the formulation of the PRF [5]. Studies have been carried out to
evaluate the significance of different protocols which are based on different centrifugation
speeds and times [5, 6]. The L-PRF procedure includes centrifugation at 2700 rpm for
12 minutes was the first well-documented procedure. It was followed by an advanced-PRF
(A-PRF) procedure, which includes centrifugation at 1500 rpm for 14 minutes [5-7]. The
differences in the properties due to different procedures will be discussed based on the
available evidence. All three concentrates of platelets (PRP, L-PRF, and A-PRF) have been
shown to release growth factors when processed as described above but each differs in its
growth factor release kinetics [6]. PRFs, the most commonly studied platelet concentrate, have
been shown to contain growth factors that are produced by and released from platelets
including: platelet-derived growth factors (PDGFs), transforming growth factor 31 (TGF-31),
vascular endothelial growth factor (VEGF), endothelial growth factor (EGF) and insulin-like
growth factors (IGFs). These are slowly released over a period of time, which may extend up to
28 days when PREF is used as the membrane to cover a periodontal defect [3, 6]. The primary
functions of each growth factor are discussed in Table 1.

Growth factor Functions

Platelet-derived growth factors (PDGFs) Specific roles include proliferation of cells, cellular migration and collagen
production for remodeling of extra-cellular matrix to repair the wound.

Transforming growth factor 1 (TGF-31)  Tissue repair, extracellular matrix synthesis and immune modulation.
Specific roles played by TGF-f31 includes angiogenesis, re-epithelization and
regeneration of connective tissue. Due to bone morphogenetic proteins
(BMPs) being part of TGF family. They also play role in bone formation.

Vascular endothelial growth factor (VEGF) Primary function is angiogenesis. Also, plays a role in tissue remodeling.

Endothelial growth factor (EGF) Proliferation and multiplication of endothelial and mesenchymal cells,
which leads to epithelization.

Insulin-like growth factors (IGFs) Cell-protective in nature and participates in proliferation and differentiation
of a variety of cells.

Table 1. Growth factors found in PRF and their functions.

The most important aspect of PRF is growth factor release, which is why PRFs are being used
as a material to promote healing and regeneration of tissues. Information about the number of
growth factors released over time will aid in understanding the roles played by PRF in tissue
repair. The most comprehensive research in this regard was done by Kobayashi and co-
workers [6]. They evaluated the growth factor release from PRP, L-PRF, and A-PRF over a
period of 10 days and found that L-PRFs and A-PRFs released significantly higher amounts of
growth factors compared to PRPs. PDGF, VEGE, IGF, EGF, and TGF-f31 were evaluated in this
study [6]. The same study showed that A-PRF had significantly more growth factor at 1, 3 or
10 days when compared to L-PRF. This study demonstrated that second-generation PRFs were
superior over first-generation PRP with respect to the number of growth factors released and
A-PRF (low centrifugation concept) can enhance the level of growth factors entrapped in the
fibrin clot.
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To understand the roles of PRFs in the wound healing process, it is important to understand
the biological properties of PRFs. It is important to study how the fibrin network releases
growth factors over time leading to enhanced cell migration and proliferation, and thus cell
maturation. The periodontium is a unique complex structure of soft and hard tissues
consisting of gingival connective tissue, periodontal ligament tissue, cementum and bone that
tends to repair and heal by collagenous fibrous tissue reformation and maturation. One of the
important factors responsible for regeneration of the periodontal structures involves periodon-
tal ligament cells. Periodontal ligament cells primarily consist of periodontal ligament fibro-
blasts, which play a key role in the maintenance of periodontal health as they are responsible
for formation and remodeling of alveolar bone in the development of periodontitis [8]. Also,
studies have found that human periodontal ligament fibroblasts (HPLFs) form a heteroge-
neous population, whereas some cells exhibit phenotypic characteristics of osteoblast-like cells
which might have the potential to further differentiate to osteoprogenitor cells leading to
osteoblasts or cementoblasts [8]. Another important cell type which aids in the maintenance
of the periodontal structures along with HPLFs is human gingival fibroblasts (HGFs), which
are abundantly present in the gingival tissue and support the periodontal tissues. It is impor-
tant to understand how PRF biologically affects both HPLF and HGF. Chang and co-workers
[9] investigated the effects of PRF from healthy individuals on HPLF. They measured the
expression of phosphorylated extracellular signal-regulated protein kinase (p-ERK), osteop-
rotegerin (OPG) and alkaline phosphatase (ALP) activity. This study showed that PRF signif-
icantly increased ERK phosphorylation and OPG in HPLF in a time-dependent manner, along
with upregulated ALP activity. This demonstrated that PRF may provide benefits for peri-
odontal tissue regeneration. Another study by Vahabi et al. [10] showed that PRF when
cultured along with HGF for a period of 24, 48 or 72 hours and evaluated through a methyl
thiazol tetrazolium assay led to statistically significant proliferation of HGF at 24 hours, but no
proliferation of HGF was observed at 48 and 72 hours along with the viability of the cells also
decreasing with time. The explanation for proliferation seen up to 24 hours could co-relate
with the maximum number of HGF being reached per available area. More recently, Fujioka-
Kobayashi et al. [11] compared L-PRF and A-PRF with regards to their effects on HGF pro-
liferation and viability. They used the same assay as mentioned in the Vahabi study [10] to
measure proliferation, but additionally, they performed real-time PCR analysis where RNA
was harvested from HGF samples to assess RNA levels of PDGF, TGF-beta, and collagen type I.
This study demonstrated a 200% increase in the proliferation of HGF when combined with
PREF at 24 hours and increased cellular proliferation was noted with increased numbers of cells
at 3 and 5 days. A significant increase in growth factor levels was seen in the culture when
combined with PRF. All of this data supports that PRFs can play a significant role in the
healing and regeneration of periodontal structures when used as biological modifier during
periodontal and oral-maxillofacial surgeries.

2. Applications of PRF: an overview

A true regenerative procedure in periodontology includes regeneration of both soft tissues
(periodontal ligament) and mineralized tissues (cementum and alveolar bone) [12, 13].
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Guided tissue regeneration (GTR) procedures are advocated for regeneration of periodontal
defects and involve the use of barrier membranes which prevents the downgrowth of the
epithelium and excludes gingival connective from the healing wound to allow selective cell
repopulation from the periodontal ligament in alveolar bone. The barrier membranes can be
bioresorbable (made of collagen material) or non-bioresorbable (made of polytetrafluor-
oethylene material) and studies have shown that resorbable membranes show comparable
results with fewer post-surgical complications for GTR procedures when compared to non-
resorbable membranes [12, 14]. Some periodontal regenerative techniques include using
bone replacement grafts like demineralized freeze-dried bone allograft or biological modi-
fiers (i.e. enamel matrix derivative and recombinant human platelet-derived growth factor-
BB) [15-17]. These commercially available growth modifiers have been shown to have sig-
nificant roles in stimulating wound healing and tissue regeneration [12]. PRFs can be used as
a potential barrier membrane with enhanced wound healing properties due to its rich
growth factors content [7]. PRF membranes can be used as an adjunct in the future implant
site preparation [18, 19]. Subepithelial connective tissue grafts (SCTGs) are considered to be
the gold standard for root coverage procedures but involve a second surgical site in the oral
cavity to harvest the graft [20, 21]. The use of PRF for root coverage procedures has been
shown to be an alternative to the SCTG for root coverage procedures with reduced patient
post-surgical discomfort [22, 23].

2.1. Management of extraction sockets with PRF

Following tooth extraction, alveolar bone dimensions are reduced both in vertical and hori-
zontal dimensions as part of the normal healing process [24]. Various treatment interventions
have been carried out to reduce changes in post-extraction alveolar ridge dimensions either for
esthetic purposes or for future implant placement [25]. Treatment options which include use of
allograft or xenograft bone graft materials with or without barrier membranes have shown
positive results in preventing alveolar ridge collapse when compared to sites without any
intervention [25]. Considering the beneficial properties of the PRF, it has been used as an
adjunct in socket grafting procedures with or without bone graft material to improve the
healing and maintenance of the alveolar ridge dimensions [18, 26]. Groups treated with the
PRF showed better results when compared to the non-grafted control groups with respect to
vertical and horizontal dimensions of the alveolar ridge with less discomfort and better clinical
and histological healing pattern in the socket [18, 26, 27]. Figure 3 shows a clinical case of a
patient with a non-restorable molar seeking future implant placement. The tooth was extracted
and the socket was filled with allograft bone particles and covered with a PRF membrane.
Healing at 1 week (Figure 3d) demonstrated enhanced soft tissue healing over the socket with
no reported patient discomfort.

2.2. Guided bone regeneration (GBR) with PRF

Edentulism for long periods or following trauma can cause ridge deficiencies that are not
suitable for implant placement. GBR procedures using barrier membranes and bone grafts
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Figure 3. Management of extraction socket and site preparation for future implant placement. (a) Hopeless #30 to be
replaced with dental implant, (b) Atraumatic surgical extraction, (c) allograft bone graft placed in the socket for space
maintenance and covered with PRF membrane, (d) healing at 1 week with visible PRF membrane.

bone regeneration have shown good clinical outcomes [28, 29] and successful long-term results
with implants placed in the regenerated bone [30]. Based on the defect size and the required
amount of bone to be regenerated, a decision tree is available in the literature which helps the
clinician to decide on the GBR technique [31]. Although GBR procedures for horizontal bone
augmentation have shown predictable results, there are multiple reported complications asso-
ciated with such procedures which can lead to poor or failed treatment outcomes [32]. The
most common wound healing complication reported is membrane exposure which can even-
tually lead to treatment failure or infection [32]. The membrane exposures can happen either
due to the insufficient blood supply to the flaps leading to necrosis or due to the inability of
achieving and maintaining passive primary closure of the flaps [32]. PRF can be used as an
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adjunct in such procedures to enhance healing and regeneration [7, 19, 27]. The patient illus-
trated below (Figure 4) presented with insufficient bone dimensions for implant placement
and underwent a GBR procedure with PRF as an adjunct with resultant good healing without
any reported discomfort.

Figure 4. GBR at site #9 for future implant placement. (a) #9 Edentulous site with insufficient bone for implant placement,
(b) incisions, (c) defect with decortications, (d) particulate bone allograft to fill the defect, (¢) PRF membrane placed
horizontally over the bone graft. (f) Second PRF membrane placed vertically, (g) titanium-reinforced d-PTFE membrane
for space maintenance placed over the PRF membrane, (h) primary closure achieved, (i) healing at 1 week, (j) healing at 4-
months after titanium-reinforced d-PTFE membrane removal.

2.3. PRF used in sinus procedures

The edentulous posterior maxilla can be a challenging site to restore with implants due to
alveolar ridge resorption and the presence of maxillary sinus pneumatization which tends to
increase over time. Sinus augmentation procedures are the treatment of choice to restore
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posterior maxilla with deficient bone height due to sinus pneumatization [33]. The two most
common sinus augmentation procedures include the osteotome sinus augmentation and lat-
eral window sinus augmentation with a common goal of increasing vertical bone dimensions.
Both the procedures have shown high long-term implant survival rates following sinus aug-
mentation [33]. Due to the healing and regenerative properties of PRF, it has been incorporated
into sinus procedures: as a sole grafting material, in combination with allograft and xenograft
material, as a membrane to cover the graft material, and to repair intra-operative Schneiderian
membrane perforations [34-36]. PRF when used either as a sole grafting material or in combi-
nation with other materials have shown positive and promising results with respect to faster
healing and maturation of bone [35]. The case demonstrated below (Figure 5) shows the use of

Figure 5. Lateral window sinus augmentation procedure to place implants at #3 and 4, due to insufficient vertical height.
(a) Full thickness mucoperiosteal flap reflection, (b) surgical guide at place to guide lateral window position, (c) lateral
window ostectomy created, (d) sinus elevator used to elevate Schneiderian membrane, (e) intact Schneiderian membrane,
(f) accidental Schneiderian membrane perforation, (g) Schneiderian membrane perforation, (h) PRF membrane used to
repair Schneiderian membrane, (i) second PRF membrane to provide stability and maintaining integrity of the perforated
Schneiderian membrane, (j) Schneiderian membrane repaired, (k) primary closure achieved, (1) healing at 2-weeks.
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PRF to reconstruct a Schneiderian membrane perforation, the most common intra-operative
complication of the lateral window sinus augmentation technique [37].

2.4. Root coverage procedure with PRF

Another aspect of the periodontal therapy is the treatment of mucogingival defects which refers
to gingival recession leading to root exposure. Gingival recession and root exposure can lead to
sensitivity and esthetic concerns for the patient. A systematic review has shown predictable
results with root coverage procedures for Miller Class I and Class II defects [21]. The most
predictable results have been shown when SCTG is used as a material for root coverage proce-
dure along with the coronal advancement of the flaps [21]. For harvesting connective tissue graft,
a second surgical site (i.e. palate or tuberosity region) is needed in the oral cavity which leads to
increased patient discomfort. Clinical studies have shown similar results to SCTG when PREF is
used as a material for root coverage procedures [22, 23]. Figure 6 shows a successful root

Figure 6. Root coverage procedure for #7-11. (a) Gingival recession shown from #7-11, (b, c) tunnel preparation shown
for PRF placement, (d) Exudate collected after fibrin clot compression used to irrigate the site, (¢) PRF membrane shown
over the site, (f) PRF membrane placed in the tunnel, (g) soft tissue is coronally advanced with the help of sutures, (h)
healing at 2 weeks, (i) stable root coverage at 3 months.
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coverage procedure when PRF is tunneled and flap is coronally advanced. Healing and root
coverage is stable at 3 months (Figure 6i).

3. Future scope and conclusion

The current research on PRF focuses on the clinical applications of the PRF in periodontology
and implant dentistry and has shown promising results with better healing outcomes and less
patient discomfort. At the same time, there is need to evaluate the properties of PRF which
includes quantification of growth factors and the number of growth factors released from PRF
over time. It is important to study the variables including age, sex, and the influence of any
systemic disease on PRF quality. Further research is also needed on different formulation of the
platelet concentrates to make it optimize its use for different procedures.

Overall, PRF can be utilized for many periodontal and implant procedures capitalizing on
taking advantage of considering (1) the use of an autologous source, (2) enhanced healing and
regeneration potential, and (3) a less expensive alternative to other commercially available
biological modifiers.
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Abstract

Post-operative sensitivity may occur following restorative procedures including peri-
odontal therapy affecting both the hard and soft tissues of the oral cavity and can have
a major effect on the quality of life (QoL) of the individual. Ideally, the clinician needs to
prevent or minimise these effects to reduce any unnecessary discomfort for the patient
and this may be accomplished through preventive strategies, the provision of the required
information about the procedures both pre- and post-treatment as well as reassuring the
patient in the event of any subsequent discomfort. Furthermore, it is important for the cli-
nician to be able to correctly diagnose the exact cause of the patient’s discomfort and have
the confidence to successfully manage the problem. The aim of this chapter is to provide
an overview on the management and treatment of post-operative sensitivity following
both non-surgical and surgical periodontal procedures and will be primarily concerned
about the discomfort associated with dentine hypersensitivity/root sensitivity following
these procedures.

Keywords: post-operative sensitivity, non-surgical and surgical procedures, gingival
recession, root surface coverage, quality of life and pain assessment, management
strategies

1. Introduction

Traditionally, pain arising from the exposed dentine in response to chemical, thermal, tactile
or osmotic stimuli which cannot be explained as arising from any other dental defect or dis-
ease has been termed dentine hypersensitivity (DH) [1].

The pain associated with DH is generally considered to be transient in nature and will resolve
once the initiating stimulus, such as cold air from a dental air syringe, has been removed.

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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Other terminology has been used to describe the condition, for example, cervical dentine sen-
sitivity (CDS) or cervical dentine hypersensitivity (CDH) or dentine sensitivity (DS) and root
dentine sensitivity (RDS)/root dentine hypersensitivity (RDH). Although there may be some
justification in using these terms to describe the condition, Addy [2] advocated the retention
of the term dentine hypersensitivity for traditional reasons and perhaps more importantly to
enable the clinician to distinguish between those individuals complaining of DH who have
relatively healthy mouths with individuals who complain of DH from the effects of peri-
odontal disease and/or its treatment. The term root (dentine) sensitivity (RS/RDS) or root
dentine hypersensitivity (RDH) has been used in recent years to describe sensitivity arising
from the effects of periodontal disease and/or its treatment (e.g. non-surgical and surgical
procedures) [3]. The basis for recommending this terminology was that any sensitivity follow-
ing periodontal therapy may be a distinct condition from that of DH occurring following the
hydrodynamic stimulation, for example, the penetration of bacteria into the dentinal tubules
[3, 4] although there appears to be limited epidemiological data to justify this distinction.
The prevalence of RS/RDS/RDH in individuals in periodontal problems appears to be higher
than those individuals with DH [5-7]. Post-operative sensitivity following non-surgical and
surgical periodontal procedures has been reported to affect both the hard and soft tissues of
the oral cavity and can have a major effect on the quality of life (QoL) of the individual [8].
The perception of this discomfort varies from individual to individual and the intensity of the
discomfort may range from mild/moderate to severe requiring pain relief (analgesics) [9].
Management of this discomfort may range from the professional applications of varnishes
or a desensitising prophylaxis paste following the treatment session to the recommendation
of over-the-counter (OTC) products such as desensitising toothpaste/gel formulations [10].
The aim of this chapter is to provide an overview on the management and treatment of post-
operative sensitivity following both non-surgical and surgical periodontal procedures.

2. Prevalence, mechanisms, aetiology and clinical features of dentine
hypersensitivity/root sensitivity

2.1. Prevalence

Most of the published literature relates to the prevalence of DH and as such there are limited
data specifically on the prevalence of root dentine hypersensitivity (RDH) or root sensitiv-
ity (RS) following periodontal procedures [4, 6-7]. According to Cuhna-Cruz and Watana
[11] a reasonable estimate of the prevalence of DH was 10% with an average of 33% across
the published studies. By way of contrast, the prevalence of RS reported in the literature
was considerably higher (60-98%) [6]. According to Gillam and Orchardson [6], DH/RS may
affect individuals of all ages, although the peak prevalence appears to be between the ages
of 30 and 60 years. Females appear to be numerically more affected than males although this
difference does not appear to be significant. Evidence from the published epidemiological
studies would suggest that the buccal (facial) tooth surfaces in individuals with DH/RS are
generally affected. A study by Kamal et al. [12] also reported an association with gingival
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recession and DH in a Jordanian population with a prevalence of DH (23.6%) in patients with
gingival recession. These findings would suggest that not all patients who exhibit exposed
dentine will experience DH. Several systematic reviews have indicated that the prevalence
of DH/RS prior to treatment ranged from 9-23% whereas the prevalence increased follow-
ing non-surgical therapy (54-55%) [4]. A similar study by Lin and Gillam [7] reported that
the prevalence ranged from 62.5 to 90% following treatment but decreased progressively to
approximately 52.6-55% after 1 week. In a similar fashion, the prevalence of DH/RS follow-
ing surgical therapy ranged from 76.8 to 80.4% after 1 day and subsequently decreased over
time to 36.8% after 1 week, 33.4% after 2 weeks, 29.6% after 4 weeks and 21.7% after 8 weeks,
respectively [7].

2.2. Mechanisms involved in dentine hypersensitivity and root sensitivity

The prevailing view in the published literature is that the mechanisms associated with DH
are primarily based on the hydrodynamic theory, as proposed by Brannstrém and Astrom
[13]. According to Gillam [14] this theory promotes two basic approaches for treating hyper-
sensitive dentine, namely: (a) by occluding the exposed open dentine tubules, which in turn
reduce any stimulus-evoked fluid movements within the dentinal tubules and effectively
prevent the transmission of the external stimulus (such as a cold stimulus) to the pulp and (b)
by the diffusion of the potassium ion from desensitising products such as toothpaste formu-
lations within the dentinal tubule to reduce intra-dental nerve excitability and prevent any
nerve activation.

There is, however, some controversy regarding whether the mechanism associated with root
sensitivity is also based on the hydrodynamic. Some investigators have suggested that as RS
may have a plaque-related aetiology associated with the bacterial penetration of the dentinal
tubules, an alternative mechanism must be involved. The relation between bacterial penetra-
tion, pulpal inflammatory changes and symptoms arising from DH/RS however is unclear.
Furthermore, the existence of plaque covering the exposed root surface does not in itself sug-
gest that other mechanisms of stimuli transmission other than Brannstrom’s hydrodynamic
theory are responsible for RS [6].

2.3. Aetiology

The aetiology of DH/RS is multi-factorial in nature and despite an extensive publication
record is not fully understood, although it is recognised that the structure of dentine in the
affected areas is changed resulting in areas of sensitive dentine with a greater number of open
dentinal tubules compared to non-sensitive areas in unaffected teeth. For DH/RS to occur,
both the overlying hard and soft tissues must be removed to expose the underlying dentine
surface. There are several aetiological and predisposing factors that are implicated in this pro-
cess and include gingival recession associated with overzealous or incorrect toothbrushing as
well as factors associated with the effects of periodontal disease and its treatment (Table 1).
As mentioned in the prevalence section there is epidemiological evidence of an association
between gingival recession and DH. For example, a study by West et al. [15] reported that
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* Loss of enamel

* Denudation of cementum

e Attrition

® Abrasion

® Abfraction

¢ Erosion (intrinsic and extrinsic)

¢ Tooth malposition

¢ Thinning, fenestrationand absent buccal alveolar bone plate
¢ Gingival recession

¢ Thin gingival biotype

* Restorative factors such as poorly fitting partial dentures, overhanging restorations and subgingival crown
margins

¢ Periodontal disease and/or its treatment (non-surgical and surgical periodontal procedures)
* Plaque-related factors

* Wound healing following treatment

¢ Self-inflicted trauma—habits such as finger nail stripping

* Physical (over-enthusiastic and/or incorrect toothbrushing) and chemical trauma

* Smoking (risk factor for periodontal disease)

Table 1. Aetiological and predisposing factors associated with dentine hypersensitivity/root sensitivity and gingival
recession (modified from Chabanski and Gillam) [16].

there was a link between a healthy erosive diet and lifestyle and toothwear with DH in young
adults aged 18-35 years.

2.4. Clinical features

The clinical features of DH have been well documented in several published reviews [6, 16];
however, these reviews primarily deal with the features associated with DH in patients with
well-maintained oral hygiene rather than clinical features associated with RS per se. It is rea-
sonable to acknowledge that some of the aetiological and predisposing factors will be similar
(Figure 1).

The intra-oral distribution of teeth in patients with DH generally involves all the buccal (facial)
surfaces of canine, premolar and molar teeth although the condition can also be detected in
the incisor teeth. The association of DH and gingival recession has been previously noted and
approximately one in three teeth may be affected. The distribution of teeth with RS will gener-
ally affect the same tooth type but may also affect the palatal and lingual surfaces particularly
following periodontal treatment. It is essential that the clinician undertakes a thorough clini-
cal examination together with both medical and dental histories to obtain an overall picture
of the history of the condition as well as the presenting clinical features and any precipitating
and predisposing aetiological features [14]. For example, a patient who has recently received
dental treatment such as the restoration of a tooth or had their teeth professionally cleaned
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Figure 1. Clinical features of a patient with gingival recession and dentine hypersensitivity (acknowledgement G
Belibasakis).

may be experiencing discomfort from these procedures and it would be relatively easy to
resolve the problem by obtaining a history that included recent dental treatment. Patients
with a more obscure orofacial problem, such as a persistent idiopathic facial pain (PIFP), may
require more extensive examination and subsequent referral to an oral medicine/pain clinic.

2.4.1. Clinical diagnosis of DH (including a differential diagnosis)

According to Gillam [17], it is important for clinicians to identify patients with DH correctly
by excluding any confounding factors from other orofacial pain conditions prior to the suc-
cessful management of the condition. It is important to note that the original definition of
DH was essentially a definition of exclusion and as such should encourage the clinician to
exclude any other potential orofacial condition(s) to determine a definitive diagnosis of DH,
for example, from dental disease such as caries, fractures of the tooth due to trauma and
mechanical failure of restorations and the effects of restorative and cosmetic treatment such
as restorations, whitening procedures and periodontal treatment.

Traditionally clinicians have used a dental explorer probe and air from a triple-air syringe to
identify any sensitive areas on the exposed root surface to elicit a response from the patient
[6]. This is a relatively simple and straightforward way to examine teeth which may be sensi-
tive as the discomfort from the testing should be transient in nature and should resolve once
the stimulus has been removed. The problem arises however, of how the patient can describe
this pain since pain is highly subjective and will vary from individual to individual. A simple
measure to quantify this response would be the use of a rating score such as a visual analogue
scale [VAS (0-10)] and this would provide the clinician with an indication of how the patient
rates his/her own pain. Other means of testing are also available such as an ice stick, ethyl
chloride, pulp testers, etc., but these may be more relevant in testing for pulp vitality rather
than for DH/RS per se. More recently quality of life (QoL) questionnaires have been utilised to
determine the impact of DH/RS on the patient’s quality of life [18]. Although these question-
naires have been mainly used for research purposes in clinical trials, nevertheless, they do
provide an insight into how a clinical condition may affect an individual’s daily activities
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as well as determine whether providing a desensitising product may relieve this impact on
their QoL. Once a definitive diagnosis has been determined, the clinician can then formulate
a management strategy to treat the condition.

2.5. Clinical management of dentine hypersensitivity and root sensitivity

According to Gillam and Orchardson [6] it is important for the clinician to recognise that a
simple “one-fit-all” solution to resolve a patient’s pain associated with DH/RS may not neces-
sarily meet the expectation of both the clinician and patient. Ideally a specific management
strategy for the successful management of DH/RS should be based on the presenting clinical
features. For example, a patient presenting with DH/RS associated with gingival recession can
benefit from the clinician educating them regarding the relevant aetiological causes that may
have precipitated their clinical problem as well as identifying the sites where the damage to
the gingivae has occurred. In other words, simply providing a professionally applied product
or procedure or recommending an OTC product without firstly resolving the aetiological
factors responsible for the problem would be inappropriate management. Providing informa-
tion and advice on the type of toothbrush (soft, medium and hard texture), demonstrating an
atraumatic brushing technique (by reducing the brushing force) and modifying their dietary
intake to avoid any erosive component in the diet should enable the patient to modify their
lifestyle accordingly and reduce any future reoccurrence of the problem. The clinician should
be aware of the various in-office and OTC products readily available to treat DH/RS and this
information is available from a number of reviews [6, 19] (Table 2) but clinicians should be
aware that currently there does not appear to be agreement on a universally accepted gold
standard product or technique to resolve DH/RS and therefore he/she may need a number of
different management strategies to resolve an individual patient’s problem such as a combi-
nation of in-office and OTC products.

The rationale for the successful treatment of periodontal disease(s) can be accomplished
through good oral hygiene measures by the patient and through professionally performed
non-surgical mechanical debridement and surgical procedures [20]. Both non-surgical and
surgical procedures are equally effective in the treatment of chronic periodontitis in terms of
attachment level gain and reduction in gingival inflammation [21]. Reduction in pocket depth
(PPD) and a gain in the clinical attachment level, however, are generally obtained through
surgical procedures such as open flap debridement [21]. Unfortunately, these procedures may
have unwanted side effects including gingival recession following the tissue shrinkage of the
periodontal pocket, exposure of the underlying dentine following root cementum denudation
with the risk of experiencing DH/RDS to both tactile and thermal stimuli as well as (in the
anterior region) aesthetic problems (the so-called black triangles).

2.5.1. DH/RS from non-surgical dental procedures

Several studies have reported on the effects of periodontal therapy in the form of non-
surgical and surgical procedures in dental practice, and it is evident that patients often report
experiencing discomfort (in the form of DH/RS) immediately following these procedures or
once the local anaesthesia has worn off [4, 7, 22]. According to these studies there are limited
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Gingival recession

Clinical evaluation

Clinical measurement of the gingival recession defect

Take study casts and clinical photographs to monitor the

condition over time

Check and monitor periodontal health

Identification and correction of predisposing or precipitating

factors

Use of pain scores to assess and monitor DH/RS (e.g. visual

analogue scores [VAS])

Patient education (including preventive advice)

Show patient the affected site(s)
Explain probable cause for recession.

Explain factors triggering sensitive teeth episodes

Encourage patients to modify their oral hygiene regimen in
order to reduce damage to gingivae (e.g. reducing brushing

forceand correction of toothbrush technique)

Reduce excessive consumption of acid foods and drinks

Corrective clinical outcomes

Reduce excessive consumption of acid foods and drinks

The manufacture of silicone gingival veneers to mask the
so-called black triangle appearance following the loss of the
interdental papilla/apical displacement of the gingival margin

Orthodontic treatment

Restorative correction of recession defect and subgingival

margins of fillings and crowns

Polymers: sealants/varnishes/resins/dentine-bonding agents

Laser obturation of dentinal tubules
Use of desensitising polishing pastes

Pulpal extirpation (root canal treatment)

For local recession defects soft tissue grafting (root coverage)
surgical procedures can be considered (see section under

periodontal treatment)

Periodontal treatment
Clinical evaluation

* Periodontal disease or periodontal treatment
as the primary cause of exposure of dentine
and associated DH/RS

¢ Check and monitor periodontal health (6-point
pocket charting)

Use of pain scores to assess and monitor DH/
RS (e.g. visual analogue scores [VAS])

Patient education (including preventive advice)
* Reinforce the need for good oral hygiene

* Show patient the site(s) affected by periodontal
disease and explain probable cause of the
exposed dentine

Guide the patient to improve ‘at home’ oral
hygiene regimen

¢ Instruction on measures of reducing peri-
odontal risk factors such as diabetes, smoking,
obesity

Corrective clinical outcomes

Initial phase

¢ Non-surgical periodontal procedure(s)

¢ DH treatment (including desensitising polish-
ing pastes/fluoride varnishes)

Re-evaluation

¢ Follow-up assessment on periodontal status
and DH/RS

Corrective phase

® Surgical periodontal procedure(s), for
example, guided tissue regeneration, coronally
advanced flap + enamel matrix derivatives
with/without root conditioning, connective tis-
sue graft (flap)and free gingival graft (acellular
dermal matrix allograft)

Combination therapy of the above techniques:

¢ DH treatment (including desensitising polish-
ing pastes/fluoride varnishes)

Follow-up management maintenance phase
¢ Supportive periodontal therapy
¢ On-going monitoring of periodontal health

¢ Dentine hypersensitivity treatment (includ-
ing desensitising polishing pastes/ fluoride
varnishes)

¢ Oral hygiene advice
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Recommendations for home use (including toothpaste/ Recommendations for home use (including
mouthrinses) toothpaste/mouthrinses)
® Oral hygiene implementation as per recommendation ® Oral hygiene implementation as per

. . . recommendation:
e Strontium chloride/strontium acetate eco € ons

e Potassium nitrate/chloride/citrate/oxalate * Regular brush1.ng with an anti-bacterial
toothpaste to aid plaque control

e Calcium compounds

P e Short period, the use of a 0.2% chlorhexidine

® Calcium carbonate and arginine and casein solution for plaque control

hosph tide+ h Ici hosphat:
phosphopeptideramorphous calcium phosphate e Use of a desensitising mouthrinse twice daily

* Bioactive glass for DH/RS control (when appropriate) until

»  Nano/hydroxyapatite resolution of the problem

¢ Fluoride in higher concentration
(2800/5000 ppm F[prescription])

¢ Amine/stannous fluoride

Table 2. Examples of non-surgical and surgical approaches on the management of DH (modified from Gillam [10]).

epidemiological data available in terms of both prevalence and intensity of DH/RS following
periodontal therapy (such as scaling, root surface debridement and surgical procedures) as
well the lack of data in relation to the impact on the quality of life of those individuals who
suffer from DH/RS following these procedures. Although using periodontal instrumentation
may remove the biofilm, calculus and subsequently expose the dentinal tubules thereby initi-
ating DH/RS, the same procedures may also create a smear layer on the exposed root surface
which can be supplemented by the natural mineralisation processes from the saliva effectively
preventing DH/RS. It is evident from the available literature that any discomfort initiated from
non-surgical periodontal procedures is relatively short lived and will gradually diminish over
time. The clinician is, therefore, in a position to reassure the patient, both prior to and after the
treatment, regarding the duration of this discomfort. Several investigators have recommended
the application of a prophylaxis desensitising polishing paste (see Table 2) immediately fol-
lowing treatment to reduce any discomfort from these procedures [6, 14, 23]. At the same time,
the clinician may recommend a desensitising toothpaste as well as implementing a mainte-
nance programme that would include some of the preventative strategies as outlined earlier as
well as the monitoring of the condition (Table 2). It is also reasonable to suggest to the patient
that if the discomfort does not resolve after 2 weeks or that the intensity of the discomfort does
not diminish then they should contact the clinician for a re-evaluation of the treatment.

2.5.2. DHIRS following surgical procedures

As mentioned in Section 2.5 both non-surgical and periodontal surgical procedures while
providing beneficial outcomes to the patient, including chewing ability, improved aesthetics,
and patient satisfaction may also have unwanted side effects such as the exposure of the
root surface, gingival recession through over-instrumentation of shallow pockets <4 mm or
repositioning of the gingival margin following an apical repositioned flap procedure. Tonetti
et al. [24] in a multi-centre randomised controlled clinical trial (n = 166 completed subjects)
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reported on post-surgical outcomes such as post-surgical oedema and hematoma, wound
dehiscence, granulation tissue as well as DH/RS. Infection of both the recipient and donor
sites or the rejection of the graft material may also occur depending on the surgical techniques
used. According to Tonetti et al. [24] the most common post-operative outcome reported in
the study was RS which affected 45% of the test and 35% of control groups, respectively, the
prevalence of which peaked at 3 weeks and decreased below the baseline frequency by week
6. It should be noted, however, that 40-50% of the subjects in both groups did not report any
post-operative sensitivity. In the other reported post-operative complications (post-surgical
oedema and hematoma, wound dehiscence and granulation tissue), the prevalence of discom-
fort was highest at week 1 and rapidly decreased over a 6-week period.

One of the treatment options that have been reported in the literature to resolve the problem
of both aesthetics and associated DH/RS was the use of root coverage procedures, which have
been shown to reduce or completely abolish DH/RS over time [6-7, 24]. According to Douglas
de Oliveira et al. [25] root coverage procedures (both partial and complete coverage) have
been reported to decrease pain and improve a patient’s quality of life, although currently
there appears to be insufficient scientific evidence to associate root coverage procedures with
the complete resolution of DH/RS [26].

Patients should, therefore, be warned about the aesthetic outcome anticipated from both non-
surgical and surgical treatment, since aesthetic outcome(s) is a primary feature to consider
when planning any surgical intervention. Furthermore, it is reasonable to inform the patient
that some relapse of the gingival tissues may occur over time [27-28]. For example, the more
resective procedures, such as an apically repositioned flap, are more likely to exhibit more
exposure of the root surface following periodontal surgery compared to the other surgical tech-
niques. A 14-year follow-up of 10 patients by Pini Prato et al. [28] reported that gingival reces-
sion reoccurred in 39% of the treated sites using a coronally advanced flap procedure (CAF).

2.5.3. Specific management strategies for post-operative sensitivity from non-surgical and
surgical periodontal procedures

According to Gillam et al. [29], patients who experience DH/RS, as a result of periodontal
disease or following treatment, should receive a multi-phase treatment and prevention plan
that address both the periodontal health of the patient as well as the associated discomfort
from DH/RS. Patient education is therefore an essential component of the strategy and it is
vital that the patient understands their responsibility in maintaining their own oral hygiene
at home (compliance) as well as recognising the importance of reducing any periodontal risk
factors by maintaining good control of systemic disease conditions such as diabetes as well
as the need for involvement in smoking cessation programmes (lifestyle and behavioural
changes). The clinician also has a responsibility in providing a management strategy that
includes the effective monitoring of the patient’s periodontal health as well as monitoring
any detrimental outcomes following periodontal treatment [24]. It is also important for the
clinician to acknowledge that any aetiological or predisposing features that precipitated the
clinical problem should be resolved rather than simply providing a desensitising toothpaste,
gel or mouthrinse for home use or applying professional products in the clinic.

171



172

Periodontology and Dental Implantology

For patients that exhibit good oral hygiene with minimal or no gingivitis and no evidence
of periodontitis but concerned about the appearance of their teeth (aesthetics) showing the
root surface, the initial phase of treatment would be by showing the areas in the mouth at
risk and discussing ways of how to minimise or prevent further damage to the hard and
soft tissues. This may include modifying the toothbrush technique and determining which
type of toothbrush would beneficial to the patient, for example, a powered toothbrush.
It would also be useful to discuss the impact on the teeth of the frequent consumption
of acidic food and/or drink, which may be in association with brushing after consump-
tion. This activity may subsequently remove the protective smear layer on the tooth and
expose the underlying dentinal tubules which will instigate DH/RS. One simple recom-
mendation for the clinician would be to use a professionally desensitising polishing paste
to any sensitive site both prior to and post-treatment. This will have the advantage of (a)
providing instant or reduced relief of the patient’s discomfort and (b) helping to reduce
the stress associated with the dental procedure as well as the overall patient satisfaction
(see Table 2).

When developing a strategy for managing patients who require periodontal surgery follow-
ing the initial phase of non-surgical treatment it is important to recognise (as in the manage-
ment of DH/RS following non-surgical procedures) to explain that this treatment may initiate
a degree of post-therapeutic sensitivity. The evidence from the published literature would
suggest that any post-surgical sensitivity is transient in nature and should resolve within
1-2 weeks depending on the extent and severity of the problem. Therefore, it is essential
that the patient is made aware of the short nature of the problem, which can be successfully
managed by a combination of professionally applied products and home-use toothpastes,
mouthrinses and gels (see Table 2). One of the key recommendations from Gillam et al. [29]
was the implementation of a management strategy that would include the monitoring of both
the periodontal tissues and any associated DH/RS from the initial stages of treatment into the
maintenance phase [24].

The following case report may highlight some of the elements in implementing a manage-
ment strategy from the successful resolution of a patient with a periodontal condition with
marked gingival recession and associated DH/RS. A 40-year old patient with generalised
mild periodontitis and a Miller II gingival recession defect at the lower left central incisor
(LL1) was referred for treatment complaining of the poor aesthetics and associated DH/
RS. The initial phase of treatment included oral hygiene instruction, modification of the
toothbrushing technique and the use of a desensitising toothpaste to relieve discomfort
as well as a full-mouth supra- and subgingival debridement (incorporating the use of a
prophylaxis polishing paste). Corrective surgery for the LL1 was planned as a two-stage
surgery. The initial surgery (Figures 2-6) was to relieve the fraenum and deepen the sul-
cus with the incorporation of a porcine collagen xenograft (Mucograft®) to thicken and
widen the band of keratinised tissue. A second-stage surgery using a coronally advanced
flap procedure and a connective tissue graft to improve the coverage of the root surface
will be completed at a later stage. Following surgery, a desensitising product was applied
around the tooth and the patient was provided with a mouthwash. A zone of attached



Post-Operative Pain Following Non-Surgical and Surgical Periodontal Procedures
http://dx.doi.org/10.5772/intechopen.78728

keratinised gingiva of 2 mm was clearly visible after 2 months and no further deterioration
of the recession site was noted after 6 months (Figures 2-6). A recession defect of 3 mm,
however, remained but this will be corrected during the second phase of corrective treat-
ment. Regarding patient outcomes, the patient was happy with the current outcome and
noticed a significant reduction in DH/RS which has improved her QoL and also reported
that she observed less bleeding on brushing.

The selection and recommendation of desensitising products for the management of post-sur-
gical sensitivity from non-surgical and surgical periodontal treatment should be evidenced
based; however, there does not appear to be a universally accepted gold standard product to
recommend to clinicians and therefore it may be expedient to use a range and/or combination
of professionally applied and at-home products to treat DH/RS (Table 2). To some extent this
will depend on the extent (localised/generalised) and severity of the problem (mild/moderate
or severe) as well as the impact of the QoL of the individual patient. It is important for the
clinician to note that it may not always be possible to fully resolve the problem of DH/RS and

Figure 2. Pre-operative appearance of LL1 with a shallow vestibule present.

Figure 3. Peri-operative view illustrating the separation of the fraenum and deepening of the vestibule through the
horizontal incision. The full extent of attachment loss is clearly evident.
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Figure 4. The gingival tissues adjacent to LL1 were de-epithelialised and the placement of the grafting material (Mucograft)
with securing sutures was accomplished.

Figure 5. Post-operative view of uneventful soft tissue healing at 2 weeks. Closure of the incision was achieved by
secondary intention and the graft was incorporated into the surrounding tissues.

Figure 6. Post-operative view at the 6 months review. Complete healing of the soft tissues had occurred as well as the
thickening of the gingiva with a widened band of keratinised tissue.
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as such one should manage the expectations of both the clinician and patient. It may be more
realistic to accept that if the treatment can minimise the impact of the problem on the QoL of
the individual patient to allow them to complete a range of their normal daily activities, then
this may be a successful treatment outcome.

3. Conclusions

Both non-surgical and surgical periodontal procedures together with the effects of periodon-
tal disease on the teeth and their supporting structures may have impact on the patient’s aes-
thetics and quality of life due to the pain associated with DH/RS. Ideally the clinician needs
to prevent or minimise these effects to reduce any unnecessary discomfort for the patient and
this may be accomplished through preventive strategies such as patient education, lifestyle,
behavioural changes, the provision of the required information about the procedures both
pre- and post-treatment as well as reassuring the patient in the event of any subsequent dis-
comfort. The implementation of a management strategy that utilises a range of professionally
applied products and techniques and procedures as well as home-use products depending
on the extent and severity of the problemis an essential step to the successful treatment in
resolving DH/RS following non-surgical and surgical periodontal procedures. This strategy
should include the monitoring of both the periodontal tissues and any associated DH/RS
from the initial stages of treatment (following a definitive diagnosis) to the maintenance
phase of treatment.
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Abstract

The aim of this chapter is to describe a one-stage technique called immediate dento-
alveolar restoration (IDR) which uses autogenous bone graft harvested from maxillary
tuberosity in order to restore bone defects in compromised alveolar sockets and also to
achieve soft tissue stability along the years. The IDR is a flapless surgical and prosthetic
technique established to broaden indications for immediate loading on individual teeth.
In this way, tissue loss with varied extensions are reconstructed in the same surgical
session as implant placement and provisional crown installation, reducing the number of
interventions and retaining esthetic predictability. Successful esthetic and functional out-
comes and reestablishment of the alveolar process after bone reconstruction were
observed during the follow-up period. The predictable results and soft tissue stability
can be achieved following the IDR protocol.

Keywords: compromised sockets, bone harvesting, bone graft, dental implant, maxillary
tuberosity, immediate dentoalveolar restoration

1. Introduction

Esthetic rehabilitation in cases of tissue loss in anterior areas represents a major challenge in
dentistry with respect to the treatment planning when the choice of therapeutic options is aimed
at maintaining the tissue long-term [1]. The developed surgical recommendations require long-
term treatment with possible undesirable complications in the tissue architecture [2-6].

These cases can also be successfully treated using immediate dentoalveolar restoration (IDR), a
previously described one-stage technique [1, 7] that allows dental extraction, implantation,

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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and provisionalization to occur during the same procedure as the flapless bone reconstruction
using a corticocancellous bone graft harvested from the maxillary tuberosity [8-11]. The IDR
technique, in addition to having lower overall cost and treatment time, has been shown
clinically and tomographically to be effective regarding bone and soft tissue stability [9].

According to the IDR protocol for total loss of the buccal bone wall, the corticocancellous is
shaped to the defect size and inserted between the implant and the remaining buccal soft tissue
without opening the flap [1, 7, 9, 11]. Then, particulate bone is compacted until it completely
fills the gaps between the main graft and the implant surface [7-9]. The provisional restoration
is made at the same time. The proper anatomical contour of the prosthetic emergence profile is
mandatory to guide the soft tissue healing [9-11].

The key factors that may explain the positive results obtained with immediate and flapless
implant insertion and provisionalization using autogenous bone grafts in the esthetic zone are
as follows: the flapless procedure may preserve the blood supply of the facial lamella, the sole
use of autogenous bone without any bone substitutes and without membranes may prevent
resorption due to foreign body reactions, and the placement of the implants along with the
palatal cortical border of the extraction socket may increase primary stability and avoid any
crossing of the bony envelope [12].

The advantages of IDR include the following: the harvest of maxillary tuberosity is easily
performed; the malleability of bone fragment allows adequate adaptation to the receptor
region; and the corticocancellous acts as a biological membrane, thereby promoting effective
bone and gingival healing [13]. Furthermore, the trabecular nature of grafts harvested from the
maxillary tuberosity contributes to the increased revascularization capacity and the release of
growth factors to the receptor site [13, 14]. The immediate provisional restoration contributes
to tissue healing acceleration and formatting the ideal gingival prosthetic emergence profile
[11, 15].

The position of the implant in IDR, as in any other technique, should be considered one of the
main reasons to obtain stability of hard and soft tissues. The protocol used for selecting the
diameter and position of implants placed in esthetic zones uses the buccopalatal distance from
the socket opening as a reference [16]. Regardless of the tooth to be replaced, a gap of
approximately 3 mm between the buccal implant surface and the outer buccal bone wall is
expected. After gap filling, peri-implant tissue remains stable using this surgical protocol,
which has yielded satisfactory as well as predictable esthetic outcomes in a prospective case
series [17].

The most challenging stages of the IDR technical application concern the implant primary
stability in compromised alveolar sockets to allow immediate provisional fabrication and bone
reconstruction in a single procedure [7, 9, 17]. In this context, using the counterclockwise
rotation of site preparation would increase implant stability in favor of its IDR execution. The
osseodensification allows bone autograft by compaction throughout the depth of drilling
laterally and at the deepest part of the perforation [18, 19]. This nonextraction technique
utilizes a designed bur that promotes the application of controlled bone plastic deformation
due to the rolling and sliding contact of the bur along the inner surface of the osteotomy [20].
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2. Case report

A 63-year-old female presented with the right lateral incisor fractured with abscess, fistula,
severe bone loss, and low soft tissue quality (Figure 1).

The periapical radiograph and cone beam computed tomography (CBCT) images confirmed
the loss of the buccal wall in the right lateral incisor (Figure 2).

The gingival architecture showed a very thin periodontal biotype. Intraoral examination with dental
probing confirmed that the buccal bone wall had been lost in the right lateral incisor (Figure 3).

Considering the esthetic and functional demands, the treatment plan consisted of following
the IDR technique using the corticocancellous graft protocol. Antibiotic therapy was pre-
scribed 5 days prior and 7 days after surgery due to the contamination of the affected area.
The steps included a minimally invasive dental extraction (Figure 4), curettage and cleaning of
the socket, evaluation of the extension of the bone defects (Figure 5), and site preparation using
the osseodensification concept (Densah burs kit, Versah, USA) due to the presence of very soft
bone in the anterior area (Figure 6). Burs were used in a noncutting action in a counterclock-
wise (CCW) rotation at 1100 rpm to prepare the immediate implant site trajectory. Installation

Figure 1. Clinical evaluation showing very poor quality soft tissue due to the fracture and infection in the right lateral
incisor.

Figure 2. (A and B) Through the X-ray, it is possible to notice the bone available beyond the root apex of the damaged
tooth. The CBCT image shows the loss of the buccal bone wall.
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Figure 3. (A and B) The probe depth showed approximately 11 mm in height of the buccal aspect. It is possible to notice
the periodontal probe underneath the gingival tissue due to the thinness of the soft tissue.

C

Figure 4. (A-C) The damaged tooth was extracted applying minimally invasive procedures, favoring preservation of the
remaining bone walls. A careful curettage of the socket was performed to completely remove the granulation tissue and
remains of periodontal tissue.

Figure 5. (A-C) The extension of the bone defect at the buccal aspect in the corono-apical and mesio-distal directions was
measured. The thickness of soft tissue was measured using a caliper. A very thin periodontal biotype was confirmed.
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Figure 6. (A-C) The site was prepared using the osseodensification concept densifying bone laterally while also increas-
ing the bone volume.

of the immediate implant placement 3 mm from the gingival margin apically (V3 implant—
MIS, Israel) in the correct 3D position (Figure 7) achieved primary stability, leaving a gap
approximately 3 mm at the buccal aspect, construction of a screwed provisional restoration
with an ideal emergence profile (Figure 8), and reconstruction of the socket bone defects using
corticocancellous graft harvested from the maxillary tuberosity (Figure 9) with chisels (IDR
chisels kit, Schwert, Germany) were performed to restore the bone defects (Figure 10). The
residual gaps were filled with particulate cancellous bone harvested from the same donor area
(Figure 11), maintaining the reconstructed bone wall and the surrounding soft tissue. The graft

was placed at a biological distance of 2 mm from the bone graft apically to the gingival margin
and 3 mm in thickness (Figure 12).

el
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=
=
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=
=
=
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S

Figure 7. (A and B) The implant (V3—MIS, Israel) was anchored at the palatal wall in the 3D position favoring the

construction of the screwed provisional crown. A total of 50 Ncm of primary stability was obtained. The 3D positioning of
the implant allowed a gap of 3 mm at the buccal aspect.
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D

Figure 8. (A-F) A screwed provisional restoration was manufactured with an adequate emergence profile to allow space
of correct accommodation of the tissues.

Figure 9. (A-F) Prior to surgery, it was evaluated clinically the donor area of the bone graft and through CBCT scans to
assess the bone availability of the maxillary tuberosity. The corticocancellous graft and particulate bone were harvested
from maxillary tuberosity using IDR chisels (IDR kit, Schwert, Germany).
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Figure 10. (A—C) The graft was reshaped according to the defect configuration. The corticocancellous graft was inserted
and stabilized by juxtaposition into the receptor site.

Figure 11. (A and B) Particulate bone was compacted to fully fill the gaps between the marrow portion of the
corticocancellous graft and the implant.
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The screwed provisional restoration was placed in position immediately and was adjusted out
of occlusion (Figure 13). The immediate periapical radiograph showed the bone entirely
reconstructed (Figure 14). A week after the surgery, the soft tissue had improved healing
(Figure 15).

Three months after the surgery, the soft tissue showed the maintenance of volume and papillae
positioning (Figures 16 and 17). The definitive restoration was accomplished after 4 months
(Figure 18).

Clinical evaluation after 2 years showed stability of the soft tissue volume regarding gingival
margin and papillae (Figure 19) and the CBCT image showed the buccal wall completely
restored with relevant thickness in the right lateral incisor (Figure 20).

A

Figure 12. (A and B) 3 mm in thickness of the bone was reconstructed and confirmed through the periodontal probe.

D

Figure 13. (A-D) A screwed provisional crown out of occlusion was inserted over the implant. It is possible to observe the
correct 3D position of the implant.
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Figure 14. The immediate X-ray showing the bone entirely reconstructed.

Figure 16. (A-D) Soft tissue was stable in volume and with relevant thickness after 3 months. The anatomical contour of
the provisional restoration allowed the correct accommodation of the soft tissue.
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C

Figure 17. (A-C) Maintenance of the anatomical contour of soft tissue can be observed.

Figure 18. (A-D) Screwed porcelain crown insertion with ideal emergence profile. A periapical X-ray showing bone
stability all around the implant.



Immediate Dentoalveolar Restoration in Compromised Sockets: Technique and Bone Biology
http://dx.doi.org/10.5772/intechopen.78619

Figure 19. (A-C) Clinical follow-up after 2 years showing the stability of soft tissue regarding gingival margin and
papillae.

Figure 20. (A-C) BCT image after 2 years highlights the stability of the buccal wall, in terms of thickness and height.

3. Discussion

Different surgical alternatives for bone augmentation in postextraction compromised sockets
have been described. However, some of these techniques require longer periods for rehabilita-
tion and are usually costly [3-6]. As an alternative, the IDR technique using maxillary tuber-
osity grafts presents significant gains in esthetic results and in treatment time, recovery of the
alveolar bone defect at the same surgical implant installation and immediate provisiona-
lization without opening the flap and keeping the gingival architecture in the same position
[8]. As previously described, if the soft tissue and periosteum remains attached to the buccal
bone, the bone supply will be maintained, allowing rapid graft revascularization [13, 14].

Bone density at the buccal, palatal, and basal cortical maxillary tuberosity is lower, compared to
other maxillary and mandibular bones [13, 17, 21]. Due to the small thickness of its cortical bone,
maxillary tuberosity grafts are easily shaped and its cortical structure can act as a biological
barrier, stabilizing the soft tissue and the particulate bone graft around the implant [7, 9]. The
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total porosity and porous volume indicate that the corticocancellous structure can act as a
scaffold structure for cellular and vascular growth [10, 11, 15]. The maxillary tuberosity is a
source of osteoprogenitor cells and growth factors [14]. Taken together, the cortical and the
cancellous bone from the maxillary tuberosity can be considered as an ideal structure for bone
regeneration since it is a natural scaffold filled with osteoblastic cells and growth factors [7, 9-11].

The structural and biological characteristics of the graft removed from the tuberosity and its
proper manipulation and adaptation to the recipient site can be identified as one of the reasons
for the success of the IDR technique, as it has been shown in studies monitoring long-term
results [1, 14, 17].

Osseodensification was utilized in the postextraction site preparation in this case to preserve
any remaining apical bone and to produce an intimate osteotomy for the implant. This com-
paction grafting increased implant primary stability and allowed for the higher insertion
torque due to the spring-back phenomenon [18, 20].

Histological evidence has demonstrated that the compacted, autologous bone immediately in
contact with the implant will not only enhance the primary stability due to the physical
interlocking between the bone and the device but also facilitate osseointegration due to osteoblasts
nucleating on the instrumented bone near the implant [19]. This enhanced implant stability allowed
the author to predictably restore this case immediately postextraction for the IDR procedure.

4. Conclusions

The IDR allowed dental extraction of the compromised alveolar socket as well as implantation
and provisionalization in the same procedure as the flapless bone reconstruction using a
corticocancellous bone graft harvested from the maxillary tuberosity.

The clinical case showed adequate implant rehabilitation in the freshly compromised tooth
with severe alveolar bone defect and the infected site, which strengthened the clinical outcome
of the IDR technique using the osseodensification concept. When properly indicated and
performed, the IDR technique exhibits a high success rate.
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Abstract

One of the goals of periodontal therapy is to regenerate lost supporting structures that
have been destroyed by periodontal disease. Treatment procedures including various
bone grafts, guided tissue regeneration, use of enamel matrix derivative, or combina-
tions of the aforementioned have been suggested as regenerative periodontal therapies
to achieve this goal. Enamel matrix derivative is composed of a number of proteins, 90%
of which are amelogenins, and these proteins are thought to induce the formation of peri-
odontal attachment during tooth formation. Previous reports have shown that enamel
matrix derivative was able to improve clinical attachment level and reduce probing
depth. The results of previous controlled clinical trials have shown that using enamel
matrix derivative in combination with bovine porous bone mineral may enhance the
regenerative outcome with regard to the clinical attachment level gain compared with
using the enamel matrix derivative alone. In this chapter, an extensive review of the role
of enamel matrix derivate will be performed using in vitro and in vivo studies. Clinical
implications of the enamel matrix derivative will also be discussed.

Keywords: enamel matrix proteins, guided tissue regeneration, periodontics,
regeneration

1. Introduction

One of the goals of periodontal therapy is to regenerate lost supporting structures that have
been destroyed by periodontal disease [1]. Treatment procedures including various bone
grafts, guided tissue regeneration, use of enamel matrix derivative, or combinations of the

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
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aforementioned have been suggested as regenerative periodontal therapies to achieve this
goal [2]. Enamel matrix derivative is composed of a number of proteins, 90% of which are
amelogenins, and these proteins are thought to induce the formation of the periodontal
attachment during tooth formation [3]. Previous reports have shown that enamel matrix
derivative was able to improve clinical attachment level and reduce probing depth [4]. The
results of previous controlled clinical trials have shown that using enamel matrix derivative
in combination with bovine porous bone mineral may enhance the regenerative outcome
with regard to the clinical attachment level gain compared with using enamel matrix deriva-
tive alone [5].

In this chapter, an extensive review of the role of the enamel matrix derivate will be performed
using in vitro and in vivo studies. Clinical implications of the enamel matrix derivative will
also be discussed.

2. Guided tissue regeneration

The concept of “guided tissue regeneration” has been in the clinic for very long time [6]. The
barrier membrane allows space for the supporting tissue of the bone to be regenerated [7].
The membrane also prevents soft tissue invasion to the area to be regenerated [8]. Clinical
results of guided tissue regeneration using bone graft and membrane are shown in Figure 1.
Preoperative clinical and radiographic evaluations indicate the furcation involvement
(Figure 1A and B). Figure 1C shows the buccal view after elevation of a full thickness flap
showing involvement of the furcation at the mandibular right first molar. The defect area was
filled with bone graft and resorbable membrane (Figure 1D). The clinical photograph of the
mandibular right first molar and the radiograph of the mandibular right first molar with the
regeneration of the furcation area are shown in Figure 1E and F, respectively.

Various membranes have been applied for this guided tissue regeneration application [9, 10].
The non-resorbable Gore-Tex membrane has been used [11]. However, there is a possibility
of the exposure of membranes, which may produce a detrimental effect on the final outcome.
It should also be noted that the non-resorbable membrane may be more suitable for vertical
bone augmentation procedures [10]. Previous reports have shown that non-resorbable and
bioabsorbable membranes in combination with graft material were both effective in enhanc-
ing the periodontal regeneration [11].

In a previous report, expanded polytetrafluoroethylene (e-PTFE) membranes were used to
evaluate the healing pattern of bone regeneration in the membrane-applied area [12]. It was
seen that significantly better healing was achieved with the application of the membrane
when compared with the control group. Transmandibular defects of 5 mm in diameter were
created in rats, and the test sites were covered with the barrier membrane [13]. The test sites
showed complete healing at 6 weeks, but the control site without the membrane indicated
little or no sign of healing.

The effects of early exposure of e-PTFE were tested by applying the membrane in fresh extrac-
tion sockets [14]. Non-exposure of the membrane for 6-8 months resulted in 99.6% of bone
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(b)

(e) (f)

Figure 1. Clinical results of guided tissue regeneration using bone graft and membrane. (A) Preoperative view. (B)
Preoperative periapical radiograph. (C) Buccal view after elevation of a full thickness flap showing involvement of the
furcation at the mandibular right first molar. (D) The defect area was filled with bone graft and resorbable membrane.
(E) The clinical photograph of the mandibular right first molar. (F) The radiograph of the mandibular right first molar
with regeneration of the furcation area.

regeneration, but exposure of the membrane resulted in lower bone regeneration of 48.6%,
suggesting that early exposure hinders bone regeneration around dental implants.

The mean average percentage of bone fill for bioresorbable collagen membrane was 92 +19%,
and the percentage was 78 + 50% for the e-PTFE membrane [15]. Moreover, in e-PTFE cases,
wound dehiscences were shown in 44%.

Previously, several principles were suggested for aiming at predictable results for bone regen-
eration [16]. Principle 1: Achievement of primary soft tissue healing to prevent membrane
exposure. Principle 2: Creation and maintenance of a secluded space beneath the membrane.
Principle 3: Stabilization and adaptation of the barrier membrane. Principle 4: Sufficient
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healing period to achieve bone regeneration and maturation. Wang and Boyapati suggested
several key factors, called PASS principles, for predictable guided bone regeneration, includ-
ing primary wound closure, angiogenesis, space maintenance/creation, and the stability of
wound and implant [17].

Vertical incision and periosteal-releasing incision can be applied for flap management [18]. In
a more recent study, a flap advancement technique without vertical incision for guided bone
regeneration was introduced using a sulcular incision extending to the adjacent two teeth
with a wide periosteal-releasing incision and an additional releasing incision that selectively
cut part of the facial expression muscles [19].

Maintaining space can be achieved by applying tenting screw technology, especially in defi-
cient alveolar ridges and atrophic extraction sockets [20]. Titanium-reinforced membranes
have been applied for the regeneration of recession defects, and it was concluded that this
approach can be considered a predictable surgical procedure [21]. Alveolar ridge augmenta-
tion can also be performed with titanium mesh [22]. It was shown that a longer healing time
may produce a large amount of bone fill [23].

3. Enamel matrix derivative

Enamel protein is secreted by ameloblasts [24], and enamel matrix derivative is a purified,
lyophilized product extracted from porcine enamel matrix from crowns of developing pre-
molars and molars [25]. A major component of enamel matrix derivative is amelogenin, and
non-amelogenins consist of ameloblastin, enamelin, and amelotin [25].

The enamel matrix derivative with 3-tricalcium phosphate was shown to be efficacious in the
regeneration of intrabony defects [26]. Enamel matrix derivative is considered comparable to
demineralized freeze-dried bone allograft and guided tissue regeneration and is considered
better than open-flap debridement in the treatment of intrabony defects [26]. Meta-analysis
showed that enamel matrix derivative produced additional clinical and radiographic benefits
compared to open-flap debridement alone [27].

Figure 2 shows the regeneration of the defect area with enamel matrix only. The preoperative
periapical radiograph of the mandibular left first molar shows the loss of the supporting bone
in the distal area (Figure 2A). An elevation of a full thickness flap indicated the loss of alveolar
bone in the distal root area (Figure 2B). A 10-month postoperative clinical view and radio-
graph showed uneventful healing (Figure 2C and D). The radiograph at 1 year and 11 months
postoperative showed increased radiopacity in the distal root area (Figure 2E).

The viscosity of enamel matrix derivative decreases if the circumstance changes from acidic
and cool to physiological conditions [28]. This application of enamel matrix derivative
enhanced cell attachment and periodontal ligament extension [29]. Enamel matrix protein
promoted the reformation of acellular cementum [30]. Enamel matrix derivative mimicked
the role of enamel proteins in cementogenesis during the development of teeth [31]. The
deposition of enamel matrix proteins and subsequent acellular cementum formation seems
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(a) | (b)
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(e

Figure 2. Regeneration of the defect area with enamel matrix only. (A) Preoperative periapical radiograph of the
mandibular left first molar with loss of supporting bone in the distal area. (B) Buccal view after elevation of a full
thickness flap, showing the loss of alveolar bone in the distal root area. (C) Ten-month postoperative clinical view
indicating the uneventful healing. (D) Ten-month postoperative radiograph. (E) The radiograph at 1 year and 11 months
postoperative, showing increased radiopacity in the distal root area.

important for the reformation of alveolar bone and periodontal ligament [32]. Earlier gains in
soft-tissue density were noted after the application of enamel matrix derivative [4].

The application of enamel matrix derivative combined with coronally advanced flaps pro-
duced similar results when compared with the connective tissue grafts in conjunction with
coronally advanced flaps [33]. However, another report on the use of enamel matrix derivative
indicated that it does not seem to significantly improve the results of the coronally advanced
flap procedure for root coverage in the treatment of multiple recessions [34].
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(c)

(e}

(a)

Figure 3. Regeneration of the defect area with enamel matrix and bone graft material. (A) Preoperative periapical
radiograph showing the loss of supporting area between the maxillary left canine and first premolar. (B) Clinical buccal
view after elevation of a full thickness flap, showing loss of supporting tissue between the maxillary left canine and first
premolar. (C) Occlusal buccal view showing the defect. (D) The defect area was filled with graft material and enamel
matrix derivative. (E) The periapical radiograph right after surgery. (F) The periapical radiograph taken at 6 weeks after
surgery. The graft seems stabilized at the defect site. (G) Eight-month postoperative radiograph. (H) The radiograph
taken at 1 year and 6 months after the regenerative surgery.
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Enamel matrix derivative was applied for autotransplantation [35]. The procedure consists of
the following: Clean the denuded root surface with manual and ultrasonic scalers and wash
the surface with saline before extraction. Extract the tooth gently with forceps and prepare the
recipient site. The administration of enamel matrix derivative should be done on the whole
surface of the tooth. The donor tooth should be placed in the recipient. Suture the wound
tightly, and the transplanted tooth should be left without occlusal contact.

The combination therapies of enamel matrix derivative and bone graft yielded better clini-
cal outcomes regarding gain of defect fill and recovery of gingival recession in periodontal
intrabony defects [36]. Figure 3 shows the regeneration of the defect area with enamel matrix
and bone graft material. A preoperative periapical radiograph showed the loss of support-
ing area between the maxillary left canine and first premolar (Figure 3A). Elevation of a full
thickness flap showed the loss of supporting tissue between the maxillary left canine and
first premolar (Figure 3B). The clinical view showed the defects around the tooth, and the
defect area was filled with graft material and enamel matrix derivative (Figure 3C and D).
Figure 3E shows the periapical radiograph right after surgery. Figure 3F shows the periapical
radiograph taken at 6 weeks after surgery. The graft seems stabilized at the defect site. The
8-month postoperative radiograph and the radiograph taken at 1 year and 6 months after the
regenerative surgery are shown in Figure 3G and H, respectively.

4. Application of enamel matrix derivative on the titanium surface

Enamel matrix derivative is shown to enhance the proliferation and osteogenic differentiation
of human periodontal ligament stem cells on the titanium implant surface at concentrations of
5-60 pg/ml [37]. Enamel matrix derivative is shown to influence the proliferation and expres-
sion of angiogenic genes in endothelial cells on different titanium surfaces [38]. Enamel matrix
derivative is shown to enhance the behavior of gingival fibroblasts on the titanium surface,
proven by increased cell growth, spreading, and the synthesis of an extracellular matrix [39].
The surface topography did not influence this phenomenon.

A previous report showed that the application of enamel matrix derivative can be considered
an adjunct to mechanical debridement in the non-surgical treatment of peri-implant mucositis
[40]. The bone regenerative potential of enamel matrix protein was tested in the circumferen-
tial defect around a dental implant [41]. A randomized controlled trial of the surgical treat-
ment of peri-implantitis using enamel matrix derivative proved that the adjunctive use of
enamel matrix derivative improved implant survival [42].

In a previous report, adjunctive enamel matrix derivative to the surgical treatment of peri-
implantitis was associated with the prevalence of Gram+/aerobic bacteria during the follow-
up period and increased marginal bone level at the final evaluation [43].

Figure 4 shows the regeneration of peri-implantitis with enamel matrix derivative. A preop-
erative buccal view of the implant installed in the second premolar area is seen in Figure 4A.
The periapical radiograph indicates the loss of the supporting bone (Figure 4B). Elevation of
a full thickness flap showed the loss of alveolar bone around the dental implant (Figure 4C).
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Figure 4. Regeneration of peri-implantitis with enamel matrix derivative. (A) Preoperative buccal view of implant
installed in the second premolar area. (B) The periapical radiograph indicating the loss of the supporting bone. (C)
Clinical buccal view after elevation of a full thickness flap, showing the loss of alveolar bone around the dental implant.
(D) Occlusal buccal view showing the defect. (E) The defect area was filled with graft material and enamel matrix
derivative. (F) The radiograph after surgery. (G) The tissue was removed during the surgery, and histological analysis
was performed. the results showed that acute and chronic inflammation with fibrosis with collagen fibers intermingled
with numerous lymphocytes and inflammatory infiltrate occupied a large area of the peri-implant soft tissue. (H) Ten-
month postoperative clinical buccal view.



Clinical Application of Enamel Matrix Derivative for Periodontal Regeneration and Treatment...
http://dx.doi.org/10.5772/intechopen.78595

The occlusal buccal showed a defect in Figure 4D. The defect area was filled with graft mate-
rial and enamel matrix derivative (Figure 4E), and the radiograph showed results after sur-
gery (Figure 4F). The tissue was removed during the surgery, and histological analysis was
performed. The results showed that acute and chronic inflammation with fibrosis with col-
lagen fibers intermingled with numerous lymphocytes and inflammatory infiltrate occupied a
large area of the peri-implant soft tissue (Figure 4G). A 10-month postoperative clinical buccal
view is shown in Figure 4H.

5. Conclusions

This chapter showed the clinical implications of enamel matrix derivative. Previous reports
have shown that enamel matrix derivative was able to improve clinical attachment level and
reduce probing depth, and enamel matrix derivative in combination with bovine porous bone
mineral may enhance the regenerative outcome with regard to the clinical attachment level
gain compared with using enamel matrix derivative alone.
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Abstract

Some of the early indicators of future implant failure are increased plaque accumula-
tion, bleeding upon probing, increased probing pocket depth, abscess formation, bone
loss seen under radiographic, retrograde tooth wear and broken restoration. A periodic
supportive periodontal treatment visit allows for early detection and intervention to
provide an opportunity to salvage an ailing implant. Presence of biofilm/plaque on the
implant may progress to peri-implantitis with bone resorption. Microbial challenge in
the oral environment may result in pathological reactions in peri-implant tissues and
thereby compromising tissue integration. The long-term success of implants depends on
adequate supportive periodontal treatment visits. Prevention of disease is a key factor in
the aim of preserving the supporting tissues around implants. Thus, sufficient supportive
therapy during maintenance is inevitable in order to achieve optimal results in implant
dentistry.

Keywords: implant, implant failure, peri implant mucositis, peri implantitis, supportive
periodontal therapy

1. Introduction

Adequate supportive periodontal treatment visits are needed for the long- term success of
implants [1]. Some percentage of implants ultimately fail and majority that fail, do so soon
after placement [2]. Early indicators of future implant failure includes excessive plaque accu-
mulation, Bleeding on probing, Increased probing depth, suppuration, radiographic bone
loss, retrograde wear and broken restorations and hence supportive periodontal visits allows
for early intervention to enable clinician to save an ailing implants.

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [(cc) ExgIEN
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Primary causes of implant failure have been suggested to be plaque, bacterial infection
and traumatic occlusal forces [3]. Some of the bacterial species found to be associated
with failing implants are reported to be Aggregatibacter actinomycetemcomitans, Prevotella
intermedia, Porphyromonas gingivalis. Other species shown to be associated are Spirochetes
and Fusobacterium. It has been observed that poor oral hygiene facilitates the growth of
such anaerobic bacteria and in presence of plaque, the implants may clinically present with
peri-implantitis with bone resorption [4]. Several studies have shown the development of
the peri-implant infection progressed at a similar rate as the development of periodontitis
lesion.

Implant is “any object or material, such as an alloplastic material or other tissues, which
is partially or completely inserted and grafted on to the body for the diagnostic, pros-
thetic and experimental purposes” [5]. As defined by Glossary of Prosthodontics terms.
In the late 1950s, Per Ingvar Branemark, a Swedish Professor in Anatomy, studying blood
circulation in bone and marrow, developed through a serendipitous finding a historical
breakthrough in medicine he predictably achieved an intimate bone to implant apposition
that offered sufficient strength to cope with load transfer, he called the phenomenon as
“osseointegration” [6].

In 1965 the first patient was treated by means of this approach for a law edentulous jaw. One
definition of osseointegration was provided by Albrektson et al. (1981) [7] who suggested that
this was a direct structural and functional connection between living bone and the surface
of load carrying implants. As defined by Zarb and Albrektson “a process whereby clinically
asymptomatic rigid fixation of alloplastic materials is achieved and maintained in bone dur-
ing functional loading” [8].

A series of screw shaped, commercially pure titanium implants were inserted in the symphy-
sis and left covered for a few months. Commercially pure titanium implants were inserted in
the symphysis and left uncovered for a few months. The gingival and mucosal tissues were
reopened and titanium abutments were placed, on top of which fixed prosthesis could be
screwed. All implants appeared firmly anchored. Since that time millions of people have been
treated worldwide using this technique. The implants used sometimes had different geomet-
rics and surface characteristics.

The serendipitous finding of Branemark was that when a hole is prepared in the bone with-
out traumatizing the tissues or overheating, an inserted biocompatible implantable would
achieve an intimate bone apposition and micro movements at the interface were prevented
during early healing period [6].

A successful outcome of implant therapy depends on number of factors. A satisfactory heal-
ing following implant placement is determined by biocompatibility of implant material and
surgical technique. Presence of microbes and their interaction with host tissues in the oral
environment may result in pathological reaction in the peri-implant tissues and thereby com-
promising tissue integration. Thus prevention of disease is a key factor in the aim of preserv-
ing the supporting tissues around implants.
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2. Soft and hard tissue integration

The integration of hard and soft tissues with implants is the result of wound healing process.
A blood clot is formed within of the surgical procedure. After a few days, there is infiltration
of the clot by vascular structures and abundant inflammatory cells to form a granulation tis-
sue. The continuation of the healing process involves the organization of connective tissue by
modification of granulation tissue. This is followed by the formation of bone which in turn
results in osseointegration at the recipient site.

Formation of barrier epithelium adjacent to implants and apical to the epithelium the connec-
tive tissue that integrates with titanium surface prevents the epithelial migration. The barrier
epithelium and connective tissue/implant interface establish a specific biological width of peri
implant mucosa.

3. Peri implant mucosa and gingiva

The soft tissue that surrounds the transmucosal parts of implant is termed as peri-implant
mucosa. The structure and dimension of this mucosa is similar to that of gingiva around the
teeth. The concept of biological width controls the thickness of soft tissue adjacent to both
teeth and implants. Some fundamental differences also exist between these two tissue types
in terms of gingival fibers, periodontal fibers and periodontal ligament space.

In tooth, a layer of cementum covers the surface of root. From the cementum, the collagen
fibers run in a perpendicular direction to the long axis of the tooth and insert into the sur-
rounding hard and soft tissues. But, the implant lacks the cemental layer and, hence, collagen
fibers are unable to attach to the implant surface in the same way as around the tooth. Thus,
the collagen fibers are aligned in different directions and in the tissue which is in immediate
lateral surface to the implant surface. The collagen fibers are orientated parallel to the long
axis of the implant. Nevertheless, an effective soft tissue seal to the oral environment is pro-
vided by the biological attachment formed by the barrier epithelium and the connective tissue
in the mucosa surrounding the implant (Figure 1).
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Figure 1. Peri-implant mucosa.
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3.1. Examination of peri-implant tissues

Increasing probing depth and loss of clinical attachment are pathognomonic for periodontal
disease. Pocket probing is, therefore, a crucial procedure in diagnosis of the periodontium
and for the evaluation of periodontal therapy. The major clinical criteria used to determine
the success of periodontal treatment are reduction of probing depth and gain of clinical
attachment level. The penetration of probe is greatly influenced by various factors such as the
roughness of the root surface, the inflammatory state of the periodontal tissues and the firm-
ness of the marginal cuff.

The limitations of probing are — (i) it often fails to identify the histological level of the connec-
tive tissue attachment as determined by various studies; (ii) it has a limited reproducibility;
variations of 1 mm have to be expected under clinical conditions. The changes that occurred
in the past are reflected by measurements of clinical attachment level. Once disease is detect-
able by clinical attachment level measurement, it is indicative of substantial, and possibly
irreversible, tissue changes have already occurred.

Some of the advantages of probing are—the simplicity of the method and the immediate
availability of the results. Also, the topographical disease patterns can also be demonstrated.
The results from a histological study determining the extent of peri-implant probe penetration
in dogs indicate that the density of the peri-implant tissues influences penetration depth. In
inflamed tissues around one-stage non submerged implants, periodontal probes penetrated
close to the bone level, whereas the probe tips tended to stop at the histological level of con-
nective tissue adhesion if healthy tissues were present [9].

Quirynen et al. [10] found a correlation between the level of bone as seen on radiographs and
the extent of peri-implant probe penetration. In the case of screw-type implants, the probe tip
appeared to stop 1.4 mm coronally to the bone level. It was observed that the mean discrepancy
between probe penetration and the location of the bone margin in radiographs was 1.17 mm
in 100 non submerged titanium implants 1 year after implantation. [10] Microbiological stud-
ies have shown that there is a marked difference in the composition of the peri-implant micro-
flora between implants with deep and shallow pockets.

Deeper pockets of 5 mm or more can be viewed as protected habitats for putative pathogens
and indicate peri-implantitis. The penetration of the probe tip is influenced to some extent by
implant shape and surface texture. In some implants, peri-implant probing is impossible due
to peculiarities of the shape or design (concavities, shoulders or steps) of the implant. Lack
of surface smoothness (such as plasma-coating, sandblasting or the presence of threads) may
increase the resistance to probe penetration and may lead to the underestimation of pocket
depth. Thus, probing around implant has not gained much acceptance among clinicians as a
reliable diagnostic tool.

On the other hand, one may consider it a deficiency of an implant system if its design dis-
ables probing. In addition, some authors have expressed concern about the possibility of
introducing bacteria into the peri-implant tissues and damaging the implant surface with a
metallic periodontal probe while probing. The peri-implant probing should include a fixed
reference point on the implant or its suprastructure to measure the relative attachment level.
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If peri-implantitis is associated with a marginal recession, then probing depth alone may not
accurately reflect peri-implant bone loss, whereas increasing loss of attachment is definitely

indicative of peri-implant pathology.

The examination of peri-implant tissues is fundamental in the maintenance and follow-up of
implant treated patients. The methods to be applied in the clinical examination of the tissues
surrounding implants resemble those used in the examination of the periodontal tissues sur-
rounding teeth. Thus, probing represents one of the critical assessments and includes not only
the appraisal of probing pocket depth (PPD) but also the more important detection of bleed-
ing on probing (BOP). Probing peri-implant and periodontal tissues is in most respects similar
and is regarded as a predictable and reliable procedure in the effort to distinguish between
healthy and diseased tissue, provided that a normal force is applied [9].

When probing healthy tissues around implants and teeth, the probe meets resistance from
the peri-implant mucosa/gingiva and the apical extension of the probe into the pocket corre-
sponds to the vertical dimension of the junctional epithelium. Probe penetration of inflamed
tissues, however, is different such that the probe reaches a position apical to the epithelial
extension, depending on the degree of inflammation (Figure 2).
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Figure 2. Peri-implant probing.

3.2. Mucosal inflammation

Definition of inflammatory changes of peri-implant tissues should be based on estab-
lished periodontal index systems such as the Sulcus Bleeding Index or the Gingival Index.
Consequently, a modified Bleeding Index has been proposed by Mombelli et al. [11]. Also,
a simplified Gingival Index was suggested by Apse et al. for the assessment of soft tissues

around implants [12].

In the Gingival Index scores, two important discriminators used are the texture and color of
the gingiva. However, in case of implants, these features depend on the normal appearance of
the recipient tissues before implantation. They may also be influenced by the properties of the
implant surface. Non-keratinized peri-implant mucosa appears redder than keratinized tis-
sues. Therefore, a modification of the original Gingival Index was required for use on implants.

In a longitudinal study conducted by Chaytor [13], only a weak correlation between the
Gingival Index scores and changes of marginal bone level was reported. In clinical practice,
the reduction of the evaluation of signs and symptoms of inflammation to bleeding on gentle
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probing on implants may be a reasonable extrapolation from the clinical situation around
teeth. In contrast to gingivitis and periodontitis patients, this parameter has not yet been vali-
dated for implant situations.

Consequently, for peri-implant lesions, sensitivity, specificity, diagnostic accuracy and predictive
values are not available. However, from a biological point of view it may be reasonable to assume
that absence of bleeding on probing represents stability of the peri-implant mucosal seal in a
similar way as absence of bleeding on gentle probing represents stability and health in periodon-
tal tissue. Further research in required to fill these gaps in knowledge, of the role of this common
clinical parameter as an indicator and/or predictor for health and disease (Tables 1 and 2).

3.3. Mobility

The establishment and, maintenance of intimate contact between the bone and the implant is a
major requirement for implant success. An important criterion for the success of implant therapy
is the absence of mobility. Clinically visible mobility of an implant after an appropriate period
indicates failure to achieve osseointegration. Presence of mobility at the follow-up visit is a sign
of the final stage of peri-implant pathology and indicates complete failure of osseointegration.
Implants with less advanced stages of peri-implantitis may still appear immobile due to some
remaining osseointegration. Thus, mobility cannot be used to detect early stages of peri-implant
pathology. It is advisable to use an electronic device to interpret low degrees of mobility [9].

3.4. Definition and diagnosis of peri-implant disease

Peri-implant mucositis is described as the inflammation limited to soft tissues around a dental
implant. It may result from dental plaque colonization and is a reversible inflammatory con-
dition. It does not involve any bone loss, analogous to gingivitis around natural teeth. A diag-
nosis of peri-implantitis results when the inflammation spreads apically, causing progressive
loss of osseointegrated supporting bone, analogous to periodontitis around natural teeth. The

Score0  No detection of plaque

Score1  Plaque only recognized by running a probe across the smooth marginal surface of the implant. Implants
covered by plasma spray in this area always score 1

Score2  Plaque can be seen by the naked eye

Score 3  Abundance of soft matter

Table 1. Assessment of plaque accumulation by a modified Plaque Index [11].

Score0  No bleeding when a periodontal probe is passed along the gingival margin adjacent to the implant
Score1  Isolated bleeding spots visible
Score2  Blood forms a confluent red line on margin

Score3  Heavy or profuse bleeding

Table 2. Assessment of bleeding tendency by a modified Sulcus Bleeding Index [11].
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practitioners essentially require to be familiar with these diagnostic terms when assessing the
long-term success of implants and peri-implant health.

It is also important to accurately identify the etiology and chronology of bone loss around
implants for better diagnosis and treatment plan. Bone loss may result from surgical trauma
or technique, such as pressure necrosis from inadequate osteotomy preparation or coronal
bony voids from excessive counter sinking. It must be differentiated from bone loss resulting
from bacterial plaque mediated by an immune-inflammatory reaction. Implants placed using
a subcrestal platform position have been shown to have a deeper baseline probing depths
than those placed supracrestally; thus, it is important to know the baseline probing depth
after initial healing to allow monitoring for changes over time.

Various studies in literature have reported the incidence and prevalence of peri-implantitis.
Berglundh et al. [14] found that the incidence of peri-implantitis was up to 14.4% and appeared
to be related to the number of years for which the fixtures were in service. Additionally, Roos-
Jansaker et al. [15] reported that of all implant cases which were not enrolled in a regular post
treatment periodontal maintenance program, 16% demonstrated peri-implantitis by 7-9 years
after implant placement. The incidence of peri-implantitis may be underestimated because
only few studies exist with follow-up longer than 10 years.

Dental implants have been shown to be successful in patients with severe periodontitis.
Similarity between the bacterial profile around implants and natural teeth has been demon-
strated by several researchers. Moreover, dental implants may harbor a complex microbiota
with a large proportion of known periodontal pathogens, which have been associated with
the onset of peri-implant mucositis and peri-implantitis [16]. Additionally, long term follow-
up studies that examined dental implants in patients with a history of periodontitis, have
suggested a higher incidence of soft-tissue inflammation (mucositis) and peri-implantitis, as
well as a slightly higher failure rate [17]. These findings suggest that the patients with dental
implants require regular and careful evaluation at selected periodontal maintenance intervals
to detect any clinical signs and symptoms of peri-implant disease at an early stage.

Probing depths should be recorded to detect the inflammation in the peri-implant mucosa. It helps
to identify bleeding or suppuration during examination. While the probing pocket depth (PPD)
may vary around implants, such assessments are secondary to bleeding on probing (BOP). Sites
with PPD > 6 mm, however, may indicate pathology and thus require meticulous examination.
For peri-implantitis, bone loss can be assessed through radiographs in addition to the PPD and
BOP. The radiograph for this purpose should be obtained after the delivery of the prosthesis [18].

4. Histopathology of peri-implant disease

4.1. Mucositis

The similarity between inflammatory lesions in peri-implant mucositis and gingivitis has
been revealed by various animal experiments and analyses of human biopsy material. The
development of inflammatory lesions in the connective tissue in the marginal portion of the
gingiva or peri-implant mucosa as a response to microbial challenge follows the same pattern
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and the composition of inflammatory cells in both the lesions. While gingivitis and muco-
sitis are reversible conditions, periodontitis and peri-implantitis are not. The inflammatory
lesion in the former conditions can be completely resolved after the institution of appropriate
infection control measures [14, 19] (Figure 3).

4.2, Peri-implantitis

Peri-implantitis lesions differ from muecositis lesions in that they exhibit characteristics that
are markedly different from their periodontal counterparts. The inflammatory lesion in
periodontitis is contained within the sub-epithelial connective tissue compartment of the
gingiva and is separated from the alveolar bone by a 1 mm-wide zone of dense connective
tissue. Furthermore, the area of soft tissue affected with pocket formation is lined by a pocket
epithelium. The epithelium in its most apical portion is in contact with the root surface and
thereby effectively sheds off the biofilm of bacteria in the pocket.

In peri-implantitis, bacteria survive in the inflammatory lesion within the pocket compart-
ment. But the entire extension of the pocket usually remains uncovered by a pocket epithe-
lium. Thus, the apical third of the inflamed tissue in the pocket comes to lie in direct contact
with the biofilm. Another dissimilarity to periodontitis is the extension of the lesion in peri-
implantitis. The lesion in peri-implantitis is seen to extend to a position closer to the bone sur-
face, while the lesion in periodontitis is usually separated from the crestal bone by a zone of
connective tissue. An understanding of the difference in the lesions observed in periodontitis
and peri-implantitis will help clinician to select the appropriate treatment strategy (Figure 4).

UNHEALTHY

Figure 4. Peri-implantitis.
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5. Guidelines for follow-up of implant treated patients

5 ;

Following the completion of the surgical and prosthetic procedures in implant therapy, it is
imperative to inform the patient about the self-performed infection control procedures [20].
Different types of toothbrushes and/or floss are available to suit the varying designs of the
prosthetic reconstruction. The patient should be taught to use the mechanical cleaning aids
properly and efficiently to clean the implant and adjacent parts of the prosthesis. The cleansing
should be performed twice a day. The prosthesis should be designed in a such way as to allow
access for self-performed and professional infection control [20].

5.1. Supportive therapy: infection control

5.2. Radiographic examination

The implant sites should be evaluated with radiographs carried out at two time points - at
the time of the delivery of the prosthesis and at the one-year follow up. Any alteration in the
marginal bone level should be recorded during the first year in function of an implant. This
change may be associated with the remodeling of bone after implant installation. This infor-
mation will serve as a baseline value for evaluation of bone level at subsequent visits.

The following radiographic parameters are in currently in use for evaluation of dental
implants:

i. Assessment of alterations in height of peri-implant bone
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ii. Computer-assisted evaluation of changes in peri-implant bone height
iii. Assessment of quality of peri-implant bone
iv. Photodensitometric evaluation of peri-implant bone quality

v. Bone mineral content (dual-photon absorptiometry)

5.3. Clinical examination

Clinical examinations should be performed at all annual follow- up visits. Besides exam-
ining the function of the prosthesis, BOP, PPD and plaque assessment should also be
carried out. If the probing indicates peri-implant disease (BOP positive and PPD > 6 mm),
a radiographic examination is called for to reveal possible bone loss. In the absence of
clinical findings of pathology in peri-implant tissues, radiographic examination should
be avoided.

The re-evaluation of implant-treated patients should be designed in accordance with eval-
uation of risk factors for peri-implant disease. Subjects with a history of severe should be
recalled in every 2-6 months after the delivery of the prosthesis. Routine maintenance ther-
apy is imperative for maintenance of the peri-implant health. Implant maintenance therapy
includes considering the patient’s overall health in addition to the assessment and monitoring
of implant(s).

Implants fail from a loss of integration generally due to bacterial infection, occlusal overload,
or a poorly designed prosthesis. The role of a dental hygienist and dentist is thus essential in
preventing and controlling bacterial infection, including careful instrumentation and polish-
ing of implant(s) once in every 3-4 months.

5.3.1. Step 1: assessment of the patient’s medical history

At each appointment, medical history and overall health of the patient should be updated and
reviewed. Any changes in the health status of the patient can influence negatively the success
of implants or treatment provided. If the diabetic status of the patient is not under good con-
trol, this can increase the risk of peri-implantitis and ultimately implant failure. Overall good
general health is one of the keys to the success of the implant(s).

Implant dentistry is true interdisciplinary dentistry, requiring close collaboration with the
surgical practice, the dental laboratory, and the patient’s physician [20].

5.3.2. Step 2: assessment of implants

Implant assessment starts with a visual soft tissue examination of the peri-mucosal seal and
should be carried out at every maintenance appointment. Any signs of inflammation or bleed-
ing or suppuration should be recorded. It is important to record any clinical symptoms pres-
ent, such as pain and mobility of the implant. Obtaining accurate radiographs will enable the
clinician to evaluate the crestal bone level appropriately [20].
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5.3.2.1. Visual assessment of soft tissue

The soft tissue should be examined for color, texture, form, bleeding, and inflammation. The
assessment and any tissue changes should be recorded and photographs should be taken.
This photograph or digital image can be used to educate the patient and can be an excellent
visual tool to reinforce the importance of good home care.

5.3.2.2. Protocol for assessment of inflammation

Soft tissue assessment includes redness, inflammation, or bleeding, check for the presence of calcu-
lus deposits around the implant. Peri-implant infections can progress more rapidly than infection
around natural teeth. In presence of an infection, the dental hygienist or dentist will evaluate for
pain, mobility. All the data that is gathered is made available to the dentist to develop a treatment
plan. The plan may include shortening the interval between implant maintenance visits, possible
antibiotics, a radiograph, and/or the dentist may refer the patient for an evaluation by a specialist.

5.3.2.3. Examination upon probing

Some researchers recommend not to probe around the implant, or wait for 3 months, follow-
ing abutment attachment, to avoid disrupting the formed peri-mucosal seal. The peri-mucosal
seal is fragile and probe penetration induces pathogens and jeopardize the success of the
implant, a number of considerations and guidelines should be followed when probing the
tissue surrounding an implant. A flexible plastic probe is recommended to avoid any scratch-
ing of the implant’s surface and reduces the potential for trauma to the peri-mucosal seal.
Secondly, the probe should be used as a measuring device for recording inflammation or to
measure exposed implant threads for monitoring.

A baseline measurement should be established by identifying a monitor marker on the resto-
ration and should be gently probed to check the clinical parameters. This information should
be recorded in the patient’s notes along with any signs of inflammation present at the first
implant maintenance appointment (3 months following prosthesis placement).

5.3.2.4. Signs of failing implant

Presence of infection, pain, mobility, or unacceptable bone loss are the signs of failing implants.
Pain or discomfort may be the important signs, before it is evident on a radiograph. In presence of
pain, the dentist needs to evaluate the cause i.e. whether it is due to occlusal trauma or infection.
An occlusal adjustment may be required to be performed since an implant is held in place by bone
not by the periodontal ligament and does not respond like a natural tooth to occlusal trauma.

Mobility following osseointegration can occur because of a loose fixed restoration, infection,
fractured abutment thread, an implant fracture or trauma. In case the mobility is due to a
loose crown, it may be possible to re-cement it or rescrew it (depending on the type of abut-
ment). If mobility of the implant itself or a broken screw, this is a greater cause for concern. A
radiographic assessment is needed.
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5.3.2.5. Monitoring the implant

This final step in monitoring the dental implant(s) is the radiographic assessment using a mea-
surable device is recommend to accurately monitor the crestal bone level around the implant(s)
and to verify that the restoration is seated properly. The abutment can be visually confirmed
through indentations in implant shown in the radiographs, or the screw that is clearly in focus,
which should appear as a clear line. This is indicative of a properly seated abutment.

Further radiographs can be taken to determine any crestal bone loss around the implant and
to measure the same if present. A measurement of 0.5-1 mm. horizontal bone loss is accept-
able in the first year, with an anticipated 0.1 mm of bone loss each subsequent year. If more
than 1 mm of horizontal or vertical bone loss is detected in the first year, an evaluation by the
implant surgeon is recommended.

5.3.3. Step 3: instrumentation and polishing of dental implants

Following careful assessment of implant, the dental hygienist or dentist should ascertain the
presence of calculus on the implant or abutments. Minimal, or indeed no, instrumentation is
required for an implant with a healthy gingival attachment. Calculus or microbial deposits
are primarily supragingival and are safe for instrumentation. Care must be taken to avoid
scratching or roughening the implant surface, as this may result in bacterial accumulation and
subsequent inflammation [20].

5.3.3.1. Protocol for safe instrumentation

There is a difference in instrumentation around an implant and natural tooth. Natural teeth
are anchored in the bone by the periodontal ligament and sulcular epithelium, whereas the
implants are osseointegrated to bone. For instrumentation of a natural tooth, the instrument
blade is adapted to the tooth surface and gently inserted between the sulcular epithelium and
the side of the tooth or root. To remove calculus deposits, vertical, horizontal, and oblique
stokes are used.

5.3.3.2. Dental implant instrumentation

A thorough instrumentation of implants requires the removal of microbial deposits without
creating any alteration of the surface of implant or adversely affecting its biocompatibility.
Scratches and gouges may be created on the surface that will affect the titanium-oxide layer,
reducing the corrosion-resistant nature of a titanium implant. The implant surface may also
get contaminated with trace elements from the remaining scaler material, which compro-
mises the long-term osseointegration of the implant.

The suggested materials for use on implant surface are plastic, graphite and titanium scalers.
Some studies had revealed that these instruments do not scratch or gouge implant surface.
Titanium is the metal of choice because it produces instruments which are thinner than plas-
tic or graphite instruments and provides more strength to dislodge calculus. They are also
more biocompatible with other metals. This avoids leaving trace elements from a scaler on
the implant surface.
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According to Dmytryk, Fox and Moriarty [21], “Although the use of a plastic curette did not sig-
nificantly roughen the implant surface there was concern that some of the plastic material may have
been smeared or deposited on the implant surface, perhaps altering the biocompatibility of the titanium
surface.”

The results of these research studies throw light on the fact that more studies are needed to
evaluate the effects of debris left behind on the implant surface, and the biocompatibility of
this debris with the titanium implant surface. Stainless steel instruments and metallic power
scaler tips have been shown to gouge or scratch the implant surface and are therefore contra-
indicated. However power scalers and air powder abrasive systems can be used with specific
tips, sleeves and powder formulated for implants. Care should be taken when using a plastic
sleeve with the tip of a power scaler to prevent aspiration of the plastic tip, in case it gets
dislodged [19].

5.3.3.3. Plastic, graphite and titanium coated implant scalers

Implant Prophy™ from TESS are designed from materials like polycarbonate plastic and
include Gracey and Columbia designs. Implacare™, Hu-Friedy instruments are featured with
a sturdy handle and plastic disposable tips in various designs. Premier Dental Facial implant
scalers are made of non-metallic, autoclavable graphite. Titanium-coated Suvan-O’Hehir
implant scoop curettes are available from G. Hartzell and Son [20].

5.3.3.4. Titanium implant scalers

An instrument called Implant Pro™ from Brasseler is available in the Langer series with tita-
nium tips that can be replaced from time to time. Nordent makes ImplaMate™, also in the
Langer series, Barnhart and universal scalers. The newest in the market are the Wingrove
Series, made by Paradise Dental Technologies (PDT), which are designed with a uniquely pro-
cessed titanium that will refrain from any scratches or leaving any debris behind on implants.
These are available in a series of three professionally designed scalers which can be adapted
to specifically meet all the challenges of maintaining an implant.

Few of the challenges include removing calculus from a variety of implants and restorative
choices. Some are narrow base implants (narrow platform is used for lower incisors, conge-
nially missing laterals, and area with limited available bone) while others have a wide base
or wide platform. There is difficulty to gain access to high water bridges as well as full-arch
cement or screw retained implants. Also an instrument with small diameter is required to fit
under a Hader clip bar or around O-ring ball or locator abutment that can be used for debride-
ment of over dentures.

It is very critical to select an appropriate instrument to remove calculus deposits that will
not harm the implant surface during debridement. For narrow base posterior implants or
implants that replace two adjacent teeth, an instrument with a longer blade will be advanta-
geous. It can be used under the more bulbous shaped crowns and even under the framework
of a high water bridge or full arch implant retained prosthesis. The scaling stroked should be
short and horizontal. The calculus present on these implants, crowns or frameworks can be
dislodged effectively.
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For wide base posterior implants, a universal posterior implant scaler is recommended with
short vertical strokes to remove the calculus. For instrumenting any exposed implant threads;
anterior or posterior, a shorter radius blade tip of an instrument is suggested which can be
used carefully in a side-to-side motion, covering one thread at a time.

For patients with over denture implant abutment, the denture has to be removed to assess the
O-rings or clips inside the denture for loss or wear. These O-rings or plastic retention clips
should be replaced if worn out, or replaced at least once a year.

For instrumenting the abutments under an over denture, a thinner radius blade tip is adapted
under a Hader clip bar in a side to side stroke. An instrument tip with a shorter radius is
recommended, used with short vertical strokes around a ball or locator abutment to dislodge
any calculus. It is important to understand the unique and different designs of implant and
to have a proper armamentarium for the safe implant maintenance. This will allow the clini-
cian to provide patients with ideal implant care with a predictable long-term success of their
implants [20].

5.3.3.5. Polishing of restorations on dental implant

Soft rubber tip, with appropriate nonabrasive paste to polish the implants. Aluminum oxide,
tin oxide, APF-free prophy paste, and low-abrasive dentifrice are all considered acceptable
polishing abrasives for implants. Coarse abrasive polishing pastes and acidulated phosphate
fluoride (APF) products are contraindicated, as they may etch surface of implants.

6. CIST protocol for management of recurrent disease during
maintenance of dental implants

Conventional periodontal therapy should be done when inflammation develops around an
implant. The therapy should include the efforts to improve patient’s oral hygiene, with meth-
ods similar to those used for natural teeth. Lang et al. [22] suggested a novel, systematic
stepwise approach for the prevention and treatment of peri-implant diseases. This approach
is referred to as the cumulative interceptive supportive therapy (CIST) protocol.

It is based on periodic monitoring with implementation of treatment as thresholds for a par-
ticular condition are met. The first step is protocol (A), then (B) and, if conditions continue to
worsen, the patient may require more advanced treatment, i.e. execution of protocol (C), and
finally (D) by a specialist who has implant training for it. To control inflammation in peri-
implant mucositis, that is, implants with minimal increase in pocket depth, slight (+) bleeding
on probing, marginal erythema, plaque, and/or calculus, Protocol (A) is implemented.

The endpoint of the therapy is resolution of inflammation with careful mechanical debride-
ment (using plastic curettes and rubber cup prophylaxis), swabbing with 0.12% chlorhexidine
twice daily, and a review of home care and patient motivation. Protocol (B) is carried out for
conditions that exhibit features similar to mucositis but with deeper pocket depths (4-5 mm)
but without loss of supporting bone.
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The treatment should include the therapies of protocol (A), plus locally delivered antibiotic
(minocycline microspheres, doxycycline gel) at the infected implant site(s). Studies in the
recent past have shown the use of minocycline microspheres may be beneficial in treatment
of peri-implant mucositis and peri-implantitis. For management of early peri-implantitis,

Plaque index < 1
& BOP - (negative)
A
PPD < 3mm Mechanical
debridement,
Polishing and scaling
Plaque index =1\&
- BOP positive
Anti septic cleansing
B PPD 4-5Smm »| 0.1% CHX gel twice
daily
* BOP + (positive)
No cratering
C
BOP + i}
(positive) Systemic or local
Notable cratering
PPD =5mm <2mm antibiotic therapy
+
D ¢ BOP + (positive) Resective or
Notable cratering == regenerative surgery
=2mm

Figure 5. CIST protocol.
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Protocol (C) is used, which consists of a more intensive approach and is used in conditions
where there is radiographic evidence of osseointegrated bone loss of <2 mm and probing
pocket depths >5 mm. The strategy should comprise a combination of the modalities for pro-
tocols (A) and (B) with the addition of systemic antibiotic therapy (metronidazole 250 mg ¢.i.d.
for 7 days or amoxicillin 500 mg t.i.d. for 10 days).

Furthermore, periodontal surgical access for surface de- contamination (citric acid 1-2 min
or tetracycline 250 mg, 5 mL for 5 min) should be considered. In cases of frank peri-implan-
titis that reveal probing depths (>5 mm), (+) bleeding on probing, plaque/calculus, and peri-
implant bone loss of >2 mm, Protocol (D) is initiated along with other three protocols.

This treatment modality comprises periodontal surgical intervention for chemical disin-
fection, osseous resection, and/or guided bone regeneration (GBR). GBR is a procedure to
attempt for salvaging the implant through bone regeneration techniques with the use of
resorbable or nonresorbable semipermeable membranes and a bone substitute or replace-
ment graft (such as freeze-dried bone allograft or anorganic bovine bone). In clinical prac-
tice, the protocol of CIST is targeted for early detection and methodical sequential treatment,
which may help rescue and even reverse the fate of the ailing or failing endosseous dental
implant [23] (Figure 5).

The four steps are:

1. Antiseptic therapy, CIST protocol A & B

2. Antibiotic therapy, CIST protocol A + B

3. Antibiotic therapy, CIST protocol A +B + C
4

. Regenerative or resective therapy, CIST protocol A + B + C + D.

Author details

Krishna Kripal' and Kavita Chandrasekaran*
*Address all correspondence to: dr.ckavita@gmail.com
1 Rajarajeswari Dental College and Hospital, Bangalore, India

2 Department of Periodontology, Rajarajeswari Dental College and Hospital, Bangalore,
India

References

[1] Albrektsson T, Dahl E, Enbom L, Engevall S, Engquist B, Erikksson AR, Feldmann G,
Freiberg N, Glantz PO, Kjellman 0 CL, Kvint S, Kondell PA, Palmquist J, Werndahl L,
htrand P. Osseointegrated oral implants — A Swedish multicenter study of 8139 consecu-
tively inserted Nobelpharma implants. Journal of Periodontology. 1988;59:287-296



(2]

3]

[10]

(11]

[12]

[13]

(14]

[15]

[16]

Supportive Periodontal Therapy for Dental Implant Patients
http://dx.doi.org/10.5772/intechopen.77950

Branemark P-I, Breine U, Adell R, Hansson BO, Lindstrom J, Olsson A. Osseointegrated
implants in the treatment of the edentulous jaw. Experience from a 10-year period.
Scandinavian Journal of Plastic and Reconstructive Surgery and Hand Surgery. 1977;2(16):
1-132

Buser D, Hf W, Bragger U, Balsiger C. Tissue integration of one-stage IT1 implants:
3-Year results of a longitudinal study with hollow-cylinder and hollow-screw implants.
Journal of Oral & Maxillofacial Implants. 1991;6:405-412

Rosenberg E, Torosian J. Slots 1. Microbial differences in 2 clinically distinct types of
failures of osseointegrated implants. Clinical Oral Implants Research. 1991;2:135-144

Glossary of Prosthodontic Terms

Branemark PI, Adell R, Breine U, Hansson BO, Lindstrom J, Ohlsson A. Intra-osseous
anchorage of dental prostheses. I. Experimental studies. Scandinavian Journal of Plastic
and Reconstructive Surgery. 1969;3(2):81-100

Albrektsson T, Brdnemark PI, Hansson HA, Lindstrom ]. Osseointegrated titanium
implants. Requirements for ensuring a long-lasting, direct bone-to implant anchorage in
man. Acta Orthopaedica Scandinavica. 1981;52(2):155-170

Zarb GA, Albrektsson T. Osseointegration—A requirement for the periodontal ligament?
Editorial. International Journal of Periodontics and Restorative Dentistry. 1991;11:88-91

Berglundh T, Lindhe J. Dimension of the periimplant mucosa. Biological width revisited.
Journal of Clinical Periodontology. 1996;23(10):971-973

Quirynen M, Van Steenb Berghe D, Jacobs R, Schotte A, Darius P. The reliability of pocket
probing-around screw-type implants. Clinical Oral Implants Research. 1991;2:186-192

Mombelli A, Mac VO, Schurch E, Lang NP. The microbiota associated with success-
ful or failing osseointegrated titanium implants. Oral Microbiology and Immunology.
1987;2:145-151

ApseF, Zarb GA, Schmitt A, Lewis DW. The longitudinal effectiveness of osseointegrated
dental implants. The Toronto study: Peri-implant mucosal response. The International
Journal of Periodontics & Restorative Dentistry. 1991;11:95-111

Chaytor DV. The longitudinal effectiveness of osseointegrated dental implants. The
Toronto study: Bone level changes. The International Journal of Periodontics &
Restorative Dentistry. 1991;11:113-125

Berglundh T, Lindhe J, Marinello C, et al. Soft tissue reaction to de novo plaque forma-
tion on implants and teeth. An experimental study in the dog. Clinical Oral Implants
Research. 1992;3:1-8

Roos-Jansaker AM. Long-time follow up of implant therapy and treatment of Peri-
Implantitis. Swedish Dental Journal. Supplement. 2007;188:7-66

Pontoriero R, Tonelli MP, Carnevale G, et al. Experimentally induced peri-implant
mucositis. A clinical study in humans. Clinical Oral Implants Research. 1994;5(4):254-259

225



226 Periodontology and Dental Implantology

[17]

(18]

[19]

(20]
[21]

[22]

(23]

Roos-Jansdker AM, Renvert H, Lindahl C, et al. Nine- to fourteen-year follow-up of
implant treatment. Part iii: Factors associated with peri-implant lesions. Journal of
Clinical Periodontology. 2006,33(4):296-301

Lindhe ], Meyle J. Peri-implant diseases: Consensus report of the sixth European work-
shop on periodontology. Journal of Clinical Periodontology. 2008;35(Suppl. 8):282-285

Ericsson I, Berglundh T, Marinello C, Liljenberg B, Lindhe ]. Long-standing plaque
and gingivitis at implants and teeth in the dog. Clinical Oral Implants Research.
1992;3(3):99-103

Ochsenbein C. Retreatment. Periodontology. 1996,2000(12):129-132

Dmytryk ]JJ, Fox SC, Moriarty JD. The effects of scaling titanium implant surfaces
with metal and plastic instruments on cell attachment. Journal of the Pancreas: JOP.
1990;61:491-496

Lang B, Worthington P, Lavelle W. Osseointegration in Dentistry: An Introduction.
Chicago, IL: Quintessence; 1994. p. 121

Schumaker ND, Metcall B], Toscano NT, Holtzclaw D]J. Periodontal and periimplant
maintenance: A critical factor in longterm treatment success. Compendium. 2009;30:2-13



Section 6

Relation to Restorative Dentistry







Chapter 13

The Periodontal-Endodontic Relationship, What Do We
Know?

Kai Ling Siew, Victor Goh, Chui Ling Goo,
Esmonde Francis Corbet and Wai Keung Leung

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.78664

Abstract

Diagnosis and management of periodontal-endodontic lesions are often complicated by
the close interrelationship between periodontal tissues and dental pulps. Communications
between both biological entities may occur through the apical foramen, accessory canals
or exposed dentinal tubules, allowing bi-directional spread of infection and/or inflam-
mation. Endodontic and periodontal lesions may occur distinctly or in tandem. Infected
pulps may provoke an inflammatory response in adjoining periodontal tissues, and
induce tissue destruction, and likewise, periodontal infection may elicit progressive
pulpal pathoses. Solely periodontal or solely endodontic lesions are often clinically
recognizable as distinct pathologies. However reported pain from pulpal or periodontal
tissues may be similar, especially in combined lesions in which both endodontic and peri-
odontal infection co-exist. When combined lesions develop, signs and symptoms such as
toothache, tooth mobility, increased probing pocket depths and localized swelling may
develop concurrently. As such, appropriate diagnostic tests and detailed clinical exami-
nation are required to differentiate periodontal, endodontic and combined pathologies
and to arrive at correct diagnoses. Successful treatment outcomes for any periodontal
and/or endodontic lesion depend on correct diagnosis and timely implementation of
appropriate therapies. In this chapter, available evidence on periodontal-endodontic
lesions will be reviewed with classification, clinical presentations, prognoses and treat-
ment modalities discussed collectively.
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1. Introduction

The close inter-relationship between the periodontium and root canal systems has resulted
in concomitant lesions from both entities, leading to periodontal-endodontic (perio-endo)
infections that, to date, remain a challenge for the dental professional to both diagnose and
manage. An in-depth understanding of the anatomy and disease pathogenesis is of utmost
importance in assisting clinicians to establish a prognosis, derive a rational treatment plan
and troubleshoot complicated cases grounded on sound biological and clinical bases. In this
chapter, evidence-based and contemporary approaches to managing periodontal and/or end-
odontic lesions will be discussed collectively.

2. Relationship between the periodontium and root canal systems

2.1. Influence of pulpal pathologies on the periodontium

Periodontal disease is an inflammatory disease of the tooth supporting structures initiated
by bacteria that form a biofilm on the tooth/root surfaces [1]. Root canal infections (i.e. api-
cal periodontitis) are multi-microbial, biofilm-associated diseases [2, 3]. Apical ramifications,
lateral canals, and isthmuses connecting main root canals may harbor biofilm-like microbial
structures [2]. The communications between the pulp and the periodontium occur primarily
through: exposed dentinal tubules, small portal of exits - e.g. accessory canals and lateral
canals - and via the apical foramen [4, 5]. As such, it is unsurprising that pathogens infect-
ing the periodontium and root canal systems are highly similar, indicative of an inseparable
relationship between the root canal system and the periodontium [6].

In chronic apical abscesses caused by endodontic infections, a localized collection of pus with
a draining sinus may track through the periodontium, forming a deep, narrow and isolated
periodontal pocket, adjacent to, or alongside, the gingival sulcus. For molars or multi-rooted
teeth, radiographic examination may reveal a radiolucent area at the furcation of an infected
tooth, indicating presence of accessory canals which drain into the furcation area [4].

Jansson et al. [7] reported that teeth in periodontitis-prone patients lost more attachment when
a continuous root canal infection was present compared to teeth with no periapical lesions.
Such findings were also observed by Ehnevid et al. [8] who concluded that a root-canal infec-
tion, if left untreated, may impair periodontal healing following non-surgical periodontal
therapy. When the pulp is the source of infection, considerations should be given towards
treating the endodontic infections prior to periodontal treatment [5, 9]. Such an approach
is aimed at eliminating the source of pulpal infection prior to periodontal therapy, as root
instrumentation may remove the protective cementum layer [10] and communicate residual
infection through exposed dentinal tubules or accessory canals [11, 12].

2.2. Influence of periodontal inflammation on the pulp

An inflamed periodontium resulting from a periodontal infection may affect the vitality of
the pulp. Seltzer and Bender [13], reported that periodontal lesions could potentially infect
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the pulp through numerous lateral and accessory canals in the furcation area. The authors
found that 79% of periodontally involved teeth, without caries and restorations, exhibited his-
tological evidence of pulpal pathology. In periodontal disease affected teeth, localized pulpal
necrosis adjacent to accessory canals was found [13].

Langeland et al. [14] reported that the effect of periodontal disease on the pulp was degenera-
tive in nature, resulting in pulpal inflammation, calcifications and resorption. Such insults
from periodontal disease to the pulp were cumulative over time [14]. Similarly, Wan et al.
[15] reported that the severity of periodontitis had substantial effect on pulpal health. They
speculated that denuded root surfaces could induce more pathological changes within the
pulp [15]. Root surfaces may be denuded of the protective cementum layer as a result of
periodontal treatment [16], developmental defects [17] or even due to direct bacterial inva-
sion [18]. Denuded surfaces are thought to allow passage of microorganisms between the
pulp and periodontal tissues through patent dentinal tubules, lateral or accessory canals
[18]. Furthermore, if the microvasculature of the apical foramen remains intact, the pulp may
maintain its vitality [14].

2.3. Communications between the periodontium and dental pulp

The dental pulp and periodontium are closely related both anatomically and functionally,
through three different channels of communication — as discussed below.

2.3.1. Apical foramen

The root canal system is a complicated system with the apical foramen as the principal route
of communication between the pulp and the periodontium. A single apical foramen is the
exception rather than the rule. Multiple foramina, fins, deltas, loops, and furcations are usu-
ally present at the apical end of the root canal [19]. Bacteria, bacterial toxins, inflammatory
by-products and mediators pass readily through the apical foramen into the root canal elicit-
ing inflammation of the pulp and subsequently pulpal necrosis [20].

If periodontal disease reaches the apical foramen, such inflammatory reactions may spread
both ways leading to perio-endo pathologies. Similarly, infection from an infected pulp may
exit the apical foramen, track through the periodontium, eliciting tissue destruction and for-
mation of what registers clinically as a periodontal pocket.

2.3.2. Lateral and accessory canals

Accessory or lateral canals from the dental pulp may be formed during formation of the root
sheath. A break develops in the continuity of the sheath, producing a small gap, which results
in a small “accessory” canal between the dental sac and the pulp. Accessory and lateral canals
can be seen anywhere along the root, creating a potential perio-endo pathway of communica-
tion [21]. Studies have reported that nerve fiber and blood vessels are commonly present
in these lateral canals. They are found to traverse the periodontal ligament, course through
the portal on cementum wall, root dentin and connect to the main root canal system [22].
Approximately 17% of teeth may present with multiple canal systems in the apical third of
the root, about 9% in the middle third and fewer than 2% in the coronal third [23]. It has been
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reported that debridement at molar furcation areas may increase the risk of bacterial contami-
nation of the pulp by 39% through exposed dentin or furcation canals [24].

2.3.3. Dentinal tubules

As periodontitis gradually destroys the periodontal ligament between the cementum and
bone, cementum becomes exposed to the oral environment via periodontal pockets and
through gingiva recession. Destruction of Sharpey’s fibers leaves a sieve-like surface on the
cementum, full of canals which may be contaminated by bacteria and their toxins that may
transverse the protective cemental layer into the patent dentinal tubules [10]. Furthermore,
iatrogenic removal of cementum during periodontal treatment, various developmental fis-
sures, grooves and incomplete calcifications on cementum may all permit penetration by
bacteria into the underlying dentinal tubules [10].

Dentin is highly permeable with dentinal tubules as the major channels for diffusion of
material across dentin. Bergenholtz and Lindhe [25] reported that the application of soluble
material from bacterial plaque readily caused pulpal inflammation, suggesting there was a
pathway of communication between the dentinal tubules, periodontium and the pulp. Such
findings were again confirmed by Bergenholiz [26], who found that bacterial products applied
to exposed dentin initiated inflammatory reactions in the dental pulp whilst occlusion of such
exposed dentin had a protective effect with respect to the pulp.

2.4. The etiological agents

The source of perio-endo infection is no doubt from within the mouth yet there is no compre-
hensive report on the microbiota involved compare with periodontal or endodontic infection
occurring independently. More than 460 bacterial, almost 10 fungal and 1 archaeal taxa [27] plus
predominantly herpesviruses detectable at periradicular lesions [28] were reported associated
with endodontic infection. Such observations were rather similar to microbiology of periodonti-
tis [29]. Microbiology of failed endodontic treatment [30] and persisting periradicular endodon-
tic infection (i.e. L-phase bacteria) [28], however exhibit unique microbiology. Taking that into
consideration, the exact microbiological nature of perio-endo lesion remained to be elucidated.

3. Contributing factors to perio-endo lesions

3.1. Inadequate endodontic treatment

The primary aim of endodontic treatment is to disinfect the root canal system through chemo-
mechanical debridement and cleaning so that the canal space can be freed of infected organic
materials and obturated with an inert material [31]. Endodontic failures are caused by inad-
equate disinfection of the root canal system or reinfection of the root canal system due to
failure to obtain a hermetic seal [32]. Endodontic infection may spread to the periodontium
leading to perio-endo pathologies.
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Endodontic failure may be caused by various biological and procedural factors e.g. (i) per-
sistence intra- and extra-canal infection; (ii) inadequate or poorly condensed filling of the
canal; (iii) overextensions of root filling materials; (iv) leakage due to inadequate coronal
seal; (v) missed and thus undebrided canals; (vi) iatrogenic procedural errors such as poor
access cavity design; and (vii) improper instrumentation (inadequate chemo-mechanical
cleaning, ledges, perforations, or separated instruments). As it stands, proper access cavity
design, thorough chemo-mechanical debridement and complete sealing of the root canal
system to obliterate infection and prevent reinfection are key in prevention of endodontic
failure.

3.2. Poor restorations

Poor restorations can be a major culprit for periodontal conditions and endodontic failure.
Poor contours due to overhanging restorations, which impinge upon and thus violate the
biological width, can contribute to localized periodontal defects [33, 34].

Poorly adapted restorations predispose to coronal leakage, allowing for recontamination of
the root canal system and subsequent endodontic failure [35, 36]. Ray and Trope [36] reported
that defective restorations with adequate root fillings had a higher failure rate in comparison
to teeth with inadequate root fillings but with adequate restoration [36]. Similarly, a system-
atic review by Gillen et al. [35] reported that adequate root canal treatment (RCT) and good
coronal seal increased the odds for healing of periapical lesions. In cases with adequate root
filling-inadequate coronal restoration and inadequate root filling-adequate coronal restora-
tion, poorer resolution of periapical infections are to be expected [35].

In short, sufficient disinfection and filling of the root canal system and a well-adapted coronal
restoration which respects the biological width are paramount in ensuring long-term end-
odontic success and maintenance of a healthy periodontium around the treated tooth.

3.3. Perforations

Root perforation is a mechanical or pathological, communication between the root canal
system and the external tooth surface [37]. Misalignment of instruments during endodontic
access, negotiation and preparation of the root canals, and preparation of post space can cause
iatrogenic perforations. Pathological root perforation, on the other hand, is caused by root
resorption and/or caries.

In perforations, bacterial infections emanating from either the root canal or periodontal tis-
sues, or both, could prevent healing and bring about inflammation. Down-growth of the
gingival epithelium to the perforation site can follow, resulting in accelerated periodontal
breakdown [38]. Ideally, any perforation should be repaired immediately. Treatment out-
comes of endodontic perforations at the apical part of roots have been reported to be more
successful than those located more coronally [39, 40]. Mineral trioxide aggregate (MTA) is
often used for perforation repair [41] as it can stimulate hard tissue deposition [42], is biocom-
patible [43], provides excellent seal [44] and sets in the presence of moisture [45].
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3.4. Developmental malformations

Developmental malformations both affect the periodontium and complicate conventional
RCT. One of the most common dental malformations seen is the palatal-radicular groove,
which has a reported prevalence of 4.6% appearing in maxillary incisors [46]. Its presence
is a locus of plaque accumulation and provides potential pathway for microorganisms to
penetrate into deeper parts of the periodontium, causing local inflammation and subsequent
periodontal breakdown. Attachment loss may extend apically until it adversely affects the
viability of the pulp, which is typical of the pathogenesis of a primary periodontal lesion
with secondary endodontic involvement. RCT may be needed first if the patient complains
of toothache. This may then be followed by periodontal surgical debridement or regenerative
periodontal therapy when indicated [47].

Cemental tear is a rare periodontal condition characterized by partial or total separation of
the cementum. The detachment normally happens at the cementum-dentin junction predis-
posing the tooth to plaque-induced periodontitis. Clinically, a cemental tear may present as
a localized deep periodontal pocket, with or without other symptoms such as a sinus tract
or pain. Probing at the affected site may detect root surface roughness or an obstruction,
different to the expected typical tactile sense of calculus [48]. Treatment of cemental tear
includes conventional periodontal therapy, combined periodontal and endodontic treat-
ment when pulpal status of the affected tooth is compromised and/or surgery to remove
the tear.

Cervical enamel projections and enamel pearls are development anomalies presenting as
ectopic globules of enamel on the root surface. Enamel projections are small continuous or
discontinuous extensions of enamel that occur in the molar furcations while enamel pearls
are larger masses of enamel that have a predilection for molars [49]. It has been reported that
82.5% of molars with furcation attachment loss exhibited cervical enamel projections [50].
Enamel pearls are a rarity and occur mostly on permanent molars with an incidence rate
of 1.1-9.7% [51]. Cervical enamel projections and enamel pearls predispose to periodontitis
because Sharpey’s fiber insertion is not developmentally possible, allowing only a hemi-
desmosomal attachment, which may be less resistant to periodontal breakdown. Both entities
may also prevent effective oral hygiene procedures when exposed to the oral environment
and may serve as a nidus for periodonto-pathogenic bacteria to grow and populate their
surface [49]. In longstanding conditions, down-growth of epithelial attachment may cause a
perio-endo lesion, especially if exposed accessory canals in the furcation area allow bacteria
invasion into the pulp [24]. A combination of treatments may be warranted, such as RCT
if pulpal symptoms are present, followed by periodontal surgery to recontour locally the
affected root to allow for root debridement and to facilitate proper oral hygiene measures and
periodontal maintenance measures.

3.5. Resorptions

Dental resorption is the loss of dental hard tissues as a result of resorptive activities by clastic
cells (aptly known as odontoclasts) [52]. Root resorption may occur as a physiologic or patho-
logic phenomenon. Root resorption is classified into two types, external and internal.
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3.5.1. External inflammatory resorption

External inflammatory resorption (EIR) is often a result of root avulsion injuries [53].
Traumatic dental injuries (e.g., intrusion, lateral luxation, and avulsion) and subsequent
replantation often result in contusion injuries to the periodontal ligament (PDL). Damage
to the pre-cementum, with a resultant breach in its integrity, is the precipitating factor in all
types of external resorption [53]. In the wound healing process that follows, necrotic PDL
tissues, damaged cementum and even root dentin may be actively removed by macrophages
and osteoclasts, although the underlining mechanism is still unclear [52].

The diagnosis of EIR in clinical situations is often based on radiographic findings [54]. However,
in two-dimentional radiographic imaging EIR may be obscured by overlapping images, or
may not detectably show early signs of EIR, resulting in late diagnosis of EIR. Chronic inflam-
mation seen in periodontal disease has been regarded as a cause for root resorption [55, 56],
and such resorptive processes are associated with the severity of periodontitis [55]. The exact
mechanism of periodontal disease-associated resorption is not known, but such a process may
be a sequela of tooth mobility due to attachment loss [55]. When mobile teeth are subjected
to occlusal forces, traumatic assault of the radicular surface may ensue, causing formation of
cemental tears or lesions which may become colonized by odontoclastic cells or even peri-
odontal pathogens that may resorb the root [55].

Treatment of EIR is based on effective removal of the cause, which is to institute a RCT with
removal of the infected necrotic pulpal tissue [57]. Although the treatment of such lesions in
periodontal disease is inconclusive, conventional mechanical debridement [56] may suppress
inflammation and arrest the resorptive process. The earlier EIR is diagnosed and treated, the
better the prognosis is for the affected tooth [58].

3.5.2. External cervical resorption

External cervical resorption (ECR) is a form of root resorption that originates on the external
root surface but may invade root dentin in any direction and to varying degrees. ECR gener-
ally develops immediately apical to the epithelial attachment to the tooth. However, in teeth
that have developed gingival recession and lost periodontal support and/or have developed a
long junctional epithelium, the resorptive defect may arise at a more apical location [59]. The
difference between EIR and ECR is that the pulp remains vital in ECR lesions unless the lesion
is extensive and erodes into the pulpal space, while EIR always presents with necrotic pulp
with or without any periapical lesion.

The exact etiology and pathogenesis of ECR have not been fully elucidated but may be regarded
as the same for EIR. Infected or denuded cementum surfaces allow binding of multinucle-
ated clastic cells which perpetuate the resorptive process [52]. Orthodontic treatment, dental
trauma, oral surgery, periodontal therapy, bruxism, delayed eruption, and dental develop-
mental defects were all identified as potential predisposing factors to ECR [60, 61]. In patients
with periodontal disease, ECR may occur if the root-protective junctional epithelium (JE) did
not develop. In such instances periodonto-pathogen initiated inflammation and dietary acid
may extend into the root surfaces to cause ECR [56]. Although not fully understood, such a
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situation may explain why resorption occurs only in the cervical region, where JE is absent
and dietary acid easily gains access and may accumulate over a long period.

The clinical features of ECR may vary depending on etiology. However, the process is very
often quiescent and asymptomatic initially. Its diagnosis is commonly made from a chance
radiographic finding. A pink or red discoloration may later develop at the cervical region
due to fibrovascular granulation tissue occupying the resorptive defect [59]. Inflammatory
periodontal destruction may occur in the region of the resorption, resulting in a periodontal
pocket that bleeds profusely on probing.

In recent years, CBCT has allowed three-dimensional assessment of the nature, position,
and extent of resorptive defects, eliminating diagnostic confusion and providing essential
information about the restorability and subsequent management of affected teeth [62-64].
A CBCT scan (at the smallest voxel size — 0.2 mm) provides a more site-focused and clearer
radiographic image [65], thus reducing the need for exploratory treatment (usually surgical
exploration), allowing timely intervention and reduced patient morbidity.

The fundamental treatment objectives in ECR are to access and excavate the resorptive defect
(usually by raising a mucoperiosteal flap), halt the resorptive process (through application
of 90% trichloroacetic acid), restore the hard tissue defect [66], and regular monitoring of the
affected tooth for ECR recurrence, and the same for all other teeth which may be predisposed
to the same resorptive event. This is especially true for ECRs related to periodontal diseases
as multiple ECRs may occur in the same patient [56]. In cases where perforation of the root
canal wall has occurred, RCT should be carried out as soon as possible to avoid pain. In peri-
odontal disease-associated ECR, treatment was primarily aimed at suppressing periodontal
pathogens through mechanical debridement, oral hygiene instruction and systemic antibiot-
ics. This was supplemented with diet counseling and monitoring to lower the patients daily
acid intake. High acidic intake may have contributed to the initiation of the resorptive process
by retarding the proliferative capacity of the protective junctional epithelium [56].

3.6. Vertical root fractures

A vertical root fracture (VRF) is a longitudinally oriented complete or incomplete fracture initi-
ated in the root at any level and is usually directed buccolingually [67]. The diagnosis of a VRF
is somehow difficult in the early phase with patients complaining of dull pain, tooth sensitiv-
ity and discomfort while chewing. Early detection of VRF is unlikely radiographically due to
various obstructions and overlapping structures, making proper diagnosis difficult. In of long-
standing VRFs, a sinus tract may develop at a location more coronal than a sinus tract associ-
ated with chronic apical abscess [68]. This hints that the source of infection is not likely from an
apical lesion [69, 70]. A deep, narrow, isolated periodontal pocket may be present, which is usu-
ally pathognomonic of a VRF. Radiographically, a typical J-shaped or halo radiolucency, with
bone loss seen apically and extends alongside the involved root is highly indicative of VRF [71].

Over time, the pocket along the fracture line, which was initially tight and narrow, may
become wider and easier to detect. When the fracture line propagates coronally, extending to
the cervical root area, bacteria may penetrate and biofilm can attach along the fracture line,
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triggering local host immune response which destroys the local periodontium. The fracture
line allows the leakage of oral bacteria into the clean and previously sealed root canal sys-
tem causing contamination. As reported by Tamse et al. [68], a typical VRF pocket could be
observed in 67% of the cases. In periodontitis patients, vertical root fractures and cracks may
serve to communicate the dental pulp with the periodontium. If the periodontium is infected
or inflamed, pulp necrosis may ensue due to bacterial and bacterial product dissemination
through such crevices [72].

Treatment for VRF differs greatly. VRF does not usually respond to non-surgical RCT or
retreatment or to periodontal treatments instituted. In most cases, extraction of the tooth,
especially for single-rooted teeth, is required. As for multi-rooted teeth, a root-resective
approach may sometimes be considered.

3.7. Advanced periodontal disease

Untreated periodontal disease may progress and cause extensive damage to the tooth sup-
porting structures. As the disease extends along the root surface, infection and/or inflamma-
tion can spread through the various communications between the pulp and the periodontium
[28] until periodontal disease progression reaches the apical foramen leading to a primary
periodontal lesion with secondary endodontic involvement [4]. Classification and manage-
ment of such lesions will be discussed in the segments below.

4. Classification of periodontal and endodontic lesions

Many classifications for perio-endo lesions have been suggested [4, 72-74]. However, the pro-
posed classification by Simon et al. [4] is still espoused by many, despite more rational later
classifications, for many cases of perio-endo infections, and shall form the framework for the
following discussion below.

4.1. Primary endodontic lesions

A necrotic pulp with its infected root canal system elicits inflammation of the adjacent peri-
odontium through leaking of bacteria and bacterial by-products through the apical foramen
and/or lateral canals causing tooth-supporting bone destruction [4, 72]. In multi-rooted teeth,
infection from the apical foramen or the numerous accessory canals located in the molar
bifurcation area, may track into the bifurcation area giving a radiographic and often clinical
appearance of periodontal furcation involvement [21]. To consider solely endodontic lesions
as having a component attributable to periodontitis is a diagnostic and conceptual error.

As such, when differentiating endodontic or periodontal lesions, one should be suspicious of
a pulpally/endodontically induced lesion when the crestal bone levels on the mesial and dis-
tal aspects of the offending tooth appear relatively normal radiographically, despite a radio-
graphically evident furcation radiolucency, and when clinical attachment loss is localized.
Moreover, when the pulp is non-responsive to sensibility testing, it is likely that a necrotic
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pulp may be the infectious source. Adequate RCT with adequate coronal restoration should
usually resolve a primary endodontic lesion without any periodontal therapy, for such lesions
are solely endodontic in origin. If solely affected by pulpal pathology, such teeth are only end-
odontically involved, and the so-called “primary endodontic lesion” is solely an endodontic
lesion, and thus really should not be a component of any perio-endo classification. Figure 1
illustrates a pure endodontic lesion managed by endodontic retreatment alone.

4.2, Primary endodontic lesions with secondary periodontal involvement

Over time, an untreated primary endodontic lesion may result in secondary consequential
periodontal breakdown, which, if this reaches the gingival sulcus or a periodontal pocket,
may become infected by periodonto-pathogens which subsequently trigger further periodon-
titis-associated periodontal tissue destruction, pocket formation, crestal bone loss and plaque
(and calculus) contamination of root surfaces.

A tooth so affected requires both endodontic and periodontal treatments. In general, healing
of tissues damaged by infection from the pulp can be anticipated after adequate RCT. The
prognosis of the tooth will then largely depend on the outcome of periodontal therapy [4].

4.3. Primary periodontal lesions

Pure periodontal lesions are bacterial-induced inflammatory destructions of the tooth sup-
porting apparatus due to periodonto-pathogens [75]. Diagnosis is based on periodontal
examination such as probing pocket depths at 6 sites of each tooth, plaque accumulation and
gingival bleeding scores [75, 76], on teeth having normal pulpal sensibility test outcomes.
Teeth affected by solely periodontitis, which should respond to adequate periodontal therapy
alone, are not endodontically involved.

o xidm‘.‘l
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Figure 1. Endodontic lesion managed by endodontic retreatment. (A) Periapical radiograph of previously root treated
tooth 31 exhibiting a large periapical lesion and infection draining through buccal gingival sulcus; (B) retreatment of 31
and RCT of a non-vital 32 completed; (C) radiograph of 31 and 32 showing bone fill 6 months post treatment.
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In periodontitis, probing usually reveals plaque and calculus of varying quantity and quality
along the root surface. In periodontitis many teeth are usually. The pulp typically responds
positively to endodontic sensibility tests unless periodontitis has progressed towards the root
apex. Prognosis of purely periodontally affected teeth depends largely upon the amount of
bony destruction, the overall management of the patient, including non-surgical and surgical
periodontal therapy, practice of adequate oral hygiene measures and adherence to supportive
periodontal care [76, 77]. Once more, if a tooth is affected by only periodontitis which would
respond to adequate periodontal treatment alone, then it is free from any endodontic involve-
ment, and as such the so-called “primary periodontal lesion” should not form any part of a
classification of perio-endo lesions.

4.4, Primary periodontal lesions with secondary endodontic involvement

If periodontitis progresses apically along the root surface, bacterial infiltrates from the peri-
odontium may penetrate the pulp through exposed accessory and lateral canals, canaliculi
of the furcation area, and eventually the apical foramen [72]. Pulpal necrosis can also result
from periodontal procedures where the blood supply, through an accessory canal or the apex
is severed during instrumentation. Lateral canals and dentinal tubules may be exposed to the
oral environment during periodontal treatment allowing microorganism to pass freely to, or
be pushed into, the pulpal tissue space [4].

Primary periodontal lesions with secondary endodontic involvement differ from primary
endodontic lesion with secondary periodontal involvement only by the temporal sequence of
the disease processes. Regardless of the primary cause of disease, RCT should precede peri-
odontal therapy to prevent excessive removal of the protective root cementum and to alleviate
any pulpal pain [5, 9, 22]. The tooth prognosis depends on adequate endodontic therapy, ade-
quate coronal restoration and continuing periodontal care subsequent to endodontic therapy.
The sequencing of treatment for both primary endodontic with secondary periodontal lesions
and primary periodontal with secondary endodontic lesions is basically the same, so there is
not a therapeutic distinction to be drawn from the differentiation between these two types of
both periodontal and endodontic lesions affecting a tooth.

4.5. “True” combined lesions

True combined lesions occur where a primary endodontic lesion exists on a tooth that is also
affected by periodontitis. These lesions are created when an infected periodontal pocket pro-
gresses apically to join with the endodontic lesion progressing coronally. Once the endodontic
and periodontal lesions coalesce, they may be clinically and radiographically indistinguish-
able. The degree of attachment loss is usually quite substantial and the prognosis of such
lesion is often very guarded [4].

In most cases, apical healing is often evident following successful endodontic treatment. The
periodontal lesion, however, should respond well to adequate periodontal treatment and the
prognosis may well depend on the severity of the periodontitis-induced periodontal attach-
ment loss and the extent and pattern of alveolar bony destruction. The radiographic appear-
ance of combined endodontic-periodontal disease may be similar to that of a VRF [4, 78].
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4.6. Changes in the classification of perio-endo lesions

The primary endodontic lesion and the primary periodontal lesion are solely endodontic or
periodontal in origin and should not be confused as perio-endo lesions where both entities are
assumed to be associated with one another. To clarify such relationships, Abbott and Salgado
[11] proposed a classification that limits the diagnosis of perio-endo lesions to teeth that have
both endodontic and periodontal diseases occurring simultaneously. They proposed that
such teeth should be classified into:

i. Concurrent endodontic and periodontal diseases without communication: Implying that a tooth
has an infection from the root canal system and concomitant alveolar bone loss due to
periodontal disease but the periapical and periodontal lesions do not communicate with
each other.

ii. Concurrent endodontic and periodontal diseases with communication: Such a diagnosis applies
to a tooth that has an infection from the root canal system and concomitant alveolar bone
loss due to periodontal disease and the periapical and periodontal lesions communicate
with each other. Radiographically, the periapical radiolucency and the marginal peri-
odontal bone loss appear as one continuous radiolucent lesion.

Al-Fouzan [72] in their discussion on perio-endo lesions agreed largely with the classifica-
tion by Simon et al. [4] but proposed a modification to the primary endodontic lesion. They
classified an endodontic lesion with a deep narrow probing defect as “retrograde periodontal
disease”, with two subdivisions:

i. Primary endodontic lesion with drainage through the periodontal ligament: Which applies to
an infected tooth with an apical lesion that drains coronally through a sinus tract that
tracks along the periodontal ligament, mimicking a periodontal defect. There is usually
a single deep and narrow periodontal pocket which heals upon endodontic treatment
alone.

ii. Primary endodontic lesion with secondary periodontal involvement: Such lesions exhibit exten-
sive periodontal destruction as a result of drainage of infection from a necrotic root canal
system. As the chronic communication persists, plaque and calculus accumulate within
the periodontal pocket and contribute to the advancement of periodontal disease, neces-
sitating periodontal treatment.

Al-Fouzan [72] also added an additional classification termed “iatrogenic periodontal lesions”
which included: root perforation, coronal leakage, dental injuries or trauma, damage from
chemicals used in dentistry and vertical root fractures. Although such lesions are not exactly
periodontal lesions, such a classification allowed separate definition of perio-endo pathologies
associated with trauma or iatrogenic injuries to the root surface itself. This was important as
extensive damage to the root greatly diminishes a tooth’s long-term prognosis. This distinction
may aid clinicians in identifying perio-endo lesions with direct and extensive damage to the
root surface as opposed to lesions initiated by root canal infections and/or periodontal infec-
tions. Perio-endo lesions arising from root canal and/or periodontal infections are basically
inflammatory lesions initiated by a wide array of microbiota such as bacteria, viruses or fungi.



The Periodontal-Endodontic Relationship, What Do We Know?
http://dx.doi.org/10.5772/intechopen.78664

These are usually presented clinically without detectable damage to the root itself. Such lesions
are treated differently from those with significant root damage and will be discussed below.

Evidently, various opinions and controversies have emerged over the classification of perio-
endo lesions. Future research or discussion may bring about a more comprehensive classifica-
tion for such lesions that can clearly define the etiology of such pathologies and serve as a
guide to adequately treat them.

5. Treatment modalities

Combined perio-endo lesions are a challenge to manage. RCT, or at least its initiation with
mechanical and chemical cleaning of the pulp canal spaces, and effective intra-canal medica-
tion, is usually advocated as the first step in treatment of teeth with combined perio-endo
lesions presenting with increased PPD and for teeth are unresponsive to pulp sensibility test-
ing. Non-surgical periodontal therapy can proceed. Once RCT has been completed, adequate
time for healing of the endodontic lesion should be given before further advanced periodontal
therapy is considered [9]. Treatment modalities aimed at removal of bacterial irritants result
in tooth prognosis which has been shown to improve over time [47]. This section summarized
the treatment sequence for perio-endo lesions (Figure 2).

5.1. Non-surgical management

In the management of perio-endo lesions, it is important to recall that infected or necrotic
pulps may lead to a narrow sinus tract undistinguishable clinically from a periodontal pocket.
Because the primary cause of such lesions is pulpal in origin, the indicated treatment is solely
RCT followed by adequate coronal seal, with long-term follow-up and monitoring to assess
healing.

Similarly, if a vital tooth affected by solely periodontal disease develops mild pulpal symp-
toms, periodontal treatment should be the only intervention, followed by long-term follow-
up. This will allow the mild and usually reversible inflammatory reaction of the pulp (which
may transiently increase after periodontal therapy) to resolve as the vital pulp resists the
spread of inflammation from the periodontal lesion [12].

With regards to concurrent perio-endo infections, although these separate entities may not
be communicating, RCT should be carried out, or at least initiated, first to eliminate pulpal
infection and relieve pain. This may then be followed by root surface debridement. Such
a treatment sequence will allow removal of infectious source from the pulp and control of
any possible communication between the infected root canal system and the adjacent peri-
odontium. With this, even if the protective cementum layer is removed during root surface
debridement, there should be no pulpal infection that can spread towards the periodontium
through open dentinal tubules or accessory canals [11, 12]. Such a treatment philosophy is
applied to true perio-endo lesions as well, to allow the affected tooth to undergo infection
control in its entirety, sequentially and as effectively as possible [12].
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Figure 2. Flow chart summarizing treatment sequence for perio-endo lesions.
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Indeed, in any patient with periodontal disease, management should include plaque control,
non-surgical scaling and root debridement; periodontal surgery (with or with regenerative
periodontal therapies) when indicated; and subsequent supportive periodontal care (SPC)
[76, 79]. SPC should allow any teeth with pathologies, periodontal, endodontic or combined,
to be well maintained within the oral cavity in the long term.

5.2. Surgical management

Conventional non-surgical periodontal and endodontic therapy may be predictably used to
treat mild to moderate bony defects caused by perio-endo lesions. However, these non-surgical
therapies alone might be inadequate for the treatment of lesions characterized by deep pock-
ets, or wide circumferential apical defects caused by non-healing endodontic lesions, previous
endodontic surgery [80], or those with substantial root surface damage such as root fracture
of resorption. An endodontic lesion may be considered non-healing if the periapical lesion
increases in size or remains unchanged after RCT. A decision to provide alternative treatment
modalities will depend largely on the signs and symptoms experienced by the patient and
judgment of the treating clinician, as periapical lesions can take up to four years [32] or longer
[81] to heal. Surgical options for perio-endo lesions can be divided into surgical debridement,
periodontal- or root- resective, or regenerative, approaches. The extent of periodontal tissue
destruction or the failure of adequately delivered treatment to resolve the lesions, or any com-
ponent thereof, may leave tooth extraction as the only practical treatment option.

5.2.1. Root-resective therapy

Root resection is the removal of a root (or roots, or root with coronal tooth structure) along
with accompanying odontoplasty, before or preferably after endodontic treatment. Such tooth
respective modalities are advocated to treat specific non-furcation and furcation defects that
unlikely to be managed by non-surgical or surgical debridement alone [82]. The indications for
root resection include root fracture, perforation, root caries, dehiscence, fenestration, external
root resorption involving one root, incomplete endodontic treatment of a particular root, severe
periodontitis affecting only one or two roots with at least one good sized root with proper/suf-
ficient periodontal support to remain [83], or and severe grade II or grade III furcation involve-
ment of multi-rooted teeth in the treatment of which clinicians attempt to create ‘single rooted”
situations to remove affect root(s) and to facilitate oral hygiene and SPC measures [84, 85].

Factors such as occlusal forces, tooth restorability, residual periodontal support and strategic
value of the remaining root(s) should be taken into consideration during the planning stage before
treatment. Proper reshaping of the occlusal table and appropriate restoration of the clinical crown
are essential [83]. Additionally, the root surface at the site of the amputation must be recontoured
after removal of the root stump to allow reestablishment of soft and hard tissue morphology
favorable for oral hygiene measures by the patient and SPC measures by treating clinicians [86].

Hemisection is the surgical separation of a multirooted tooth. This is usually only a treatment
option for mandibular molars with severe furcation involvement and periodontal attachment
loss having affected one root more severely than the other (Figure 3). The tooth was sectioned
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Figure 3. Management of a mandibular left first molar with severe furcation involvement and periodontal attachment
loss. (A) Radiographic bone loss observable at distal root of a non-vital 36; (B) RCT was completed and 36 was hemisected
distally; (C) 36 was subsequently crowned to coronally seal the treated root canal, re-establish occlusion and prevent
further mesial drift of the second molar.

through the furcation, and the respective root and associated portion of the crown may be
removed while another moiety is retained [87]. In most instances, an elective RCT should
be performed before or as soon as possible after the hemisection to avoid any future pulpal
complications. Hemisection allows retention of natural tooth structure, especially the root,
which helps preserve surrounding alveolar bone, and may facilitate the placement of fixed
prostheses [87].

The restorative aspects of the tooth to be so treated must be carefully assessed and integrated
into the anticipated surgical procedure to ensure proper positioning of restorative margins
relative to the osseous crest, and also to manage the anticipated changes in occlusal relation-
ships and masticatory forces. In certain occasions, splinting of a resected tooth to neighbor-
ing teeth or the use of such teeth as abutments for fixed partial dentures may confer some
reinforcement towards its long-term survival [83]. Although factors such as older age at
time of resection, grade II mobility or above, and reduced pre-operative radiographic bone
heights around roots seem to reduce the survival of resected teeth, the major cause of failure
of resective procedures is often due to endodontic failure or vertical root fractures [88]. This is
especially true if periodontal treatment had been properly carried out and the patient adheres
to strict SPC [83, 88]. In most situations, the residual periodontal support of the treated tooth
dictates the prognosis of the tooth. However, teeth with reduced periodontal support may
still be maintained if proper SPC is provided [76, 89].

5.2.2. Regenerative therapy

Regenerative therapy has been shown to yield greater attachment gain and re-establish more
favorable tissue morphology for oral hygiene measures compared to conventional periodontal
therapy [90]. Pre-surgical assessment includes assessment of the pulp status and the severity
of periodontal destruction. Once the therapeutic prognosis for the periodontal regenerative
procedure is determined to be favorable, endodontic therapy is provided and the endodontic
lesion is allowed to heal. Unsatisfactory healing after RCT might be further addressed with a
surgical endodontic therapy approach (apicectomy) [78]. After a successful RCT, tooth mobil-
ity is reassessed to determine the necessity for splinting, as tooth mobility may reduce the
success of regenerative therapy [91]. The intrasurgical assessment includes morphology of the
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Figure 4. Periodontal surgical management of an upper left first molar with a root fracture. (A) Radiograph of root
treated 26 with suspected mesio-buccal root fracture; (B) intra-operative view of 26 confirming initial diagnosis;
(C) 26 MB root was resected and the defect regenerated with xenograft and a collagen barrier membrane.
Radiograph taken at 6 months post treatment.

periodontal defect, material of choice to manage the defect, control of patient’s oral hygiene,
wound and tooth stabilization [78]. The defect, patient, and surgery-specific factors associated
with favorable periodontal regeneration are [80]:

i. Defect considerations: Deep (24 mm), narrow (<45 degrees), vertical, two to three wall
defects with no/minimal furcation involvement, adequate soft tissue thickness (>1.1 mm)
and keratinization (2 mm).

ii. Patient considerations: Good oral hygiene, compliance towards periodontal care, absti-
nence from smoking/non-smoking and good systematic health/properly controlled sys-
temic conditions.

iii. Surgical considerations: Atraumatic incisions and flap elevation, primary closure, passive
wound tension, uncontaminated wound during surgery (and post-surgical healing) and
no occlusal trauma

In perio-endo lesions, regenerative periodontal therapies, such as use of biologically active
products or guided tissue regeneration (GTR), may be used to promote periodontal regenera-
tion and crestal intra-osseous defect bone-fill after endodontic treatment. In GTR, a barrier
membrane is used to prevent contact of connective tissue with the osseous walls of an intra-
osseous defect, to protect the underlying blood clot and to encourage growth of key tissues,
while excluding unwanted cells such as epithelial cells [80]. When the intra-osseous defect is
large, bone substitutes may be placed in the defect to support the overlying membrane and to
maintain a space in which healing may occur [80]. Sometimes both root-resective and regen-
erative treatment may be carried out simultaneously to retain a tooth in function. Figure 4
shows treatment of an upper first molar with a root fracture.

6. Summary

An in-depth understanding of the biology underlying perio-endo inter-relationships guides
a clinician in diagnosing and subsequently deriving a sensible and timely treatment plan.
Conventional endodontic and periodontal therapy have been shown to be successful in
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managing such lesions [47] with endodontic therapy, or at least its initiation, being the first line
of treatment in most cases [9]. The use of regenerative approaches to manage perio-endo lesions
has advantages especially in terms of enhanced attachment gain and better long-term outcome
of treated teeth. Various other treatment modalities for managing the periodontal component
of perio-endo lesions, such as the application of enamel matrix derivatives [92] or platelet-rich
fibrins [93] may offer good results. However, more research is warranted in this field with hope
that retention of perio-endo involved teeth may become more predictable in the near future.

Acknowledgements

The work described in this chapter was substantially supported by the Young Researcher’s
Incentive Grants (GGPM-2016-062 and GGPM-2017-109), The National University of Malaysia,
and the Research Grants Council of the Hong Kong Special Administrative Region, China
(HKU 772110 M).

Contflict of interest

The authors declare no conflict of interest.

Author details

Kai Ling Siew?, Victor Goh'? Chui Ling Goo?, Esmonde Francis Corbet! and
Wai Keung Leung'*

*Address all correspondence to: ewkleung@hku.hk
1 Faculty of Dentistry, The University of Hong Kong, Hong Kong SAR, China

2 Faculty of Dentistry, The National University of Malaysia, Malaysia

References

[1] Offenbacher S, Barros SP, Singer RE, Moss K, Williams RC, Beck JD. Periodontal disease
at the biofilm—gingival interface. Journal of Periodontology. 2007;78(10):1911-1925

[2] Ricucci D, Siqueira Jr JF. Biofilms and apical periodontitis: Study of prevalence and
association with clinical and histopathologic findings. Journal of Endodontics. 2010;36(8):
1277-1288

[3] Ricucci D, Siqueira Jr JF. Fate of the tissue in lateral canals and apical ramifications in
response to pathologic conditions and treatment procedures. Journal of Endodontics.
2010;36(1):1-15



(9]

[10]
[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

(19]

The Periodontal-Endodontic Relationship, What Do We Know?
http://dx.doi.org/10.5772/intechopen.78664

Simon JH, Glick DH, Frank AL. The relationship of endodontic-periodontic lesions.
Journal of Periodontology. 1972;43(4):202-208

Chen SY, Wang HL, Glickman GN. The influence of endodontic treatment upon peri-
odontal wound healing. Journal of Clinical Periodontology. 1997,24(7):449-456

Parahitiyawa NB, Chu FC, Leung WK, Yam WC, Jin L], Samaranayake LP. Clonality of
bacterial consortia in root canals and subjacent gingival crevices. Journal of Investigative
and Clinical Dentistry. 2015;6(1):32-39

Jansson L, Ehnevid H, Lindskog S, Blomlof L. The influence of endodontic infection on
progression of marginal bone loss in periodontitis. Journal of Clinical Periodontology.
1995;22(10):729-734

Ehnevid H, Jansson L, Lindskog S, Blomlof L. Periodontal healing in teeth with periapi-
cal lesions. A clinical retrospective study. Journal of Clinical Periodontology. 1993;20(4):
254-258

Schmidt JC, Walter C, Amato M, Weiger R. Treatment of periodontal-endodontic lesions —
A systematic review. Journal of Clinical Periodontology. 2014;41(8):779-790

Hiatt WH. Pulpal periodontal disease. Journal of Periodontology. 1977;48(9):598-609

Abbott PV, Salgado JC. Strategies for the endodontic management of concurrent end-
odontic and periodontal diseases. Australian Dental Journal. 2009;54(Suppl 1):570-585

Heasman PA. An endodontic conundrum: The association between pulpal infection and
periodontal disease. British Dental Journal. 2014;216(6):275-279

Seltzer S, Bender IB, Ziontz M. The interrelationship of pulp and periodontal disease.
Oral Surgery, Oral Medicine, and Oral Pathology. 1963;16:1474-1490

Langeland K, Rodrigues H, Dowden W. Periodontal disease, bacteria, and pulpal histo-
pathology. Oral Surgery, Oral Medicine, and Oral Pathology. 1974;37(2):257-270

Wan L, Lu HB, Xuan DY, Yan YX, Zhang JC. Histological changes within dental pulps in
teeth with moderate-to-severe chronic periodontitis. International Endodontic Journal.
2015;48(1):95-102

Goh V, Corbet EF, Leung WK. Impact of dentine hypersensitivity on oral health-related
quality of life in individuals receiving supportive periodontal care. Journal of Clinical
Periodontology. 2016,43(7):595-602

Jeffcoat MK, Jeffcoat RL, Jens SC, Captain K. A new periodontal probe with automated
cemento-enamel junction detection. Journal of Clinical Periodontology. 1986;13(4):276-280

Adriaens PA, Edwards CA, De Boever JA, Loesche W]J. Ultrastructural observations on
bacterial invasion in cementum and radicular dentin of periodontally diseased human
teeth. Journal of Periodontology. 1988;59(8):493-503

Herbranson E. The anatomy of the root canal system as a challenge to effective disinfec-
tion. In: Cohenca N, editor. Disinfection of Root Canal Systems. John Wiley & Sons, Inc.
Ames, IA, USA; 2014. pp. 15-28

247



248  Periodontology and Dental Implantology

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

Graunaite I, Lodiene G, Maciulskiene V. Pathogenesis of apical periodontitis: A litera-
ture review. Journal of Oral and Maxillofacial Research. 2012;2(4):el

Gutmann JL. Prevalence, location, and patency of accessory canals in the furcation
region of permanent molars. Journal of Periodontology. 1978;49(1):21-26

Dongari A, Lambrianidis T. Periodontally derived pulpal lesions. Endodontics and
Dental Traumatology. 1988;4(2):49-54

De Deus QD. Frequency, location, and direction of the lateral, secondary, and accessory
canals. Journal of Endodontics. 1975;1(11):361-366

Shambarger S, Johnson D, Versulius-Tantbirojin D, Bowles WR, McClanahan SB. The
incidence of furcation region patency in molars before and after simulated periodontal
therapy. Northwest Dentistry. 2015;94(2):27-32

Bergenholtz G, Lindhe ]. Effect of soluble plaque factors on inflammatory reactions in
the dental pulp. Scandinavian Journal of Dental Research. 1975;83(3):153-158

Bergenholtz G, Reit C. Reactions of the dental pulp to microbial provocation of calcium
hydroxide treated dentin. Scandinavian Journal of Dental Research. 1980;88(3):187-192

Siqueira Jr JF, Rogas IN. Diversity of endodontic microbiota revisted. Journal of Dental
Research. 2009;88(11):969-981

Rotstein I. Interaction between endodontics and periodontics. Periodontology 2000.
2017;74(1):11-39

Paster BJ, Olsen I, Aas JA, Dewhirst FE. The breadth of bacterial diversity in the human
periodontal pocket and other oral sites. Periodontology 2000. 2006;42(1):80-87

Wade WG. The oral microbiome in health and disease. Pharmacological Research. 2013;
69(1):137-143

Tabassum S, Khan FR. Failure of endodontic treatment: The usual suspects. European
Journal of Dentistry. 2016,10(1):144-147

Quality guidelines for endodontic treatment. Consensus report of the european society
of endodontology. International Endodontic Journal. 2006;39(12):921-930

Albandar JM, Buischi YA, Axelsson P. Caries lesions and dental restorations as predis-
posing factors in the progression of periodontal diseases in adolescents. A 3-year longi-
tudinal study. Journal of Periodontology. 1995;66(4):249-254

Lang NP, Kiel RA, Anderhalden K. Clinical and microbiological effects of subgingival
restorations with overhanging or clinically perfect margins. Journal of Clinical Periodon-
tology. 1983;10(6):563-578

Gillen BM, Looney SW, Gu LS, Loushine BA, Weller RN, Loushine R], et al. Impact of
the quality of coronal restoration versus the quality of root canal fillings on success of
root canal treatment: A systematic review and meta-analysis. Journal of Endodontics.
2011;37(7):895-902



[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

The Periodontal-Endodontic Relationship, What Do We Know?
http://dx.doi.org/10.5772/intechopen.78664

Ray HA, Trope M. Periapical status of endodontically treated teeth in relation to the
technical quality of the root filling and the coronal restoration. International Endodontic
Journal. 1995;28(1):12-18

American Association of Endodontists. Glossary of Endodontic Terms. 9th ed. Chicago:
AAE; 2015

Tsesis I, Rosen E, Schwartz-Arad D, Fuss Z. Retrospective evaluation of surgical end-
odontic treatment: Traditional versus modern technique. Journal of Endodontics. 2006;
32(5):412-416

Kvinnsland I, Oswald R], Halse A, Gronningsaeter AG. A clinical and roentgenological
study of 55 cases of root perforation. International Endodontic Journal. 1989;22(2):75-84

Siew K, Lee AH, Cheung GS. Treatment outcome of repaired root perforation: A system-
atic review and meta-analysis. Journal of Endodontics. 2015;41(11):1795-1804

Torabinejad M, Parirokh M, Dummer PMH. Mineral trioxide aggregate and other bioac-
tive endodontic cements: An updated overview — Part ii: Other clinical applications and
complications. International Endodontic Journal. 2018;51(3):284-317

Economides N, Pantelidou O, Kokkas A, Tziafas D. Short-term periradicular tissue
response to mineral trioxide aggregate (mta) as root-end filling material. International
Endodontic Journal. 2003;36(1):44-48

Torabinejad M, Parirokh M. Mineral trioxide aggregate: A comprehensive literature
review — Part ii: Leakage and biocompatibility investigations. Journal of Endodontics.
2010;36(2):190-202

Torabinejad M, Watson TF, Pitt Ford TR. Sealing ability of a mineral trioxide aggregate
when used as a root end filling material. Journal of Endodontics. 1993;19(12):591-595

Parirokh M, Torabinejad M. Mineral trioxide aggregate: A comprehensive literature
review — Part iii: Clinical applications, drawbacks, and mechanism of action. Journal of
Endodontics. 2010;36(3):400-413

Kogon SL. The prevalence, location and conformation of palato-radicular grooves in
maxillary incisors. Journal of Periodontology. 1986,57(4):231-234

Cho YD, Lee JE, Chung Y, Lee WC, Seol Y], Lee YM, et al. Collaborative management of
combined periodontal-endodontic lesions with a palatogingival groove: A case series.
Journal of Endodontics. 2017;43(2):332-337

Xie C, Wang L, Yang P, Ge S. Cemental tears: A report of four cases and literature review.
Oral Health and Preventive Dentistry. 2017;15(4):337-345

Matthews DC, Tabesh M. Detection of localized tooth-related factors that predispose to
periodontal infections. Periodontology 2000. 2004;34:136-150

Hou GL, Tsai CC. Relationship between periodontal furcation involvement and molar
cervical enamel projections. Journal of Periodontology. 1987,58(10):715-721

249



250 Periodontology and Dental Implantology

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

Moskow BS, Canut PM. Studies on root enamel (2). Enamel pearls. A review of their
morphology, localization, nomenclature, occurrence, classification, histogenesis and inci-
dence. Journal of Clinical Periodontology. 1990;17(5):275-281

Arana-Chavez VE, Bradaschia-Correa V. Clastic cells: Mineralized tissue resorption in
health and disease. The International Journal of Biochemistry and Cell Biology. 2009;
41(3):446-450

Andreasen FM, Pedersen BV. Prognosis of luxated permanent teeth — The development
of pulp necrosis. Endodontics and Dental Traumatology. 1985;1(6):207-220

Andreasen FM, Sewerin I, Mandel U, Andreasen JO. Radiographic assessment of simu-
lated root resorption cavities. Endodontics and Dental Traumatology. 1987;3(1):21-27

Mahajan AC, Kolte AP, Kolte RA, Agrawal AA. Dimensional evaluation of root resorp-
tion areas in differing severity of chronic periodontitis: A scanning electron microscopic
study. Contemporary Clinical Dentistry. 2017;8(3):433-438

Beertsen W, Piscaer M, Van Winkelhoff AJ, Everts V. Generalized cervical root resorp-
tion associated with periodontal disease. Journal of Clinical Periodontology. 2001;28(11):
1067-1073

Barnett F. The role of endodontics in the treatment of luxated permanent teeth. Dental
Traumatology. 2002;18(2):47-56

Moule AJ, Moule CA. The endodontic management of traumatized permanent anterior
teeth: A review. Australian Dental Journal. 2007;52:5122-S537

Heithersay GS. Clinical, radiologic, and histopathologic features of invasive cervical
resorption. Quintessence International. 1999;30(1):27-37

Heithersay GS. Invasive cervical resorption: An analysis of potential predisposing fac-
tors. Quintessence International. 1999;30(2):83-95

Heithersay GS. Invasive cervical resorption following trauma. Australian Endodontic
Journal. 1999;25(2):79-85

Vaz de Souza D, Schirru E, Mannocci F, Foschi F, Patel S. External cervical resorption:
A comparison of the diagnostic efficacy using 2 different cone-beam computed tomo-
graphic units and periapical radiographs. Journal of Endodontics. 2017;43(1):121-125

Patel S, Dawood A. The use of cone beam computed tomography in the management of
external cervical resorption lesions. International Endodontic Journal. 2007;40(9):730-737

Gunst V, Mavridou A, Huybrechts B, Van Gorp G, Bergmans L, Lambrechts P. External
cervical resorption: An analysis using cone beam and microfocus computed tomography
and scanning electron microscopy. International Endodontic Journal. 2013;46(9):877-887

Talwar S, Utneja S, Nawal RR, Kaushik A, Srivastava D, Oberoy SS. Role of cone-beam
computed tomography in diagnosis of vertical root fractures: A systematic review and
meta-analysis. Journal of Endodontics. 2016;42(1):12-24



[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

The Periodontal-Endodontic Relationship, What Do We Know?
http://dx.doi.org/10.5772/intechopen.78664

Heithersay GS. Treatment of invasive cervical resorption: An analysis of results using
topical application of trichloracetic acid, curettage, and restoration. Quintessence Inter-
national. 1999;30(2):96-110

Liao WC, Tsai YL, Wang CY, Chang MC, Huang WL, Lin HJ, et al. Clinical and radio-
graphic characteristics of vertical root fractures in endodontically and nonendodonti-
cally treated teeth. Journal of Endodontics. 2017;43(5):687-693

Tamse A, Fuss Z, Lustig J, Kaplavi J. An evaluation of endodontically treated vertically
fractured teeth. Journal of Endodontics. 1999;25(7):506-508

Meister Jr F, Lommel TJ, Gerstein H. Diagnosis and possible causes of vertical root frac-
tures. Oral Surgery, Oral Medicine, and Oral Pathology. 1980;49(3):243-253

Testori T, Badino M, Castagnola M. Vertical root fractures in endodontically treated
teeth: A clinical survey of 36 cases. Journal of Endodontics. 1993;19(2):87-91

Tamse A, Fuss Z, Lustig J, Ganor Y, Kaffe I. Radiographic features of vertically frac-
tured, endodontically treated maxillary premolars. Oral Surgery, Oral Medicine, Oral
Pathology, Oral Radiology, and Endodontics. 1999;88(3):348-352

Al-Fouzan KS. A new classification of endodontic-periodontal lesions. International
Journal of Dentistry. 2014;2014:919173

Benenati FW, Roane JB, Waldrop TC. The perio-pulpal connection: An analysis of the
periodontic-endodontic lesion. General Dentistry. 1981;29(6):515-520

Guldener PH. The relationship between periodontal and pulpal disease. International
Endodontic Journal. 1985;18(1):41-54

Armitage GC. Periodontal diagnoses and classification of periodontal diseases. Peri-
odontology 2000. 2004;34:9-21

Goh V, Hackmack PP, Corbet EF, Leung WK. Moderate- to long-term periodontal out-
comes of subjects failing to complete a course of periodontal therapy. Australian Dental
Journal. 2017;62(2):152-160

Leung WK, Ng DK, Jin L, Corbet EF. Tooth loss in treated periodontitis patients responsi-
ble for their supportive care arrangements. Journal of Clinical Periodontology. 2006;33(4):
265-275

Oh SL, Fouad AF, Park SH. Treatment strategy for guided tissue regeneration in com-
bined endodontic-periodontal lesions: Case report and review. Journal of Endodontics.
2009;35(10):1331-1336

Goh V, Nihalani D, Yeung KWS, Corbet EF, Leung WK. Moderate- to long-term thera-
peutic outcomes of treated aggressive periodontitis patients without regular supportive
care. Journal of Periodontal Research. 2018;53(3):324-333

Bashutski JD, Wang HL. Periodontal and endodontic regeneration. Journal of Endo-
dontics. 2009;35(3):321-328

251



252

Periodontology and Dental Implantology

[81]

(82]

[83]

[84]

(85]

[86]

(87]

(88]

(89]

[90]

[91]

[92]

[93]

Molven O, Halse A, Fristad I, MacDonald-Jankowski D. Periapical changes following
root-canal treatment observed 20-27 years postoperatively. International Endodontic
Journal. 2002;35(9):784-790

DeSanctis M, Murphy KG. The role of resective periodontal surgery in the treatment of
furcation defects. Periodontology 2000. 2000;22:154-168

Lee KL, Corbet EF, Leung WK. Survival of molar teeth after resective periodontal ther-
apy — A retrospective study. Journal of Clinical Periodontology. 2012;39(9):850-860

Svardstrom G, Wennstrom JL. Periodontal treatment decisions for molars: An analysis of
influencing factors and long-term outcome. Journal of Periodontology. 2000;71(4):579-585

Walter C, Weiger R, Zitzmann NU. Periodontal surgery in furcation-involved maxillary
molars revisited — An introduction of guidelines for comprehensive treatment. Clinical
Oral Investigations. 2011;15(1):9-20

Carnevale G, Pontoriero R, di Febo G. Long-term effects of root-resective therapy in fur-
cation-involved molars. A 10-year longitudinal study. Journal of Clinical Periodontology.
1998;25(3):209-214

Sharma S, Sharma R, Ahad A, Gupta ND, Mishra SK. Hemisection as a conservative
management of grossly carious permanent mandibular first molar. Journal of Natural
Science, Biology, and Medicine. 2018;9(1):97-99

Huynh-Ba G, Kuonen P, Hofer D, Schmid ], Lang NP, Salvi GE. The effect of periodon-
tal therapy on the survival rate and incidence of complications of multirooted teeth
with furcation involvement after an observation period of at least 5 years: A systematic
review. Journal of Clinical Periodontology. 2009;36(2):164-176

Graetz C, Dorfer CE, Kahl M, Kocher T, Fawzy El-Sayed K, Wiebe JF, et al. Retention of
questionable and hopeless teeth in compliant patients treated for aggressive periodonti-
tis. Journal of Clinical Periodontology. 2011;38(8):707-714

Jepsen S, Eberhard ], Herrera D, Needleman I. A systematic review of guided tissue
regeneration for periodontal furcation defects. What is the effect of guided tissue regen-
eration compared with surgical debridement in the treatment of furcation defects?
Journal of Clinical Periodontology. 2002;29(Suppl 3):103-116 (discussion 60-2)

Cortellini P, Tonetti MS, Lang NP, Suvan JE, Zucchelli G, Vangsted T, et al. The simplified
papilla preservation flap in the regenerative treatment of deep intrabony defects: Clinical
outcomes and postoperative morbidity. Journal of Periodontology. 2001;72(12):1702-1712

Azaripour A, Willershausen I, Kammerer P, Willershausen B. Post-endodontic treat-
ment periodontal surgery: A case report. Quintessence International. 2013;44(2):123-126

Karunakaran JV, Fenn SM, Jayaprakash N, Ragavendran N. Successful surgical manage-
ment of palatogingival groove using platelet-rich fibrin and guided tissue regeneration:
Anovel approach. Journal of Pharmacy and Bioallied Sciences. 2017;9(Suppl 1):5268-5273



Section 7

Management of Periodontal Disease Patients
with Special Needs







Chapter 14

Periodontal Diseases in Patients with Special Health
Care Needs

Monica Fernandes Gomes,
Andrea Carvalho De Marco,
Lilian Chrystiane Giannasi and
Miguel Angel Castillo Salgado

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.78348

Abstract

A wide variation of people with an impairment or disability requires a “special care den-
tistry” once their general manifestations directly act in the oral cavity. This target public
is inserted into the following categories: neuromotor disability, sensory disability, mental
disorder, infecto-contagious diseases, chronic systemic diseases, and systemic condi-
tions. Among the several oral illnesses found in these groups, periodontal diseases have
been the most frequent, becoming a major challenge for the dental practitioners. Thus,
we described the microbiological, histopathological, and clinical features of periodontal
diseases in each “special health care needs” group. Advances in “Omic” technologies
have suggested the application of molecular biology methods to assess the genomics
(genes), proteomics (proteins), transcriptomics (mMRNA), and metabolomics (metabolites)
aspects of periodontal diseases. These researches aim to promote a better understanding
of the mechanisms involved in the pathogenesis and in the identification of new bio-
markers of periodontal diseases that help in diagnosis of periodontal diseases and in tis-
sue responses after treatments of gingivitis and periodontitis. As an alternative therapy,
some bioactive materials and photobiomodulation may be indicated once they strongly
stimulate the periodontal tissue regeneration, attenuate the inflammatory processes, and/
or promote the reconstruction of the microstructure of the periodontium.

Keywords: periodontal diseases, special health care needs, “Omic” technologies,
bioactive materials, photobiomodulation
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1. Introduction

The World Health Organization (WHO) estimates that there are more than one billion people in
the world living with some form of impairment or disability, of whom nearly 200 million have
considerable difficulties in functioning [1]. There is a growing proportion of people with disabili-
ties worldwide, and these are vulnerable groups in both developed and developing countries.

Currently, the National Organization on Disability (NOD), a private and nonprofit organiza-
tion, estimates that 54 million children and adults in the United States have one or more dis-
abilities, with 35 million Americans being severely disabled [2—4]. The proportion of children
with disabilities is estimated to be 12.5 million or around 18% [3-5]. According to the estimated
data by National Health and National Health and Nutrition Examination Survey (NHANES),
46% of adults in the United States have periodontitis, and 8.9% have severe periodontitis [6].

The geopolitical and social plurality of states and regions in Brazil have shown the emerging
need for effective public policies to meet the specific needs of this diversity. According to the
Brazilian Institute of Geography and Statistics, 45.6 million Brazilian citizens (equivalent to 23.9%
of the population) have some type of neuropsychomotor impairment as physical, sensory —
visual and auditory —and intellectual disabilities. Among these, 17.7 million people (6.7% of
the population) have severe disability. The majority of this target public is found in urban
areas and is aged between 15 and 64 years; further, the northeastern areas have a higher num-
ber of cities with at least one person with disability [7]. Hence, oral health care needs should
be emphasized mainly for this target public due to high susceptibility to infection risks and
great vulnerability to develop illnesses. Mental disorders associated or not with disabilities
must also be considered in these individuals. In this condition, the familiar influence shall be
taken into account for these groups once their human development directly depends on the
good relationship among them.

Regarding children with developmental disorders, especially the autism spectrum disorder
(ASD), attention-deficit/hyperactivity disorder (AD/HD), or specific learning disorder (LD),
the field of “special care dentistry” is rapidly gaining recognition as a necessary service
once they require oral health care needs at all times [8]. According to American Psychiatric
Association (APA) [9], these disorders have relatively been growing due to the increase in
birth rates and life expectancy of these individuals. Another relevant factor would be the
ability or difficulty to perform their self-care, in particular, in the mouth, resulting in a nega-
tive impact of precarious oral conditions. The main oral signs and symptoms found in this
target public include poor oral hygiene, dental caries, and severity of periodontal diseases
(PD). High incidence of dental hypoplasia, traumatic lesion (factitious, iatrogenic, and acci-
dental), drug-induced gingival overgrowth, dental malocclusion, and tooth missing are also
evidenced [8, 10]. It is important to highlight that the large dental loss of intact teeth is caused
by the destruction of the collagen fibers of the periodontal ligament (PDL) and severe resorp-
tion of alveolar bone tissue from the persistent supra and subgingival and periopathogenic
microbiota, recognized as periodontal disease [11]. Therefore, this disease is one of the most
common oral chronic infections in people with special health care needs (SHCN), becoming
an important dental public health problem.
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Based on combined data from the literature and our scientific experiences, we discussed the
microbiological, histopathological, and clinical features of PD in each “special care needs”
group. Furthermore, we reported some advances in “Omic” technologies which are molecular
biology methods used to assess the genomics (genes), proteomics (proteins), transcriptomics
(mRNA), and metabolomics (metabolites) aspects of PD. These methods promote a better
understanding of the mechanisms involved in the etiopathogenesis and in the identification of
new biomarkers of PD that help in the diagnosis of PD and in tissue responses after treatments
of gingivitis and periodontitis. In addition, alternative therapies to PD in patients with SHCN
were recommended in order to aggregate new scientific knowledge, some of them being inves-
tigated at the Center of Biosciences Applied to Persons with Special Care Needs (CEBAPE) of
the Institute of Science and Technology of the Sao Paulo State University (UNESP).

2. Special Health Care Needs (SHCN) in dentistry

The field of “special care dentistry” is rapidly gaining recognition as a service that should
be provided to persons with physical, mental, or intellectual disabilities by general physi-
cians, pediatric physicians, geriatric physicians, dental practitioners, and dental hygienists.
Considering the limited opening of the oral cavity and the great difficulty of clinical procedure
handling, the special needs patients may be treated under applying of psychological, physical,
or pharmacological techniques in order to control their behavior and the voluntary or invol-
untary body movements. These patients may be affected by several comorbid physical ill-
nesses including diabetes mellitus, cardiovascular diseases, respiratory illnesses as aspiration
pneumonia, sleep disturbance as obstructive sleep apnea, malignant neoplasms, and so on.

Extrinsic and intrinsic factors may corroborate to the installation and perpetuation of PD, as
well as increase the susceptibility to supra and subgingival periopathogens in these individu-
als, even after oral hygiene promotion and/or intensive conventional mechanical treatment,
combined or not with a supportive therapy. Concerning the main extrinsic factors, previous
studies have considered oral mucositis-inducing chemotherapy drugs, saliva flow-reducing
medications, respiratory disturbances as mouth breathing leading to oral hyperventilation
and, as a consequence, dry mouth, motor deficit, cognitive impairment, learning difficulty
and disability, crowded teeth, and inappropriate diet. The intrinsic factors include immune
response deficiency, a high amount of periopathogens, sleep disorders such as obstructive
sleep apnea, dysfunction of the oropharyngeal muscles resulting in severe dysphagia, and the
risk of occurrence for aspiration pneumonia. Previous studies confirm the presence of respira-
tory pathogens in the oral cavity which may be aspirated into the lung alveoli due to severe
dysphagia, developing aspiration pneumonia [12, 13]. This comorbidity may negatively
influence the oral health homeostasis, aggravating the preexistent inflammatory processes,
in particular, the PD.

Current researches confirm that the therapy applying neuromuscular electrical stimulation
on the masticatory muscles was effective in adults with cerebral palsy. This biostimulating
effect also reflected in the electrical activity of the oropharyngeal muscles, favoring their func-
tional performance; then, a positive effect on the apnea and hypopnea index was found. These
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episode cascades reduced the number of pathological respiratory events, promoting improve-
ments in the quality of life for these patients [12-14].

Regarding the oral health status of these populations, the main oral manifestations are dental
caries, dental hypoplasia, dental agenesis, orofacial traumas, drug-induced gingival over-
growth, and, in particular, PD [8]. Recent studies have shown that the presence of periodon-
topathic microbiota at the oral biofilm and/or spread throughout the saliva may explain the
higher susceptibility to PD in this target public [15, 16].

According to the Joint Advisory Committee for Special Care Dentistry (JACSD), “special
care dentistry” provides oral services for people with an impairment or disability including
physical, sensory, intellectual, mental, medical, social, or a combination of one or more of
these [17]. Several conditions, disorders, and/or disabilities lead these patients to the need
of specialized oral assistance. In Brazil, the Federal Council of Dentistry has recognized the
specialty of Dentistry for Patients with Special Health Care Needs as a dental service which
has been assisting people with simple or complex disabilities, of acute or chronic nature, and
temporary or permanent conditions or disorders. This target public is inserted into the follow-
ing categories: neuromotor disability (1), sensory disability (2), mental disorder (3), infecto-
contagious diseases (4), chronic systemic diseases (5), and systemic conditions (6).

The neuromotor disorders (1) include people with physical and intellectual disabilities which are
from an unknown, environmental, and a genetic origin. These disorders consist of cerebral palsy,
cerebrovascular disturbances (e.g., ischemic and hemorrhagic cerebral strokes), spinal cord
injury, myelomeningocele, infectious disease (e.g., poliomyelitis or infantile paralysis), autoim-
mune diseases (e.g., myasthenia gravis and multiple sclerosis), muscular dystrophy resulting in
muscle weakness and cellular degeneration, metabolic bone diseases (e.g., rachitis or osteoma-
lacia caused by genetic, nutritional and/or hormonal abnormalities affecting bone growth and
remodeling), and bone genetic disorder (e.g., dysostosis, osteopetrosis and imperfect osteogen-
esis). The congenital and acquired abnormalities, resulting in craniomaxillofacial deformities,
complex malformations, and syndromes are also included in the neuromotor disorders. It is
important to emphasize that the intellectual disabilities may be associated with these conditions.

The sensory disorders (2) include the hearing and visual disabilities, generating immediate harm-
ful effects as depression, isolation, dementia, and decrease of quality of life [18]. The severity of
these impairments may result in the disruption of interpersonal relations and decrease of self-
sufficiency in daily living activities, both of which are critical to the well-being of a person [19].
Hearing disability, with its resultant difficulties in communication function, pervades multiple
domains of function in the individuals, decreasing activity, increasing depressive symptoms,
and confounding assessment of cognitive ability. Although it is not curable, this impairment is
often remediable with appropriate audiologic evaluation and the prescription of amplification
devices. Visual disability also affects multiple domains of function, limiting the individuals’
ability and increasing the risk of falls, fractures, and morbidity. In order to attenuate the conse-
quences of visual disability, the cause must be identified to obtain an effective treatment [20].

Conforming to the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders
(DSM-5) published by the American Psychiatric Association (APA) under coordination of
the Division of Mental Health of the World Health Organization (WHO) and the National
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Institute of Mental Health (NIMH), a mental disorder (3) is a syndrome characterized by clini-
cally significant disturbances in an individual’s cognition, emotion regulation, or behavior
which reflects a dysfunction in psychological, biological, or developmental processes under-
lying mental functioning [9]. Thus, mental disorders are usually associated with significant
distress or disability in social, occupational, or other important activities. An expectable or
culturally approved response to a common stressor or loss (e.g., the death of a loved one) is
not considered a mental disorder [9]. For a better elucidation, the new North American clas-
sification of mental disorders is briefly mentioned in Figure 1.

Among the different groups of psychopathologies, it is worth mentioning the neurodevelopmen-
tal disorders which include intellectual disabilities (mild, moderate, and severe levels), autism
spectrum disorder (ASD), attention deficit and hyperactivity disorder (ADHD), communication
disorders (speech and language impairments), specific learning disorder, motor disorders (e.g.,
stereotyped movement disorder and tic disorders), and so on [9]. Children with neurodevelop-
mental disorders may experience difficulties with language and speech, motor skills, behavior,
memory, learning, or other neurological functions [14]. While the symptoms and behaviors of
neurodevelopmental disabilities often change or evolve as a child grows older, some disabilities
are permanent. Diagnosis and treatment of these disorders may be difficult, frequently involving
a combination of professional therapy, pharmaceuticals, and home- and school-based programs.

Considering the most common mental disorders including dementia, depression, generalized
anxiety disorder, panic disorder, obsessive-compulsive disorder, posttraumatic stress, and
phobias, the psychiatric patients have presented high susceptibility to PD. These illnesses
have been caused by a set of processes such as the presence of oral microbial biofilm due
to poor oral hygiene, psychotropic medication-induced dry mouth, and gingival hyperpla-
sia [15, 21]. Mental health clinicians should also be aware of the oral consequences of pre-
scribed medications, especially the antipsychotic drugs [15]. About this, the depression may
dysregulate regulatory mechanisms within the brain involved in immune regulation, alter
the immune system responses, and thereby influence the development and progression of
infections and inflammatory diseases, including periodontitis [22]. As a support therapy,
antidepressant drugs, such as fluoxetine, tianeptine (selective serotonin reuptake inhibitor),
and venlafaxine (serotonin-norepinephrine reuptake inhibitor) are used; however, the side
effects could affect the periodontal tissue health [23]. Current studies using animal models
showed that the fluoxetine reduced the alveolar bone loss due to suppression of inflamma-
tory response and protection against periodontal bone resorption and collagen fibers destruc-
tion of the periodontal ligament (PDL), while the tianeptine influenced the immune system,
enhancing the plasma concentrations of pro-inflammatory and T regulatory cytokines and
interleukins in response to the gram-negative bacterial lipopolysaccharide (LPS) antigen. As
a consequence of these processes, there is an inhibition of the periodontal disease progression
[24, 25]. On the other hand, the venlafaxine influenced the increase of alveolar bone loss, most
likely due to its anti-inflammatory and immunoregulatory effects on the periodontitis once it
is considered an inflammatory disorder and an immunologically compromised disease [22].

Therefore, an increased focus on the physical health of psychiatric patients should encom-
pass oral health including closer collaboration between the dental practitioners and clini-
cians. Possible interventions must include the following approaches: to apply the best
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1. Newrodevelopmental  Disorders:  dizablities
associated primarily with the functioning of the
raurological system and brain (&.g. Autism Spactrum

12,

CATEGORIES OF MENTAL DISORDERS

Sleep-Wake Disorders: insomnia, hypersomnia, and
arcusal disordar

psychological illness that causes severe changes in
mood, energy, behavior and thoughts. People wha
suffer from this disease oscillate between periods of
depression and periods of exacerbated mood and
euphoria.

4. Depressive Disorders (i.e. charactenzed by sadness
severe enough or persistent encugh to interfere with
function and often by decreased interest or pleasure
in activites)

15,

Disarder).
2 §FMMHH Spectrum and Other Psychotic 13. Sexual Dystunction
3. Bipolar and Other Related Disorders: a 14, Paraphilic Disorders (i.e. feel personal dislress about

their interast, not mere'y dstress resulting from society's
disapproval; or have a sexual desire or behavior that
involves another person's psychological distress. injury,
or death, or & desire for sesusl behaviors imvolving
unwiling persOns of persons unable Lo give legal
consent).

Gender Dysphoria (i.e. very dscombon wilh the gender
identity and, as a consequence, non-acceptance with the
body which was assigned).

5. Anxiety Disorders (i.e. defined as “a state of inferss
apprehension, uncenainly, and fear resulting from the
anticipation of a threatening event or situation, often
to a degree that normal physical and psychological
functioning is disrupted™): separation anxisty discrder,
selective mutism, specific phobia, social discrder,
panic dsorders, dgoraphobia, generalized anxiety
gisorder, and substance-induced arvdety disorder.

16.

Disruptive, Impulse-Contrael, and Conduct Disorders
(i.e. Disrupfive, impulse-contral, and conduct disorders
(i.e. characterized by a recurrent pattern of negativistic,
hostile bahavior and disobedience toward the societal
standands and authority figures, and violation 1o the rghts
of athers by physical and verbal aggression and
destruction of property).

6. Dbsessive-Compulsive and Other Related
Disorders (i.e. characlenzed by cbeessions and
compulsions thatl require a consderable amound o
tme, geiting in the way of social activilies and
personal values, other relates disorders are body
dysmorphic disorder, trichotillomania or hair-pulling
disorder, hoarding disorder, and excoriation digorder
of skin-picking disorder.

7. Trauma and Stress-Related Disorders (e
outcomes of exposure to potentially traumatic
stressful life events). reaclive attachment disorder,
gisinhibited social engagement disorder,
postiraumatic stress dsorder, acute siress disorder,
and adjustrment disorders.

8. Dissociative Disorders [(ie  disruptions  or
ciscontinuity of consciousness, memaory, identity,
emolion, perception. body representation, motor
controd, and bahavior).

17.

18.

19,

Substance-Related and Addictive Disorders (ie
marked by physiclogical dependence to substances,
including alcohol, cafeine, cannabis, hallucinogens,
Inhalants, opioids, sedatves, stimulants, lobacco, and
other, and, as a consequence, leading fo a drug-seeking
behavios, tolerance, and/or withdrawal).

Neurocognitive Disorders: dementia as Alzheimer's
disease, vascular dementia, and olthers.

Personality Disorders (Le. an enduring pattermn that
deviates from the expectations of the individual's culture
in two ar more of the following areas: cognition; afectivity,
interpersonal funclioning: impulse control; the enduring
patiern is inflaxitle and pervasive across a broad range of
silualions; and the enduring pattern leads to clinically
significant digtrese or impament).,

9. Somatic Symptoms and Other Related Disorders
(le. precccupation with one or more disiressing
physical symptems, resulting in disruption of dailylife.)

10. Feeding and Eating Disorders (eg. anorexia
nervosa and bwimia I'IEF'I."I'.'EEI:I

20. Drugs-induced movement disorders

. Dther Adverse Effects of Drugs

11. Elimination Disorders (i.a. irvoluntary elimination of
urine, enuresis, or defecation, encopresis, in
inappropriate places or al inappropriate tmes by
childhood or adolescence)

Figure 1. Different condition groups of mental disorders described in the fifth edition of the diagnostic and statistical
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manual of mental disorders published by the American Psychiatric Association [9].

practices in health care focusing the transdisciplinary, to remove first the infectious foci as
oral microbial biofilm and dental calculus through dental scaling and root planning for an
appropriate teeth cleaning and reduction or inactivation of periodontal pockets, to guide the
regular use of dental floss or interdental brushes and tooth brushing, to insert monitoring
processes on oral self-care such as to create a strategic planning on interdental cleaning



Periodontal Diseases in Patients with Special Health Care Needs
http://dx.doi.org/10.5772/intechopen.78348

behaviors according to the difficulty levels of learning and the motor and cognitive dysfunc-
tion of each individual, and to perform periodic oral appraisals for necessary methodologi-
cal adjustments in order to ensure the maintenance and the preservation of good oral health.
Before introducing these procedures, the dental practitioner must comprehend the profile of
each patient with SHCN, so as to know the physical and intellectual limitations, to identify
the presence of comorbid diseases which may affect the overall health, and to assess the
psychiatric behavior related to oral self-care. Surely, this systemic overview may favor the
homeostasis of the stomatognathic system and improve the general health conditions, once
these approaches can prevent the development of extensive and severe PD avoiding dental
mobilities and/or loss.

The infecto-contagious diseases (4) is a subset category of highly dangerous transmissible
diseases which include mainly infected patients with human immunodeficiency virus (HIV)
infection and acquired immune deficiency syndrome (AIDS), patients with active tuberculo-
sis disease, patients with viral hepatitis, and other such patients.

The chronic systemic diseases (5) are illnesses that spread throughout the body, affecting
multiple organs and body systems, which may evolve into comorbidities, complicating the
diagnosis and, consequently, influencing the prognosis. Considering this concept, the dis-
eases imply juvenile rheumatoid arthritis, diabetes mellitus, congenital and acquired heart
diseases, hematological diseases or disorders, chronic renal failure, autoimmune diseases
(lichen planus, pemphigoid, pemphigus vulgar, erythema multiforme, lupus erythematosus,
epidermolysis bullosa, etc.), vesiculobullous diseases, and so on.

The systemic conditions (6) are recognized as secondary factors that may modulate the
disease initiation or progression rather than acting as primary etiological factors. These cir-
cumstances may affect the onset, progression, and treatment of such disease. Several patient
types are included in these conditions, such as patients submitted to radiotherapy and che-
motherapy in the head and neck regions, patients who received an organ transplant, patients
with medication-induced immunosuppression, and similar others that may affect the general
health conditions of the individual.

To better comprehend the relation among the environmental, genetic, and social effects and
a person, a diagram was elaborated showing the occurrence of diseases, conditions, and/
or disorders which may manifest during the life course of an individual. It is important to
emphasize that these etiopathological factors may contribute to the development of one or
more disabilities, leading to an acquired or congenital disability. On the other hand, an indi-
vidual may be born with one or more disabilitiy and, concomitantly, develop diseases or
disorders due to the high susceptibility to the environment and the different levels of disabil-
ity complexity, characterizing the person with SHCN. It is noteworthy that the social impact
resulting from precarious conditions of survival on the people with SHCN could explain the
causes of health disparities or high occurrence of oral diseases (Figure 2). Socially disadvan-
taged groups have demonstrated poorer overall and oral health than the general population,
becoming an aggravating factor, especially, in groups with SHCN. Therefore, a better atten-
tion to the public services in oral health for this population should be one of the main goals
in government plans.
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Figure 2. Diagram showing the life course of a susceptible individual to several extrinsic and intrinsic factors which may
lead him/her to a disorder, disease, and/or a disability.

2.1. Types of periodontal diseases in patients with SHCN

Some case reports of patients with SHCN were briefly described in relation to their clinical,
radiographic, histopathological, and laboratorial characteristics together with the oral manifes-
tations, clinical procedures, and transdisciplinary approaches; then, we correlate them with the
findings found in the literature. Furthermore, we mainly discuss the clinical management related
to the PD. The additional commentaries are aimed to reinforce the importance of the early diag-
nosis and an appropriate dental treatment for each complexity of disability. Types of PD that
were correlated with some categories of people with SHCN are depicted in the following section.

2.1.1. Case 1: chronic periodontitis associated with genetic disorder

A 14-year-old adolescent girl with Robinow syndrome had low stature, mild exophthalmos,
hyperthyroidism, frequent thrombocytopenia, splenomegaly, and genital abnormality such
as hypoplastic clitoris and small lips (a). Esophageal reflux was reported in the initial years
of life. Using the Nicodemo et al. [26] and Grenlieh-Pyle [27] methods, dental and bone ages
were 11.4 and 12, respectively. The intraoral examination showed mouth respiration, angu-
lar cheilitis, dental malocclusion, and ulcerated gingival surface (b and c) and accentuated
alveolar bone loss (d), especially, at the region of mandibular incisors. Histologically, gingi-
val tissues showed intense infiltration of mononuclear inflammatory cells diffusely spread
throughout the connective tissue. Junctional epithelium hyperplasia with intense exocytosis
(e) and extensive areas with no epithelium cover associated with infiltration of polymorpho-
nuclear inflammatory cells into the lamina propria were also evidenced. In addition, presence
of bacterial colonies (black arrows) and necrotic alveolar bone tissue fragments (blue arrows)
was found (f and g). The diagnosis was chronic periodontitis with ulceration areas (Image 1).



Periodontal Diseases in Patients with Special Health Care Needs
http://dx.doi.org/10.5772/intechopen.78348

Image 1. Chronic periodontitis associated with genetic disorder (hematoxylin—eosin; original magnifications 100 and 50x).

2.1.2. Case 2: chronic gingivitis associated with genetic disorders plus uncommon
abnormalities

A 19-year-old young man with Down syndrome associated with ectodermal anomalies.
The extraoral features displayed dry skin and alopecia of eyelashes, eyebrows, and hair (a)
while, the intraoral features showed dry mouth due to the severe reduction of saliva flow
and mouth breathing, frequent angular cheilitis resulting from immune system deficiency,
bilateral absence of the inner and upper third molars, presence of left upper and right lower
deciduous canines, upper lateral incisors with microdontia, unerupted left upper permanent
canine, generalized chronic gingivitis (a—d), and absence of caries. The recommended dental
treatment was periodontal prophylaxis through the use of disclosing agents such as the scal-
ing and root planning (e-g). It is important to point out that oral hygiene orientation and
diet control must be continuously performed because of the neuromotor dysfunction of these
patients, resulting in great understanding difficulties and difficulties in handling of cleaning
devices and leading to a poor oral hygiene. Concerning dental education, we consider that
the learning for repetition and use of ludic techniques or resources are effective strategies
which must be implemented by dental practitioners. We also suggest the saliva analysis to
assess their physicochemical properties, to determine the susceptibility to stress measuring
the concentrations levels of salivary amylase or cortisol, and to identify the occurrence risk
for aspiration pneumonia using as a biomarker the Pseudomonas aeruginosa. It is important to
highlight that patients with Down syndrome present immune system disorders; therefore,
oral infections must be avoided for general health balance and maintenance (Image 2).

2.1.3. Case 3: severe medications-induced gingival overgrowth

A 11-year-old female child with West syndrome had multiple epileptic spasms and, as a
consequence, a severe neuropsychomotor impairment. The electroencephalography showed
a hypsarrhythmia pattern confirming the diagnosis. The recommended treatment to this
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Image 2. Chronic gingivitis associated with genetic disorders plus ectodermal anomalies.

condition has been the use of phenobarbital and/or valproic acid since birth. The intraoral
features were drug-induced generalized gingival proliferative lesion with partial covering of
the posterior teeth and gingival bleeding. Some permanent teeth were still impacted due to
the presence of gingival fibrosis (a—c). The recommended dental therapy was the prophylactic
periodontal treatment and gingivectomy (Image 3).

To illustrate this case, histopathological features were depicted in order to show the medica-
tion effects on the oral mucosa, in particular, on the gingival tissues (epithelium and connec-
tive tissue) (Figure 3).

2.1.4. Case 4: discreet chronic gingivitis associated with severe bruxism

A 7-year-old male child with spastic quadriplegic cerebral palsy, caused by hypoxic-ischemic
brain damage, exhibited poor cognitive function and has been feeding on semi-solid food since
3 years of age. Ranitidine hydrochloride was used to treat gastroesophageal reflux, and botu-
linum toxin was never used to decrease the severity of the sleep bruxism. As a consequence,
severe upper and lower teeth wear reaching the region of the dental pulp were evidenced (a).

This child was in primary dentition phase and exhibited discreet chronic gingivitis, mouth-
breathing pattern, severe dysphagia, and involuntary tongue movements. First, oral hygiene
orientation and diet control under supervision were done due to his severe neuromotor dys-
function. Posteriorly, we used a masticatory device denominated “hyperbola” to attenuate the
sleep bruxism and, consequently, to improve the quality of his life. After the proposed therapy,
we obtained satisfactory results, including reduction of the sleep bruxism and improvements
of sucking-swallowing movements at meals. (Source: Giannasi, et al. [14]) (Image 4).
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Figure 3. Medication-related gingival hyperplasia. Photomicrography showing gingival hyperplasia characterized by the
epithelium hyperplasia and proliferation of dense connective tissue. Epithelial crest projections were thin and long (blue
arrows), interconnecting them (black arrows) (a). A lamina propria exhibited infiltration of mononuclear inflammatory
cells, especially lymphocytes, plasma cells, and macrophages. Furthermore, scattered eosinophilic globules of gamma
globulin, known as Russell bodies (b; square), were also seen (hematoxylin—eosin; bars = 200 and 50 um).

Image 4. Discreet chronic gingivitis associated with severe bruxism. (Source: Giannasi, et al. [14]).
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2.1.5. Case 5: chronic gingivitis associated with sensory disabilities and metabolic disease

A 9-year-old male child with visual disability resulting from the intracranial hypertension and/
or alterations in the vascularization of the optical nerves which were caused by the cystic cranio-
pharyngioma. Diabetes insipidus was developed as a complication of this disease, whereas, the
motor functions, learning ability, memory, and mental health were preserved. The intraoral fea-
tures showed generalized chronic gingivitis and deep caries, in particular, in the molar regions,
resulting from poor oral hygiene. Considering that the periodontal disease is one of the main oral
complications of diabetes, the oral health balance must be a major goal of the dentists once hyper-
glycemic control in a diabetic child becomes is a great challenge for parents and doctor (Image 5).

2.1.6. Case 6: necrotizing periodontal disease associated with AIDS and metabolic disorder

A 59-year-old man with diagnosis of active positive-HIV had squamous cell carcinoma in
the vestibular fornix region. In the clinical history, the patient was a smoker since the age 13
and had arterial hypertension, saphenous bridge, and type 2 diabetes mellitus. The diagnosis
of positive-HIV was confirmed when the patient was 36 years old. To treat the malignant
neoplasm, chemotherapy and radiotherapy were indicated by the oncologists; however, no
emergency dental treatment was done before the recommended therapies in order to first
eliminate the dentoalveolar infection foci. We imply that the severe periodontitis combined
with periapical lesion caused by the presence of residual root, quickly evolves into an abscess
with spontaneous extraoral suppurative drainage. The neoplasm overgrowth and the indi-
cated therapies with no support dental treatment surely influenced this infectious process (a
and b). Severe candidiasis was spread on the hard palate and, in particular, superior alveolar
ridge (c). The exfoliative cytology confirmed the diagnosis, showing a great amount of Candida
albicans hyphae (d) and indicating a highly immunocompromised patient. As a consequence
of the oral condition, this patient was with a severe malnutrition and cachexia resulting in
hypoglycemic shock and, then, progressing to his death in 15 days. Most likely, there was no
favorable response to the medical therapeutic protocols due to the severity of the immuno-
suppression and the presence of generalized acute oropharyngeal infections (Image 6).

2.1.7. Case 7: generalized chronic periodontitis associated with heart and metabolic diseases

A 61-year-old man had uncontrolled and insulin-dependent type 2-diabetes mellitus, arte-
rial hypertension, ankylosing spondylitis, and hepatitis C. Regarding the diabetes control,
the patient was treated with sinvastatina (10 mg), galvus (100 mg) and lantus (44 mL). The

Image 5. Chronic gingivitis associated with visual disability and metabolic disease.
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Image 6. Necrotizing periodontal disease in combination with AIDS and metabolic disorder (Papanicolaou stain,
original magnification 400x).

glycated hemoglobin (HbA1lc) value was 9.1% (Reference values: normal: <5,6%, prediabetes:
5,7-6,4%, and diabetes mellitus: >6,5%, in accordance with the American Diabetes Association)
[28]. In the intraoral features, generalized chronic periodontitis characterized by the clinical
attachment loss and the periodontal abscess with suppurative drainage placed, in particular,
at the right canine region were evidenced (a, b, ¢, and d). Oral hygiene was unsatisfactory,
most likely because of the pain and the gingival bleeding stimulated by the use of cleaning
devices. The periodontal treatment was done associated with prophylactic drugs as antibiot-
ics. No local vasoconstrictive anesthetic agent was administered during the clinical proce-
dures. (Courtesy: Professor Doctor Ana Cristina Solis) (Image 7).

Concerning the etiology of PD in patients with uncontrolled diabetes, the progressive attach-
ment loss was detected due to the function and reduction of polymorphonuclear leukocyte
chemotaxis leading to an increase in infection susceptibility, collagen synthesis and matura-
tion reduction, increased collagenase activity, and the formation of advanced glycation end
products (AGEs) that bind to the receptor for advanced glycation end products (RAGEs) in
macrophages and monocytes. The effects of AGE accumulation increase tissue oxidant stress,
alter the endothelial cell functions, elevate the activity of matrix metalloproteinases leading to
the production of free radicals, and promote vascular dysfunction and cellular death. These
factors may directly affect the migration and activity of inflammatory cells, impairing the
mechanisms of defense against microorganisms and delaying the periodontal tissue repair
processes, resulting in great losses of support structures [11].

To clarify these clinical findings, periodontal tissue alterations resulting from oral complica-
tions of diabetes were depicted, including intense alveolar bone resorption at the furcation
region, proliferation of junctional epithelium (hyperplasia) toward the furcation, diffuse infil-
tration of mononuclear inflammatory cells which consisted of macrophages, lymphocytes,

267



268 Periodontology and Dental Implantology

Image 7. Generalized chronic periodontitis associated with heart and metabolic diseases. (Courtesy: Doctor Professor
Ana Cristina Solis).

and especially plasma cells. Numerous blood vessels were congested and the diapedesis
mechanism (leukocyte extravasation into connective tissue) were well evidenced, justifying
the great amount of inflammatory cells at the lamina propria (Figure 4).

2.1.8. Case 8: autoimmune disease associated gingivitis (desquamative gingivitis)

A 33-year-old woman with chronic mucocutaneous inflammatory disorder of immunological
background showing aggressive and extensive oral lesions with erythematous, erosive and
extensive areas, especially in the marginal and attached gingivae (a and b). Histopathological
features showing a band of infiltration of lymphocytic inflammatory cells under the surface
epithelium extending throughout the gingiva (c), besides hydropic degeneration and sharp-
ness loss of the basal layer (d) (hematoxylin and eosin, 50x and 100x). The diagnosis was
lichen planus. (Source: Gomes et al. [29]) (Image 8).

2.1.9. Case 9: gingivitis associated with hematological disorders

A 23-year-old young woman with Fanconi’s anemia had severe pancytopenia and a pro-
longed, long-term immunosuppression which resulted in the development of an abscess
on the infra-orbicular region. This process progressed to phlegmon causing tissue necrosis
of the nostrils, nasal septum, nasal fossa, and posterior orbit region of the right side (a).
The etiologic agent of the phlegmon was Streptococcus parasanguinis. The myelogram shows
moderately hypocellular bone marrow with cellular dysplasia involving the granulocytic,
erythrocytic, and megakaryocytic (arrow) series (b). The intrabuccal examination showed
abundant and spontaneous gingival bleeding, edema on the interdental papillae, hemato-
mas on the superior and inferior lips, and inadequate oral hygiene (c and d). No caries,
alveolar bone loss, and periodontal pockets were evidenced. No bone marrow transplant
was performed due to incompatibility of donors; thus, the only available option was an alter-
native treatment through the erythrocytes and platelets-concentrated transfusion to prevent
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Figure 4. Photomicrography showing chronic periodontitis related to Case 7 (Masson’s trichrome; bars = 1000, 200, 100,
and 50 pm).

Image 8. Gingivitis associated with autoimmune disease (desquamative gingivitis) (Source: Gomes et al. [29]).

spontaneous hemorrhages and severe anemia. Oral exfoliative cytology was performed,
showing superficial epithelial cells with nuclear and cytoplasmic alterations, erythrocytes,
bacterial colonies (cocci), and numerous hyphae and spores of Candida albicans (e). Based
on this, drug administrations, as antifungal medication and antibiotics, were also indicated
to treat the oral acute inflammatory processes caused by bacterial and fungal infections.
It is important to emphasize that the dental interventions were done together to the rec-
ommended medical therapy until the disease remission period. Initially, the periodontal
prophylaxis was carried out by dentist and, posteriorly, the orientation and control of oral
hygiene and diet accomplished by nurses and caregivers after adequate training in oral
health. The health multiprofessional team, who may participate in this treatment process,
corroborated in favor of supportive health care, leading to a quick recovery time of the
patient (Source: Gomes et al. [30]) (Image 9).
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Image 9. Gingivitis associated with hematological disorders (Leishmann stain, 600x; Papanicolaou stain, 400x) (Source:
Gomes et al. [30]).

2.1.10. Case 10: necrotizing ulcerative gingivitis associated with hematological disorder plus
chemical and physical agents

A 14-year-old adolescent boy with Acute Lymphoblastic Leukemia (ALL) underwent the
chemotherapy and radiotherapy on the region of the central nervous system for relapse pro-
phylaxis of the primary disease (a). The myelogram before the medical therapies displayed
hypercellular bone marrow composed exclusively by lymphoblastic cells with numerous
atypical mitoses (square) (b and c). Extra and intraoral features of the patient, before the rec-
ommended dental treatment, were acute necrotizing ulcerative gingivitis, severe oral muco-
sitis with areas necrosis associated to pseudomembranes, and facial asymmetry with signs of

Image 10. Necrotizing ulcerative gingivitis associated with hematological disorder plus chemical and physical agents
(Leishmann stain, 600x; Papanicolaou stain, 400x) (Source: Gomes et al. [31]).
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phlogistic processes (d and e). The exfoliative cytology of the hard palate and attached and
free gingivae shows a great number of inflammatory polymorphonuclear and mononuclear
cells, besides a great amount of Candida albicans hyphae confirming the diagnosis of candidia-
sis (f and g). The dental treatment protocol, inserted together to the medical therapies until the
primary disease remission period, corroborated in favor of the patient’s general recovery time
and of the elimination of the oral acute inflammatory process (h). The myelogram after the
remission phase of the disease showed normal bone marrow (i and j). In extra- and intraoral
features, the patient showed discreet facial asymmetry, discreet chronic gingivitis, and palate
mucosae with normal features (I and m). Considering these clinical and histological findings,
we dare reinforce that the insertion of a dental practitioner into the hospital transdisciplinary
team is crucial to the medical therapy success and to the good quality of health services, in par-
ticular, for systemically highly compromised patients. (Source: Gomes et al. [31]) (Image 10).

3. “Omic” technologies applied in periodontal diseases

With advances in genomic (genes), transcriptomic (mRNA), proteomic (proteins), and metab-
olomic (metabolites) capabilities, an increased interest has emerged in the biologic system to
define the complex regulatory networks that result in health or disease [32]. This implies a
greater understanding of the data related to the etiopathogenesis of PD. These diseases are
a multifactorial, highly complex disease involving some factors as host, environment, and
microbiota. However, it is the host inflammatory response which may lead to the soft and
hard tissue destruction. In severe diseases, this can lead to tooth loss [33].The host response
to the infections draws upon the innate, inflammatory, and adaptive immune systems which
provide an appropriate response to the aggressive microorganisms. In some individuals and
with some bacteria, this phenomenon will be an innate-only response, others will need to
invoke the inflammatory response, and yet others will require the adaptive immune response
(cellular, humoral, or both) in order to reduce the microbial activities [33, 34].

Although much of what Page and Schroeder proposed in 1976 has stood the test of time,
advances in the fields of basic and periodontal immunology need a reassessment of their work,
as well as their integration with emerging new concepts [35]. Major advances have been made
regarding the cellular and molecular mechanisms underlying the induction, regulation, and
effector functions of immune and inflammatory responses. Likewise, Kornman [36] described
anew look of the PD pathogenesis when he reported the specific bacteria and immunoinflam-
matory mechanisms related to innate differences among individuals and changes in environ-
mental factors. This fact may accelerate or attenuate these biochemical changes [37].

With emerging genomic, proteomic, and metabolomic data and tools of biology systems for
interpreting data, it is now possible to start describing the basic elements of a new model of
pathogenesis [36]. Stunning new findings have begun to clarify several complexities of the
host-pathogen interaction of PD, pointing to key roles for microbial dysboisis and immune
imbalance in the pathogenesis of disease [34].

Regarding the genomic knowledge, inflammation, cellular infiltration, and expression of a
complex array of cytokines, chemokines, and lipid mediators are key characteristics of PD. In
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PD, the presence of elevated inflammatory cytokines, including tumor necrosis factor (TNF)-a,
interleukin (IL)-1, IL-6, interferon (IFN)-y, and IL-12, is considered a central force when coupled
with cell activation and RANKL (receptor activator of nuclear factor kappa-B ligand) activation
in driving pathogen elicited bone loss [38, 39]. In addition to pro-inflammatory cytokines, an
array of chemokines including IL-8 and monocyte chemotactic protein (MCP)-1 and others are
frequently elevated in PD [40]. Some examples of this type of interaction are described in the lit-
erature, for example, studies that reported a positive association between polymorphism of the
IL-1 and PD [41, 42]. In addition, the presence of antiinflammatory and regulatory cytokines,
such as transforming growth factor-beta (TGF-f), IL-10 and IL-4, has been reported [43, 44].

T lymphocyte cells (T cells) are well known as key regulating cells which orchestrate the host
immune response. Considering the cells arise from the CD4" population and are based on
cytokine profiling, early studies showed that these cells were segregated into Th1l and Th2
populations. Modern cytokine profiling and transcription factor analysis have led to a much
more detailed classification of Th cells and the emergence of the Th17, Treg, TFH, Th9, and
Th22 subsets [45, 46]. More advances have been recognized in what concerns the Toll-like
receptors (TLRs) and TLR signaling; TIR-domain-containing adapter-inducing interferon-3
(TRIF), interferon regulatory factors and type 1 interferon, and other pattern recognition
receptors and PD, including scavenger receptors (SRs) and nucleotide-binding-oligomerization-
domain (NOD)-like receptors (NLRs) [34].

With a similar importance, the transcriptomics aspects are defined as gene expression pro-
file and when altered may influence the microbiota composition of periodontal pocket, as
observed by Papapanou et al. [47]. In the same way, recent studies started to use proteomic
techniques, promoting high resolution in the evaluation of proteins and molecular pathways
involved in gingival inflammation [48, 49].

The gingival fluid composition of inflamed sites of patients with generalized aggressive
periodontitis was evaluated by Bostanci et al. [50], demonstrating the proportion of enzymes
associated with neutrophils, metalloproteinase of matrix-8, catepsin G, mieloperoxidase in
addition to bacterial, viral, and yeast proteins that were increased in aggressive periodontitis
when compared to healthy sites of individuals without periodontitis. Cystatin B and defen-
sins, defense proteins, were detected only in healthy individuals.

Proteins involved in immune response and antimicrobial function, such as a-amylases, cal-
granulin A, cystatin, C-lysozyme, and cathepsin G were regulated positively in the induction
phase of gingivitis. In the resolution phase, several histones and neutrophilic proteins, includ-
ing cathepsin G, myeloperoxidase, and defensin-1 had their production decreased [49].

Concerning metabolomic aspects, among the earliest host-response molecules found in
response to infection are lipid mediators [51]. Resolution of inflammation involves the pro-
duction of lipid mediators named immunoresolvents and includes the resolvins, protectins,
lipoxins, and maresins [51, 52]. Functionally, resolvins limit inflammation in part through pre-
vention of neutrophil penetration, limiting inflammation at the local level, and promote tissue
regeneration. The reduction of inflammation, through the use of resolvin-based approaches,
may represent a novel strategy to potentially augment PD treatment approaches [53].



Periodontal Diseases in Patients with Special Health Care Needs
http://dx.doi.org/10.5772/intechopen.78348

New models in the next few years will be merely frameworks for integrating key knowledge
as it becomes available from the “Omic” technologies for diagnosis, providing by identifying
one or more biomarkers the detection of active disease, predict future progression, and evalu-
ate the response to periodontal therapy, thereby improving clinical management through
early diagnosis and intervention, especially in case of patients with SHCN.

4. Alternative therapy for periodontics

As an alternative treatment to obtain the regeneration of the periodontium, the photobio-
modulation (PBM) and some bioactive materials may be indicated, once they strongly stimu-
late the periodontal tissue response, attenuate the inflammatory processes, and/or promote
the microstructural reconstruction of the periodontium. However, in the indication of these
therapies, PBM must be carefully studied, since it depends exclusively on the general and oral
health status of each patient.

Concerning the patients with SHCN associated to immune system deficiency, the PBM, also
known as low-level laser therapy (LLLT), has been largely used to promote therapeutic and
biostimulating effects, such as analgesia, antiinflammatory action, angiogenesis, and mitogen-
esis [11]. Gomes et al. [11] assessed the impact of the GaAlAs diode laser on the periodontal
tissues and investigated its effects on the alveolar bone remodeling process during orthodontic
tooth movement in normoglycemic and diabetic rats. The authors demonstrated that the PMB
strongly stimulated the alveolar bone remodeling and favored the continuous reorganization
of the soft periodontal tissues, leading to the maintenance and the integrity of periodontal
microstructures under orthodontic force, especially in uncontrolled diabetic rats (Figure 5).

Several bioactive materials have been used in the regenerative medicine, especially in patients with
complex metabolic and cellular disorders. Among them, we highlighted homogenous demineral-
ized dentin matrix (HDDM), amniotic membrane (AM) used as a biological dressing, and differ-
ent types of platelet concentrates such as platelet-rich plasma (PRP) and platelet-rich fibrin (PRF).
These biomaterials were applied in the craniomaxillofacial complex resulting in tissue regenera-
tion and microstructural reconstruction due to their effective inductive and conductive properties.
The HDDM, PRP, and AM in implantation sites may initiate an inductive cascade as chemotaxis

(b) i ©)

Figure 5. Low-level laser therapy applied on the periodontal tissues under orthodontic force (a) in a period of 21 days.
Photomicrographs showing furcation region of the right mandibular first molar in diabetic rats: (b) diabetic rats with
no laser irradiation displaying alveolar bone loss due to intense osteoclastic activity (square); and (c) diabetic rats with
laser irradiation exhibiting suitable alveolar bone formation because of the intense osteoblastic activities (square) and the
integrity of the periodontal ligament fibers (Source: Gomes et al. [11]).
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of progenitor cells, mitogenesis, angiogenesis, and differentiation into a wide variety of cells. The
cell recruitment, division rate, and differentiation of cell lines are under the direct control of sev-
eral growth factors and stem cells which are found in these biomaterials [54-56].

In particular, the AM is a huge source for multipotent mesenchymal stem cells (MSCs) with
the ability to differentiate into a wide variety of cells, such as chondroblasts, osteoblasts, adi-
pocytes and fibroblasts, myocytes, endothelial cells, neuronal cells, and hepatocytes, leading
to formation of cartilage, bone, connective tissue, muscle, blood vessel, nerve, and liver tissue,
respectively [56-58]. This membrane acts as a barrier, preventing the entry of pathogens and
toxins, preserving the tissue structures, and, consequently, reducing the levels of local pro-
inflammatory cytokines [58, 59]. Thus, it could be largely used to selectively guide the tissue
regeneration in the periodontium following destructive PD.

Regarding the second-generation platelet concentrate, the PRF clot forms a strong and dense
natural fibrin mesh full of growth factors that can stimulate proliferation of PDL cells and
osteoblasts; besides, it favors various cytokine entrapment and preserves the growth factors
from proteolysis [60]. This concentrate is characterized by a high content of platelets and leu-
kocytes that release an array of growth factors such as platelet-derived growth factor (PDGF),
transforming growth factor-beta 1 (TGF-B1), insulin-like growth factor (IGF), vascular endothe-
lial growth factor (VEGF), and the antiinflammatory cytokines [61].

Although the use of autologous platelet concentrates is not new to periodontics, cur-
rent researches are strongly encouraging the combination of platelet concentrates, such
as PRP, PRF, and concentrated growth factors, with bone graft materials, membranes for
guided tissue regeneration and MSCs to stimulate the periodontal regeneration. Most
likely, this pool has synergistic effects, favoring the environment and the development
of desirable periodontal tissues which were seriously compromised by the periodontal
disease.

5. Considerations

Considering the high susceptibility to PD in people with SHCN, it is important that the dental
practitioners know the different levels of disability complexity and how the undesirable envi-
ronment may impair the human and physical development, leading to temporary or perma-
nent disorders and/or diseases. Among the most common oral diseases, periodontal disease
is an inflammatory condition which has been identified as a potential risk factor for systemic
diseases. Therefore, it must be continuously controlled by the dentists to maintain the general
health status of this individual.

In addition, other treatments for oral rehabilitation may be indicated when the periodontium
is healthy, such as orthodontics, dental implants and/or the use of dental prostheses, contrib-
uting to the balance of the stomatognathic system, the preservation of the general health, a
better quality of life, and, consequently, social inclusion.

In search of alternative therapies for this target public, the photobiomodulation for periodon-
tal tissue biostimulation and the reconstructive surgeries using bioactive materials may be
recommended in order to favor the periodontal regeneration, to protect the periodontium
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under daily actions of physicochemical agents and psychic conditions, and to restore lost
periodontal microstructures.

Despite the entire scientific and technological development for people with SHCN, we may pre-
sume that the major challenges for health multiprofessionals are to promote the best transdisci-
plinary practices in oral healthcare on dental services and hospitals due to the high complexity
of disabilities, conditions, disorders and diseases of these individuals; to perform people man-
agement focusing on the good interpersonal relationship among the health multiprofessionals,
patient, family and caregivers; and to combat the several environmental and social factors that
may strongly affect the decision-making power of the patient to carry out a satisfactory self-care.
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