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Preface

The mouth is the mirvor of the body’s health.

Oral diseases are one of the most common disorders among the various communi-
cable and non-communicable health diseases. They pose a major health burden for
many countries and affect people throughout their lifetime causing pain, discom-
fort, disfigurement, and even death. As per WHO, it is estimated that oral diseases
affect nearly 3.5 billion people globally. In developing countries, the estimate could
be even higher owing to the lack of awareness among the general public, the lack of
adequate infrastructure, and less accessibility to oral health care providers, espe-
cially amongst people of lower socio-economic status.

The different diseases affecting the oral cavity include dental caries, gingival

and periodontal diseases, microbial infections, oral cancer, autoimmune disor-
ders, diseases of the salivary gland, cysts and tumors of odontogenic origin etc.
Additionally, the oral cavity exhibits early manifestations of systemic diseases such
as diabetes, HIV, as well as metastatic cancers from other sites. In such circum-
stances, the role of the dental clinician assumes significance owing to their ability to
diagnose the condition early and implement appropriate management strategies.

Keeping this in mind, the aim of this book project is to provide an overview of various
oral diseases with emphasis on the pathogenesis, investigation, and the management
protocol of different oral and maxillofacial diseases. The book has been divided into sec-
tions based on the categorisation of oral lesions into gingival and periodontal diseases,
oral oncology, endodontics, and oral surgical procedures with the objective of providing
a comprehensive outline of the different chapters for the readers and clinicians alike.

Dr. Gokul Sridharan MDS, PhD, PGD (Medical Law and Ethics)
Associate Professor,

Department of Oral Pathology and Microbiology,

Dr. G. D. Pol Foundation YMT Dental College and Hospital,
Kharghar, Navi Mumbai, India
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Chapter1

Interdental Brushes in Maintaining
Periodontal Health

Esva Gugeldemir-Akcakanat

Abstract

According to the World Health Organization (WHO), oral diseases are accepted
as the most prevalent noncommunicable diseases. Oral hygiene and cleanliness
is vital and essential to preserve and maintain oral health. Although periodontal
diseases are controllable and preventable diseases, periodontal diseases are the most
common type of oral disease. Mechanical plaque control is the key factor for not
only in prevention but also in the treatment of periodontal diseases and mainte-
nance of health. The primary factor for the development of gingivitis is poor oral
hygiene which is microbial plaque formation. Achieving ideal plaque control may be
obtained by toothbrushing together with interdental cleaning such as dental floss,
interdental brushes (IDB), wood sticks, and waterjet devices. Evidence suggests
that the most effective method for interdental plaque removal is the use of inter-
dental brushes. In this chapter, while the importance of interdental brushes in oral
hygiene is explained in detail, the types and use of interdental brushes will also be
mentioned.

Keywords: dental hygiene, dental plaque, gingivitis, interdental brushes,
interdental cleaning, oral hygiene

1. Introduction

While oral diseases are the most prevalent noncommunicable diseases, severe
periodontal disease was estimated to be the 11th most prevalent human disease
globally (WHO) [1]. Generally, seven oral diseases are described as follows: dental
caries, periodontal diseases, oral cancers, oral manifestations of HIV, oro-dental
trauma, cleft lip and palate, and noma. The Global Burden of Disease Study
reported that oral diseases affected at least 3.58 billion people worldwide, and the
most prevalent oral condition was caries of the permanent teeth [1].

Microbial biofilm which is a surface-associated and structurally and function-
ally organized multi-species biofilm [2] is the main reason of both dental caries and
periodontal diseases. Microorganisms destroy not only tooth structures but also
supporting structures of the tooth even though they have different microbial back-
grounds. In both, the final result is losing the tooth, affecting dentition, function,
esthetic, self-esteem, quality of life, and, moreover, pain, systemic infection and/or
inflammation, and psychologic and physiologic discomfort. However, both diseases
are preventable, and the main causes for both are poor oral hygiene and smoking
which are modifiable risk factors.
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Oral cleanliness, hence periodontal health, is crucial not only for maintaining
the dentition but also general health, quality of life, and well-being for whole
individuals [3-5]. Periodontal diseases are multifactorial in nature. While the
etiology of periodontal diseases is basically associated with microbial biofilm;
genetic, environmental such as smoking, alcohol consumption, unhealthy diet,
stress, and immunological factors and systemic health have effects on the disease
progression [6]. Current understanding is that the periodontal tissue destruction
is mediated by host inflammatory mediators. Transition from gingivitis to peri-
odontitis is still not known.

2. Prevention

Self-performed and professionally administered mechanical plaque control and
removal is the pillar in prevention of dental and periodontal diseases and maintain-
ing overall oral health. Keeping plaque accumulation around 20% would result in
good periodontal health [7]. There are three stages of preventing and controlling the
periodontal disease [6]. Primary prevention implies preclinical and pre-pathological
stages. The aim is to prevent the onset of the disease to maintain health. Secondary
prevention indicates prevention at the early stages of the disease and restoring
health. The aim is to stop and reverse the progression of the disease. And tertiary
prevention refers to disease conditions. The aims are to limit the sequels and regain
function. In addition, supportive periodontal therapy and periodontal maintenance
are crucial to maintain the oral health and prevent the recurrence, since the major
risk factor for periodontal diseases is to have had the disease before.

Prevention and control of the dental and periodontal diseases rely on high
standards of oral hygiene [8, 9]. Higher standards in oral hygiene can be achieved
by education, teaching, motivation, risk assessment, needs-related oral hygiene
instructions, and improving the individuals’ skills and attitudes towards their
oral health [10]. The patient has to understand the disease and its etiology. On
the other side, the clinician has to be aware that every patient is unique, needing
different approaches for education and clinical implementation. Moreover, there is
no consensus or standard on what the proper oral cleaning or hygiene is and what
the frequency and the extent of the oral hygiene are. In every situation, today,
patients have an active role on their own health and responsibility, and compliance
is crucial.

3. Self-administered oral care

The first step of self-administered oral care is to provide professional oral
hygiene instruction. There are mechanical and chemical methods to reduce gingi-
val inflammation by controlling the plaque biofilm. The European Federation of
Periodontology recommends that “all people should brush their teeth twice a day
for at least 2 min. with fluoridated dentifrice, and, periodontitis patients have to use
inter-dental cleaning devices” [11].

Mechanical plaque removal may include manual or powered toothbrushes
as well as interdental devices. The most common mechanical method for plaque
removal is still manual toothbrushes [12]. A single, self-administered brushing with
a toothbrush leads to reduction in plaque scores around 42% compared to pre-
brushing scores [11]. Powered toothbrushes may increase plaque removal efficacy
by 7-17% compared to manual brushes [2]. Toothbrushes do not reach the interden-
tal areas [13].
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3.1Interdental cleaning

Interdental cleaning is essential and achieved by interdental cleaning tools such
as dental floss, toothpicks (wood sticks), rubber-tip simulators, interdental brushes
(IDB), single-tufted brushes, and electrically powered cleaning devices such as
waterjet devices. While the adjunctive use of wood sticks, dental floss, or irrigators
showed weak evidence for removal of plaque, IDB were found to be more effective
than other interdental cleaning tools especially when the interdental space is not
filled with gingiva [14]. Dental flossing may be a better choice for sites with intact
interdental gingiva and healthy periodontium; however, self-administered flossing
was found not very effective in removing interdental plaque.

3.1.1 Interdental brushes

IDB were launched in the 1960s as an alternative to wood sticks [15]. The term
of IDB was used for “brushes with helical alignment of ligaments fixed to a twisted
stainless steel central wire” [14]. The quality of IDB is backed by the ISO 16409
standard [16]. In ISO 16409, manual IDB is defined as “hand-powered device
composed of filaments that is single strand, attached to the stem, emanating radi-
ally from a stem which is a central support structure of the manual IDB, usually
of twisted wire, which secures the filaments, intended for cleaning of interdental
surfaces.” They may be conical or cylindrical in shape, and usually widths of IDB
are ranging from 1.9 to 14 mm [4]. The ISO brush size is determined by passage hole
diameter which is a minimum diameter in mm of a hole through which a manual
IDB can pass without deformation of the stem. Usually, IDB tend to bend, buckle,
and distort [17].

The lengths of filaments and texture of IDB vary, and they may be cylindrical,
conical, or in other shapes or have hard and soft filaments and are usually available
in a sealed package (Figure 1). Due to various interdental spaces and shapes, it is
clear that various IDB shapes, sizes, and different angulations (angled or straight)
are required (Figures2-6).

As examples:

* Figure 2 shows an IDB with micro ultrasoft brush-top with 1.80 mm diameter
of bristle and 0.35 mm diameter of stem for narrow interdental spaces (ISO 0).

* Figure 3 shows an IDB with extra ultrasoft brush-top with 2.00 mm diameter
of bristle and 0.40 mm diameter of stem (ISO 1).

* Figure 4 shows an IDB with super ultrasoft brush-top with 2.20 mm diameter
of bristle and 0.45 mm diameter of stem. (ISO 2).

* Figure 5 shows an IDB with conical ultrasoft brush-top with 2.50-4.50 mm
diameter of bristle and 0.50 mm diameter of stem (ISO 3).

* Figure 6 shows an IDB with middle optimized brush-top with 3.50 mm
diameter of bristle and 0.60 mm diameter of stem (ISO 4).

There is a relationship between position of the tooth and interdental spaces
[18]. It would be logical to use dental floss in the anterior region since the inter-
dental spaces are narrow. However, at the premolar and molar sites, interdental
spaces are larger, and IDB may even reach to dental grooves and fissures. While the
clinician is searching for the most appropriate size and shape of IDB, contour and
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Figure 1.
A sealed package of IDB.

- =EEE -
Figure 2.

ISO o micro IDB.

consistency of interdental tissue, and shape, alignment, and position of tooth, the
size and form of embrasure have to be considered. The most appropriate interdental
devices or IDB may differ between patients. In young individuals, dental floss is
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Figure 3.
ISO1 extra IDB.

Figure 4.
ISO 2 super IDB.

Figure 5.
ISO 3 conical IDB.
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Figure 6.
ISO 4 middle IDB.

the only tool since the interdental gingival tissue fills out the interdental sites. So,
the clinician should be careful when recommending IDB to periodontally healthy
individuals since IDB may cause trauma at healthy sites. The European Federation
of Periodontology concluded that “flossing cannot be recommended other than for
sites of gingival and periodontal health, where inter-dental brushes will not pass
through the interproximal area without trauma” [11].

In 1976, Waerhaug reported that IDB have an excellent effect both in the central
part of the interdental space and on the embrasures; moreover, IDB may remove
dental plaque as far as 2-2.5 mm below the gingival margin [19].

The use of IDB in addition to toothbrushing provides moderate evidence for higher
plaque removal compared to toothbrushing alone or flossing in addition to toothbrush-
ing [4, 20]. Although the studies which compare the efficacy of IDB with dental flossing
are scarce, it was shown that IDB have a considerable effect on controlling and removal
of dental plaque, and moreover, patients’ perception is higher in IDB [13, 14, 21].

It was reported that interdental cleaning with IDB is the most effective method for
interproximal plaque removal [7, 11, 13]. The patients’ acceptance for IDB is very high,
and IDB were considered as easier to use and less time-consuming than flossing [17].

4, Conclusion

Today, oral care over-the-counter products have a sizeable retail market;
nevertheless, although periodontal and dental diseases are noncommunicable,
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controllable, and preventable diseases, the prevalence of these diseases is very high
all around the world. The onset and progression of dental and periodontal diseases
are mainly related with poor or inadequate oral hygiene. Optimal self-performed
oral care at home has a substantial effect on not only oral health but also overall
health. To prevent and control dental and periodontal diseases, toothbrushing is
essential, but not enough. Based on the available data with respect to interdental
plaque removal, the use of the IDB is strongly suggested.
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Chapter2
Pathogenesis of Gingivitis

Reghunathan S. Preethanath, Wael 1. Ibraheem
and Aiswarya Anil

Abstract

The 2017 World Workshop on the Classification of Periodontal and Peri-implant
Diseases and Condition identified the gingivitis case by the presence of gingival
inflammation at one or more sites and agreed upon bleeding on probing as the
primary parameter for diagnosis of gingivitis. Clinical gingival health is generally
associated with an inflammatory infiltrate and a host response consistent with
homeostasis. The molecules that play a role in the pathogenesis are divided into
two main groups: those derived from the subgingival microbiota (i.e., microbial
virulence factors) and those derived from the host immune-inflammatory response.
The immune system is essential for the maintenance of periodontal health and is
categorized as innate immune system and the adaptive immune system. Innate
immunity reflects the capacity of the host to defend against infectious attacks.
Understanding the disease processes is important for the development of improved
treatment strategies.

Keywords: pathogenesis, immune response, host susceptibility,
inflammatory mediators

1. Introduction

Chronic gingivitis and periodontitis are chronic inflammatory lesions which
display stages of inflammation as well as healing. The 2017 World Workshop
on the Classification of Periodontal and Peri-implant Diseases and Condition
identified the gingivitis case by the presence of gingival inflammation at one
or more sites and agreed upon bleeding on probing as the primary parameter
for diagnosis of gingivitis [1, 2]. Clinical gingival health is generally associ-
ated with an inflammatory infiltrate and a host response consistent with
homeostasis.

The role of the immune response in periodontal destruction independent of
bacteria was first described by Ivanyi et al. [3]. Later, Taubman et al. [4] studied the
role of the immune response in a germ-free rat model of experimental periodontal
disease and concluded that in order to control the disease, it would be crucial to
enhance the protective “arm” of the immune response and suppress its destructive
aspect [4]. The molecules that play a role in the pathogenesis are divided into two
main groups: those derived from the subgingival microbiota (i.e., microbial viru-
lence factors) and those derived from the host immune-inflammatory response.
Even though “periopathogenic bacteria” are still regarded as the main initiating
agents, immune-inflammatory response of the host to these pathogens plays an
important role in the pathogenesis of PD [5].
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2. Histopathology of gingivitis

The plaque biofilm causes most of the injury to the periodontal tissue through
indirect mechanisms dependent on initiation and propagation of inflammatory
host tissue reactions. The development of gingivitis is mainly the infiltration of
the connective tissues by numerous defense cells, particularly neutrophils, macro-
phages, plasma cells, and lymphocytes. The accumulation of these defense cells and
the extracellular release of their destructive enzymes cause destruction of collagen
and subsequent proliferation of the junctional epithelium leading to vasodilata-
tion, increased vascular permeability, and hyperplastic gingival tissues. Clinically
it appears as erythematous and edematous gingiva: the clinical appearance of
gingivitis. The classic studies of Page and Schroeder [6] described the basic under-
standing of histologic changes that occur in the gingival tissues as the initial, early,
established, and advanced gingival lesions. These are histologic descriptions only,
primarily based on findings in experimental animals.

2.1 The initial lesion

The initial lesion develops within 2-4 days of the accumulation of plaque at a site
free of plaque biofilm, which is evident microscopically since the gingival tissues
always have characteristics of a low-grade chronic inflammatory response as a result
of the continual presence of the subgingival biofilm. In other words, the initial
lesion corresponds to the histologic picture that is evident in clinically healthy
gingival tissues. This low-grade inflammation characterized by vasodilatation and
increased vascular permeability along with upregulation of intercellular adhesion
molecule-1 (ICAM-1) and E-selectin in gingival vasculature facilitates migration of
neutrophils and monocytes into the connective tissue. This influx of fluid flow from
the vessels increases the hydrostatic pressure in the local microcirculation resulting
in increased gingival crevicular fluid (GCF) flow.

2.2 The early lesion

The early lesion corresponds to the early clinical signs of gingivitis and charac-
terized by erythematous clinical appearance of gingiva due to proliferation of capil-
laries and vasodilatation [7]. The predominant infiltrating cell types are neutrophils
and T lymphocytes [7]. The basal cells of these epithelial structures proliferate
apically resulting in edema of gingival tissues and deepening of gingival sulcus.

The subgingival biofilm proliferates apically in this ecologic environment rendering
plaque control difficult in these areas. The early gingival lesion may persist indefi-
nitely, or it may progress further.

2.3 The established lesion

The established lesion corresponds to clinical appearance referred to as “chronic
gingivitis” and depends on many factors, such as composition and quantity of the
plaque biofilm, host susceptibility factors, local and systemic risk factors. A study
by Page and Schroeder [6] defined established lesion as mainly dominated by
plasma cells with inflammatory cell infiltrate in connective tissues and destruction
of collagen fibers. Neutrophils accumulated in the tissues, which are also a major
source of matrix metalloproteinase-8 (MMP-8; neutrophil collagenase) and MMP-9
(gelatinase B), release their lysosomal enzymes in the inflamed gingival tissues
causing destruction of collagen bundles. This is followed by deepening of sulcus
and formation of ulcerated pocket epithelium along the tooth surface resulting
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in bleeding on probing which is a common feature of chronic gingivitis. These
inflammatory changes are still completely reversible if effective plaque control is
reinstituted.

2.4 The advanced lesion

The advanced lesion, as described by Page and Schroeder [6], marks the transi-
tion from gingivitis to periodontitis which is determined by many factors, such
as composition and quantity of the biofilm, the host inflammatory response, and
environmental and genetic risk factors.

3. Host susceptibility

The tooth has a unique situation in the mammalian biology and presents a
special challenge to the immune system [8]. The marginal gingiva includes the
epithelial and connective tissue attachment apparatus that provides a biological seal
between the tooth and the gingival soft tissues.

The oral cavity is a unique microenvironment where millions of bacteria live
in harmony with our host defense mechanisms, with the bacterial host balance
maintained by the amount of bacterial load through our regular oral hygiene
practices. It is therefore important to understand the cellular and molecular ele-
ments involved in the pathways from health to disease and from disease to repair
and regeneration.

3.1 Role of host susceptibility in gingivitis

Even though the development of gingivitis after plaque accumulation is
a universal finding, the rate or speed of development and the degree of the
clinical inflammatory response are variables between individuals, even under
similar plaque accumulation conditions [9]. The studies recognizing the role of
host contributing to the pathology of periodontal disease was a major break-
through [10]. Various studies using the experimental gingivitis model showed
13% of all individuals representing a “resistant” group [9, 11, 12]. The factors
modulating the appearance of gingival inflammation in response to plaque
accumulation are mainly exacerbated gingival response to plaque, including
metabolic factors such as puberty and pregnancy; genetic factors such as Down
syndrome; nutritional factors such as vitamin C deficiency; the intake of drugs
such as those leading to gingival enlargement; systemic diseases such as leuke-
mia, immune deficiencies, and diabetes mellitus; and other conditions such as
stress [9].

Gingivitis and periodontitis are the result of a coordinated action of clearly
defined cellular players (proinflammatory and anti-inflammatory), which commu-
nicate with each other [13]. An inflammatory reaction can develop in two direc-
tions, either being destructive or regenerative depending on the bacterial antigen
load and properties. If destructive, the innate immune reaction is followed by an
adaptive or specific immune response, associated with the loss of tissue structure
to create space for the immune process, and resolution of inflammation is associ-
ated with the regeneration of these structural hard and soft tissue components. It
is therefore important to understand the cellular and molecular elements involved
in the pathways from health to disease and from disease to repair and regeneration.
The complex biological mechanisms occur in many phases from bacterial biofilm
formation to periodontal regeneration and repair.
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3.2 Host cells in periodontal pathogenesis

The inflammatory infiltrate of periodontal disease (gingivitis and periodontitis)
is characterized by polymorphonuclear leukocytes (PMNs), macrophages, lympho-
cytes, plasma cells [6]. The periodontium consists of cellular elements (epithelial cells,
the periodontal ligament and gingival fibroblasts, and osteoblasts and osteoclasts) and
molecular elements (extracellular matrix components such as the various collagens
and the noncollagenous proteins). The interactions between these components deter-
mine the nature of periodontal disease activity, whether gingivitis or periodontitis.

3.2.1 Polymorphonuclear leukocytes (PMNs/neutrophils)

PMNs are the first line of defense against bacteria, and proper PMN functional-
ity is essential for protecting the integrity of the periodontium [14]. Neutrophils,
present in clinically healthy gingival tissues, migrate through the intercellular
spaces of the junctional epithelium into the sulcus [15, 16], in response to inflam-
matory chemotactic mediators such as IL-1, IL-8, or bacterial peptides (i.e., fMLP),
and provide a “low-grade defense” against plaque bacteria [15, 17-19].

The proportion of neutrophils increases from 2% to 30% in modest inflam-
mation causing vascular permeability which facilitates leukocyte emigration and
increases the flow of GCF into the pocket [15]. At the molecular level, the interac-
tion of adhesion molecules (e.g., ICAM-1) on endothelial and epithelial cells with 2
integrins on neutrophils facilitates neutrophil migration.

In the tissues, neutrophils phagocytose microorganisms and produce reactive
oxygen species (ROS) to kill within the cells by the formation of neutrophil extra-
cellular traps (NETs). NETs can be released by viable neutrophils and also following
a form of programmed cell death called NETosis [20-24]. NETs are webs of com-
plexed nuclear and mitochondrial chromatin/DNA and antimicrobial molecules
such as histones and antimicrobial peptides (AMPs) [25, 26]. In established lesions,
neutrophils release toxic superoxides, free oxygen radicals, and tissue degrading
enzymes contributing to local inflammation and tissue damage [27].

3.2.2 Macrophages

Macrophages are mononuclear cells mainly participating in the early or innate
defense against microorganisms and in specific immunity through their antigen-
presenting function by releasing various cytokines. These cells present with varied
phenotypes or subsets [28] and diverse functionality.

3.2.3 Natural killer cells

These killer cells are involved in the innate immune response by playing a vital
role in host defenses against infected and malignant cells by producing cytokines such
as TNF-a and interferon-g. These lymphocyte subgroup cells increase significantly
from healthy human gingiva to diseased periodontal tissues [29, 30], in the immune
response to plaque biofilm accumulation. Impaired lymphocyte function is also
reported in various systemic conditions associated with periodontal diseases (e.g.,
Papillon-Lefévre syndrome [31], Chédiak-Higashi syndrome [32], and smoking [33]).

3.2.4 Lymphocytes

Lymphocytes are one of the main types of immune cells with subsets T and
B cells. When the innate or non-specific immunity is not able to cope with the
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bacterial challenge, it activates the adaptive immune system by a group of cells,

the T cells that have specific ability to present the bacterial antigens to the immune-
competent cells. T lymphocytes mainly contributes to periodontal pathogenesis

by direct involvement in periodontal bone resorption [34, 35]. B cells, the second
major lymphocyte subset, give rise to plasma cells that produce specific antibodies
when triggered by the antigen and other regulatory cells. The number of B cells
increases from health to gingivitis to periodontitis [6, 36], and its major role is in the
pathogenesis of periodontitis.

4. Immune responses in periodontal pathogenesis

The immune systems are essential for the maintenance of periodontal health and
are mainly categorized as innate immune system and the adaptive immune system
(Figure 1). It is now widely studied that immune responses are complex biologic
networks in which pathogen recognition, innate immunity, and adaptive immunity
are integrated and mutually dependent [37]. They are also integrated with other
systems, including the nervous system, hematopoiesis, and homeostasis as well as
elements of tissue repair and regeneration [38] as shown in Figure 1.

4.1 Innate immunity

The term “innate immunity” refers to the elements of the immune response that
are determined by inherited factors, that have limited specificity, and do not change
or improve during an immune response or as a result of previous exposure to a
pathogen. Innate immune mechanisms include a number of relatively non-specific
mechanisms, including the barrier effect of an intact epithelium, saliva, and GCF
(Figure 1). The keratinized epithelium of the sulcular and gingival epithelial tissues
provides protection for the underlying periodontal tissue in addition to acting as
a barrier against bacteria and their products [15, 39]. Saliva, secreted from three
major salivary glands, plays an important role in preventing the attachment of
bacteria to the dentition and the oral mucosal surfaces. These components include
molecules that non-specifically inhibit the formation of the plaque biofilm by
inhibiting adherence to oral surfaces and promoting agglutination (e.g., mucins),
those that inhibit specific virulence factors (e.g., histatins that neutralize lipopoly-
saccharide (LPS)) and those that inhibit bacterial cell growth (e.g., lactoferrin) and
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Figure 1.
Immune responses in periodontal pathogenesis.
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that may induce cell death [40, 41]. GCF originating from the postcapillary venules
of the gingival plexus carries blood components like neutrophils, antibodies, and
complement components which help in host defense mechanism [42].

Saliva, as part of innate immune response, is a key factor in protecting dental
enamel, gingiva, and mucosa by flushing microbes and foodstuffs, buffering acids,
remineralizing the tooth, providing antimicrobial activity, and permitting selective
adhesion of commensal microorganisms to maintain a symbiotic environment in the
dental biofilm [43]. The salivary flow rate—high or low—is characteristic of each
individual and [44-47] may promote salivary clearance of microbes from the oral
cavity. Saliva also contains varying amounts of immunomodulatory interleukin-1p,
interleukin-17, and interleukin-23, although it is not known whether they contribute
to innate immunity on mucosal surfaces of the oral environment [48].

4.1.1 Pathogen recognition and activation of innate response

The recognition of pathogenic microorganisms and the recruitment of effector
cells (e.g., neutrophils) and molecules (e.g., the complement system) are central to
effective innate immunity. Innate immune responses are orchestrated by a broad
range of cytokines, chemokines, and cell surface receptors, and the stimulation of
innate immunity leads to a state of inflammation. When microbes penetrate the
periodontal tissues, specialized cells of immune system, macrophages and dendritic
cells, express a range of pattern recognition receptors (PRRs) which interact with
specific molecular structures on microorganisms called microbe-associated molecu-
lar patterns (MAMPs) activating the innate immune responses (Figure 2).

4.2 Bacterial biofilm formation and development of a host response

Biofilms have been defined as “organized microbial communities characterized
by a first group of colonizers being irreversibly adhered to a substrate or interphase
in a wet media and the rest being embedded in a matrix composed of extracellular
polysaccharides produced by the bacteria.” The tooth surface provides a non-shed-
ding hard surface where bacteria can adhere and form complex biofilms [8, 49].

The combination of natural host defense mechanisms and oral hygiene practices
of individuals helps to have a balanced coexistence of oral microbiota in a healthy
oral cavity which can be disturbed by either quantitative (higher bacterial load) or
qualitative (growth of pathogenic species) changes in the biofilm leading to early
stages of gingivitis [49].
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Figure 2.
Microbial- and host-associated pathogenesis of periodontal disease.
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The epithelial attachment of tooth is a highly specialized structure where the
junctional epithelial cells strongly attach to the tooth surface by a basal membrane,
and hemidesmosomes providing the antibacterial defense mechanism by the high
regeneration and desquamation rate and the continuous flow of gingival fluid
through the gingival sulcus. The cells of the junctional epithelium with antibacterial
proteins like human p-defensin 1 and chemokines along with intercellular adhesion
molecule-1 (ICAM-1) and IL-8 help in the migration of PMN toward the gingival
sulcus [8].

The protective function of the gingival epithelium is enhanced by keratinization,
which helps resist abrasion. The gingival epithelium, as an innate immune barrier,
is formed by interconnecting keratinocytes bridged one to another by cell adhesion
molecules (CAMs) [50] which include integrins, mediating cell interactions with
the extracellular matrix and basement membranes and contributing to cell-cell
adhesion [51-53], as well as cadherins, which form tight contacts between cells [54].
The CAMs of the multilayered syncytium are susceptible to digestion by gingipains
from Porphyromonas gingivalis, which could increase tissue permeability [55-58].

4.3 Innate immune response and gingivitis

Innate immunity is the first line of defense and the cells responsible for the
innate immune response are mainly PMN, macrophages, and dendritic cells.
Polymorphonuclear leukocytes (PMNs) are the first and predominant cells of the
innate immune system in early gingivitis lesions [13].

The biofilm microbes on the tooth surfaces are recognized by the cells from the
innate immunity through certain molecular patterns called pathogen-associated
molecular patterns (PAMPs) which include lipopolysaccharide (LPS), peptidogly-
cans and lipoteichoic acids, N-formylmethionine, and lipoproteins. These molecules
are recognized by pattern recognition receptors (PRRs) on the surface of PMNL
and macrophages (Figure 2).

The two major families of PRRs that have been most extensively studied in the
periodontium are the Toll-like receptor (TLRs) and the Nod-like receptors (NLRs)
[59]. Toll-like receptors are unique receptors that recognize molecules that are
broadly shared by microorganisms but are distinguishable from host molecules and
can detect multiple pathogen-associated molecular patterns, including lipopoly-
saccharide, bacterial lipoproteins and lipoteichoic acids, flagellin, CpG DNA of
bacteria and viruses, double-stranded RNA, and single-stranded viral RNA [60].

The TLR family currently consists of 10 known functional TLRs in humans
[61, 62] in which TLR-1 through TLR-9 have been reported in the periodontium,
in both health and disease [63]. When Toll-like receptors bind pathogen-associated
molecular patterns, a series of intracellular events are initiated, leading to the
production of cytokines, chemokines, and antimicrobial peptides (AMPs) [64].
Different Toll-like receptors induce different responses. For example, Toll-like
receptors 1, 2, 4, 5, and 6 recognize products that are unique to bacteria and pre-
dominate in periodontal tissues, mainly in periodontitis [65] as shown in Figure 2.

4.4 Activation of adaptive immunity

If gingivitis persists without resolution, bacterial antigens are produced by
lymphocytes, macrophages, and dendritic cells. Two different subgroups of lym-
phocytes, T lymphocytes and B lymphocytes, are released after being exposed
with antigens by the innate immune cells. T cells are the effectors of cell-mediated
immunity (delayed hypersensitivity), and B lymphocytes carry immunoglobulin
molecules on their surface, which function as antigen receptors [66].
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Adaptive immunity provides a more focused defense against infections than
innate immune responses, which is slower and dependent on complex interactions
between antigen-presenting cells (APCs) and T and B lymphocytes, specifically
“cytotoxic T cells” and antibodies. Many histologic studies of periodontal disease
[6, 67] have suggested the importance of adaptive immune responses in periodon-
tal pathogenesis by the presence of leukocytes/neutrophils in the early stages of
gingivitis and T cells in stable periodontal lesions. The T cells play a major role in
maintaining tissue homeostasis against bacterial attack in plaque biofilm [68]. The
transition from the established gingivitis lesion to periodontitis is mainly domi-
nated by T and B cells.

5. Host-derived inflammatory mediators

The molecules participating in the cellular interactions are mainly categorized
as proinflammatory and anti-inflammatory, and the balance between these two
types of molecules determines the tissue response and the initiation or progression
of disease. The key proinflammatory mediators in periodontal disease pathogenesis
are as follows.

5.1 Cytokines

Cytokines are produced by resident cells, such as epithelial cells and fibroblasts,
by phagocytes (neutrophils and macrophages) in the acute and early chronic phases
of inflammation, and by immune cells (lymphocytes) in established and advanced
lesions [69]. Interleukin-1p and interleukin-6 are the main innate cytokines and,
together with tumor necrosis factor alpha, are the first to appear in the periodontal
disease pathogenesis pathways [70]. Cytokines are effective in very low concen-
trations and have pleiotropic effects (i.e., multiple biologic activities) on a large
number of cell types.

Cytokines are key inflammatory mediators in periodontal disease [71]. They
are soluble proteins acting as messengers and binding to specific receptors on
target cells to initiate intracellular signaling cascades resulting in cellular changes
by altered gene regulation [72, 73]. The genetic regulation leading to the secretion
of proinflammatory cytokines from a variety of cells is generally dependent on
the activation of nuclear factor kappa-B transcription [74, 75]. The nuclear factor
kappa-B-regulated pathways are activated by pathogen-associated molecular pat-
terns, such as lipopolysaccharide, through the Toll-like receptor pathway [75].

5.1.1 Interleukin-1 family cytokines

The IL-1 family of cytokines comprises at least 11 members, including IL-1a,
IL-1, IL-1 receptor antagonist (IL-1Ra), IL-18, and IL-33 [71].

IL-1o is an intracellular protein, produced by monocytic, epithelial, osteoblastic
cells found in the extracellular environment or in the circulation [76]. Studies have
reported elevated IL-1a levels in GCF and gingival tissues in patients with gingivitis
and periodontitis [77] and involved in the bone loss that is associated with inflam-
mation [78]. In recent nonhuman primate experiments, the use of a specific IL-1
inhibitor resulted in significant reduction of periodontopathogen-induced attach-
ment loss, bone resorption, and inflammation [79] suggesting that IL-1 inhibitors
might be useful in the management of periodontitis.

IL-1p produced by monocytes, macrophages, and neutrophils plays a key role
in inflammation and immunity and along with IL-1a induces the synthesis and
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secretion of other mediators that contribute to the inflammatory changes and tissue
damage. IL-1f stimulates the synthesis of PGE2, platelet-activating factor, and
nitrous oxide, resulting in vascular changes associated with inflammation [80].
Studies have shown increased concentration of IL-1p in GCF at sites affected by
gingivitis [81] and tissue levels of IL-1f correlates with clinical periodontal disease
severity [82]. IL-1f increases the expression of ICAM-1 on endothelial cells and
stimulates the secretion of the chemokine CXCL8 (IL-8), thereby stimulating

and facilitating the infiltration of neutrophils into the affected tissues [83]. Other
members of IL family have more roles in the pathogenesis of periodontal disease.

5.1.2 Chemokines

Chemokines are chemotactic cytokines with an important role in the migration
of phagocytic cells to the site of infection [84, 85]. Chemokines help in leukocyte
recruitment in physiologic and pathologic conditions, which results in the chemo-
tactic migration of neutrophils through the periodontal tissues toward the site of
the bacterial challenge in the periodontal pocket [86].

Chemokines are synthesized by a variety of cells including endothelial, epi-
thelial, and stromal cells, as well as leukocytes [87]. They are divided into two
subfamilies: the CC subfamily and the CXC subfamily [88]. The chemokine CXCLS,
also known as IL-8, has been found to be localized in the gingival tissues in areas
of plaque biofilm accumulation and also in GCF112. Interaction between bacteria
and keratinocytes results in the upregulation of IL-8 and ICAM-1 expression in the
gingival epithelium, thereby stimulating neutrophil migration into the tissues and
the gingival sulcus [89, 90].

Chemokines target leukocytes of the innate immune system, as well as lym-
phocytes of the adaptive immune system [91]. Chemokines play important roles
in immune responses, repair, inflammation, and regulating osteoclast activity by
influencing myeloid cell differentiation into osteoclasts, which may be of particular
importance in the pathogenesis of periodontitis.

5.1.3 Tumor necrosis factor alpha

TNF-a is a molecularly distinct cytokine and a key inflammatory mediator in
periodontal disease that shares many biologic activities with IL-1f [92]. Tumor
necrosis factor alpha is a multi-effect cytokine that has many functions, from cell
migration to tissue destruction. Tumor necrosis factor alpha impacts cell migration
by inducing the upregulation of adhesion molecules and adhesion of neutrophils to
the vessel wall, leading to extravasation. It also stimulates the production of chemo-
kines involved in cell migration to infected and inflamed sites [93-96]. The proin-
flammatory effects of TNF-a include the stimulation of endothelial cells to express
selectins that facilitate the leukocyte recruitment, the activation of macrophage IL-1p
production, and the induction of PGE2 by macrophages and gingival fibroblasts [97].

5.2 Lipid mediators of inflammation-prostaglandins and thromboxanes

Prostaglandins are derived from the hydrolysis of membrane phospholipids.
Prostaglandin E2 (PGE2) and thromboxane B2 are lipid molecules produced by many
host cells through the cyclooxygenase pathway, one of the two major paths of arachi-
donic acid metabolism. Inflamed gingiva synthesizes significantly larger amounts of
prostaglandins when incubated with arachidonic acid than in healthy gingiva [98].
Within gingival lesions, prostaglandin E2 is mainly localized to macrophage-like cells
and is secreted when stimulated with bacterial lipopolysaccharide [99].
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PGE2 induces the secretion of MMPs, as well as osteoclastic bone resorption,
and it contributes significantly to the alveolar bone loss seen with all forms of
periodontitis [100]. Prostaglandin E2 has biphasic actions on immune function.
In high doses, it decreases the levels of IgG, but at low doses it has the potential to
increase IgG. When combined with interleukin-4, low doses of prostaglandin E2
induce a synergistic rise in IgG production, suggesting an immune-regulatory role
for prostaglandin E2 [101].

5.3 Matrix metalloproteinase

Matrix metalloproteinases are a family of structurally related, but genetically
distinct, enzymes that degrade extracellular matrix and basement membrane com-
ponents [102]. MMPs secreted by the majority of cell types in the periodontium,
including fibroblasts, keratinocytes, endothelial cells, osteoclasts, neutrophils, and
macrophages, are capable of degrading extracellular matrix molecules, including
collagens [103, 104].

Most MMP activity in the periodontal tissues is derived from infiltrating
inflammatory cells. In inflamed periodontal tissues, excessive quantities of MMPs
are secreted by resident cells and neutrophils, resulting in the breakdown of the
connective tissue matrix [105, 106] and leading to the development of collagen-
depleted areas within the connective tissues. The predominant MMPs in periodon-
titis, MMP-8 and MMP-9, secreted by neutrophils [107] are effective in degrading
type 1 collagen, which is the most abundant collagen type in the periodontal
ligament [108].

Matrix metalloproteinase activity is controlled by changes in the delicate
balance between the expression and synthesis of matrix metalloproteinases and
their major endogenous inhibitors, tissue inhibitors of matrix metalloproteinases
[102]. The prolonged and excessive release of large quantities of MMPs in the
periodontium leads to the significant breakdown of structural components of
the connective tissues, thereby contributing to the clinical signs of disease. In
periodontal disease, secretion of specific matrix metalloproteinases is stimulated
or downregulated by various cytokines. The main stimulatory cytokines for
matrix metalloproteinases are tumor necrosis factor alpha, interleukin-1, and
interleukin-6 [109].

6. Discussion

The immune and inflammatory processes that result from periodontal inflam-
mation in response to bacterial biofilm are complex and mediated by a large number
of proinflammatory and anti-inflammatory cytokines and enzymes that function
as a network of mediators. Many studies have confirmed that immune cells from
patients with periodontal disease secrete higher quantities of proinflammatory
cytokines than do cells from persons who are periodontally healthy [72]. These
findings led to the concept of the “hyperinflammatory” or “hyperresponsive” trait
in which certain individuals possess a hyperinflammatory phenotype that accounts
for their increased susceptibility to chronic inflammatory conditions such as
periodontitis [110].

Although plaque bacteria initiate the inflammatory response, most of the
tissue damage results from the host response, which is influenced by genetic
factors, as well as environmental and acquired risk factors [111]. An essential
goal of interventions in inflammatory disease is the return of tissue to homeo-
stasis, by rapid elimination of invading leukocytes from a disease site [112].
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Inadequate resolution of inflammation and failure to return tissue to homeostasis
result in neutrophil-mediated destruction and chronic inflammation [113], with
destruction of both extracellular matrix and bone [114] leading to advanced
periodontitis.

Recently efforts are undergoing to control inflammation by the use of
pharmacologic agents that inhibit proinflammatory mediator pathways (e.g.,
nonsteroidal anti-inflammatory drugs) [115] which target cyclooxygenase
1-dependent and cyclooxygenase 2-dependent pathways, inhibiting the gen-
eration of prostanoids. Accordingly, there is a need for the development of
adjunctive agents for the management of periodontitis based on the current
understanding of the etiology and pathobiology of periodontal disease. Host
modulation therapy is an important emerging treatment strategy for managing
all forms of periodontitis.

7. Conclusion

Periodontal diseases (gingivitis and periodontitis) are inflammatory diseases
in which microbial etiologic factors induce a series of host responses that mediate
inflammatory events. The maintenance of a healthy mucosal system is character-
ized by a continuous coordinated network of immune response that maintains
the integrity of the tissue. Persistence of bacterial infection results in cellular and
molecular modifications of the host response resulting in clinical manifestations of
disease.

The presence of increased inflammation due to persistence of microbial
pathogens with a failure of innate immunity systems will cause the shift of disease
to a chronic state, later progressing to bone loss and periodontal tissue destruc-
tion. Even though persistent gingivitis is a risk factor for periodontal attachment
loss, periodontitis is always a successor of gingivitis. However, studies in the last
decade have brought significant understanding of the pathogenesis of periodontal
disease by the recognition of dental plaque as a biofilm, discovery of new disease-
associated bacterial species, the role of risk factors in disease susceptibility,
and advanced host-derived cellular and molecular mechanisms in periodontal
destruction.
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Chapter 3

Diagnosis and Treatment Plan for
Gingival Diseases and Conditions

Anahita Punj and Manav Chaturvedi

Abstract

The prevalence of gingival and periodontal disease is manifold and has not been
highlighted much due to its asymptomatic and milder symptoms. It is usually given
its due importance when the gingival disease progresses to advanced periodontal
disease, displays symptoms of dull pain and tooth mobility, and is associated with
pus discharge. The starting point of periodontal disease is usually gingival disease
which is a reversible condition. It is therefore necessary to diagnose gingival dis-
eases at an early stage to prevent its progression to irreversible periodontal disease.
The diagnosis of gingival disease becomes cumbersome due to its similarity in the
presentation of signs and symptoms. Gingival diseases can occur due to microbial
attack from the plaque biofilm which is usually bacterial in nature. There are other
viral, fungal, and immune-mediated mechanisms which can result in gingival dis-
eases. Some systemic conditions also influence the gingiva which allows for diag-
nosing systemic diseases and treating these conditions appropriately. It is said that
oral cavity is the mirror of the body, and in that sense the gingiva is the biggest
surface where any changes or manifestations could be observed.

Keywords: gingivitis, gingival disease, diagnosis, treatment

1. Introduction

The gingiva or commonly referred to as gums surround and protect the teeth
(Figure 1). Gingival diseases by namesake denote to the diseases affecting the
gingival tissues. These diseases have burdened the human race since the early
civilization, and this is proof enough to gauge the importance of diagnosing gingival
diseases and treating them. Gingival disease if left untreated can progress to peri-
odontal tissues and result in periodontal disease which is easier to diagnose probably
due to its chronic and severe nature as compared to gingival disease. No wonder
periodontal disease has been mentioned in the literature of ancient Egypt and a step
toward preventing it by means of oral hygiene practices deserves its mention in the
ancient scriptures [1].

2. Gingival disease terminology

The gingival disease terminology and classification has undergone many
changes, and the current classification given at the World Workshop in 2017
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Frea/Marginal Interdental Mucogingival Width of
O gingiva pagifia l i lunction t Attached gingha
Figure 1.

The diagnosis of any disease is based on a proper documentation of case history which requires precise
identification of signs and symptoms of disease and also any underlying medical disease/condition which may
influence the same. The next step is to correlate clinical, pathological, laboratory and radiological findings. This
sequence of steps also holds true for gingival diseases. This chapter attempts to focus on the minute differences in
the diagnosis of gingival diseases which becomes cumbersome due to a simple fact that any infection or
inflammation usually results in swelling up of the gingiva, bleeding, or formation of ulcers or vesicles. Such
symptoms could be due to a single to multiple etiologic agents corvesponding to varied diagnoses and treatment
regimens [2].

classifies gingival condition in health and disease under three broad categories of
health, dental biofilm-induced gingivitis, and non-dental biofilm-induced gingival
disease [3] (Table1).

Periodontal health and gingival health ~ Dental biofilm-induced gingivitis = Non-dental
biofilm-induced
gingival disease

Clinical Clinical gingival health ona Associated Mediated Drug- Genetic/
gingival reduced periodontium only with by influenced  development
health on an dental systemic  gingival disorders
intact biofilm or local enlargement
periodontium risk

factors

Stable Non- Specific

periodontitis periodontitis infections and
inflammatory and
immune
conditions

Reactive
processes

Neoplasms

Endocrine,
nutritional, and
metabolic
diseases

Traumatic lesions

Gingival
pigmentation

Table 1.
Classification of periodontal health, gingival disease, and condition [3].
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2.1 Diagnosis of plaque-induced gingivitis

Gingivitis per se refers to the inflammation of the gingival tissues and is labeled
with different diagnostic terms based on the etiology and clinical presentation to aid
in formulation of the best-suited treatment. As mentioned above, the broad etio-
logic factors which result in gingival disease is the dental biofilm, which contain
microbes, causing a microbial attack on the gingiva resulting in a dysbiosis
amounting to a host response manifested in the form of the inflammatory disease
called plaque-induced gingivitis. The plaque microbes have an influence on the
gingiva depending upon its quantity and quality of pathogens present. Although the
increased plaque burden is almost always associated with gingivitis, there are
instances where paucity of plaque can again result in gingivitis due to the effect of
modifying factors which make the host response more accentuated and exaggerated
as they tend to have a more systemic affect than a local one [2, 4]. These modifying
factors include few systemic conditions, factors which increase plaque accumula-
tion and influence of drugs on gingiva. How these factors can affect gingivitis is
summarized in Table 2.

Factor Effect on gingiva  Signs and Diagnosis Treatment [5]
symptoms for
diagnosis

Bacterial Microbial attack Mild redness with  Incipient gingivitis OHI

dental biofilm  mounts a host or without broken

only response in the form line of bleeding

f infl ti
OF ITAmmAtOn  Mild changesin  Mild gingivitis OHI +/OP

color and texture of
the gingiva

Glazing redness, Moderate gingivitis OHI + OP

edema,
enlargement,
bleeding on
probing
Overt redness and ~ Severe gingivitis
edema and
bleeding on
palpation rather on
probing
Potential modifying factors of plaque-induced gingivitis
Systemic conditions
Sex steroid Exaggerate the host Bleeding on Diagnostic term OHI + OP
hormones inflammatory probing or bleeding not given as not
(estrogen and  response in the with toothbrushing, seen frequently in
progesterone)  presence of minimal mild to moderate population and if
(1) Puberty plaque redness present can be
diagnosed as
gingivitis
associated with
puberty
(2) Menstrual ~ Exaggerates the host Mild redness, Diagnostic term
cycle inflammatory edema based on not given as not
response in the severity of seen frequently in
presence of minimal inflammation seen  population and if
plaque during the present can be
menstrual cycle diagnosed as
gingivitis
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Factor Effect on gingiva  Signs and Diagnosis Treatment [5]
symptoms for
diagnosis
associated with
menstrual cycle
(3) Pregnancy The hormones Deep gingival Pregnancy-
exaggerate the host  probing depths, associated
inflammatory bleeding on gingivitis
response in the probing or bleeding
presence of minimal with toothbrushing,

plaque

and elevated
gingival crevicular
fluid flow in

pregnancy
(4) Oral The high-dose Mild redness, Currently the dose OHI + OP +
contraceptives hormones in the edema based on of oral reduction of high-
pills exaggerate the  severity of contraceptives is dose oral
host inflammatory  inflammation seen  low; hence contraceptive
response in the after 1to 3 months  diagnostic terms Low-dose
presence of minimal of use have been removed contraceptive does
plaque; low dose not require any
does not have much change
effect
Hyperglycemia High blood glucose  Signs of Gingivitis OHI + OP +
levels increase the inflammation of associated with maintenance of
pathogenic bacteria  gingivitis + high diabetes mellitus ~ blood glucose levels
and also form more  blood glucose levels by diet restriction/
AGE which affect exercise/
collagen turnover medication
and healing
Leukemia Increases number of Cervical Gingivitis Treat leukemia +
WBCs which lymphadenopathy, associated with symptomatic
accumulate in the petechiae, ulcers acute/chronic treatment for
gingival tissues and  seen in the mucosa, leukemia gingivitis with
decreases number of bleeding on slight careful OHI and OP
platelets which provocation, to prevent
causes bleeding swollen, glazed, excessive bleeding
spongy gingiva, red
to deep purple color
of gingival lesions
Smoking Direct smoking can  No redness, edema, No gingivitis Smoking cessation
cause or swelling present.
vasoconstriction of  Color may change
gingival vasculature to blue and pale
pink. No gingival
changes and pocket
depths increase
when lesions
progress to
periodontitis
Malnutrition ~ Deficiency of Bleeding on Scurvy Vitamin C
vitamin C affects probing, mobility, supplementation +
crosslinking of and swollen gums OHI + OP

collagen

in severe cases with
minimal plaque

Oral factors enhancing plaque accumulation
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Factor Effect on gingiva  Signs and Diagnosis Treatment [5]
symptoms for
diagnosis
Prominent Roughness and Localized mild Gingivitis due to Correction of
subgingival closeness of these redness, bleeding  faulty restoration  restoration +
restoration restorations to on probing, slight OHI + SRP
margins gingival tissue cause edema in area of
accumulation of restoration
plaque bacteria and
irritation
Hyposalivation Decreased saliva Dental caries, taste ~ Gingivitis OHI + OP+ salivary
causes sticking of ~ changes, halitosis,  associated with substitutes
bacteria on tooth mucosal and hyposalivation
surfaces gingival dryness,
and gingival
inflammation

Drug-influenced gingival enlargements

Phenytoin, Drugs and plaque Onset after Drug-influenced
sodium cause fibroblasts to 3 months of drug mild gingival
valproate increase production intake, common in  enlargement (if
of collagen and anterior gingiva, only papilla is
extracellular gingival size involved)
connective tissue increases which Drug-influenced
starts from mild gingival
interdental papilla  enlargement (if
and may extend to  papilla and margin
the margin and is involved)
attached gingiva in  Drug-influenced
severe cases. mild gingival
The enlarged areas  enlargement (if
are firm to soft papilla, margin,
depending upon the and attached
presence of gingival gingiva is
inflammation involved)
Nifedipine,
amlodipine,
verapamil,
diltiazem,
felodipine
Cyclosporine

OHI + OP+ drug
substitution if
required, followed
by gingivectomy to
correct enlarged
gingival tissues

OHI, oral hygiene instruction, OP, oral prophylaxis.

Table 2.

Diagnosis based on etiology, modifying factors, and clinical features [2, 4].

2.2 Tools used for gingival diagnosis

The crude tools used are a questionnaire/interview to collect important aspects
of the patient demographics, medical history, current medications, and habits. The
next step involves patient examination starting from extraoral structures to any
abnormal intraoral findings to specific examination of the gingiva. The gingival
disease is visually examined for clinical signs and symptoms using a mouth mirror
under ambient lighting of the dental chair, cotton/gauze to dry the tissues, and
sometimes the use of three-way air water syringe to wash way the debris for better
inspection. Changes in color, contour, consistency, texture, size, position, etc. are
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Advanced
diagnostic aid
for gingival
disease

Mechanism/working

Inference

Periotemp probe

Detects the difference in subgingival
temperature which is reflected by red or
green light

Red light indicates future periodontal
breakdown and increase in
periopathogens

New generation
of periodontal
probes

First-generation

Detects pocket depth using traditional
probes

Second-generation

Pressure-sensitive probe with uniform
pressure

Third-generation

Pressure-sensitive and captures data on
computer

Fourth-generation

Uses 3D technology to detect pocket

Fifth-generation

Uses 3D technology and ultrasound to
detect pocket

Advances in
radiography

Use of charged-coupled device,
complementary metal oxide
semiconductor, and cone beam-
computed tomography allow digital
recording

These are used to detect bone loss and
bone defects in 2D and 3D for
periodontal defects rather than gingival
diseases

Advances in
microbial
culturing

High-performance liquid
chromatography

Can detect bacterial cell wall
components

Flow cytometry

Can detect various bacteria

Latex agglutination test

Can detect pathogenic antigen, proteins,
and antibody by agglutination reaction

Direct and indirect immunofluorescence

Can detect pathogenic antigen, proteins,
and antibody by agglutination and
adding fluorescent dyes

Enzyme-linked immunosorbent assay

Evalusite can detect P. gingivalis,
P. intermedia, and
A. actinomycetemcomitans

Nucleic acid and DNA checkerboard
hybridization techniques

Detects microbes based on matching of
unknown sample with known
hybridization technique of nuclei acid/
DNA

DNA probe

Omnigene can detect P. gingivalis,
P. intermedia, A. actinomycetemcomitans,
E. corrodens, C. rectus, F. nucleatum

Perioscan uses BANA (N-benzoyl-DL
arginine naphthylamide) hydrolysis
carried out by trypsin-like protease

Detects trypsin-like protease releasing
bacteria, such as P. gingivalis,
T. denticola, and T. forsythus

IAI Pado Test 4.5 RNA probe test kit uses
oligonucleotide probes complementary
to conserve fragments of the 16S rRNA
gene that encodes the rRNA

Detects A. actinomycetemcomitans,
P. gingivalis, Tannerella forsythia, and
T. denticola

MyPerioPath is a DNA test and uses
saliva samples

To identify the type and concentration
of periodontal bacteria

Advances in
biochemical test
kits

Perio-Check

Detects neutral proteases like
collagenases in GCF (gingival crevicular
fluid)
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Advanced Mechanism/working Inference
diagnostic aid

for gingival

disease

Prognos-Stik: detects serine proteinase ~ Shows active disease sites
elastase in GCF

PocketWatch: detects aspartate Differentiates active and non-active sites
aminotransferase in GCF of disease

PerioGard: detects aspartate Differentiates active and non-active sites
aminotransferase in GCF of disease

Perio 2000: detects volatile sulfur To detect halitosis

compounds

Toxicity prescreening assay (TOPAS) Detects bacterial toxins and proteins

Dipstick Detects (matrix metalloproteinase)
MMP-8 in GCF

Integrated microfluidic platform for oral Saliva-based detection of MMP-8
diagnostics (IMPOD)

Oral fluid nanosensor test (OFNASET):  Used for detection of salivary
saliva-based detection of (interleukin) biomarkers for oral cancer

IL-1, IL-8
Electronic taste chip (ETC) Detects C-reactive protein which is an
important biomarker for inflammation
Genetic tests Genetic periodontitis susceptibility trait Detects IL-1 polymorphism
(PST) test
MyPeriolD Saliva-based detection of genetic

susceptibility

Table 3.
Diagnostic tools for gingival disease [5, 6].

noted. This is followed by palpation of the gingiva for any spontaneous bleeding,
pain, discharge, blanching, consistency (by checking the resiliency of tissues on
applying pressure), and pitting edema. The UNC-15 or the Michigan O periodontal
probe with William’s marking is used to check for bleeding on probing, subgingival
faulty restorative margins, and the presence of deeper than 5-mm pockets which is
the critical probing depth to differentiate between gingivitis and periodontitis.
Apart from these traditional tools used, advanced diagnostic aids have been intro-
duced to further confirm the presence of gingival disease (Table 3) [5, 6].

2.3 Diagnosis of non-plaque-induced gingival diseases

Apart from plaque-induced gingivitis, it is imperative to diagnose and differen-
tiate the non-plaque-induced gingival diseases and conditions to provide appropri-
ate treatment and to avoid overtreatment. The etiology of non-plaque-associated
gingival disease is usually related to some genetic defect or systemic disorder. In
many instances the oral lesions precede the extraoral findings and can help in
diagnosing a disease which could affect the full body. Therefore, while diagnosing
these conditions, we need to look for other associated conditions to arrive at a
correct diagnosis. Table 4 attempts to highlight the clinical features to help arrive at
a diagnosis [7-11].
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3. Treatment of gingival disease

The treatment of gingival disease is based on resolving the etiologic factors and
maintaining the systemic status of the individual. In the case of plaque-induced
gingivitis, the main treatment plan involves removal of plaque and calculus by
scaling and root planning, followed by oral hygiene instruction which includes
modified bass method of brushing and the use of chemical plaque control agents
like 0.2% or 0.02% chlorhexidine gluconate or essential oil mouthwash. In cases of
gingival enlargement, initial therapy is focused on removing plaque and calculus,
followed by a review on the gingival condition; only if the condition does not
improve the drug substitution may be considered, followed by gingivectomy to
remove the enlarged gingival tissue. Plaque-induced gingival disease influenced by
modifying factors is controlled by reducing the exposure of the modifying factor in
addition to removal of plaque and calculus to maintain oral hygiene. The details of
the treatment have been mentioned in Table 2. Non-plaque-induced gingival dis-
eases are treated depending on the etiology of the gingival disease. For example,
viral lesions are treated by providing antiviral medications in addition to oral
hygiene instruction. The details of treatment in brief are mentioned in Table 4.
Diagnosis is essential for providing the proper treatment plan and updating recent
research which might help prevent undue treatment [8].

4. Conclusions

Gingival diseases are an initial starting point of the advanced periodontal disease
and in some cases depict the manifestation of an underlying undiagnosed systemic
condition. Therefore, the early diagnosis of gingival disease and its treatment are
warranted.
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Chapter 4

Host Modulation

Wael 1. Ibraheem and Reghunathan S. Preethanath

Abstract

Host modulation is considered to be new research area in dentistry. In medi-
cine, host modulation was introduced way before dentistry in treating arthritis
and osteoporosis. It is mainly focusing on the host part during host-bacteria
interaction. Although there are many agents introduced for this purpose, the most
well-studied host modulation therapy in dentistry is doxycycline. It shows less
tissue destruction when used for few months along with periodontal therapy. It
has anticollagenase properties which shows a promising effect when used to treat
chronic inflammation.

Keywords: host modulation, doxycycline, anticollagenase, matrix metalloproteinases
enzymes

1. Introduction

Host modulation therapy is a newly introduced term to the field of dentistry.
Host refers to the body hosting the disease while modulation refers to changing the
status of something in response to external modifier.

In periodontal diseases, bacteria/microbes are the main pathogen in initiating
the disease while the host is the body hosting the bacteria. Host modulation therapy
is the chemical agent that can be used as an adjunct to the systematized periodontal
therapy to improve the diseased state and inhibit the tissue destruction. As proved
in many studies, bacteria cause direct tissue destruction by releasing enzymes and
other virulent factors and indirectly by letting the host tissue to release collagenases
which in turn destruct the tissue. Host modulation is working on the indirect arm of
this process.

Host modulation was introduced in dentistry by William [1] and Golub et al. [2]
in the 1990s. Both discussed the idea of having a chemical agent that modulate the
host response and improve the periodontal health. The response to the periodontal
disease as well as the progression of the periodontal disease varies considerably
among individuals. Some patients are susceptible to a disease more than others
which make, the host modulation therapy preferable in such cases.

Host modulation can be used to reduce levels of enzymes, collagenases, and
proinflammatory cytokines. Moreover, it can modify osteoclast and osteoblast
activities (Figure 1). It has a role in modifiable risk factors (e.g., smoking, diabetes)
and unmodifiable risk factors (e.g., genetic susceptibility) as it help the body to
overcome those risk factors. In systemic host modulation, it has the effect on mul-
tiple sites on the oral cavity with ‘sub-antimicrobial-dose doxycycline’ (SDD) and
locally with agents such as bone morphogenic proteins (BMP) to improve wound
healing at the surgical site.
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Figure 1.
The effect of different systemic host modulation therapy agents and their target during gingivitis and
periodontitis.

2. Systemic host modulation

Various medications which are used for host modulation therapy are adminis-
tered orally.

2.1 Bisphosphonates

Bisphosphonate is an agent that is used to inhibit bone resorption by inter-
fering with osteoclasts. The actual mechanism of action is yet unclear. Some
researches show that bisphosphonate interfere with osteoclast cellular adenosine
triphosphate (ATPs) [3]. Bisphosphonate possesses anticollagenase properties [4].
Bisphosphonates is helpful in periodontal disease associated with bone loss.

In an animal study, bisphosphonate shows more bone density in beagle dogs
using alendronate [5]. Complications associated with using bisphosphonate are
mainly bisphosphonate-related osteonecrosis of the jaw (BRON]J). It is mainly
associated with intravenous administration of bisphosphonate [6]. Bisphosphonate
is not yet been approved as host modulation therapy for periodontitis.

2.2 Nonsteroidal anti-inflammatory drugs

NSAIDs decrease the production of prostaglandins (PGE). PGE, is produced
by different cells such as neutrophils and fibroblast in response to lipo-poly sac-
charide. It has been shown that PGE, is elevated in periodontitis in response to
bacteria compared to non-periodontitis cases [7]. By reducing PGE, production,
inflammation also subsides in periodontal disease. One study showed lower levels
of matrix metalloproteinase enzymes (MMP-8) at the gingival crevicular fluid
(GCF) after administration of NSAIDs [8]. Some studies showed that NSAIDs such
as indomethacin [9], flurbiprofen [10], and naproxen [11] show reduced bone loss
when used for a period up to 3 years. These are the non-selective NSAIDs that have
been investigated in research as host modulation therapy. The main side effect when
NSAIDs are used for prolonged period as host modulation therapy includes gastro-
intestinal pain and ulcer, bleeding, and renal and hepatic impairment.

Using selective cyclooxygenase-2 (COX-2) inhibitor could be a promising solu-
tion to the side effects of non-selective NSAIDs (Figure 2).
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Arachidonic acid

Prostaglandins

Homeostatic
function

Inflammation

Figure 2.
Cyclooxygenase enzyme converts avachidonic acid to prostaglandins. COX-1 maintains the homeostatic
Sfunctions at the body while COX-2 contributes more with the inflammation.

Some studies administering selective NSAIDs showed less PGE2 in human
periodontal tissues [12]. On the other hand, selective NSAIDs reported side effects
such as myocardial infarction. NSAIDs also show some rebound effects when the
usage stopped which resulted in more tissue destruction afterward [13]. NSAIDs are
not yet been approved as host modulation therapy for periodontitis.

2.3 Sub-antimicrobial-dose doxycycline

Sub-antimicrobial-dose doxycycline (SDD) is the only host modulation therapy
approved by the U.S. Food and Drug Administration (FDA) and accepted by the
American Dental Association (ADA). SDD (Periostat) is usually administered as
20 mg twice daily for a period of 3 months. Less than 3 months period was showing
rebound effect of collagenase levels as the benefit of SDD is not yet been applied at the
tissue [14]. In many cases, physicians are prescribing the medication for a period up to
9 months and regular follow up every 3 months to evaluate the effect of the medication.

SDD has an anticollagenase effect and inhibit osteoclast and proinflammatory
cytokines. The effect of SDD is below the detection of bacteria which will not cause
any resistance in the future. Moreover, there is no rebound effect registered after
discontinuing the medication. The significant clinical effect of SDD compared to
placebo in 266 patients when used as an adjunct to scaling and root planing (SRP) in
periodontitis patients has been reported in a study [15]. Another study was showing
the effect of SDD as an adjunct to SRP with smokers having periodontitis [16].

Large number of MMPs is released to the periodontal tissues during inflamma-
tion by different cells. MMP-8 and MMP-9 are major enzymes released from neutro-
phils during inflammation which cause tissue destruction through degrading type
collagen [17, 18]. The release of MMPs leads to progressive destruction of periodontal
tissues which is related to the large number of neutrophils during inflammation.
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3. Local host modulation
3.1 Enamel matrix proteins, growth factors, and bone morphogenetic proteins

The locally administered host modulation therapy is used mainly to improve
wound healing, increase bone formation, and to produce new periodontal tissue
including periodontal ligament and cementum. They have been applied locally
along with periodontal surgery. The FDA approved local host modulatory agents
includes enamel matrix proteins (Emdogain), recombinant human platelet-derived
growth factor-BB (GEM 21S), and BMP-2 (thBMP-2 [Infuse]). These materials
have been proved to provide some clinical benefits when used during periodontal
surgical procedures. The focus of this chapter is on the non-surgical therapy of
gingivitis and periodontitis.

4. Conclusions

To summarize, patient selection and motivation to do periodontal therapy is the
key to start host modulation therapy. Moreover, medical status of the patient would
affect the outcome of the treatment.
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Chapter 5

Adverse Effects of Medications on
Periodontal Tissues
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and Elna Paul Chalisserry

Abstract

Periodontal tissue is susceptible to a range of adverse effects of several medications
used in daily medical practice. Phenytoin, cyclosporine, and calcium-channel blockers
are the most commonly used drugs related to gingival disease. Several other medica-
tions can also have an adverse effect on the periodontium, especially in the presence of
compromised oral hygiene. These medications act on periodontal tissues by trigger-
ing the inflammatory pathways involved in the pathogenesis of periodontal disease
or by potentially compromising the management of patients with these conditions.
Gingival overgrowth is probably the mostly widely recognized and investigated type
of adverse drug reaction in the periodontal tissues. Since many patients are on such
medications, dental practitioner should take a thorough medical history and be aware
of medication-related problems and their potential effects on diagnosis and treatment
planning. The chapter reviews the commonly prescribed medications that can affect
the periodontium either in its healthy or inflamed condition.

Keywords: adverse effects, calcium channel blockers, gingival overgrowth,
hypertension, anticonvulsants, immunosuppressants

1. Introduction

Medications are chemical substances used to treat, cure, prevent, or diagnose a
disease or to promote well-being. An adverse drug reaction is defined by WHO as
aresponse to a drug which is noxious and unintended, and which occurs at doses
normally used in man for the prophylaxis, diagnosis, therapy of diseases or for
the modification of physiological function. Several medications can cause adverse
effects in the periodontium. The most common are the gingival enlargement,
inflammation, pigmentations, gingival bleeding and osteonecrosis [1]. Gingival
overgrowth (GO) or enlargement is a condition is characterized by an increase
in the size of gingiva subsequent to the increase in extracellular tissue volume.
Gingival overgrowth is a side effect of several medications used by patients have
the capability to cause adverse effects in the oral cavity and periodontal tissues [2].
Though many medications have marked effects on the periodontal tissues and these
adverse reactions are well documented, many have been described only as isolated
case series or reports [2]. It is important for the clinician to obtain a complete record
of the medications the patient takes, including prescription drugs and over-the-
counter drugs. This will help the clinician to diagnose and manage the adverse
effects in the periodontal tissues.
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2. Drug induced gingival overgrowth (DIGO)

The main drugs associated with GO can be divided into three categories such
as anticonvulsants, calcium channel blockers, and immunosuppressants. Few
isolated incidences of GO associated with antibiotics and sulphonamides were also
reported. Though these drugs have different pharmacologic effect and targets,
all of them seem to act similarly on the gingival connective tissue as a secondary
target, leading to common clinical and histopathological changes. The gingival
overgrowth (GO) is consequent to the alteration of the host tissue response, result-
ing in an increase in collagen synthesis and cellular changes within the connective
tissue. The prevalence of gingival overgrowth varies with different medications,
with a reported rate of 50% for phenytoin (anticonvulsant), 25-30% for cyclospo-
rine (immunosuppressant), 5-20% for nifedipine and 3% for amlodipine (CCBs)
[2]. The drug associated gingival overgrowth is three times more prevalent among
men and can be attributed to the effect of testosterone on fibroblast proliferation
and collagen stimulus [3].

The GO appears normally within 1-3 months after administration of these
medications (Table 1). The gingival enlargement may appear inflamed or more
fibrotic depending on the degree of inflammation. Normally the GO is confined
to the attached gingiva which might occasionally extend coronally. The enlarged
gingiva produces esthetic changes and its clinical symptoms include tenderness,
bleeding, interference with speech, dental occlusion problems, and enhanced
susceptibility to periodontal diseases [4-6].

Histologically, the drug-induced gingival overgrowth is indistinguishable from
other types of gingival enlargement. The enlargement of the gingival tissue occurs
as aresult of accumulation of extracellular matrix (ECM), although the pathogen-
esis remains multifactorial. Age, genetic predisposition, pharmacokinetic variables,
drug-induced alterations in gingival connective tissue homeostasis, inflammatory
changes, drug-induced action on growth factors, etc. are some of the factors that
influences the occurrence and severity of the gingival overgrowth.

Genetic factors are important in the pathogenesis of drug associated gingival
overgrowth. The drugs are metabolized by cytochrome p450 enzymes, which are
characterized by high genetic variability. Research on genes responsible for HLA
leukocyte antigen coding confirmed the theory of HLA-DR?2 antigen influence,
which is found much more commonly in patients with moderate or severe drug-
induced gingival overgrowth than HLA-DR1 [7]. The drug variables such as dosage,
duration of therapy and concentration of drug in plasma and local fluids, like
gingival crevicular fluid and saliva, play an important role in DIGO [8].

2.1 Pathogenesis of DIGO

The exact mechanism behind the pathogenesis of drug-induced gingival over-
growth is not yet fully understood. Each medication has got separate impacts on
the range of cytokines and growth factors involved in connective tissue metabo-
lism. Studies revealed that the molecular markers and clinical features of gingival
overgrowth differ depending on the drugs. The cytokine and growth factor balances
are altered in tissues with GO, including connective tissue growth factor (CTGF),
a member of the interesting CCN (cysteine-rich angiogenic protein 61) family of
factors [3, 9, 10].

Cytokine dependent alterations in extracellular matrix metabolism appear to be
of functional importance to gingival overgrowth. Abnormal differentiation of cells,
resulting in accumulation of fibroblasts with a pathologic range of proliferative
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Drugs/groups Incidence/prevalence References
Anticonvulsants
Phenytoin 13% [17]
50.3% [18]
57% [19]
40% [20]
50-60% [21]
53% [22]
Sodium valproate Rare [22]
Vigabatrin Rare [23,24]
Carbamazepine None [22]
Immunosuppressants
Cyclosporines 10-85% [25]
30% [26]
8-70% [27]
25-81% (8]
224% (28]
Tacrolimus 14.1% [28]

Calcium channel blockers

Nifedipine 6.3% [29]

50.8% [30]

83% (31]

Diltiazem 20% [31]
Verapamil 4-19% [32, 33]
Amlodipine 3% [34, 35]

Felodipine Rare [36]

Table1.

Medications causing drug induced gingival overgrowth (DIGO).

and synthetic phenotypes, could result from deregulated cytokines. The unique
metabolic aspects of gingival extracellular matrix metabolism; and a greater under-
standing of interactions between and among medications, the innate and acquired
immune response, cytokines and growth factors, and gingival epithelial and con-
nective tissue cells providing more detailed molecular and mechanistic information
need to be elucidated [3, 11].

2.2 Histological features

Histologically, slight to moderate hyperkeratosis, thickening of the spinous layer,
fibrosis of underlying connective tissue with fibroblastic proliferation, increase
in the number of capillaries with slight chronic perivascular inflammation is seen.
Excessive accumulation of extracellular matrix like collagen with varying amounts
of inflammatory infiltrates, predominantly plasma cells are seen. Fibroblastic
proliferation may not be evident. Plasma cells are the principal type of infiltrating
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inflammatory cell. Parakeratinized epithelium of variable thickness covers the con-
nective tissue stroma. The epithelial ridges may penetrate deep into the connective
with columns of interspersed collagen fibers [12].

2.3 Management of drug induced DIGO

The management of medication induced gingival overgrowth depends on the
degree of progression of the disease. Withdrawal or substitution of medication is
one of the methods that might resolve the gingival overgrowth. However, not all
patients respond to this mode of treatment especially those with long standing
gingival enlargement. Professional debridement with scaling and root planning
as needed has been shown to offer some remission of the gingival overgrowth in
patients. Since the anterior labial gingiva is frequently involved, surgery is com-
monly performed for esthetic reasons. The classical surgical approach has been
the external bevel gingivectomy. However, a total or partial internal gingivectomy
approach has been suggested as an alternative. This approach has the benefit of
limiting the large denuded connective tissue wound and thereby minimizing
postoperative pain and bleeding [13].

The surgical methods include traditional scalpel gingivectomy and periodontal
flap surgery. Electrocautery may be used in difficult cases, children, or where the
gingiva is fragile and likely to bleed. Excision using laser provides a superior inci-
sion margin and improved wound healing due to a coagulated layer along the inci-
sion, as well as a reduced incidence of scarring. CO, laser is very effective in surgery
of soft tissues with high water content like the gingiva. Blood vessels up to a diam-
eter of 0.5 mm can be sealed effectively and provides a dry field for better visibility
of the surgical field. A laser is preferred over the scalpel as it has strong bactericidal
and hemostatic effects [14, 15]. A combined non-surgical and surgical therapy
with drug substitution is the most common treatment approach in the manage-
ment of medication induced gingival overgrowth [16]. In most cases, conservative
methods such as professional oral hygiene maintenance, topical anti-inflammatory
and antibacterial drugs and a meticulous oral hygiene measures by the patient.
Surgical excision is used in cases of where the gingival overgrowth interferes with
food intake, causing difficulties in speech and maintaining oral hygiene. Surgical
excision is more reliable as it eliminates the hyperplastic tissue and promotes plaque
control as well as improves the esthetics.

2.4 Phenytoin

Phenytoin is an anticonvulsant prescribed for the control of epilepsy and neu-
ralgias. In the present day, phenytoin is not usually prescribed as a first line drug
for the management of epilepsy due to the availability of a wide range of newer,
more effective anticonvulsant drugs with fewer side effects. The prevalence of
drug-induced gingival overgrowth in patients taking phenytoin is reportedly
between 15% and 60% [17]. Phenytoin, or its metabolites, probably acts directly
on high activity fibroblasts leading to the high levels of production of collagen
in the presence of inflammation. This results in gingival enlargement, charac-
teristically originating principally from the interdental papillae (Figure 1). The
amount or degree of severity of the overgrowth is not related to the dose of the
drug. Presence of plaque and gingival inflammation, serum concentrations of
the drug are factors which increases the risk of phenytoin-induced gingival
overgrowth [37].

The management of this overgrowth is based on obtaining optimal control of
plaque. Where the enlargement is unsightly and disfiguring, or even interfering
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Figure1.
A case of phenytoin induced gingival overgrowth.

with chewing, the over-growths should be removed. Gingivectomy appears to be
the simplest and best way of achieving good gingival contour as a post-operative
result. But optimal plaque control post-operatively is the most important deter-
minant of success. Recent research work suggests that the use of chlorhexidine,
especially brushing daily using the gel, can be of valuable assistance in controlling
plaque and hence in controlling the overgrowths in the post-surgical phase.

2.5 Cyclosporin

Cyclosporin (CsA) is a cyclic polypeptide with potent immunosuppressive
activity used widely to prevent organ transplant rejection and also in the treatment
of autoimmune diseases [38, 39]. CsA selectively suppresses helper T-cell function
and modulates the network of inflammatory cytokines. However, cyclosporin is
associated with several untoward effects like nephrotoxicity, hepatotoxicity, hirsut-
ism and gingival overgrowth [40, 41]. Gingival overgrowth is one of the common
side effects of CsA treatment, observed in 13-81% of the patients [6, 39]. The
prevalence of gingival overgrowth associated with CsA averages around 30%, with
reported rates ranging from 10 to 85% [25]. Studies have shown certain degree of
association between GO and potential risk factors, such as age, genetic susceptibil-
ity, pharmacokinetic variables, plaque-related inflammation and immunological
changes [42-44]. Epidemiological studies have reported wide variation of its
occurrence and it accounts for more than 70% of the transplant recipients [4, 45].
The severity of gingival overgrowth is often associated with its prolonged use and
further influenced by bacterial plaque and local irritants (Figure 2) [46]. The use
of other medication, such as calcium channel blockers along with CsA increases the
prevalence of gingival overgrowth and subsequently the risks [11]. The condition
can interfere with the mastication, speech and oral hygiene maintenance and hasa
psychological impact in the affected individual [5].

The most prominent pathologic manifestation of the gingival overgrowth is an
excessive accumulation of extracellular matrix, predominantly type I collagen. Many
studies have shown increased transcriptional and translational levels of type I collagen
in both tissue and fibroblast cultures derived from CsA-induced gingival overgrowth
[9, 10, 47]. Though the exact mechanism is not clearly understood, studies also have
shown increased expression of specific cytokines, especially transforming growth
factor-beta (TGF-f), in drug-induced gingival overgrowth. This suggests that TGF-,
an inflammatory mediator that regulates cell proliferation and differentiation, plays a
role in enlarging the extracellular matrix in hyperplastic gingival tissue [48].
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Figure 2.
A case of cyclosporin A induced gingival overgrowth.

The management of cyclosporin associated gingival overgrowth includes
removal of local irritants and plaque and maintenance of adequate oral
hygiene. Invasive procedures, such as gingivectomy is done in severe cases
[49]. Currently the use of antibiotics has shown reduction in the GO associated
with the drug usage. Azithromycin, a semi synthetic antibiotic, derived from
the macrolide erythromycin has shown reduction in gingival overgrowth [50].
Roxithromycin, a macrolide antibiotic with similar characteristics of azithro-
mycin, is also found to be effective in the reduction of gingival overgrowth in
renal transplant recipients on CsA [25]. Gingival overgrowth can be prevented
by intensive plaque-control practices including meticulous brushing, although
critically ill patients receiving CsA may not be the ideal candidates for such
intensive procedures. A combination of chlorhexidine or normal saline mouth
rinses and mechanical cleaning was found to be effective in controlling the
management of such patients [51, 52].

2.6 Calcium channel blockers

Drugs including diuretics, alpha and beta blockers, angiotensin converting
enzyme inhibitors, angiotensin II type 1 receptor blockers and calcium channel
blockers (CCBs) have been used to manage hypertension [53]. They are adminis-
tered either alone or in combination, depending on the needs of the patient. The
calcium channel blockers are the most frequently prescribed antihypertensive
agents which is comprised of two subclasses, dihydropyridines and non-dihy-
dropyridines. Although their mechanism of action is the same, they have varied
pharmacological effects. While the dihydropyridines are potent vasodilators, the
non-dihydropyridines produce more negative inotropic effects. The dihydropyri-
dines such as nifedipine, amlodipine and felodipine are significantly associated with
gingival overgrowth. The non-dihydropyridines such as diltiazem and verapamil
are less commonly associated with gingival enlargement [54].

2.6.1 Nifedipine

Nifedipine, a drug that belongs to a pharmacological agent group known as
calcium channel blocker was introduced in 1972 and has been used widely in the
management of hypertension and angina pectoris. Lederman et al. [55] was the first
to describe nifedipine-induced gingival overgrowth in patients treated with this
drug. The prevalence of nifedipine-induced gingival overgrowth is between 30 and
50% and was found to be 3 times likely to develop in males [29]. The overgrowth
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appears 1-9 months after administration of the drug and the most common sites
affected included the labial anterior gingiva of both jaws [56, 57]. A multifactorial
pathogenesis has been suggested including environmental, genetic, immunologi-
cal and inflammatory factors [58]. The interdental papilla becomes more grossly
enlarged followed by the marginal and the attached gingiva (Figure 3). Presence

of gingival periodontal disease and dental plaque has been reported as significant
risk factors in the development of gingival enlargement. Several hypotheses have
been put forward to explain the phenomena of the gingival overgrowth. The
interaction between nifedipine and gingival fibroblasts contain increased sulfated
mucopolysaccharides which are precursors of ground substance, leading to the
overproduction of collagen and extracellular ground substance [59]. A genetically
specific predetermined subpopulations of fibroblasts are identified which are sensi-
tive to nifedipine and cause an increase in the production of collagen [60]. The dose
of nifedipine is important and it was found that its presence in gingival crevicular
fluid is 15-316 times higher than plasma. The higher concentration of nifedipine in
the gingival crevicular fluid could increase the severity of gingival enlargement.

2.6.2 Amlodipine

Amlodipine is a third-generation dihydropyridine calcium channel block-
ers (CCB) that is used in the management of both hypertension and angina.
The prevalence of gingival overgrowth associated with amlodipine is between
1.7% and 3.3% [35]. Though the etiopathology of this adverse reaction is not
clearly understood, mechanisms such as inflammatory and non-inflammatory
pathways have already been hypothesized. The non-inflammatory mechanisms
involves a defective collagenase activity due to decreased uptake of folic acid,
blockage of aldosterone synthesis in the adrenal cortex and consequent increase
in Adrenocorticotropic hormone level, and up-regulation of keratinocyte
growth factor [61]. The inflammatory pathway develops as a result of direct
toxic effects of concentrated drug in gingival crevicular fluid and bacterial
plaques leading to the up-regulation of several cytokine factors such as trans-
forming growth factor-beta (TGF-p) [62].

The gingival overgrowth normally begins at the interdental papillae and is
more frequently found in the anterior segment of the labial surfaces. Subsequently
gingival lobulations that develop might appear as inflamed or fibrotic in nature
depending on the degree of contributing factors (Figure 4). Normally the fibrotic
enlargement is confined to the attached gingiva which might advance coronally and

Figure 3.
A case of nifedipine induced gingival overgrowth.
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Figure 4.
A case of gingival overgrowth in a patient on amlodipine.

interfere with esthetics, mastication, or speech [63]. Management of amlodipine
induced gingival overgrowth includes substitution of the drug and controlling the
other risk factors with meticulous mechanical and chemical plaque control. Surgical
management of the overgrowth is advised in cases to accomplish an esthetic and
functional outcome [64].

2.6.3 Verapamil

Verapamil is an effective preventive agent in both episodic and chronic clus-
ter headache. Gingival overgrowth is an infrequent adverse effect of Verapamil
and a prevalence rate of around 4.2% has been reported [33]. Histologically,
verapamil induced gingival enlargement shows a highly vascular connective
tissue, acanthotic and thickened epithelium with long rete pegs containing
dyskeratotic pearls, and varying amounts of subepithelial inflammatory infil-
trate which is similar to other group of drugs [65]. The histological appearance
is similar to that caused by phenytoin, cyclosporin, and other calcium channel
antagonists. Discontinuation of the drug usually results in complete regression
of the gingival overgrowth.

3. Other effects of medications on periodontal tissues
3.1 Minocycline

Minocycline, a semi-synthetic broad-spectrum antimicrobial agent, is mainly
used for the treatment of acne, chronic respiratory diseases, and rheumatoid
arthritis. It is lipid soluble and therefore can easily penetrate into body fluids,
such as saliva and gingival crevicular fluid, and into various body tissues includ-
ing bone and soft tissues [66]. Minocycline-induced pigmentation of oral mucous
membranes including the buccal mucosa, gingiva, palatal area, lips and tongue has
been reported [67-69]. The pathophysiology of minocycline staining is not clearly
understood. It has been suggested that either a minocycline-metabolite complex or
melanin, iron and calcium-containing granules are the source of the pigment [70].
The pigmentation of oral soft tissues appears as distinctive blue-gray or brown in
color and occurs as a result of pigmented black bone visible through the thin over-
lying mucosa without any actual involvement of the soft tissue itself (Figure 5)
[71]. The pigmentation appears to be related to the duration of minocycline
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therapy or the cumulative dose, and resolves once the drug is discontinued [69, 72].
Intraoral pigmentation can be managed with lasers [71].

3.2 Oral contraceptives

A higher prevalence of gingival inflammation, loss of attachment and gingival
enlargement in woman taking hormone based oral contraceptives [73, 74]. The gin-
gival inflammation seems to be associated to high concentrations of sex hormones
present in oral contraceptives (Figure 6) [75]. Oral contraceptives (OCs) enhance
periodontal breakdown by reducing the resistance to dental plaque and can induce
gingival enlargement in otherwise healthy females [76, 77]. Oral contraceptives
have pronounced effects on gingival microvasculature and it has been shown that
human gingiva contains receptors for progesterone and estrogen. The dosage and
duration of intake are the possible factors which influence the effect of oral contra-
ceptives on the periodontal condition. A continued exposure of oral contraceptives
for longer duration results in higher risk of periodontal disease development due to
increased production of pro-inflammatory cytokines and prostaglandins as a result
of elevated levels of the hormones [78, 79]. However, the currently used combined
oral contraceptives showed little influence on the periodontal health, possibly
related to their lower concentration of progesterone and estrogen compared to the
earlier formulations [74, 80]. A critical review supports the conclusion that there
is no impact of modern oral contraceptives on the periodontal and gingival tissues.

Figure 5.
Discoloration of the gingiva and teeth in a patient on minocycline therapy.

Figure 6.
Gingival changes in a patient on oral contraceptives.
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Hence, it is concluded that oral contraceptives can no longer be considered to
constitute a risk factor for gingivitis or periodontitis [81].

3.3 Bisphosphonates

Bisphosphonates are used widely in the management of primary and meta-
static bone cancer, as well as osteoporosis. Bisphosphonates improve bone
mineral density, reduce fracture risk, and reduce hypercalcemia of malignancy.
Incidents of osteonecrosis of the jaw have been reported in people on bisphos-
phonates and undergoing invasive dental treatment procedures, including tooth
extractions, dental implants, and surgical and nonsurgical periodontal treat-
ment [82]. The risk for bisphosphonate-induced osteonecrosis may be influ-
enced by the route of administration of the drug, the potency and the duration
of use. Jaw osteonecrosis appears more associated with the intravenous use of
bisphosphonates. A review showed that 94% of the published cases of osteo-
necrosis correlated with administration of intravenous, nitrogen-containing
bisphosphonates [83].

Bisphosphonates inhibit bone resorption by acting on osteoclasts to reduce their
activity or to increase the rate of apoptosis [84]. The inhibitory effect on osteoclast
function, bone formation coupled with resorption results in an overall reduction
in the rate of bone remodeling [85]. Moreover, bisphosphonates may antagonize
the action of several matrix metalloproteinase involved in breakdown of structural
components of periodontal connective tissue [86]. In view of the antiresorptive
properties of bisphosphonates and the ability to inhibit cytokines of periodontal
tissue destruction, there has been interest in the possible use of bisphosphonates as
an adjunct to scaling and root planning in the management of periodontitis [87, 88].
Although bisphosphonates claim its effectiveness in controlling periodontal destruc-
tion, clinical use warrants further evidence. A systematic review concluded that
bisphosphonates may be used topically as an adjunct to scaling and root planing [89].

3.4 Statins

Statins, or inhibitors of 3-hydroxy-3-methylglutaryl coenzyme A reductase
(HMG-CoA reductase), are a group of drugs, used mainly to treat hyperlipid-
emia. In addition to their cholesterol lowering properties they also have strong
anti-inflammatory properties and may stimulate bone growth [90]. Statins
have anabolic effects on the bone by augmenting bone morphogenetic protein-2
expression and thereby contributing towards the differentiation and activity of
osteoblasts [91]. Due to their activity on bone formation statins have been con-
sidered as potential agents in improving periodontal treatment outcomes [92].
Limited data is available on the impact of stains on periodontal tissues suggesting
areduction in periodontal destruction and tooth loss [93]. Experimental studies
on rats support the potential protective effect of statins on periodontal bone loss.
Although these basic data are interesting, further research could extrapolate the
use of statins as a potential adjunctive therapeutic agent in periodontal disease
and bone regeneration.

3.5 Anti-platelet drugs
Anti-platelet drugs are widely used for the treatment of established cardiovascu-

lar disease, the prevention of atherothrombotic events and the treatment of myo-
cardial infarction. The most commonly prescribed antiplatelets drugs are aspirin
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and clopidogrel which are often used in combination. Both of these drugs have been
reported to cause increased gingival bleeding. Patients on these medications carry
arisk of an increased tendency to bleeding during or following periodontal surgery
and this risk is far greater when the drugs are used in combination [94].

4, Conclusion

Several systemic factors are known to contribute to periodontal diseases or
conditions and among those are the intake of drugs. The gingival overgrowth
associated with medications occur as a side effect of systemic medications. These
medications include the anti-seizure drug phenytoin, the immune suppressor
cyclosporin A, and certain anti-hypertensive dihydropyridine calcium-channel-
blockers, most notably nifedipine. It is crucial that health professionals under-
stand the complications that medications can have on the oral health of their
patients. In order to properly diagnose and treat patients, a complete medical
history including prescription medications, over the counter drugs and dietary
supplements must be recorded which will enable the healthcare team to identify
the causative agents.
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Abstract

Most cancerous lesions are derived from potentially malignant oral disorders
(PMOD). The World Health Organization (WHO) points out the following lesions
as the main PMOD: leukoplakia, erythroplakia, actinic cheilitis, submucous
fibrosis, and lichen planus. Leukoplakias are white plaques or spots that cannot be
removed by scraping, and these lesions aren’t characterized clinically or patho-
logically like any other diseases. Erythroplakias are red lesions of the oral mucosa
that also cannot be characterized clinically or pathologically as another definable
disease. Actinic cheilitis is an injury that affects the vermilion of the lower lip and
has this anatomical location due to its etiological factor, which is the progressive
and excessive exposure to ultraviolet rays of sunlight. Submucous fibrosis is a
chronic disease of the mouth that presents as an inflammatory subepithelial reac-
tion, followed by an alteration in the submucous fibroelastic tissue. Lichen planus
is a dermatological disease characterized by white patches or striations, symmetri-
cal and bilateral, and its treatment is basically done with topical corticosteroids.

Keywords: potentially malignant oral disorders, leukoplakia, erythroplasia,
actinic cheilitis, lichen planus

1. Introduction

Head and neck cancer is a worldwide public health problem, and according to the
International Agency for Research on Cancer (IARC) in 2018, 1,454,892 new cases of
head and neck cancer worldwide have been estimated. When all the sites involving
the head and neck region added, these tumors occupy the third place, behind only
the lung tumors (2,093,876) and the breast (2,088,849) [1]. By analyzing the sexes
separately, head and neck tumors are the fourth most common cause of cancer in men
(796,946 cases), behind lung, prostate, and colorectal cancer. In women, they are also
the fourth most common cause (657,966 cases), behind breast, colorectal, and lung
cancer, and thyroid tumors are the most frequent in this population (436,344 cases).
In Brazil, according to the National Cancer Institute (INCA), there is an estimated
11,200 new cases of cancer of the oral cavity in men and 3,500 in women for each year
of the 2018-2019 biennium, placing this neoplasm in fifth place in the prevalence [2].

The incidence can change by region of the world. In developing countries, in
men, lip and oral cavity cancer alone is the third in incidence, partly because of the
high disease rate in India, which accounts for 36% of the population of countries
with low human development index (IDH) [2].
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Understanding the world statistics on cancer, more specifically on head and neck
cancer, is essential in order to propose measures of prevention and early diagnosis,
such as anti-smoking policies, HPV vaccination, and improvement of the oral
health and diet of the population. Such measures would have a significant impact
on the incidence and mortality of this disease [2].

Among the risk factors, potentially malignant oral disorders have a prominence,
since they are generally the first indication of the disease [3]. The World Health
Organization (WHO), in its latest publication, has defined PMSD as clinical presen-
tations that carry a risk of developing oral cavity cancer, a clinically defined precur-
sor lesion or clinically normal oral mucosa [4]. The WHO identifies as PMOD the
following disorders: erythroplakia, erythroleukoplakia, leukoplakia, oral submu-
cous fibrosis (OSF), congenital dyskeratosis, smokeless tobacco keratosis, palatine
lesions associated with reverse smoking, chronic candidiasis, lichen planus, discoid
lupus erythematosus, glossitis syphilitic, and actinic cheilitis. In this chapter, we
will discuss the most common PMODs with the highest potential for malignant
transformation, which are leukoplakias, erythroplasias, oral lichen planus, actinic
cheilitis and oral submucous fibrosis [1, 4].

2. Leukoplakia

According to the WHO, leukoplakia is defined as a white, variable-risk plaque,
excluding (other) known diseases or disorders that do not carry an increased risk
of cancer; therefore, the nomenclature is restricted only to the clinical aspect and
histological changes. Due to the fact that its clinical diagnosis is basically made
by exclusion, this disorder makes a differential diagnosis with other well-known
lesions and with very similar clinical characteristics such as pseudomembranous
candidiasis, Lichen planus, leukoedema, and lupus erythematosus [5]. The specific
causative factors of leukoplakia are still unknown; however, it is known that the
smoking habit is closely linked to the progression of leukoplakia. In addition, other
risk factors have been associated with the development of this disorder, the con-
sumption of alcohol that would act synergistically with tobacco, trauma, as well as
infestations of microorganisms such as human papillomavirus (HPV) [6].

Oral leukoplakia is the most common PMOD, presenting a prevalence of 1%
and an annual malignant transformation risk of 2%. It is found in equal proportion
between men and women, rarely occurs in the first two decades of life, and is more
prevalent among individuals, and this is their main etiological factor. The anatomical
sites in which about 70% of the leukoplakia are found are jugal mucosa, gingiva,
and vermillion of the lip; however, lesions located on the tongue and floor of the
mouth contribute to over 90% of the cases that present some level of dysplasia or
even a carcinoma [6-8].

Clinically the leukoplakias are subdivided into homogeneous and nonhomo-
geneous. Homogeneous leukoplakias are characterized as uniformly flat and thin
lesions that have a low percentage of malignant transformation, as well as spontane-
ous regression after elimination of risk factors, especially smoking habit (Figure 1)
[3, 9]. Nonhomogeneous leukoplakias are described as white and red lesions (eryth-
roleukoplakias), which may appear irregularly flat or nodular, and are subdivided
into a variety of subtypes, such as erythematous or speckled, nodular and verrucous
(Figure 2). Verrucous leukoplakia, one of the most misdiagnosed subtypes of non-
homogeneous leukoplakia because of its challenging clinical appearance, although
presenting as a uniform white lesion, its verrucous texture is the characteristic
that differentiates it from homogeneous leukoplakia (Figure 3) [10]. Proliferative
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Figure 1.
Homogeneous leucoplakia on the floor of the mouth. Source: author’ file.

Figure 2.
Nonhomogeneous leucoplakia on the back and lateral edge of the tongue. Source: author file.

Figure 3.
Exuberant verrucous leukoplakia in the alveolar ridge. Source: author file.

verrucous leukoplakia (PVL) is a very rare form and falls between nonhomo-
geneous leukoplakias and is a subtype of verrucous leukoplakia. It’s a distinct,
multifocal, progressive course associated with high rates of recurrence and malig-
nant transformation [4]. PVL mainly affects middle-aged women with no harmful
habits such as smoking and presents clinically as a diffuse and homogeneous white
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Figure 4.
Proliferative verrucous leukoplakia affecting the havd palate and alveolar ridge. Source: author file.

plaque at the onset, which gradually becomes erythematous and exophytic with
the progression of the disorder, affecting mainly the gingiva, alveolar mucosa, and
palate (Figure 4) [4, 6, 11].

Regarding the histopathological characteristics of leukoplakia, a thick layer of
keratin in the epithelium (hyperkeratosis) is present, with or without thickening of
the thorny layer (acanthosis). It is still possible to observe in some leukoplakia the
presence of hyperkeratosis with epithelial atrophy. Generally, leukoplastic lesions
do not exhibit epithelial dysplasias, but the presence of them would be a worrying
sign for a possible malignant transformation, a fact that is most observed among
nonhomogeneous leukoplakias [4, 6].

The diagnosis of leukoplakia is basically by excluding other diseases or disorders
that do not carry increased risk of malignant transformation. In order to perform an
accurate diagnosis of leukoplakia, different levels of leukoplakia must be followed
by certainties (factor C) that lead us from a primary clinical diagnosis to the defini-
tive diagnosis based on the histopathological examination of the lesion [4, 6].

Thus, in the van der Waal factor, C1 evidence is obtained in a single visit, in
the first contact between the dental surgeon and patient, applying only palpation
and inspection as the primary means for diagnosis, in addition to anamnesis to
collect data that may make up this provisional clinical diagnosis. In the certainty
factor C2, evidence is obtained from negative results of elimination of etiological
factors such as mechanical irritation, during a period of follow-up of 2-4 weeks or
in the absence of any suspicious etiological factors (definitive clinical diagnosis).
Factor C3 is similar to C2 but complemented by incisional biopsy (provisional
histopathological diagnosis), and C4 is the evidence obtained from surgical excision
of the lesion followed by histopathological examination of the resected specimen
(definitive histopathological diagnosis) [11, 12]. Performing biopsy in the diagnosis
of leukoplakia is important because only through this examination it is possible to
determine whether to perform the histopathological diagnosis or not of epithelial
dysplasias, thus guiding the treatment [12].

The treatment of leukoplastic lesions is dependent on the result found in the
histopathological examination; in this way, the treatment plan is often individual-
ized according to the histological findings, such as the degree of dysplasia found in
the epithelium. The WHO in its latest manual for the classification of head and neck
tumors (2017) defines dysplasias as architectural and cytological epithelial changes
caused by an accumulation of genetic alterations associated with an increased risk
of progression to squamous cell carcinoma. Therefore, in lesions that present mild
dysplasia or do not present dysplasia, more conservative measures should be taken,

78



Potentially Malignant Oral Disorders
DOI: http://dx.doi.org/10.5772/intechopen.88580

such as clinical follow-up of the lesion every 6 months throughout life, evaluation of
the need for new biopsies, and end of smoking [3, 10]. In leukoplakias that present
moderate or severe dysplasia/carcinoma in situ, it is recommended that the lesion
be removed completely, if possible, or by CO2 laser therapy. However, even with
the surgical treatment, there appears to be no reduction in the risk of developing a
carcinoma or even relapse of the leukoplakial lesion [6, 7, 10].

Regarding the prognosis of leukoplastic lesions, recurrence rates after any type
of treatment can range from almost 0 to 30%, which means regular follow-up of
patients every 6 months [10].

3. Erythroplakia

Erythroplakia is defined as “a red spot that can’t be characterized clinically or
pathologically like any other definable disease” [4]. When a mixture of red and white
changes occurs, this lesion would be classified as a nonhomogeneous leukoplakia called
erythroleukoplakia [10]. Erythroplakia is multifactorial, since no isolated etiological
factor has been evident, but several intrinsic and extrinsic etiological factors have con-
tributed to the origin of this disorder, such as smoking, alcohol consumption, candida
infection, and even nutritional deficiencies such as iron and vitamin A deficiency [6].

Erythroplakia in comparison to leukoplastic lesions is rare and has a prevalence
rate in South and Southeast Asia ranging from 0.02 to 0.83% but presents a high
percentage of malignant transformation ranging from 14 to 50%, and about 90% of
cases already present moderate or severe dysplasia/carcinoma in situ. Because of the
high rates of malignant transformation and the presence of high-grade dysplasias,
many specialists have already considered it a primordial clinical sign of squamous
cell carcinoma. It is a prevalent disorder in middle-aged adults in the elderly, aged
between 45 and 74 years, with no prevalence among the genders [6, 10, 13].

Clinically, erythroplakia presents as a well delimited, asymptomatic, reddish,
smooth and shiny stain or plaque with a soft and velvety texture [3, 6]. If hardened
areas are observed in the lesion, it is already indicative of the presence of a possible
invasive carcinoma at the site. The preferred anatomical location is the floor of the
mouth, but it can be observed anywhere in the oral cavity, such as the lip, hard
palate, or oral mucosa [3]. The clinical presentation of a solitary lesion is consis-
tently useful to clinically differentiate erythroplakia from erosive lichen planus,
lupus erythematosus, and erythematous candidiasis, as these lesions always appear
bilaterally and are more or less symmetrical (Figure 5) [10].

Figures.
Erythroplakia affecting palate and superior alveolar ridge. Source: author’ file.
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Histopathologically, 90% of erythroplakia present as severe epithelial dyspla-
sias/carcinomas in situ or squamous cell carcinomas. The epithelium will show no
production of keratin and is regularly atrophic. This absence of keratin associated
with epithelial atrophy allows the underlying microvasculature to be exposed,
thereby elucidating the reddish coloration of the lesion. In relation to connective
tissue, it regularly exposes chronic inflammation [9].

The diagnosis of erythroplakia, as well as leukoplakias, is made by exclusion.
This disorder presents clinically very similar to other lesions commonly found in the
oral cavity, such as vascular lesions, candidiasis, mucosites, and even Kaposi’s sar-
coma. Because it has so many options for differential diagnosis, as in leukoplakia,
one can use the steps or factors of analysis guided by Isaac van der Waal (factors
C1, C2, C3, and C4) [10]. In addition, lesions on the floor of the mouth and belly
regions and lateral border of tongue should be biopsied, since in some anatomical
locations, the highest rates of malignant transformation occur and the presence of
high degree dysplasia. With the accomplishment of the biopsy, for diagnostic pur-
poses, it will be possible to verify the presence or absence of dysplasias. According
to Neville et al. [6], 90% of the erythroplakia already present severe epithelial
dysplasias/carcinomas in situ [9].

As in leukoplakias, the treatment plan for erythroplakia is guided by the
definitive diagnosis obtained only after the histopathological examination. In the
absence of dysplasia or presence of mild dysplasias, the lesion is monitored every
6 months, and if there is any change, perform a biopsy to check if any dysplastic
modification has occurred. In lesions presenting moderate to severe dysplasia/
carcinoma in situ, complete removal of the lesion should be done with safety
margin. As with leukoplakia, total excision of the lesion does not guarantee that
there is no recurrence of erythroplakia; in addition to the fact that this disorder
already has high levels of malignant transformation, its removal does not exclude
the likelihood of future cancerous lesions on the site or in other oral locations.
Something that should be very clear regarding the treatment of erythroplakia
and other PMOD is that the patient who has one of these disorders will never be
medically released, as these must be followed for life to assess whether or not
there was any dysplastic or even the appearance of cancerous lesions in other oral
sites [3, 6, 10].

4. Oral lichen planus

Oral lichen planus is a chronic and systemic mucocutaneous disease often found
in the oral cavity, but it can also affect other body parts such as the skin, nails, scalp,
and vaginal mucosa. The British physician, Erasmus Wilson, in 1869, was the first
to describe lichen planus, and he believed that the cause of this disorder would be
fungal infections [6, 14]. Thus, the pathophysiology of OLP for years has been a
mystery, but it is known that this disorder occurs due to T-cell-mediated autoim-
mune destruction of the basal cells of the epithelium. Recently it was considered
a PMOD, after several discussions among scholars, due to the fact that the lesion
shows a low degree of malignant transformation, around 0.5% [13, 14].

The etiological factors for this disorder are still unknown, but it is believed to be
related to stress, anxiety, diabetes, autoimmune diseases, and genetic predisposi-
tion [15]. Stress and anxiety may not have total influence on the pathogenesis of
lichen planus, but it has been observed that patients with this disorder are usually
subjected to high levels of stress [6].
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Oral lichen planus affects between 0.5 and 2% of the population, having a pre-
dilection for women between the ages of 30 and 60 years, being a rare disorder in
children [6, 15]. The main intraoral sites of lichen planus are the jugal mucosa, tongue,
and gingiva. An important feature of this lesion is bilaterality and symmetry [14].

Clinically, oral lichen planus is characterized by six distinct forms: reticular,
erosive, bullous, plaque, papular, and atrophic, with reticular and erosive forms
being the most prevalent. The reticular OLP is routinely present in the posterior
jugal mucosa bilaterally. Other anatomical areas may be affected, such as the lateral
border and back of the tongue, gingiva, palate, and vermilion lips [6, 15]. This
type of OLP is much more common than erosive, but the latter is the most studied
because it is symptomatic, which leads more patients to seek treatment special-
ists [6]. The reticular type is thus defined by its appearance of intertwined and
asymptomatic white striations, the pathognomonic sign of the disorder being the
Wickham striae (Figure 6). In the erosive type, erythematous and atrophic areas
are observed, with varying degrees of central ulceration, and at the periphery of
the atrophic regions, fine irradiated white streaks are usually observed (Figure 7)
[6, 14, 15]. If the erosive state is aggravated, a separation between the epithelium
and the underlying connective tissue may occur, resulting in a rare clinical presen-
tation of oral bullous lichen planus [6].

Figure 6.
Lichen planus on jugal mucosa, showing Wickham striations. Source: author’ file.

Figure 7.
Erosive lichen planus on jugal mucosa. Source: author file.
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Lichen planus has typical histopathological characteristics, but they are
not specific for the lesion. Its epithelium has varying degrees of orthokeratosis
and parakeratosis, and depending on whether the lesion is reticular or erosive,
the thickness of the thorny layer may vary. Epithelial ridges may be absent,
atrophic, or hyperplastic but usually exhibit sharp, serrate-like progressions.
Another striking feature is the presence of hydropic degeneration, that is, the
destruction of the basal cell layer of the epithelium and an intense infiltration
of banded inflammatory cells predominantly composed of T lymphocytes.
Some lesions of lichen planus may show some degree of dysplasia, being able to
present aberrant mitoses and nuclear and cellular pleomorphisms, among other
dysplastic alterations [6, 16].

The diagnosis of OLP is basically made by clinical findings, mainly in the
reticular type, by the presence of the pathognomonic signal (Wickham striae).

In addition to the clinical diagnosis, the histopathological examination may be
requested for a definitive diagnosis. One thing that can make it difficult to diagnose
OLP is the existence of candidiasis overlapping with lichen lesion, and for this, it

is recommended that the treatment for candidiasis be carried out first and only
subsequently the definitive diagnosis of OLP and the respective treatment plan of
the same [6, 15].

As the reticular type does not present symptoms, there is no need for specific
treatment, but as already mentioned, candidiasis can occur overlapping with
lesions of lichen planus; in this way it is proposed that the antifungal treatment be
performed based on topical nystatin, and mouthwash with nystatin or application
of Miconazole gel is recommended. In erosive lichen planus, because it has painful
symptomatology, treatment with topical corticosteroids initially, such as triam-
cinolone acetonide and beclomethasone, is suggested. The second line of treatment
would be the use of retinoids, cyclosporine, and calcineurin inhibitors prescribed
for about 2 weeks. In addition to drug treatment, photodynamic therapy is usu-
ally used to relieve symptoms [6, 13]. Lastly, patients with this disorder should be
evaluated periodically for 3-6 months, especially in atypical cases with some degree
of dysplasia [6].

5. Queilite actinic

Actinic cheilitis is a PMOD that frequently presents in vermilion of the lower
lip, attributed to modifications in the keratinocytes of the labial mucosa. The
expression cheilitis was first used in 1923, meaning inflammation on the lips,
being multicausal, which include prolonged exposure to solar UV rays, allergic
reactions, and systemic diseases. The term actinic refers to changes generated by
radiant energy [6, 17, 18]. The etiopathogenesis of this disorder is multifactorial,
but it is undeniable that the main etiological factor associated with actinic cheilitis
lesions is prolonged exposure to the sun’s rays, with UV radiation and with its
wavelength of 200-400 nm acting as a carcinogenic factor, as it can cause cell
damage, thereby generating mutations in the DNA and tumor suppressor genes,
especially in the p53 gene. Lately, other risk factors have been associated with
actinic cheilitis, such as smoking, immunosuppression, chronic lupus, and lichen
planus [17, 18].

This disorder occurs in light-skinned individuals exposed for long periods
to solar UV rays, which is more common in men and those performing outdoor
work, such as rural and construction workers, or have a history of progres-
sive exposure in the sun. The lesions mainly affect individuals in the age range
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between 50 and 70 years. As previously mentioned, the primary anatomical site is
the lower lip, and this is due to the fact that its epithelium is thinner, has a discrete
layer of keratin, has fewer melanocytes, and receives direct radiation. Actinic
cheilitis has a malignant transformation rate of 17%, with squamous cell carci-
noma growing gradually, and metastasis occurs only in the late stages of the lesion
(3, 6, 16, 19].

This disorder develops slowly, and the first noticeable clinical changes are
atrophy of the border of vermilion of the lower lip, exhibiting a smooth surface
with spots of whitish staining. As the lesion progresses, the margin between the
vermilion area and the cutaneous portion of the lip is erased. In more advanced
states, rough areas with the presence of ulceration can be observed, in addition to
the association with leukoplastic lesions. In these late states, in many cases, clinical
signs may already be found that indicate malignant transformation, such as recur-
rent ulcers which do not heal (Figure 8) [3, 6, 17].

Actinic cheilitis can histologically be characterized by the presence of an atrophic
stratified epithelium, hyperkeratinization, atrophy, or thickening of the thorny layer
and varying degrees of epithelial dysplasia. In the underlying connective tissue, it is
possible to observe an infiltration of chronic inflammatory cells and also collagenous
bundles exhibiting basophilic changes resulting from the change from an eosino-
philic collagen to a basophilic granular material, called solar elastosis [3, 6, 17].

The diagnosis of actinic cheilitis is basically clinical; because it is a very char-
acteristic lesion, patients usually report a nonelastic sensation of the lips, followed
by dryness and increase of volume; besides, the accomplishment of the incisional
biopsy is mandatory mainly for its high rate of malignant transformation and also to
propose a suitable treatment plan for the lesion. In the absence of dysplasias or pres-
ence of mild dysplasia, the use of 5-fluorouracil (Efudix®), which can be applied
twice a day for 2-4 weeks, is reccommended. Cryotherapy, which consists in freezing
atissue area to potentiate cell destruction without damaging the healthy tissues
around the lesion, and the use of laser therapy are possible therapeutic alternatives.
In the occurrence of moderate or severe dysplasia/carcinomas in situ, a vermilion-
ectomy is indicated, the affected vermilion mucosa is removed, and the vermilion
reconstruction of the lip occurs from the internal labial mucosa [3, 6, 17, 19]. In addi-
tion, all patients with actinic cheilitis should be directed to use sunscreens and other
forms of protection against UV rays; thus, in the same way as with other PMODs,
individuals who have actinic cheilitis should be monitored routinely throughout life.

Figure 8.
Actinic cheilitis in the lower lip exhibiting epithelial atrophy and loss of sharpness of the demarcation line
between the labial mucosa and the epidermis. Source: author’ file.
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6. Oral submucous fibrosis

Oral submucous fibrosis is a chronic disorder of the mucosa that lines the upper
digestive tract that surrounds the oral cavity, oropharynx, and routinely the upper
third of the esophagus, and is often found in individuals living in Southwest Asian
countries [6, 13]. Before the etiology of this disorder was considered multifactorial
and complex, it is now recognized that its appearance is due to the chewing of areca
nut; this sachet is composed of areca palm nut and hydrated lime, sometimes with
sweeteners and condiments, wrapped in a betel leaf [6, 20]. Because this custom is
common in Southwest Asia, the highest frequency of this disorder is in the population
of this region, mainly in India. Its frequency is about 0.5% in the population, and
estimates suggest that about 2.5 million people are affected. The predominant age
group is between 20 and 40 years, since the rural villagers begin the habit of chewing
areca nuts very early and for long periods of time, around 16 hours. Oral submucous
fibrosis has a malignant transformation rate between 2.3 and 7.6% [3, 11, 19].

Initially oral submucous fibrosis presents as vesicles and ulcers, often on the
hard palate and buccal mucosa. With the progression of the disorder, the patient
may present with xerostomia, difficulty in moving the tongue, and decreased elas-
ticity of the oral mucosa, lips, and floor of the mouth, and some patients may report
oral burning sensation. On palpation examination, dense fibrous bands may be felt,
and a change in the color of the buccal mucosa with whitish and opaque tones. In
the final stage, generalized fibrosis of the oral cavity and progressing trismus are
observed [14].

Histologically, oral submucous fibrosis is described as a submucous deposition
of dense collagenous connective tissue that shows little presence of blood vessels
but with large numbers of chronic inflammatory cells. In lesions in soft states, the
present epithelial alterations are subepithelial vesicles, whereas in lesions in more
advanced states, it is possible to observe epithelial atrophy and hyperkeratosis. In
addition, about 10-15% of FSO lesions present some level of dysplasia and even
present carcinoma in situ [6].

The diagnosis is based on clinical findings and confirmed by biopsy and subse-
quent histopathological examination. There is no specific treatment for oral submu-
cous fibrosis, but it is imperative that the diagnosed individual ceases the harmful
habits. However, it is important to note that the lesion will not regress only with the
removal of the habit, but it will prevent a possible malignant transformation. In
patients who have mild or moderate cases of the disorder, treatment with cortico-
steroids applied to the lesion is recommended in order to reduce the symptoms. For
later stages, surgical therapy is the most recommended, aiming to relieve trismus
by releasing fibrous tissue through conventional techniques of tissue reconstruc-
tion, covering local/regional advancement flaps and microvascular flaps. Other
treatment options include iron and multivitamin supplements and intralesional
injections of lycopene alone or in combination with steroids, and some studies
have shown the efficacy of interferon use for improved mouth opening [6, 11, 14,
19, 20]. Patients with oral submucous fibrosis are at least 19 times more likely to
develop squamous cell carcinoma than individuals who do not have squamous cell
carcinoma that even after the treatment for the symptomatology of the disease, the
patients should be monitored routinely [6].

7. Conclusion

Potentially malignant oral disorders are the first indications of micro- and
macroscopic alterations of possible malignant transformations, so knowledge about
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these lesions is of great importance for specific care and prevention against any
type of carcinoma. The transformation of normal mucosa to dysplastic mucosa
occurs through a complex set of interactions between the individual’s organism and
environmental factors. Risk factors involving PMOD such as sun exposure, smoking
habits, alcohol ingestion, and infection by microorganisms are issues that need to
be addressed in order to better treat, prevent, and reduce malignant transformation
rates. Thus, it is suggested that clinicians design educational plans aimed at the
prevention of PMOD, as well as possible malignant transformations, in this way,
enabling their patients against exposure to the causal factors of the disorders. In
summary, the diagnosis and treatment plan for potentially malignant oral disorders
are fundamental, since lesions that have high degrees of dysplasia should be treated
with surgical procedures and those with no or slight degrees of dysplasia should
undergo conservative treatments, such as drug therapy or phototherapy.
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Abstract

Diagnosing and treating lesions of the mouth and gums is challenging for most
clinicians because of the wide variety of disease processes that can present with
similar appearing lesions and the fact that most clinicians receive inadequate train-
ing in mouth diseases. Oral cancer, a common lesion in oral cavity, is not correctly
diagnosing a clinical picture of an early squamous cell carcinoma. The prevalence of
oral cancer continues to rise worldwide, related to the increase in consumption of
tobacco, alcohol and other carcinogenic products. However, there has also been a
significant reduction in mortality due to increasing awareness, early diagnosis and
advances in treatments. This chapter is an attempt to provide a comprehensive
update encompassing the spectrum of etiologic/risk factors, current clinical diag-
nostic tools, management philosophies, and molecular biomarkers and progression
indicators of oral cancer.

Keywords: oral cancer, oral cavity cancer, head and neck cancer,
squamous cell carcinoma, oral lesions

1. Introduction

Oral cancer is one of the most prevalent diseases worldwide, accounting for
30-40% of the head and neck cancer. There are an estimated 200,000 cases of
oral cancer worldwide each year, which cause an estimated 100,000 deaths [1].
Particularly, these are malignant lesions of the oral structure including anterior two
thirds of tongue, lips (upper lip, lower lip and edge), the upper and lower gingiva,
retromolar trigone, buccal mucosa and floor of the mouth. The most common
histopathology of oral cancer is squamous cell carcinoma, contributing to approxi-
mately 90% of cases. Multidisciplinary oncologic treatment, such as surgery, radia-
tion therapy and chemotherapy, plays important roles in treatment for oral cavity
cancer [2].

2. Oral cavity anatomy

The oral cavity is composed of the mucosa of the lips (not outer, dry lips), the
buccal mucosa, the anterior tongue, the floor of the mouth, the hard palate and the
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Figure 1.
Oral cavity anatomy.

upper and lower gingiva. The anterior boundary is determined by the portion of the
upper lip connected to the lower lip (wet mucosa). While, the posterior side is
bound by the V-groove of the tongue, the anterior tonsillar pillars (palatoglossus
muscles) and the posterior margin of the hard palate. Inferiorly, the oral cavity is
formed by mylohyoid muscles. Additionally, the lateral border of the oral cavity
spans between the buccomasseteric area (buccal mucosa) and retromolar trigone
(Figure 1).

3. Epidemiology and etiology of pathogenesis

An estimated 200,000 cases of oral cancer every year worldwide resulted in
around 100,000 lethal cases [1]. Oral cavity tumors frequently occur with the local
invasions, destructions of the surrounding tissue and lymph node metastases, but
there is not often have distant metastasis at the time of diagnosis. Smoking and
alcohol assumption are two major risks of the oral squamous cell carcinoma [3].
Likewise, in Asia, especially in India, chewing nut quid is also an important key
factor [4]. Furthermore, oral tobacco use, periodontal disease, radiation and immu-
nodeficiency have been considered as risks linked to oral cancer. By the same token,
sun exposure (ultraviolet radiation) is also a causal factor. Both of tobacco assump-
tion and chewing nut quid are predominant risks of buccal mucosa cancers [3, 4].
Figure 2 illustrates Region-Specific Incidence Age-Standardized Rates by Sex for
Cancers of the Lip and Oral Cavity in 2018 [1].

Interestingly, human papillomavirus (HPV) infection, especially HPV 16, is
associated with the incidence rates of tonsilloma and tongue cancer. Yet, the ratio of
HPV infection related to oral cancer is significantly lower and there was an unclear
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Figure 2.
Bar chart of region-specific incidence age-standardized vates by sex for cancers of the lip and Oral cavity in
2018. Source: GLOBOCAN 2018 [1].

relationship between clinical pathology and prognosis. Therefore, the HPV test has
not been recommended for oral cancer [5].

4. Pathology

A total of 90 to 95% of all malignant lesions in the oral cavity are the squamous
cell carcinoma. Moreover, it can be classified into three main groups: good differ-
entiation (above 75% keratinization), moderate differentiation (25-75% keratiniza-
tion) and poorly differentiated tumors (below 25% keratinization). Besides, less
common types of histopathology could be mentioned such as verrucous carcinoma
(a variant of squamous cell carcinoma), adenocarcinoma, adenoid cystic carcinoma
and mucoepidermoid carcinomas.

On the other hand, the squamous cell carcinoma of the head and neck ordinarily
undergo several developments of precancerous lesions due to exposure to carcino-
genic factors.

* Oral leukoplakia is a precancerous lesion that presents as white patches in the
oral mucosa. Notably, this damage is relatively common at a rate of 4% in the
population [6]. Leukoplakia is divided into two types: homogenous lesions and
heterogeneous lesions, in which cancer is highly induced by heterogeneous
lesions. The diagnosis of leukoplakia usually relies on a biopsy to diagnose
histopathology. Aside from that, biopsy is a standard criterion of the
histopathological diagnosis in the clinical leukoplakia [7]. Surgery was
indicated to any cases with small heterogeneous leukoplakia or lesions with
severe dysplasia. Likewise, conservative treatments are regularly indicated for
widespread leukoplakia or lesions with moderate or mild dysplasia [8]. Not to
mention is oral proliferative verrucous leukoplakia (OPVL), a rare case found
in patients. This is a malignant lesion of heterozygous leukoplakia with
multifocal-type surface characteristics, slow progression and immense rate of
malignant transformation. Some of the treatments such as surgery, laser,
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radiation or bleomycin-contained-chemotherapy facilitate to temporarily
control the damage. Nonetheless, the relapse rate or malignant transformation
is up to 70% of patients and the lethal rate contributes to higher than 30% for
around a decade [9].

* Erythroplakia, a type of relatively uncommon lesions, has a relatively high rate
of malignant transformation (above 80%) [10]. This lesion can be recognized
with a red strip, relatively smooth, no symptoms in the floor of the mouth, the
surface of the tongue and the soft palate in elder patients routinely using
tobacco and alcohol. Thus, a complete removing surgery is a major
recommendation in this case [11].

5. Clinical features and staging
5.1 Clinical presentation

The clinical manifestations of the oral cavity cancer are greatly contingent on the
location of the primary tumor. Particularly, some of the symptoms could be found
such as mouth sores or mouth ulcers, loose teeth, dysphagia, weight loss and bleed-
ing. What’s more, tumors of the mucosal surface, at the initial stage, recurrently
appear as an unhealed ulcer with varying degrees of pain and occasionally bleed.
These lesions regularly appear in the range of prior weeks to months that patients
realized and go to the examination.

Above 66% of patients with tongue cancer have local lymph node metastases,
depending on stage T and invasive depth, whereas the rate of lymph node metasta-
sis is significantly lower than that of the hard palate cancer patients [12]. Similarly,
the location and extent of the primary tumor attribute to the variants of clinical
symptoms:

* Tongue cancer may develop as an ulcerative and/or infective lesion (Figure 3).
Clinical signs are regular pain, with or without swallowing dysfunction.
Markedly, the occurrence of those symptoms indicates that the tumor has
deeper invaded into underlying other muscle layers of the tongue. In another
way, it is seen that the disease is not at the early stage but reveals the history of
leukoplakia or erythema in patients as well.

* Buccal mucosa cancer (Figure 4) can be presented with parotitis resulted from
the pinched tumor-pinched-Stensen’s duct sign.

* Oral cancer can induce one or both sides of the gland inflammation due to
tumor compression and/or blockage of the Wharton duct leading to a palpable
mass in the submandibular area, which may be the symptom.

» Upper gingival cancer at the early stage is easily bewildered with perianal
infections which are inefficiency when being antibiotics-treated. Furthermore,
sores, wounds and tooth loss could happen at the advanced stage.

e Lip cancer is generally presented with an exophytic or an ulcerative
lesion, occasionally associated with bleeding or pain. Some cases indicate
the nerve-associated-chin numbness because of invasion of the mental
nerve [12].
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Figure 3.
Cancer of anterior two thirds of tongue.

Figure 4.
Buccal mucosa cancer.

5.2 Physical examination

All patients with the oral tumor should have a completely general examination
for both head and neck areas which includes finding and evaluating secondary
tumors in the upper gastrointestinal tract as well as regional lymph nodes.

5.2.1 Intraoral examination

The process of the oral examination requires to systematically observe and touch
the buccal mucosa, the anterior tongue, the floor of the mouth, the hard palate, and
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the upper, lower gingiva and the retromolar trigone. It is advisable to use a tongue
depressor with good light (headlight) to fully observe all positions of the oral cavity.
Then again, the size and characteristics of the lesion are evaluated, including the
extent of invasion (endophytic or exophytic) and the relationship of lesion with
surrounding structures.

5.2.2 Extraoval examination

With patients suffering from oral tumors, it is strongly advised that the facial
skin and scalp are strongly advised to carefully observe and palpate. Besides, the
major salivary glands and metastatic lymph nodes of the neck are evaluated. For
instance, the sensation of the forehead, cheeks, upper lip, chin and lower lip should
be assessed to find the clinical evidence of tumor-invaded-nerve.

The lymph nodes of the head and neck should be thoroughly and systematically
such as preauricular, periparotid, submental, prevascular facial, submandibular,
deep jugular and posterior triangle lymph nodes. Having said that, neck lymph
nodes I, IT and III are concerned as the most metastatic lymph-node groups of oral
cancer. Whenever abnormal lymph nodes are detected, a conscientious assessment
of the location, size, amount and clinical signs of the invasive lymph nodes is
conducted.

5.3 Tissue diagnosis

In the oral tumor case, the histopathological diagnosis is preferentially carried
out by a “bite” or excisional biopsy with few pieces from the boundary of benign
and malignant lesions. This procedure should be performed in a specialized clinic
with anesthetics. Similarly important is that the biopsy piece must be resected at the
margin of positive and negative lesions. Additionally, the biopsy piece is necessary
to take a sufficient depth to ensure the quality and necrotic area should be averted.
If the anatomy is negative but clinically suspected to be cancerous, a biopsy is
advisory performed until the procedure is positive. Notably, the fine needle aspira-
tion biopsy applied into the metastasis-suspected lymph nodes in the neck also
facilitates to identify and diagnose the disease stage. Nevertheless, this technique
should be conducted under ultrasound guidance to enhance accuracy.

5.4 TNM staging system

The tumor, node, metastases (TNM) staging system of the American Joint
Committee on Cancer (AJCC) and the Union for International Cancer Control
(UICC) is used to classify cancers of the head and neck (Table 1) [13]. The T
classifications indicate the extent of the primary tumor and are site specific; there is
considerable overlap in the cervical N classifications.

5.5 Staging evaluation

Diagnostic imaging tools coupled with clinical examination help to accurately
assess the stage of the disease, especially the extent of tumor invasion, lymph node
metastasis, distant metastasis and the occurrence of second primary cancer. The
most common metastatic areas are the lungs, liver and bone. Meanwhile, the second
primary cancer is often found in the head and neck area, following the lung and
esophagus.
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Table 1.
The tumor, node, metastases (TNM) staging system of the American Joint Committee on Cancer (AJCC) and
the Union for International Cancer Control (UICC) is used to classify cancers of the head and neck [13].

95



Oral Diseases

5.5.1 Fine needle aspiration (FNA) biopsy

Fine needle aspiration biopsy was used in the case with a patient with metastatic
cervical lymph nodes. This technique has high sensitivity and specificity, markedly,
diagnostic accuracy is in the range of 89-98% [14, 15]. Yet, if a metastatic neck
lymph node was suspected contrary to the negative FNA result, FNA needed to be
re-conducted before an open biopsy being performed.

5.5.2 Diagnostic methods
5.5.2.1 Primary tumor

Both of CT's with intravenous contrast and magnetic resonance imaging can
diagnose the tumor’ invasion to surrounding organs. Indeed, axial and sagittal
MRI scan can accurately assess tumor depth. However, CT scan with contrast allows
an accurate approach to measure how deep bone could be invasive such as tumors
in the hard palate, gums or floor of the mouth [16]. While, magnetic resonance
is superior to CT that could evaluate the degree of soft tissue invasion, nerve
invasion [17].

5.5.2.2 Nodal metastases

CT with intravenous contrast and MRI can facilitate the diagnosis of metastatic
lymph node and extranodal spread circumstances. In other words, the lymph nodes
with an increase in size enhancement, round, rim enhancement and central necrosis
are suspected as malignant ones [18, 19].

5.5.2.3 Distant metastasis

Diagnosis of the presence of distant metastasis is highly important to determine
the treatment and prognosis of the patients. Chest X-rays may be indicated to the
early-staged cases or patients with low-risk lesions and non-smokers. However, in
the advance-staged patients, the risk of lymph nodes N2,3 and bilateral lymph
nodes are under a higher possibility of a distant invasion. Hence, chest CT or PET/
CT are recommended to this group [20]. No differences have been found in the
diagnosis of metastatic lung lesions between chest CT and PET/CT [21].

6. Treatment

The comprehensive management of oral cancer requires a disciplinary specialty
including head and neck surgery, radiotherapy, medical oncology, imaging, pathol-
ogy, microsurgery, nutrition, social workers and nurses. Generally, surgery is the
primary treatment for oral squamous cell carcinoma. Surgery allows an accurate
assessment of the anatomical stage, margins, invasive status and histopathological
characteristics, based on the pros and cons that can determine the strategy. Adju-
vant radiotherapy + chemotherapy is used on locoregionally advanced tumors if
being indicated. Multidisciplinary coordination is also extraordinarily important to
ensure treatment outcomes. To individualize treatment, several factors need to be
carefully considered, in which the risk of treatment-related complications should be
assessed based on age, comorbidities (e.g., cardiovascular condition, respiration ... ),
lifestyle (smoking, alcohol assumption ... ), surgical resectability and expectation of
patients.
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6.1 Surgery

Generally, surgery is the primary treatment for oral cancer. Remarkably, the
general principles of surgical treatment will be discussed in this article such as the
surgical approach to oral cancer, management of the mandible, management of
neck lymph nodes and reconstruction of defects after oral surgery.

6.1.1 Management of primary tumor

The surgical purpose is to completely remove the primary tumor with negative
margins as well as evaluate the stage and treatment of regional lymph nodes [22].
Every attempt should be made to ensure negative resection margins since positive
margins are associated with a worse prognosis. The rate of local control significantly
increased when the resection distance to the tumor was greater than 0.5 cm com-
pared to less than 0.5 cm (36 and 18%, respectively) [23]. Moreover, the surgical
approach is determined by the location and size of the tumor (Figure 5). The
possibility of complete resection with a negative margin in the three dimensions is
the most important factor in determining the approach. Lesions located in the
anterior or lateral oral tongue, superficial tumors of the anterior floor of mouth are
resected transorally. However, in the case, the invasion intensively toward posterior
and/or on patients with trismus and/or obstructive dentition may require a more
invasive approach such as the lip-splitting paramedian mandibulotomy approach
[24]. The upper cheek flap and midfacial degloving approaches are indicated for
gaining access to the maxilla.

6.1.2 Management of the mandible

Management of the mandible is an important consideration in oral cancer sur-
gery since the proximity of the primary tumor to the mandible or invasion of the
mandible by primary tumor requires resection of some part of the mandible. The
mandibular invasion can occur at an early stage of tumors of the floor of the mouth,
lower gingiva. Thus, assessment of the mandible is essential for appropriate surgical
planning and treatment. In some circumstances, the floor of the mouth tumors can
be removed via transoral approach, regularly combined with marginal or segmental
mandibulectomy. The local control rate is declined to own to the mandibular inva-
sion. That said, this resection is based on an assessment of the invasive cortex and
bone marrow before surgery. The current indications for marginal mandibulectomy
are: (1) for obtaining satisfactory three-dimensional margins around the primary
tumor, (2) when the primary tumor approximates the mandible and (3) for mini-
mal erosion of the alveolar process of the mandible (Figure 6).

The current indications for segmental mandibulectomy include: (1) gross inva-
sion by oral cancer; (2) proximity of oral cancer to the mandible in a previously
irradiated patient; (3) invasion of the inferior alveolar nerve or canal by tumor
[12, 25, 26].

6.1.3 Management of neck lymph nodes

Management of the neck is a key component of oral cavity cancer treatment.
Sixty percentage of patients with metastatic cervical lymph nodes (cNO) in the
early stage of oral cancer cannot be clinically detected. Additionally, approximately
20-30% has evidence of microscopic lymph node metastasis on pathology after the
selective neck dissection (SND). The risk of neck lymph node metastasis is associ-
ated with several factors such as tumor size, histologic grade, depth of invasion,
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Figure 5.
Surgical approaches to oval cavity [12].

perineural invasion and vascular invasion [27, 28]. Cervical lymph node metastasis
is the most essentially prognostic aspect of oral cancer. To give an illustration,
comparing to a similar primary tumor without lymph node metastases, the chance
of survival is declined by 50% [29]. Squamous cell carcinoma of the mobile tongue
and the floor of the mouth are likely to metastases of the cervical lymph nodes, so
these patients should have a selective neck removal surgery even with early-stage
tumors, especially, the tumor thickness > 4 mm [30]. The SND is not indicated in
the circumstances of the hard palate and maxillary gland tumors owing to their less
possibility to have lymph node metastasis. Sentinel node biopsy may be an alterna-
tive to SND in patients with early stage (cT1,2 NO) squamous cell carcinoma.
Notably, this technique was initially published in 2001 by Shoaib and colleagues,
then analyzed in several single-center studies and two multi-center clinical trial
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Figure 6.
(A) Cancer of lower gingiva. (B) Marginal mandibulectomy for cancer of lower gingiva.

studies, one in the US and one in Europe [31]. On the other hand, the procedure is
still a big technical challenge and unsustainable success in identifying lymph nodes
and metastases which highly dependent on the experience and competence of
surgeons. That is to say, this technique could only be performed in some of the
intensive centers with proficient skills. In some patients with lymph node metasta-
sis on clinical examination or diagnostic imaging, therapeutic comprehensive neck
dissection is indicated, including cervical lymph node group I to V group. The
conservation or destruction of other structures such as the spinal accessory nerve,
sternocleidomastoid muscle, or internal jugular is vein reliant on the location as well
as the metastatic characteristics. The most common type of comprehensive neck
dissection is the modified radical neck dissection, MRND Type 1. Radical neck
dissection is rarely performed unless there is a direct extranodal spread of the
lymph nodes to evade into the corresponding organs. Likewise, in patients without
clinical lymph node metastases, the underlying risk of lymph node metastasis is
mainly in the group I-III, rarely in the groups IV and V. Thus, supraomohyoid neck
resection (SOHND) is commonly sufficient for stage cNO. Similarly, the rate of
neck recurrence is 10-24% was found in patients who have positive lymph nodes
under SND treatment [32]. Then again, patients are appropriately chosen to opti-
mize postoperative radiation therapy. Particularly, the failure control rate is
reported less than 10% in patients with cNO demonstrated no lymph node metasta-
sis on pathology [33].

6.1.4 Reconstructive surgery

Reconstructive surgery plays an important role in treatment for oral cavity
cancer. The defects after surgery can cause significant issues in airway manage-
ment, mastication, speech and cosmesis. The aim of reconstructive surgery is to
restore presurgical function and cosmesis. Primary reconstruction, rather than a
secondary surgery, has become the first choice of treatment for most cases with oral
cancer. Primary closure or the use of skin graft can indicate for defects after oral
surgery of early stage tumors. Contrarily, with large and complex defects after the
oral tumor resection, plastic surgery needs the participation of an expert recon-
structive surgeon. Microvascular free flap surgery is the prevailingly preferential

29



Oral Diseases

technique. For instance, application of the free radial forearm flap into patients with
soft tissue defects of tongue, the floor of mouth or retromolar trigone apparently
performs an excellent result. In addition to the purpose of covering the soft tissue,
the free flap is also a reliable method for recovering the bone defects, such as the
fibula free flap used as post-surgical reconstruction after segmental
mandibulectomy. Other combined microvascular flanges could be considered as
radial forearm osteocutaneous flap, iliac crest and scapula free flaps. What’s more,
a few studies have demonstrated the effectiveness and safety of microsurgery [34].
The potency to recover major defects after surgery has contributed to improving
the oncologic outcomes in patients with locally advanced stage due to increased
ability to complete resection [35]. Pedicled myocutaneous flaps such as the
pectoralis major, latissimus dorsi or trapezius flaps may also be a promising alter-
native when there is no reconstructive surgeon or the patient’s condition is
inappropriate for microvascular surgery.

6.2 Adjuvant treatment

Postoperative adjuvant therapy is indicated to patients with high risks of the
local, regional recurrence, including pT3,4 primary tumors, pN2,3 lymph node
metastases, level IV or V lymph node metastases, positive margins, lymphovascular
invasion, perineural invasion and extracapsular spread. Indeed, external beam
radiation is the traditional adjuvant treatment, with doses of 60-70 Gy often pro-
viding positive control. Two clinical trials have shown that adjuvant radiotherapy
with cisplatin significantly improves the control rates along with survival time
compared to the single adjuvant radiation therapy in those who have invasive head
and neck cancer with extracapsular spread [36, 37]. But for all that concomitant
radiotherapy has more severe side effects, so it should be carried out in the large
centers with an expert team and appropriate infrastructure.

7. Prognosis

The clinical stage is the key predictor of survival. The Surveillance, Epidemiol-
ogy and End Results (SEER) Cancer Statistics reveal that a 5-year survival for locally
advanced oral cavity cancer of 54.7%, in contrast to 82.5% for early-stage cancer
patients treated from 1975 to 2007 [38]. Lymph node metastasis is the single most
important prognostic factor for oncologic outcome in oral cancer [39]. Besides, the
number and size of positive lymph nodes, the presence of extranodal extension
higher histologic grade, the presence of perineural invasion and increasing size have
been correlated with worse outcomes [40-42].

8. Following

Oral cancer has a high risk of local, regional recurrence and development of a
secondary primary cancer, but the recurrent rate due to distant metastases is rela-
tively low. The contingency of the second cancer is about 4-7% annually [43]. A
comprehensive clinical examination and high vigilance are the cornerstones of the
early diagnosis. That’s said, lifestyle modifications, such as smoking and drinking
management should be a priority since these factors increase the risk of treatment
failure and the appearance of second cancer. Unfortunately, preventive chemicals
are ineffective and follow-up is the second crucial step. Basic imaging is usually
indicated every 3-6 months after the end of treatment or clinical signs are
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suspected. Chest radiographs are not routinely used but may be useful in some
patients with a history of tobacco addiction. Additional assessments could be
included oral and swallowing rehabilitation if being indicated, thyroid hormone test
if neck-area radiation and periodic dental examinations are performed.
9. Conclusions

The treatment outcome of oral cancer in recent decades has compellingly
improved with the advancement in reconstructive surgery and adjuvant treatment.
Further improvement in prolonging survival is hampered by an increase in the
second-cancer incidence in long-term patients. With this in mind, oral cancer
prevention is the first step, following that a requirement of enhancing awareness,
promoting education, improving lifestyle and developing early diagnosis tools
should have high consideration.
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Abstract

Oral cancer is a public health problem because of its high morbidity and
mortality, and when not treated in a timely manner, it is significantly mutilating,
causing damage to the physical and psychological aspects of patients and directly
interfering with their quality of life. Several factors influence the early diagnosis
of this pathology, including lack of self-care related to oral health, especially
among people with prolonged use of dental prosthesis; delayed perception of
the lesion; delayed search for professional assistance since the lesion is noticed
by the patient; lack of information about oral cancer, its risk and protective
factors, and oral lesions that may be suggestive of cancer; lack of health pro-
motion and prevention activities aimed at oral cancer; and lack of training in
oral cancer among oral health professionals. These factors must be tackled to
promote the timely diagnosis of this pathology. The use of reliable noninvasive
diagnosis methods is also important because they can be easily made available
in low resource settings, increasing the coverage of people who are under risk of
developing oral cancer.

Keywords: oral health, prevention, primary health care, secondary health care,
oral cancer

1. Introduction

Oral health is part of general health and is essential to people’s well-being. Good
oral health implies being free from chronic orofacial pain, oral and pharyngeal
cancer, soft tissue changes in the mouth, congenital disabilities, and other issues
affecting the craniofacial complex [1].

Oral cancer (OC) is considered a public health problem because of its high
mortality and morbidity rates. This problem also affects most people with low
sociocultural level and who are alcoholics and smokers. However, there are other
associated risk factors: chewing tobacco, use of a dental prosthesis, infection with
human papilloma virus (HPV) type 16, nutritional deficiency, age, gender, poor
oral hygiene, excess body fat, and chewing betel nut, among others [2, 3].

Data published by the International Agency for Research on Cancer (IARC)
regarding cancer cases in general reported in 2012 about 14.1 million new cases,
8.2 million deaths within 5 years of diagnosis, and 32.6 million people living with
cancer in the world. Of these, approximately 57% of new cases, 65% of deaths,
and 48% of cases diagnosed in the last 5 years are in developing countries [4].
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In 2018, new data were released, indicating an increase in new cases of cancer,
with 18.1 million new cases and 9.6 million deaths [5]. The significant increase of
this disease is clear, indicating the need for new plans for prevention and early
diagnosis.

Regarding oral cancer, the highest rates have been observed in populations
of Melanesia, Central-South Asia, Eastern and Western Europe, Africa, and
Central America. Oral cancer is the sixth most common in the world, and most
cases occur in India and Southeast Asia, according to the estimates for 2012 [6]. A
change was seen in 2018 when oral cancer ranked in the 11th position among the
most common cancers in the world. This type of cancer is quite common in Brazil,
which has the third highest incidence in the world, behind only India and former
Czechoslovakia [5].

Oral cancer is a condition that negatively interferes with the general and oral
health of the individual. These oral problems cause pain and infection, leading to
psychological and physical distress. It is important to note that such dental condi-
tions express social exclusion. In general, they are associated with poor education,
low income, unemployment, and difficulty in accessing care services [7]. Thus
oral cancer patients represent a group of people that should receive differentiated
attention because, besides cancer itself, they are highly susceptible to other ills [2].
When this disease affects individuals, they may have to face consequences such as
facial mutilation. Also, they may render them unable to work, with severe damage
to their quality of life. The disease may sometimes be lethal, mainly because of late
diagnosis.

This pathology causes essential changes in the daily lives of the affected people,
interfering with their body image, body functioning, and psychological, social,
and family structure. The disease mostly affects the population in their working
phase of life, causes indirect damage to the country. Late diagnosis is directly
associated with shorter survival. However, if diagnosed early, it has a good prog-
nosis and an average 5-year survival rate of 77.3% in stages I and II, but of 32.2% in
stages IIl and IV [2].

Morbidity and mortality rates are high, with diagnosis in advanced phases in
65-85% of the cases, reducing the likelihood of cure [2, 8-11]. For most of these
patients, palliative care is the only option available to achieve a better quality of life
and control symptoms.

Protective factors against this condition include general and specific measures.
The adoption of healthy lifestyle habits, including adequate nutrition, physical
exercise, and self-care, is part of the prevailing standards. In turn, specific practices
include oral health care, routine inspection of the oral cavity, periodic dental evalu-
ation, and cessation of smoking and alcoholism, and recent studies have shown the
consumption green tea as a protective measure [12, 13].

Although oral cancer is easily detected, its diagnosis is late in most cases. It is
possible to improve diagnosis through the use of health promotion and prevention
measures and improved access to health services, to promote early diagnosis [7,

14, 15]. Diagnosis is followed by curative treatment, preventing mutilating and
disabling sequelae.

The relevance of this disease and its early diagnosis should be considered for the
possibility of curative treatment and promotion of the quality of life of patients. It
is essential to know and recommend methods that act in favor of the early diagnosis
of this pathology. It may mean identifying early malignant and even premalignant
lesions, leading to the cure of these patients and rehabilitation to their social rou-
tine. It is equally important to act on factors that influence to late diagnosis of this
pathology, through the planning of actions.
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2. Factors related to late diagnosis of oral cancer

The problem of delayed diagnosis of OC is known worldwide, and each country

or region has different strategies to address it. These factors are described in several
studies [16, 17], showing that this is a global problem. Factors related to late diagno-

sis

of OC concern the social determinants, health literacy, and characteristics of the

health system:
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1. Profile of the affected people concerning lifestyle habits: most people who
develop OC were smokers and alcoholics and are in situations associated with
other unhealthy lifestyles, such as poor diet and physical inactivity [2].

2.Lack of self-care in oral health: the most vulnerable populations, which are
those with a low socioeconomic level, frequently have poor self-care due
to their living conditions, especially in terms of oral health, besides other
health problems. This problem directly interferes with their quality of life and
interaction with peers. They also present a low search for health care, leading
to the worsening of health problems and, in this case, late diagnosis of oral
cancer [18].

3.Delayed perception of the lesion: due to poor self-care, most do not identify the
presence of initial lesions in the oral cavity. Thus, injuries are only perceived
when they cause discomfort, pain, bleeding, or other symptoms, and at that
point, in most cases, the disease is already in an advanced stage [18].

4. Lack of information about oral cancer and its protective and risk factors: many
campaigns for the dissemination of information on disease have been pro-
moted, but specifically on oral cancer is still incipient. People asked to appear
to not know about oral cancer, suspected lesions or risk, and protective factors,
even patients who are undergoing treatment for this type of cancer [14, 19].

5.Lack of health promotion and prevention activities aimed at oral cancer: a few
specific actions to promote and prevent this type of cancer are carried out.
These actions are usually linked to other campaigns such as those focused on
vaccination, smoking, and oral health in general [14].

6.Lack of training in oral cancer among oral health professionals and deficits in
addressing this content in the curricula of undergraduate courses: oral health
professionals are not routinely updated and trained on this content. Still, the
approach during undergraduate training is deficient, producing professionals
with little experience to approach patients with suspected lesions [14, 16].

7.Delayed search for professional assistance when the patient perceives the
lesion: people usually notice the presence of the injury but do not seek a profes-
sional for confirmation. Often they refer to fear of confirming the diagnosis
of the disease. This delay in seeking the diagnosis causes the lesion to continue
growing, leading to late diagnosis [14].

8. Difficulties in accessing dental treatment: many people are unable to get
adequate dental care due to the difficulty in accessing health services. In
general, it is due to their vulnerable conditions or even because they do not
seek health services [14].
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Regarding oral cancer prevention and health promotion activities, it is essential
to highlight the urgency of designing public policies for long-term health educa-
tion actions. If education is not changed, concepts and habits will not change after
short campaigns. That points out to the need for permanent education programs,
since the best way to combat oral cancer is prevention, early diagnosis, and the
attempt to eliminate risk factors. Health education through programs aimed at
valuing periodic evaluations and the importance of examining the oral cavity are
the significant weapons available to reduce the high incidence of oral cancer in the
community [14].

The biopsy is undoubtedly the gold standard for the diagnosis of OC. However,
there are several questions related to this method used in screening. It is an aggres-
sive procedure, not readily accepted by people, especially when the lesion is asymp-
tomatic and, even more so if it is proposed in oral health campaigns. The biopsy is
limited by morbidity, once the procedure provokes another injury that may cause
pain, bleeding, or other symptoms. Still, due to the resources required and the pos-
sibility of underdiagnosis, this method demands trained professionals to perform
the procedure, trained pathologist, and facilities for the necessary reading of the
exam. These characteristics mean a long time to receive the diagnosis, and patients
experience discomfort caused by all the process [20].

Although the factors related to early detection of OC have different natures, it
is noteworthy that, after all, the primary responsibility lies with the health system.
For that, health service and program must organize its strategies according to the
characteristics of the users.

Studies have been conducted to support measures aimed at solving the problem
of late diagnosis, and the various approaches used to solve this problem are related
to the factors abovementioned. In this text, we will address in particular the issue of
noninvasive methods.

3. Prevention of oral cancer

Considering factors that interfere with the pathology diagnosis in question, the
actions should be directed to them, to improve the care to the population.

Prevention and early diagnosis of oral cancer are critical. Equally important
is the need for a differentiated look in this issue, given the characteristics of the
affected population, the role of the dentist, the continuing training of oral health
professionals, and the implementation of new strategies for early detection of this
pathology [16, 21].

Actions related to the prevention of oral cancer and early diagnosis are foreseen
within concepts widely worked in public health, which are health promotion and
disease prevention. Health prevention requires firstly action based on knowledge of
the natural history of the disease to prevent its progress [22]. Primary prevention is
defined as a set of interventions to minimize the risk of specific ailments, reducing
incidence and prevalence rates in the population and focusing on keeping individu-
als free from diseases.

Health promotion, on the other hand, is broader, as it refers to measures that act
in the health disease process. Here, the intention is to modify the lifestyle and living
conditions of the population, thus not working on a specific disease. Health promo-
tion depends on the individuals, the community, and the sectors of society, health
professionals, and oral health professionals [23].

Preventive measures may have a collective or individual approach. The collective
approach includes interventions focused on health promotion. It means educational
actions, periodic examinations of the most vulnerable people to the development of
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oral cancer, integration of the oral health team into smoking control programs, and
other actions related to control of oral cancer. Besides that is a systematic provision
of information on reference sites to the population about the diagnostic examina-
tion of oral cancer. In turn, the individual approach includes early diagnosis,
treatment, and rehabilitation [17, 18].

Some primary intervention and prevention measures would be ideal for reduc-
ing cancer, such as combating lifestyle, environmental, and occupational factors
and investigating the genetic factors associated with some specific types of cancer
[14]. Population screening is indicated as an important preventive measure. This
process can favor the diagnosis of suspicious lesions, which are to be referred for
differential diagnosis, making it possible to implement early intervention and
increase the chance of cure [14, 24]. Studies indicate the relevance of the screening
of this pathology in risk populations, such as smokers and alcoholics. And it is even
more relevant given the delay in diagnosis. Although evidence from the use of the
visual examination of the mouth on mortality rates is weak by OC, some authors

Risk factors for oral cancer

Primary and secondary prevention methods

Unhealthy lifestyle habits: tobacco and
alcohol use, physical inactivity, nutritional
deficiency, tobacco chewing, betel nut
chewing, poor oral hygiene

Active performance of the dentist in care and prevention
actions

Population characteristics: low sociocultural
level, age, and gender

Training of the oral health team on oral cancer

HPV infection

Implementation of new early detection strategies,
according to the population served

Prolonged use of dental prosthesis, especially
in the absence of routine monitoring and
evaluation by a professional

Individual and collective educational actions on healthy
living habits

Lack of information about the disease, its risk
factors and protection

Routine screening for early detection of cancer, especially
among the most vulnerable to oral cancer

Lack of information to the population
about health services and their flow when a
suspected injury is diagnosed

Integration of the oral health team with smoking control
programs and other actions related to oral cancer control

Lack of training of professionals working in
care

Systematic information to the population on reference sites
for oral cancer diagnostic examination

Lack of specific campaigns and information
about oral cancer, its risk factors and
protection

Fight against lifestyle, environmental, and occupational
factors that may be related to oral cancer

Investigation of genetic factors associated with some
specific types of cancer for the risk group

Tracking of this pathology in at-risk populations by the
health team

Offering opportunities for evaluation of oral lesions (active
search—through home visits or specific campaigns)

Follow-up of suspected cases, creating a reference service
if necessary and establishing partnerships between
universities and other organizations for prevention,
diagnosis, treatment, and recovery

Training of professionals working in the front line of
health care

Table 1.
Summary of risk factors velated to oral cancer and primary and secondary prevention methods.
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suggest proceeding to the screening on individuals who are exposed to risk factors.
For these people, it may result in an increased positive predictive factor [7].

The approach to OC should involve prevention and control measures, including
routine screening for early detection; offer of opportunities for evaluation of oral
lesions (active search—through home visits or specific campaigns); follow-up of
suspected cases, creating a referral service if necessary; and establishing partner-
ships between universities and other organizations for prevention, diagnosis,
treatment, and recovery [18].

Actions with this objective can be organized as primary prevention. They
include activities geared at disseminating information to the population, intending
to change unhealthy lifestyle habits to healthy ones and to reduce the prevalence
and incidence rates. At this level, the emphasis is placed on drinking, smoking, diet,
and exposure to sun and human papillomavirus (HPV) infection.

Secondary prevention, in turn, occurs through the identification of precancer-
ous lesions. For correct identification, it is essential to train health-care profes-
sionals with an emphasis on assessing potentially malignant cell lesions/disorders
(PMD) (DPM) [17].

Below in Table 1 is a summary of the risk factors and prevention methods.

4. Noninvasive methods for diagnosis of OC

Easy-to-handle, noninvasive diagnostic methods are useful for identifying
precancerous lesions. The following noninvasive methods are cited: toluidine blue
testing, exfoliative cytology, autofluorescence, contact endoscopy, and in vivo
microscopy. However, there is no scientific evidence that these methods are more
effective than oral inspection and palpation. Thus, more extensive studies are
needed to justify the widespread use of these methods in the population. However,
studies have shown that these methods can be useful if used in people with risk
factors and non-healing lesions, favoring a faster diagnosis [20, 25, 26].

The following noninvasive diagnostic methods should be used according to the
possibilities and conditions of the context.

4.1 Toluidine blue test

Toluidine blue is a basic thiazine metachromatic dye that selectively marks acidic
groups of tissue components (carboxylic radicals, sulfates, and phosphates), show-
ing an affinity for nuclear DNA and cytoplasmic RNA, which fix the dye, becoming
richly stained. The intensity of toluidine blue staining depends on the degree of
involvement of the epithelial surface. In benign lesions, there is a faint coloration; in
dysplasia and epithelial lesions and carcinomas, the coloration is more intense.

The application maneuver consists of drying and isolating the region to be
examined from salivary contamination by grasping the site with the fingers and
using gauze. Employing a flexible cotton swab, 1% acetic acid (acid solution) is
applied to clean the lesion surface, remove the glycoprotein barrier of cells, and
promote slight dehydration of the mucosa. After 1 minute, the AT dye is applied
with the other side of the cotton swab, and after 1 minute, the excess is cleaned with
1% acetic acid again and washed with plenty of water.

The result is intended to highlight intensely stained areas compatible with areas
of tissue degeneration. Indications: detection of epithelial dysplasias, in situ or
early invasive carcinomas, delimitation of neoplastic epithelium margins, assess-
ment of tumor recurrence after surgical or radiotherapy treatment, delimitation
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of areas of cancer action, screening of oral lesions in population groups exposed
to risk factors for oral cancer, and in intraoperative actions for marginal control of
carcinomas.

It has the advantages of being painless, low-cost, and easy to apply, giving fast
results, and having high sensitivity. As for disadvantages, it may generate false-
positive or false-negative results and be of low and little specificity [10, 27].

4.2 Exfoliative cytology

It can be defined as the morphological and morphometric study of desquamated
cells of the mucosa, mainly suprabasal cells, through optical microscopy. It consists
in the examination of cells from various parts of the body to determine the cause or
nature of the disease that affects them.

There are reports of numerous methods for collection of these cells in the
literature. Conventional exfoliative cytology and liquid-based exfoliative cytology
are two of the most disseminated among them.

Collecting the material in exfoliative cytology involves scraping the surface of
the lesion with a spatula or brush, which is then smeared over the glass slide, and
the material is fixed to the slide using 95% alcohol or 1:1 alcohol/ether solution.

Exfoliation cytology in liquid media has been developed in recent years as
a method that could replace the conventional exfoliative cytology proposed by
Papanicolaou. Collection by this method is done using a brushing device with
soft bristles arranged in a conical shape, which is then dipped in a methanol-
based preservative liquid contained in a hermetically sealed tube. Such liquid has
the function of preserving the cellular structure, the proteins, and principally
the genetic material. The liquid undergoes a centrifugation or homogenization
process, which helps to shrink some artifacts, and it is then filtered. The residual
material in the filters is put in blades by contact imprinting. Debris, red blood
cells, and mucus pass through the filter pores, which retain the epithelial cells to
be analyzed.

It has the advantages of being painless, harmless, noninvasive, and low-cost. As
for disadvantages, it does not have the same efficacy as biopsy concerning identify-
ing the type of lesion, but it is beneficial when the biopsy is not possible [20, 28, 29].

4.3 Fluorescence/autofluorescence

Optical fluorescence can be used as an aid to oral clinical examination. It allows,
by autofluorescence, the detection of numerous changes in the oral cavity that could
go unnoticed by the dentist or even be difficult to perceive with the visual method
alone.

The oral fluorescence system allows the observation of changes in dental hard
tissues such as stains, dental plaque and calculus, incipient lesions, and marginal
infiltrations and facilitates the differentiation between restorative materials such as
composite resin and ceramic.

In soft tissues, it is possible to detect potentially malignant lesions and tumoral
lesions. Therefore, the optical fluorescence system allows the simple, noninvasive,
and real-time diagnosis and identification of structures and alterations in the
oral cavity, revealing lesions that would not be easily detected with conventional
illumination.

As advantages, this method is highly sensitive to cancer and dysplasia, allows the
evaluation of large areas of the oral mucosa during a consultation, and is noninva-
sive and painless. However, it has the disadvantage of false-positive results [20].
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4.4 Contact endoscopy

It is also known as contact microstomatoscopy. It consists of the contact of the
endoscope lens with the mucosa, the vermilion, and or the lesion.

It has the advantages of being painless and providing a fast diagnosis. However,
a study by showed that the difficulties encountered about the device and the
anatomical structures examined (lip and oral cavity) were related to the contact of
the lens surface, fine tremors, and the sliding of the device; these difficulties varied
according to topography. The quality depended on the site of the lesion, the extent
of the ulceration, the volume of crusts, prior cleaning of the site, patient collabora-
tion, the presence of more or less saliva, the mobility of the examined structure,
and the support for the device [28, 30].

4.5 In vivo microscopy

High-resolution microendoscopy, optical coherence tomography, confocal
reflectance microscopy, and multiphoton imaging are considered in this clas-
sification. These methods allow practitioners to see many of the same microscopic
features used for histopathological evaluation at the consultation.

Each technology measures different optical properties of the tissue and offers
various features in parameters such as image depth, resolution, visual field, and
acquisition time. Their development is at an early stage. We cite Raman spectros-
copy as a promising technique for cancer diagnosis. This device is an analytical
noninvasive technique that provides information about the molecular structure of
the investigated sample, considering that the molecular structures of proteins and
lipids differ between normal and neoplastic tissues.

The advantage of these technologies is their accuracy, but the high cost of
acquisition is a significant disadvantage [20, 31].

4.6 Tumor biomarkers

Tumor biomarkers are substances found in blood, urine, or other body fluids
and tissues that may be in increased amounts when a particular type of cancer is
present. These biomarkers are used for diagnostic elucidation through serology and
histological methods. They are cellular, structural, and biochemical components
that can be quantitatively measured by biochemical, immunological, and molecular
methods in body fluids and tissues associated with neoplasms and possibly the
organs where cancer originates.

At present, no marker is used for cancer detection in the general population,
only for people who are in the risk group for certain types of cancer. In this case,
biomarkers can help to diagnose the disease in early stages.

Research on the diagnosis of saliva using nanotechnology and molecular
technologies to detect oral squamous cell carcinoma (OSCC) is currently being
expanded. Collecting saliva for this assessment is a secure, noninvasive method,
which is considered advantageous.

Diagnosing saliva using nanotechnology and molecular technologies to detect
OSCC has become an attractive field of study. New cancer-related proteins have
been reported, as well as potent biomarkers for early diagnosis, further facilitat-
ing the application of quantification in proteomics for carcinogenesis research.
Identifying transcripts and pathways that change at early stages of carcinogen-
esis provides potentially useful information for early diagnosis and prevention
strategies.
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At the beginning of the research on this method, the hope was that all cancers
could be detected at an early stage, preventing the death of millions of people. But
only a few markers can detect cancer at an early stage. The disadvantages of this
method are most people have a small amount of these markers that prevents detec-
tion, the levels of these markers tend to increase when the disease progresses, some
cancer patients may never have high levels of markers, and even in the presence of
elevated levels, they do not always indicate cancer, as they may be related to other
disorders [6, 32-36].

4.7 Oral inspection and palpation

The main areas examined for oral cancer are the face, neck, lips, nostrils, and
oral cavity. Before the screening, the patient should remove all removable dental
appliances and devices to leave the entire area exposed. The patient must be seated
or lying down, and the dentist must look for signs of asymmetry, edema, swelling,
staining, ulceration, or other abnormalities.

To examine the inside of the mouth, the practitioner will use good lighting and
a mirror to see clearly; he will also use a tongue depressor to immobilize the organ
and look at the back of the mouth. After or during the visual examination, the den-
tist will palpate the head, face, around the jaw, under the chin, and the oral cavity.
The aim is to detect unusual lumps or masses. Another sign of a potential problem is
immobility in some regularly moving tissue.

The advantages are the fast, painless, low-cost characteristics of the method,
and the disadvantage is that it relies heavily on the examiner’s skills and knowledge.
Conventional oral examination (COE) alone is insufficient for risk stratification.
COE is generally useful for identifying lesions but not for subsequent clinical
follow-up for treatment planning [20].

Despite the importance of the methods described above as adjuvants in the
process of diagnosis of suspected lesions, the biopsy is considered the gold standard
for definitive diagnosis [20].

All of these methods have their advantages and disadvantages and can be used
in care to facilitate diagnosis. These noninvasive alternatives are not much dis-
seminated in health services, and visual inspection under white light and palpation
by a physician or dentist remain as the gold standard for screening of oral cancer.
This procedure, however, has the limitation of being dependent on the examiner’s
experience; this limitation underlies the development of more objective diagnostic
techniques.

Despite the scarcity of evidence about the abovementioned noninvasive meth-
ods as the diagnosis of a lesion front line, they can be useful in several situations.
For instance, in cases where the biopsy is not a reasonable procedure, either for cost
or complexity, most of these methods can make a difference.

They used to be inexpensive, can be performed by less specialized professionals,
are generally handled with lighter technology, and are more easily implemented in
less resourceful regions and within primary health care [25, 26]. In these situations,
the aim is to replace noninvasive techniques where a biopsy cannot be performed
promptly. More, it can facilitate the screening of lesions in apparently healthy
people, with or without risk factors for cancer, since it is a recommended nonin-
vasive method that makes it possible to differentiate malignant to benign lesions.
Despite the several possibilities of diagnostic methods, the rates still indicate that
patients are diagnosed in advanced stages of cancer [25, 26, 37].

These adjuvant diagnostic methods may help dentists better evaluate lesions
suggestive of oral cancer before a definitive biopsy. The existing adjuvants such as
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Method Indication Advantage Disadvantage
Toluidine blue test Diagnosis and Painless, It can generate
surgical approach low-cost, easy false-positive or
to various mucosal application, false-negative
tumors fast result, results, being of
and high low specificity
sensitivity
Exfoliative cytology Initial assessment Painless, It does not
of incipient lesions harmless, have the same
and follow-up of noninvasive, efficacy as
areas that underwent inexpensive biopsy in the
previous surgical identification
resection of the type of
lesion; however
it is very useful
when biopsy
is not possible.
It can generate
false-positive or
false-negative
results
Fluorescence/autofluorescence Adjuvant method High It can generate
in oral clinical sensitivity for false-positive
examination for cancer and results
detection of cellular dysplasia,
disorders ability to
evaluate large
areas of the
oral mucosa at
the moment of
consultation,
noninvasive,
painless
Contact endoscopy A colposcope with Painless, fast Difficulties in
optical magnification diagnosis relation to the
of up to 40 times device and the
is applied to help anatomical
diagnose oral cavity structures
lesions examined (lip
and oral cavity)
related to the
contact of the
lens surface, fine
tremors, and
slippage of the
device
In vivo microscopy Histopathological High precision High cost
evaluation of
suspected lesions
at the moment of
consultation
Tumor biomarkers Diagnostic Early It can generate
elucidation, detection, false-positive or
tumor recurrence noninvasive false-negative
evaluation, or results
follow-up of
treatment progress
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Method Indication Advantage Disadvantage
Oral inspection and palpation Identification of Fast, painless, It depends on
lesions, monitoring and low-cost the examiner’s
of oral health of the skill and
individual, screening knowledge
of suspicious lesions

for oral cancer

Table 2.
Noninvasive methods for diagnosis of oral cancer.

toluidine blue, acetowhitening, and autofluorescence imaging are not much specific
and, therefore, generally not recommended. Recently, new in vivo microscopy
technologies such as high-resolution microendoscopy, optical coherence tomogra-
phy, reflectance confocal microscopy, and multiphoton imaging have shown to offer
promising improvements and more accurate diagnosis of these lesions and are not
invasive procedures. The advantages of these technologies are that they allow the
visualization of the microscopic characteristics used for histopathological evalu-
ation at the moment of consultation, making the diagnosis faster, besides being
painful or uncomfortable to patients [20].

Other measures discussed are those related to the reorganization of health
services, screening of risk groups, and awareness campaigns. These measures are
used in many countries around the world, but the problem of late diagnosis is still a
worldwide reality [38, 39].

New strategies to approach the population and to identify suspicious lesions
are paramount in the dissemination of information and for the increase of early
diagnosed cases. The cooperation of primary health-care teams and not only of
oral health professionals is essential for the fight against late diagnosis. Because
other sectors of the health area often assist the population and can identify the
risk, and even suspicious lesions, they also should be able to refer patients to
the oral health sector. Thus, with all professionals working together in primary
health care, identifying risk factors and suspicious lesions, and referring to the
responsible sector, this collaborative work may bring a great positive gain for the
population [14, 38].

Below in a Table 2 is a summary of the methods discussed above.

4.8 Considerations

Considering the real problem of oral cancer worldwide, actions aimed at reduc-
ing the negative impact on society should be carried out with planning to achieve
excellence of care to the population.

Some factors lead to late diagnosis of oral cancer. Thus, such elements must be
identified in each population so that health professionals can act to interfere with
these factors, leading to better care for the community. Knowing population profile
to be assisted is required, as much to identify factors that interfere with the diagno-
sis of the pathology as in the action planning.

Although the biopsy is considered as the gold standard for definitive diagnosis,
there are some constraints for your full application. This method is invasive and
expensive, the results may take some days to be disclosed, and it requires special-
ized training, thus limiting its use for screening. Therefore, noninvasive methods
are valuable, becoming more suitable in specific contexts.
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Nomenclature

oC oral cancer

HPV human papilloma virus

IARC International Agency for Research on Cancer
MPD malignant cell lesions/disorders

COE conventional oral examination
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Chapter 9

Vascular Endothelial Growth
Factor Expression in the
Pathological Angiogenesis in Oral
Squamous Cell Carcinoma

Biagio Rapone and Elisabetta Fervara

Abstract

Tumor angiogenesis and tumor progression to late oral squamous cell carcinoma
are closely related. Vascular endothelial growth factor (VEGF), a heparin-binding
growth factor with mitogenic activity specific for vascular endothelial cells,
regulates key events of the pathological angiogenesis involved in the metabolic
functions of malignant tissues. The level of high-affinity tyrosine kinase receptor
for VEGF, flt, in tumor endothelial cells iz vivo is seen upregulated, supporting the
role of VEGF as a potential signaling tumor angiogenesis axis iz vivo and sustaining
the notion that paracrine mechanisms are responsible for the regulation of tumor
angiogenesis. The expression of VEGFs is increased in the processes of oral squa-
mous cell carcinoma (OSCC) progression and proliferation. Vascular endothelial
growth factor C (VEGF-C)/VEGF3 expression induced by chemokine CCL4 is con-
nected to lymph node metastasis in OSCC. This chapter was aimed to summarize
and analyze the findings on the role of vascular endothelial growth factor in oral
squamous cell carcinoma and briefly discuss the potential of vascular endothelial
growth factor that targets this pathway as treatment for OSCC.

Keywords: angiogenesis, vascular endothelial growth factor, oral cancer,
overexpression, VEGF polymorphism

1. Introduction

The angiogenesis process involves approximately twenty factors, such as basic
fibroblast growth factor, placenta growth factor (PIGF-1), epidermal growth factor
(EP), as platelet-derived GF (PDGF), and the most important angiogenic factor:
vascular endothelial growth factor (VEGF). Studies of restricted expression pat-
terns and functional roles have implicated VEGFs in the generation of new blood
vessels from pre-existing vasculature complex genetic pathways. VEGF has since
been documented as being a potent stimulator of endothelial cells proliferation
and migration and to induce the expression of interstitial collagenases. Specifically,
VEGFs regulate physiological angiogenesis, including the vessel and the organ
development, the lymphogenesis, and the differentiation during embryogenesis,
as well the pathogenesis of a multiplicity of disorders. The hypothesis that VEGF
action is required for tumor angiogenesis has been first provided by the findings
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of the vascular development of tumor xenografts in mice. These results were
confirmed through in situ hybridization studies, showing a correlation between

the degree of defective angiogenesis and VEGF mRNA upregulation. These studies
uniformly concur that VEGF expression enhances tumor growth. In this chapter, we
provide a brief historical overview of the discovery of VEGF, structural character-
ization of the other members of VEGF family and their receptor, and to summarize
the main features of the role of vascular endothelial growth factor in angiogenesis
of oral cancer development.

2. Discovery of VEGF

VEGF was first described in 1983 as a factor secreted by hepatocarcinoma cell
lines [1] that increased microvascular permeability to plasma proteins in the skin
of guinea-pigs. It was highly purified to homogeneity from pituitary folliculostel-
late cells and characterized in 1989 [2]. Other authors supported evidence that this
protein potently stimulated endothelial cell migration [3-5]. It was named “vascular
permeability factor” or VPF, potent inducers of vascular hyperpermeability (espe-
cially venular endothelium) to fibrinogen and other plasma proteins [6], which
upon secretion by tumor cells, promotes vascular leakage [7]. More years later, it
was demonstrated that VPF has potent mitogenic activity in a diversity of cell types,
and also versus endothelial cells [8]. Vascular endothelial growth factors (VEGFs)
are predominantly produced by endothelial, hematopoietic, and stromal cells in
response to hypoxia and upon stimulation by growth factors such as transforming
growth factor f (TGFp), interleukins, or platelet-derived growth factors (PDGFs).
VEGFs specifically interact with one or several receptor tyrosine kinases (RTKs),
VEGF receptor —1, -2, and —3 (VEGFR-1, -2, —3), and with distinct coreceptors
such as neuropilins or heparan sulfate glycosaminoglycans. VEGF receptors are
classified as type V RTKs whose extracellular domains consist of seven immuno-
globulin-like (Ig-like) domains [9, 10]. The intracellular domain consists of seven
immunoglobulin-like domains (I-VII), a single transmembrane (TM) region, and
a tyrosine kinase consensus sequence (TK) interrupted by a cytoplasmatic kinase
domain [11, 12].

3. The VEGF gene and isoforms

The VEGFs term identifies a large and heterogeneous family of secreted poly-
peptides, named VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E and placenta
growth factor (PGF), characterized by a highly conserved receptor-binding
cystine-knot structure similar to that of the platelet-derived growth factors [13, 14].
Of those six members, VEGF-A plays a key role in vasculogenesis and angiogen-
esis [15]. PGF is mainly expressed in placenta, heart and lungs; it is a ligand for
VEGFR-2 and it is involved in angiogenesis regulation. VEGF-B binds VEGFR-1
and neuropilin-1, mostly expressed in the extracellular matrix and abundantly
expressed in brown fat, in the myocardium and skeletal muscle; it is implicated in
high cellular energy metabolism. VEGF-C is produced as a precursor protein [16,
17]. VEGF-C promotes mitogenesis, migration and survival of ECs [18], and regu-
lates the lymphatic vessel growth by binding to VEGF-receptor-3 (VEGFR-3, Flt-4)
[19, 20]. VEGF-D, binds and activates VEGFR-2 and VEGFR-3, because is mito-
genic for EC, angiogenic, and lymphangiogenic. Its expression was demonstrated
mainly in the lung and skin during embryogenesis. VEGF-E expression, binding
the VEGFR-2, promotes the release of tissue factors, proliferation, chemotaxis and
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sprouting of cultured vascular ECs in vitro and angiogenesis in vivo [6, 21]. The
major function of VEGF-C consist in regulation VEGF exerts its effect on tissues at
several levels; mechanisms range from a plethora of physiological processes which
regulate blood vessel growth, such as during pregnancy and in tissue repair to
pathological conditions, including chronic inflammation, would healing process,
and cancer [6, 22]. It has been proven that VEGF causes a pronounced angiogenic
response in a variety of in vivo models, including the chick chorioallantoic mem-
brane [23, 24]. Native VEGF is a basic, heparin-binding, homodimeric glycoprotein
of 45,000 daltons. Interestingly, the VEGF gene has been mapped to chromosome
6 at position p21.3 [25] and consists of eight exons and seven introns in the coding
sequence, which covers a region of 14 kilobases. Among these, there is evidence that
the —634G/C, —1154G/A, and —2578C/A VEGF polymorphisms have been shown to
be associated with increased VEGF production. Alternative splicing of the mRNA
from the gene of VEGF, VEGF-B, and PIGF results in the expression of five known
human isoforms with differential diffusibility and heparin-binding properties con-
taining 121, 145, 165, 183, 189 and 206 amino acids with different biological proper-
ties: VEGF1,1, VEGF45, VEGF149, and VEGF;g¢ [26]. The VEGF,; is a weakly acidic
polypeptide with a 44 amino-acid insertion encoded by exon 7a, that fails to bind

to heparin [27]; VEGF g9 has a further insertion of 24 amino acids, highly enviched

in basic vesidues encoded by exon 6a. VEGF1,; and VEGF¢5 have been detected
predominantly in normal tissue, but VEGF121 isoform is both more angiogenic and
tumorigenic than being the 165 and 189 isoforms [27, 28]. In particular, the isoform
121 has been shown to predominate in primary human breast carcinomas (Relf M)
VEGFg9 expression has been shown to be dominant in normal lung [29] and the
183 isoform predominates in heart [30, 31]. Several studies have reported that the
expression of VEGF,g¢ occurs mainly in fetal liver.

3.1 Biological effects of VEGF expression

The VEGF and the “fibroblastic growth factor” (bFGF) demonstrate a power-
ful synergism in the promotion of angiogenesis in vitro, as shown by models using
microvascular endothelial cells invading the three-dimensional collagen gel system
[32, 33]. Also, VEGF exerts its effect by coordinating of angiopoietins, another
class of angiogenic factors. Specifically, VEGF is involved in the early sequences of
events leading to the vessel development, whereas angiopoietin 1 (Angl), an agonist
ligand for the endothelial-specific Tie2 receptor, binds and activates Tie2 to promote
vessel maturation, vascular stability and leakiness [34]; Ang2 acts as a Tie2 agonist
in lymphatic endothelial cells generating an important vascular signaling pathway
involved in angiogenesis, vascular stability and quiescence. VEGF achieves its
functions of endothelial cell differentiation and proliferation by binding a family of
tyrosine kinases receptors (VEGFRs), known as Flt-1 receptor (VEGF receptor-1)
and VEGF receptor-2 (VEGF-2 or KDR/Flk-1). VEGFR-1 binds VEGF, VEGF-B
and PIGF with high affinity and induces weak mitogenic signals in ECs. [23, 35]
VEGFR-1 expression is up-regulated by hypoxia via (transcription hypoxia induc-
ible factor) HIF-dependent mechanism [36, 37]. In the lung, VEGFR-1 provokes
secretion of Matrix Metalloproteinase 9 (MMP9) at the vascular bed, thus empow-
ering metastasis. Also, it has been discovered the role of VEGFR-1 in releasing tissue
specific factors in a perivascular specific pattern at the level of vascular endothelium
[38]. VEGFR-2, the major mediator of endothelial cell mitogenesis, proliferation
and survival [39, 40] binds VEGF, VEGF-C, VEGF-D, VEGF-E and PIGF [22, 39].
VEGFR-2 expression is down-regulated in the adult blood vascular ECs, and is
again up-regulated in the endothelium of angiogenic process. VEGF, VEGF-C and
VEGEF-D are bound VEGFR-3 and are involved in regulation of lymphangiogenesis,

123



Oral Diseases

the growth of new lymphatic vessels [41-45]. The expression of VEGFR-3 (or Flt-4)
is relevant in lymphatic vessels [44] and in hematopoietic cells of monocytic lineage
[6, 42], and is also expressed in a subset of capillary endothelia [19]. Studies on
animal models showed that VEGF-C/VEGFR-3 axis plays a crucial role in cancer
metastasis by inducing lymphangiogenesis [46-48], but further investigations
would be necessary. Furthermore, it has been documented the link between muta-
tions in VEGFR-3 with hereditary lymphedema, an autosomal dominant disorder of
the lymphatic system that can lead to lymphangiosarcomas [13, 49]. Neuropilins-1
and -2 are more important in immunology and neuronal development, but they are
also involved in angiogenesis [19, 44]. Neuropilins, bind especially class 3 semapho-
rins but the Neuropilin-1 also binds VEGF, VEGF-B and PIGF, while Neuropilin-2
binds VEGF, VEGF-C and PIGF [50]. When is coexpressed in cells together with
VEGFR-2, Neuropilin-1 enhances the binding of VEGF165 to VEGFR-2 and aug-
ments tumor angiogenesis in vivo [51, 52]. Nrp-2 is expressed also on lymphatic
ECs, and mutated Nrp-2 forms induce abnormalities in the formation of small
lympbhatic vessels and lymphatic capillaries in mice [53]. In addition, some isoforms
bind to known as non-tyrosine kinase receptors, known as neuropilins (NRPs)
(neuropilin-1 and neuropilin-2 (22-44)). Neuropilins-1 and -2 are also involved

in immunology and neuronal development [50, 54]. Neuropilins bind, especially
class 3 semaphorins but the Neuropilin-1 also binds VEGF, VEGF-B and PIGF,

while Neuropilin-2 binds VEGF, VEGF-C and PIGF [50]. Neuropilin-1 is capable

to improve the binding of VEGF165 to VEGFR-2 and increase tumor angiogenesis
in vivo [51, 53]. Nrp-2 is expressed also on lymphatic ECs, and it has been shown

in vivo that mutated Nrp-2 form alters the formation of small lymphatic vessels and
lymphatic capillaries in mice [54]. The binding results in stimulation of cell-signaling
pathways that act to increase cell nucleus division, and contributing to angiogenesis
through extracellular matrix dissolution, and endothelial cell movement.

4. Role of VEGF in oral squamous cell carcinoma
4.1 The role of VEGF in invasion

Angiogenesis, the formation of new blood vessels, is not only a normal physi-
ological process, but it is closely linked to both tumor growth and metastasis,
providing the principal pathway through tumor cells exit the primary tumor site
and enter the circulation. A multiplicity of molecular determinants is involved in
these different mechanisms of vascular growth, and VEGFs play a significant role in
pathological angiogenesis. In particular, the role of VEGF-A in tumor angiogenesis
are clarified by several studies [23, 55], but the results concerning VEGF-expression
in normal and dysplastic oral epithelium, as well as about the potential role of
VEGF in oral squamous cell carcinoma progression shown contradictions. VEGF-A
overexpression has been reported in most types of cancer, including oral squamous
cell carcinoma, and it is thought to be a prognostic factor for survival. Some studies
revealed no altered VEGF expression in the normal and mildly dysplastic oral
epithelium, or the expression was significantly lower than neoplastic epithelium
[16-18]. A considerable upregulation of VEGF expression during the transition
from normal oral epithelium through dysplasia to OSCC, but no correlation was
found between VEGF expression and the grade of dysplasia. Many research-
ers demonstrated an upregulation of VEGF expression in cancerous tissues in
comparison to the normal oral mucosa. These results suggest that VEGF could be
implicated in tumor progression by expanding the vascularity during the process
of transition from the normal oral mucosa to invasive carcinoma [18, 51-56].
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Immunohistochemical study of VEGF expression in oral squamous cell carcinomas
clarify the relationship between vascular endothelial growth factor (VEGF) expres-
sion and clinicopathological factors in oral squamous cell carcinoma (OSCC),
showing that serum VEGF levels were significantly higher in oral cancer patients as
compared to normal controls that further showed an increasing trend with clinical
stage and lymph node involvement, suggesting that VEGF level may be a reliable
biomarker and may be a potential target for development of chemotherapeutic
strategies for patients with oral carcinoma.

4.2 The role of VEGF in metastasis

Lymphangiogenesis plays a vital role in tumor growth and systemic dissemina-
tion of different carcinomas [2]. Although vascular endothelial growth factor C
(VEGF-C) is well known to be associated with lymph node metastasis in patients
with OSCC, inducing the production of urokinase by cancer and playing a crucial
role in the extracellular matrix remodeling and tumor cell invasion, the specific
mechanisms of lymphangiogenesis in OSCC are largely unknown. Further, it has
been implicated in inducing the growth of both blood and lymphatic vessels and in
regulation of proliferation, differentiation and migration of lymphatic endothelial
cells in many physiological and pathological conditions [19, 20]. Overexpression
of VEGF-C has been detected in various malignancies and is frequently associated
with lymphatic invasion, nodal and distant metastasis and consequently poor
survival [23, 33]. VEGF-C signaling is involved in the progression of several malig-
nancies that put forward VEGF-C as a potential target for the development of new
anticancer therapies to prevent local invasion and metastatic spread of disease. The
progression of several malignancies involves VEGF-C signaling. The immunohisto-
chemical analysis and real-time quantitative RT-PCR studies showed a significant
correlation between the levels of VEGF-C mRNA expression in a human OSCC cell
line, through the phosphoinositide 3-kinase-Akt pathway. The angiogenic action
of this growth factor is achievable by binding to two receptor tyrosine kinases
(RTK), VEGFR-1 (FIt-1) and VEGFR-2 (KDR, Flk-1) [17, 22]. VEGFR-2 is the
major mediator of the mitogenic, angiogenic and permeability-enhancing effects
of VEGF-A, while the role of VEGFR-1 in the regulation of angiogenesis is con-
troversial. It is implicated in a paracrine release of growth factors, but the central
role of this receptor is to prevent the interaction of VEGF with VEGFR-2. Also, it
may promote angiogenesis by recruitment in tumor vasculature of monocytes and
other bone marrow-derived cells [48, 52, 57]. Moreover, VEGFR-1 is involved in the
induction of matrix metalloproteinases [49] that retrovirus-mediated expression of
a dominant negative VEGFR-2, because of inhibition of signal transduction through
wild-type VEGFR-2, suppression of the growth of glioblastoma multiforme and
other tumor cell lines in vivo. Correlation of VEGF expression with clinical stage
of OSCC is controversial. Clinicopathologic findings suggest that evaluation of
VEGF expression is of prognostic value in patients with OSCC. VEGF expression
was found to increase significantly with advancing stage of the tumor. Elevated
expression of VEGF was associated with aggressive phenotype and advanced stage
of the tumor [58], as well as demonstrated by Yu Hong Li et al. which found a
higher VEGF expression in stage 3 and 4 tumors as compared to stage 1 and 2 [59].
An explanation could be attributed to the correlation with the intensity of VEGF
expression and the degree of differentiation or invasiveness of carcinoma. The
results support the findings of previous results on the average density of immuno-
histochemistry (IHC), indicating that in normal oral squamous cells, VEGF expres-
sion was detected only in the vascular endothelial cells in the mesenchymal tissues
[60, 61]. According to these results, to Kim’s study on the up-regulation of vascular
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endothelial growth factor (VEGF) expression in oral squamous cell carcinoma,
immunohistochemical staining with VEGF, found a very little expression of VEGF
in normal oral squamous cell tissues and a significant positive relationship between
VEGF expression and the degree of differentiation or invasiveness of carcinoma
[62]. In addition, histopathological findings showed that the VEGF had higher
expression levels in less-differentiated invasive oral squamous cell carcinoma, while
it was expressed at slightly higher levels in well-differentiated and less-invasive
intraepithelial carcinoma tissues or highly differentiated oral squamous cell carci-
noma than in normal cells [62]. In contrast, Shang and Li found that VEGF expres-
sion was significantly higher in patients in patients with stage 1 and 2 tumors as
compared to when there were a stage 3 and 4 tumors [63].

4.3 The role of VEGF in prognosis

Interestingly, some studies have focused on the potential prognostic importance
of VEGF polymorphisms in head and neck cancers [14, 20, 21]. Results showed
the association between —1154GG VEGF genotype, located in the promoter region
of the gene, and higher VEGF production [12]. A study conducted by Ku et al.,
reported an association of —460C/T polymorphism and VEGF overexpression in
oral cancer, showing a higher risk for oral cancer in the patients with a high —460TC
ratio [66, 67]. Further investigations showed an association between +960C/T
VEGF polymorphism and oral cancer [23], indicating that the low production of
VEGF by the T allele is correlated with increased risk of oral cancer, and vascular
invasion in oral squamous cell carcinoma. In contrast, Vairaktaris et al. [56], did not
demonstrate an influence of gene polymorphism on the oral cancer in the logistic
regression models. However, the genotype VEGF —460CT was associated with
early stage tumors. Nasr et al. analyzed the polymorphism VEGF —2578C/A and
suggested that carriers of VEGF —2578C allele may play a role in susceptibility to
nasopharyngeal carcinoma [64, 65]. The risk for laryngeal squamous cell carcinoma
seems to be linked with the increase of the —1154G/G genotype of the VEGF gene,
in the —1154G/A polymorphism of the VEGF [27]. Moreover, the polymorphism
—1154G/A VEGF has been shown to be associated with differential expression of
VEGEF in vitro. However, some of the data are contradictory.

4.4 Vascular endothelial growth factor and advances in developing novel
therapeutic strategies for oral squamous cell carcinoma

There is a great need for therapies to prevent and/or slow the progression
of OSCC. Recent studies focused on potential of drugs that target VEGF or its
receptors-signaling system because their angiogenesis-promoting activity at the
level of endothelial cells. Therefore, modulation of these factors to inhibit tumor
angiogenesis, currently, is a major focus in developing OSCC therapies. The devel-
opment of angiogenesis inhibitors as anticancer agents have been developed with
data showing promising efficacy at reducing OSCC in in vitro models [13, 14].
Recent studies found that administration of angiogenesis inhibitors agents in
association with chemotherapy and radiotherapy can improve the efficacy of these
treatments. For example, Teicher et al. observed that coadministration of the
TNR-470, angiogenesis inhibitor agent, induces a substantial cyclophosphamide-
induced tumor cell-killing. Jain’s study confirmed these findings suggesting that it
was a consequent normalization of the tumor vasculature, as a result of endothelial
cell death. Different therapeutic strategies to induce the inhibition of VEGF or its
receptor signaling system are being emerging for treatment of OSCC, as VEGFR-1
ribozymes, VEGF toxin conjugates, and soluble VEGF receptors.
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5. Conclusions

Angiogenesis is essential for the growth and metastasis of solid tumors, includ-
ing oral squamous cell carcinoma. The main factor responsible for angiogenesis is
VEGF and its receptors. Specifically, VEGF-A is known to be a key angiogenic factor,
and its overexpression has been reported in most types of cancer, including oral
squamous cell carcinoma, and it is thought to be a prognostic factor for survival. It
was pointed out that VEGF as an attractive candidate for therapeutic intervention,
but more studies are needed to clarify the real potential of angiogenesis inhibitors
agents in OSCC, to determine optimal timing for VEGF, and to search for drug
candidates.
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Chapter 10

The Role of Neck Dissection in
Oral Cavity Carcinoma

Alfredo Quintin Y. Pontejos Jr. and Daryl Anne A. del Mundo

Abstract

Nodal status at the time of presentation for oral cavity carcinoma is the most
important prognostic factor. Neck dissection is warranted for T3/T4 oral cavity
carcinoma but there has been an ongoing controversy in the treatment of clini-
cally negative neck in T1/T2. The risk of occult metastases in NO squamous cell
carcinoma of the oral cavity is 20-30%, and was found highest for tongue carci-
noma. Elective neck dissection is recommended for T2NO tongue carcinoma, and
Stage I clinically NO oral cavity carcinoma with tumor thickness >3 mm. CT scan
has the highest sensitivity in detecting occult cervical lymph node metastases.
Sentinel lymph node biopsy, as well as identification of biomarkers, continue to
show increased utility. This chapter aims to discuss the methods of detecting nodal
metastasis, the need for elective neck dissection for clinically neck node negative
T1/T2 oral cavity carcinoma, the role of watchful waiting in NO necks, the impact
of tumor thickness in the risk for cervical lymph node metastasis, the role of
sentinel lymph node biopsy in the detection of occult lymph node metastasis, and
the role of biomarkers as predictors of occult lymph node metastasis.

Keywords: oral cavity carcinoma, neck dissection, elective neck dissection,
occult cervical metastases

1. Introduction

Nodal status at the time of presentation for oral cavity carcinoma is the most
important prognostic factor [1]. If the nodes are affected, the chance for cure is
reduced by half [1, 2]. Historically, Shah et al., as early as 1990, demonstrated that
levels I, II, and III were at greatest risk for nodal metastases from primary squamous
cell carcinoma of the oral cavity [3]. Yuen et al. showed that the rate of cervical
metastases is greatest for carcinoma of the oral tongue and floor of mouth, with the
rate increasing with increasing T stage [4]. Curative surgery involves wide exci-
sion of the primary and neck dissection [1]. For T3/T4 oral cavity carcinoma, neck
dissection is warranted even for clinically negative necks [1]. There has long been an
ongoing controversy in the treatment of clinically negative neck in early stage oral
cavity carcinoma (T1/T2) [1, 4, 5].

This chapter will discuss the methods of detecting nodal metastasis, the need for
elective neck dissection for clinically neck node negative T1/T2 oral cavity carci-
noma, the role of watchful waiting in NO necks, the impact of tumor thickness in
the risk of cervical lymph node metastasis, the role of sentinel lymph node biopsy
in the detection of occult lymph node metastasis, and the role of biomarkers as
predictors of occult lymph node metastasis.
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2. Detection of nodal metastasis

It has been shown that the sensitivity, specificity, and accuracy of detection of
neck metastases by clinical examination are 70, 65, and 68%, respectively; with an
overall error of 20-30% [6].

Various imaging modalities are being utilized to detect nodal metastasis and
are found to be more reliable than clinical palpation. These include computerized
tomography (CT) scan, magnetic resonance imaging (MRI), ultrasound, and
positron emission tomography (PET) scan. These modern imaging modalities
offer similar diagnostic accuracy to diagnose clinically NO neck [7]. Sensitivity is
comparable across all modalities but CT Scan has been shown to offer the highest
specificity [8, 9]. A most recent study by Bae et al. in 2019 showed a higher sensi-
tivity for detection of occult metastasis with PET CT than that for CT/MRI for 42
patients [10].

Despite the quality of current imaging modalities, the risk of occult metastases
in necks categorized as NO in patients with oral cavity squamous cell carcinoma
(SCC) has been reported to be between 20 and 30% [8].

3. Elective neck dissection for clinically neck node negative T1/T2 Oral
cavity carcinoma

The rate of occult lymph node metastasis in T1 to T2 oral cavity carcinoma
reaches as high as 34% [11-13]. Personal data from the experience of the authors
showed an occult regional neck nodal metastasis rate of 25% (n = 4) for Stage I and
27.8% (n = 18) for Stage II oral cavity carcinoma.

The decision to observe or treat the NO neck is left to the choice of the patient and
the head and neck oncologist [6]. In oral cavity carcinoma, the only clinically NO
necks for which observation is appropriate are those associated with T1/T2 lip carci-
nomas, T1/T?2 oral tongue carcinomas that are less than 4 mm thick, and T1/T2 floor
of mouth cancers less than or equal to 1.5 mm thick [6]. A most recent systematic
review by Cao et al. showed that elective neck dissection could significantly decrease
neck recurrence and improve disease-free survival and overall survival compared to
watchful waiting for patients with cT1-T2NO oral cavity carcinoma [14].

Particularly for early stage (Stage I and Stage II) oral cavity carcinoma, previous
studies have shown a lower risk of regional recurrence rate with elective neck dis-
section compared to watchful waiting [11, 15-18]. Five-year survival rate is higher
for elective neck dissection versus watchful waiting; and specific death rate from
regional recurrence is less for elective neck dissection than watchful waiting [11,

17, 18]. Regional recurrence rate for 154 Stage I and II NO patients was found to be
higher for patients who did not receive elective neck dissection [11].

4. Neck dissection general recommendations for Oral cavity carcinoma

The standard treatment for NO neck (and even N1) is neck dissection of levels
I, IIA, and III [19]. However, when level IIA is involved, there is a 22% risk of
level IIB involvement, therefore, level I1IB has to be included in the dissection [19].
Controversy about level IV involvement has come into play which may justify its
dissection because of a reported 15% risk of involvement [20, 21]. Level V is rarely
involved in oral cavity that is why it is hardly resected.

For N2/N3, neck dissection of levels I to V are indicated with or without resec-
tion of IJV, SCM, or SAN [1].
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5. The impact of tumor thickness in the risk of cervical lymph node
metastasis and the role of sentinel lymph node biopsy

The National Comprehensive Cancer Network Guidelines (2019) recommends
that elective neck dissection be based on the risk of occult metastasis in the appro-
priated nodal basin [1]. Selective neck dissection of at least levels I-1II is recom-
mended for NO oral cavity carcinoma.

Particularly, for oral cavity squamous cell carcinoma, sentinel lymph node
biopsy or the primary tumor depth of invasion should guide decision making and
these are currently the best predictors of occult metastatic disease [1, 22]. Earlier
versions of NCCN state that for Stage I clinically NO oral cavity cancer, elective
neck dissection is recommended for tumor thickness >4 mm but recent evidence
supports the effectiveness of elective neck dissection in patients with oral cavity
cancers >3 mm depth of invasion [1, 22].

It is worthy of mention that the recently proposed 8th edition of the American Joint
Committee on Cancer (AJCC) staging system for oral cavity squamous cell carcinoma
is the addition of depth of invasion (DOI) as a modifier for the T category in the TNM
staging [23]. It remains a controversy whether it is reasonable to substitute tumor
thickness for DOI, since tumors with a larger DOI or thickness are associated with
an increased risk of nodal metastasis and worse survival outcomes [24]. It has been
concluded in a 2017 study by Dervin et al. that the T category and TNM stage prognos-
tic performance of the eighth edition AJCC staging of oral cancer is similar regardless
of whether DOI or thickness is used as the T-category modifier; hence, in centers or
institutions without complete DOI data, it is reasonable to use tumor thickness [24].

Accuracy of sentinel lymph node biopsy for nodal staging of early oral cavity
carcinoma has been tested extensively against the reference standard of immedi-
ately performed neck dissection or subsequent extended follow-up, with a pooled
estimate of sensitivity of 0.93 and negative predictive values ranging from 0.88 to 1,
with comparable survival outcomes [1, 22, 25-29]. A more recent systematic review
revealed that sentinel lymph node biopsy is advantageous because it improves the
accuracy of tumor staging, is a minimally-invasive procedure, avoids unnecessary
nodal dissection, and results in limited morbidity and mortality with negative
predictive value of 90-95% [6]. The disadvantages include posing difficulty for
peri-tumoral injection for bulky invasive primary tumors that invade adjacent
anatomic subsites, difficulty in floor of mouth tumors and those with proximity to
the draining lymphatic basin, clinically positive nodes that are difficult to be identi-
fied by sentinel node mapping because of poor uptake of tracer, and the need for
additional second stage surgery in case of positive neck node [6].

In addition, sentinel lymph node biopsy is a technically demanding procedure,
with its success rates for sentinel node and occult lymphatic metastasis identification
much dependent on technical expertise and experience [1]. Thus, sufficient caution
must be exercised when offering it as an alternative to elective neck dissection [1].

6. Biomarkers as predictors of occult lymph node metastasis

Table 1 shows the various biomarkers which have been studied to detect occult
lymph node metastasis.

Harada et al. showed that in normal squamous epithelium, cyclin B1 was local-
ized in the nucleus and was expressed only in several cells of the basal and parabasal
layers. In tumor tissues, however, cyclin Bl was expressed mainly in the cytoplasm.
Cyclin B1 overexpression was positively correlated with occult cervical lymph node
metastases and the number of mitotic cells [30].
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Predictor Non-predictor

Cyclin B-1 Vascular endothelial growth factor-C (VEGF-C)
Secreted protein acidic and rich in cysteine (SPARC) High mobility group box 1 (HMGB1)
E-cadherin (ECAD)

Podoplanin

Matrix metalloproteinase-7 (MMP-7)

Activin A

partial epithelial-to-mesenchymal transition

Table 1.
Predictors and non-predictors of occult lymph node metastases in oral cavity carcinoma.

Zhang et al. showed that the secreted protein acidic and rich in cysteine
(SPARC) has a positive rate in 49.1% of tongue cancer tissues and 0% in normal
tissues. The expression of SPARC was positively correlated with occult lymph node
metastasis and recurrence [31].

Huber et al. showed that the differentiation grade and down-regulation of
E-cadherin expression significantly correlate with positive lymph node status in
univariate and multivariate analyses. Thus, E-cadherin immunohistochemistry may
be used as a predictor for lymph node metastasis in squamous cell carcinoma of the
oral cavity and oropharynx [32].

Huber et al. showed that podoplanin expression correlated significantly with
sentinel lymph node metastasis and remained a significant predictor for lymph
node status even after controlling for tumor stage [33]. In relation to this, a more
recent study revealed the association of podoplanin and SOX2 in the progression
of oral squamous cell carcinoma [34]. OX2 is a transcription factor related to the
maintenance of stem cells in a pluripotent state. Podoplanin is a type of trans-
membrane sialoglycoprotein, which plays an important role in tumor progres-
sion and metastasis [34]. There was a significant inverse correlation between
the expression of SOX2 and podoplanin with the tumor grade, survival analysis
showed that a high expression of SOX2 correlated positively with the disease-free
survival, and a significant positive association between the pattern of SOX2 and
podoplanin expression [34].

Mikinen et al. showed that matrix metalloproteinase-7 (MMP-7) expression was
associated with presence of occult metastases (OR 3.67; p = 0.013); increased inva-
sion depth (OR 4.60; p = 0.005); high tumor grade (OR 3.30; p = 0.007). MMP-7
was predictive of poor outcome (p = 0.021) [35].

In a study by Kelner et al. in 2015, it was found that high immunohistochemical
expression of activin A was significantly associated with presence of occult lymph
node metastasis in oral tongue squamous cell carcinoma [36].

Non-predictors of occult lymph node metastases as shown in Table 1 include
vascular endothelial growth factor-C (VEGF-C) and High mobility group box 1
(HMGB1). No statistically significant difference was found between OSCC with
and without occult lymph node metastasis in regard to VEGF-C immunoexpression
by malignant cells [37]. Isolated VEGF-C expression by malignant cells is not of
predictive value for occult lymph node metastasis in early stages of oral squamous
cell carcinoma [37]. Likewise, Prediction of occurrence of late neck metastasis in
early tongue squamous cell carcinoma by evaluating HMGB1 (high mobility group
box 1) expression in the primary lesion showed that immunohistochemistry study
of HMGB1 in early tongue squamous cell carcinoma did not appear to be very useful
for predicting occult neck metastasis [38].

Most recently, immunohistochemistry quantification of partial epithelial-to-mes-
enchymal transition (p-EMT) in oral cavity squamous cell carcinoma primary tumors
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has been reliably shown to be associated with nodal metastases, perineural invasion,
and high grade [39]. EMT is thought to be a potential driver of invasiveness and
metastasis in a variety of epithelial cancers [39]. It has been said that with prospective
validation, p-EMT biomarkers may aid in decision making over whether to perform a
neck dissection in the NO neck and/or for adjuvant therapy planning [39].

7. Post-operative follow-up

Based on the algorithm proposed by Paler et al., follow-up CT scan may be done
for N1 disease and PET CT for N2/N3 disease 12 weeks after treatment [40]. CT
scan may also be done for NO neck [1].

The NCCN guidelines follow-up recommendations for oral cavity carcinoma
include a complete head and neck examination every 1-3 months for the first
post-operative year, every 2-6 months for the second post-operative year, every
4-8 months for years 3-5, and every 12 months beyond 5 years post-operatively.
Speech/hearing and swallowing evaluation, nutritional evaluation and rehabilita-
tion, smoking cessation and alcohol counseling, and surveillance for depression are
included in the post-operative supportive care recommendations [1].

8. Conclusions

Despite advances in imaging studies in detecting occult metastasis, the risk of
occult metastases in necks categorized as NO in patients with oral cavity squamous
cell carcinoma (SCC) remains and the need for neck dissection should carefully be
examined. Elective neck dissection, specifically, selective neck dissection, is recom-
mended for Stage II oral cavity carcinoma given the high risk of occult metastasis.
For Stage I clinically NO oral cavity carcinoma, elective neck dissection has been
historically recommended for tumor thickness >4 mm but recent evidence supports
the effectiveness of elective neck dissection in patients with oral cavity carcinoma
>3 mm depth of invasion. The role of sentinel lymph node biopsy in detection of
occult cervical lymph node metastasis is promising but requires technical expertise
and experience. Identification of biomarkers in predicting the presence of cervical
lymph node metastasis may prove to have increasing utility.
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Chapter11

Modalities and State of Artin Oral
Cancer Reconstruction

Andres Chala

Abstract

The treatment of the oral cancer is complex in terms of resection and recon-
struction. Adequate multidisciplinary approach is needed to plan the oncological
resection and functional reconstruction to obtain optimal results and adequate
rehabilitation of the patient. Many factors should be considered in order to
reconstruct the surgical defects, including patient factors, the expertise of the
team, and other tumor and defect factors. Early cancer and its subsequent defects
can be reconstructed merely with a primary closure or a skin graft, but as soon
as the cancer stage worsens, the devastation of primary tumor is bigger needing
a more complex surgery and skilled reconstructive techniques to implant a new
safe tissue, starting from a local flap, a pediculate flap, and up to a free composite
flap. Nowadays there is a trend to perform microvascular free flaps in most of the
reconstructions, but if a rational approach is planned, even in the most advanced
cases, it can be solved with locoregional flaps, limiting the need of a microvascular
surgery and its subsequent overcost in care and special skills in reconstruction.
This chapter pretends to give a rational approach to get that goal.

Keywords: oral cancer, head and neck reconstruction, local flaps, pediculate flaps,

free flaps

1. Introduction

One of the most common cancers of the head and neck region is the oral cavity
cancer. Globally, over 300,000 people are diagnosed with oral cancer each year,
being the eight most common cause of malignancy [1]. In early stages, a cure is
possible with minimum morbidity; unfortunately, such disease is not usually
diagnosed until it has set to an advanced stage impacting survival, including in
that stage morbidity due to tumor invasion or tissue devastation, and its conse-
quent treatment negatively impacts the quality of life [2]. With that in mind, every
effort must be done to reconstruct the defect of the primary resective procedure
in order to restore swallowing, speech, esthetics, and color match, among oth-
ers. A complete evaluation must be done to define the optimal reconstruction
without compromising the oncological resection and first of all evaluating each
patient in terms of age, functional capacity, adjuvant therapies, airway protection,
survival, etc. There are many options to reconstruct the defect, so a comprehensive
approach should be planned, principally considering its location in the oral cavity,
the size of the anatomical structure resected, as well as the consequence of the
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defect that may affect a complex functional unit that could include the mucosa,
muscle, bone, skin, or a combination of them, which additionally may develop

a continuity solution that creates a communication between the oral cavity with
the neck and its subsequent salivary fistula, infection, risk of a major vessel blood
bleeding or carotid blowout, and death. The reconstruction might be done just
with a primary closure and skin graft or may be left to heal by second intention
with no closure; some cases will need a pediculate, local, or regional flap, and in
complex and huge defects, a microvascular free flap might be needed. Currently
there is a trend to perform a microvascular reconstruction for most of the defects,
but even in a two-team approach, the microvascular reconstruction increases

the cost and duration time of the surgery; furthermore some health centers lack
surgeons with the necessary skills to perform a microvascular surgery. The purpose
of this chapter is to review the state of art in oral cavity reconstruction after an
oncological resection and especially provide a rational approach to reconstruct
each defect in order to restore it as similar as normal tissue before resection,
discussing pros and cons of reconstruction.

2. Anatomic landmark

The oral cavity begins at the lips and ends at the anterior surface of the faucial
arch. It is lined by squamous epithelium with interspersed minor salivary glands.
It contains the lips, buccal mucosa, mandibular and maxillary alveolar ridge, ret-
romolar trigone, hard palate, floor of the mouth, and anterior oral tongue. Motor
innervation of intrinsic musculature is supplied by the hypoglossal nerve and
sensation is provided by trigeminal nerve V2 and V3 branches. The sensation of
the anterior two-thirds of the tongue is provided by the lingual nerve (CN V3),
and its taste comes via the chorda tympani (CN VII) [3]. For the purposes of
this chapter, only the proper oral cavity is considered, so lip reconstruction is
excluded.

3. Defect characteristics

Assessing the characteristics of the defect is the first step to decide which is the
best option to reconstruct. The size and specific subsite of the primary resection
including its function will determine the need for subsequent reconstruction. Small
or medium defects may not disturb function, so minimal intervention to recon-
struct is necessary; on the other hand, composite defects that include several units
and structures like the muscle, mucosa, bone, or even skin can affect the function
in many ways, so in order to restore it, a specific composite tissue is needed, which
is also a technique to avoid scars, nonfunctional tissue, or retractions with its
subsequent unit dysfunction. Previous treatment like chemotherapy and especially
radiation will also entail special needs in terms of reconstruction since providing a
new normal tissue is essential to prevent local complications like fistula, dehiscence,
infection, or a permanent scar.

4. Specific subsites
With the aim to choose correctly from a range of different technics, although it

is frequent to face a combination of subsites and structures after surgical resection,
each subsite must be considered independently to assist the decision.
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4.1 Floor of mouth

The subsite floor of mouth (FOM) is limited anteriorly by the inferior alveolar
ridge, posteriorly by the ventral surface of the lingual tongue, and laterally by the ante-
rior tonsil pillar. The FOM avoids the spillage of saliva to the neck and is also necessary
to support the tongue in speech and deglutition as well as to maintain the humidity
of the mouth due to the big amount of minor salivary glands and to the outlet of the
submandibular gland duct. The resection may result in a small or big defect that could
or could not include the mucosa, bone and skin. The main goal of reconstruction is to
restore the anatomic limits of the sulcus to avoid communication with the neck with
the corresponding spillage of saliva and food, and to avoid retraction or fixation of
the tongue then maintaining the adequate tongue mobility to support articulation and
speech as well as allowing the tongue to move freely to push the food bolus back.

4.1.1 Small defects

A very small deformity could be let alone without closure and permit healing
by second intention with a granulation tissue. A facial artery myomucosal flap
(FAMM), which blood supply is provided by the facial artery, could similarly be
used for a defect limited up to a width of 2 cm and permit the primary closure of
the donor site [4]. A split-thickness skin graft (STSG) or a full-thickness skin graft
(FTSG) could be used for a defect smaller than 3—4 cm that does not spare the
suprahyoid musculature or expose the bone (Figure 1a and b). The graft is usually
secured with a pad dressing, which is removed 6-7 days after surgery. Usually remu-
cosalization can be expected, and complete healing is obtained in about 4 weeks.
The restriction to the skin graft is related to the difficulty to maintained it insetted
due to its exposition to swallowing movements.

The advantage to let the defect to granulate by itself is the shortest time of the
procedure; however, it usually takes up to 3 weeks to obtain a complete healing,
implying some minor disturbances for the patient including pain and difficulty to
swallow. The disadvantage of the graft is the secondary scar of the donor site but is
offsetted by the result in the zone of resection and a shortened time of recovery.

4.1.2 Medium defects

For FOM defects up to 6 cm which may include a limited bone exposure, a
regional pediculate flap can be employed to reconstruct; the most used are the

Figure 1.
(a) FOM resection and (b) skin graft.
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submental (SMF) and the supraclavicular flap (SCF). Additionally, in that kind of
defects, especially when postoperative radiotherapy is projected, a pediculate flap
must be planned if possible.

4.1.2.1 The submental pediculate flap

The submental pediculate flap is vascularized by the submental artery, a branch of
facial artery. It must include a segment of the anterior belly of digastric to perfuse the
overlying skin through perforants. The amount of tissue available to harvest depends
on the pitching test that predicts the possibility of primary closure of the donor site.
This flap entails to avoid sacrifice of its vascular pedicle so the clue is that it should
be planned and harvested at the beginning of neck dissection [5] (Figure 2a—c).
Sometimes nodal disease levels Ia and Ib limit the ability to harvest the submental flap
without impairing the oncological resection. The main advantage of this flap is the
proximity between the donor site and the floor of the mouth so it can be insetted eas-
ily; the main problem is that if it is harvested with a big amount of muscle, the result
once insetted may be a bulky flap resulting on swallowing and speaking problems.

4.1.2.2 The supraclavicular pediculate flap

The supraclavicular pediculate flap is an alternative to the submental flap
particularly when a larger amount of skin is needed and in cases of huge nodal

{a) ik

Figure 2.
(a) Submandibular flap harvest, (b) submandibular flap insetting, and (c) final vesult.
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disease in level I. The flap can be raised if there are no bulky nodes in the neck in the
level IV. The SCF is based on axial circulation from the supraclavicular artery which
arises from the transverse cervical artery and in a small percentage of cases from
the suprascapular artery. It can be used to reconstruct soft tissue defects measuring
up to 20 cm in size after tumor excision, being an advantage over the SMF in FOM
defects. As well as the submandibular flap, usually there is low donor site morbidity
permitting its primary closure, and of course the main restriction is related to neck
dissection in level IV due to the possibility to injure the cervical transverse pedicle
impairing its vascularization [6]. Another advantage is that it can be raised at the
end of the surgery after neck dissection or in cases when you do not plan to dissect
level IV or there is no doubt about the probability to alter its vascularization; it can
be harvested at the beginning of neck dissection once you have defined the size of
the defect you need to reconstruct (Figure 3a-b).

The main complication for both flaps is the loss of the flap due to arterial or
venous ischemia. To prevent that fatal complication, a meticulous dissection is
needed to preserve its vascularization during harvesting and trying to avoid tension
during insetting. When only venous congestion is present, the flap may recover
without additional intervention, but if ischemia is established, the lost flap must be
retired to avoid infection and systemic complication, and if possible, a new way of
reconstruction must be considered.

4.1.3 Large defects

In a bigger or composite defect of FOM, the reconstruction can be a challenge,
especially when the bone, tongue, and skin are involved. It is important to assess
preoperatively the degree of bone invasion to suitably plan possible mandibu-
lectomy requiring additional bone tissue for reconstruction. If only soft tissue is
required, a radial forearm free flap (RFFF) or an anterolateral free flap (ALT) can
be harvested, but if the bone required a fibula free flap (OCFF), the iliac crest flap
(VICF) or the scapula free flap (SFF) are the main options.

4.1.3.1 The radial forearm free flap

The radial forearm free flap based on the radial artery provides a pliable and
thin skin that makes the RFFF an ideal choice for reconstruction of the floor of the
mouth; in few cases if a small marginal segment of the bone is required, a compos-
ite radial free flap including a limited segment of radial bone can be obtained [7];
if furthermore the tongue is compromised, the RFFF can be insetted with a bilobed
design allowing one lobe to restore the volume of the tongue and the second one to

7

Figure 3.
(a) Yugal mucosa vesection and (b) supraclavicular flap harvest.
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resurfaces the FOM [8]. The RFFF is considered the battle horse in microvascular
reconstruction due to the skin quality, the length of the pedicle, the size of the
vessels, and the easy preoperative assessing since it does not require vascular images
just the Allen test to evaluate distal perfusion of the hand provided by palmar arch,
and additionally, it is easily harvested. Its limit is usually referred to the size in cm
that can be harvested (up to 20 x 12 cm), but it almost never applies as an exception
in oral cavity reconstruction. The principal risk and disadvantage of the osteocuta-
neous radial free flap is the risk of fracture when a segment of the bone is included
in the RFFF, so prophylactic fixation of the radius with the appropriately sized
2.4-mm locking reconstruction plate is performed to avoid fracture of the donor site
[9]. The disadvantages of this flap are the hairy non-mucosalizing skin paddle, the
cosmetic deformity of the donor site due to skin grafting that sometimes let an ugly
scar and, in some cases, a bulky dysfunctional flap. The hairy skin can atrophy after
radiation, or it can be treated with laser peeling, so in most of the cases, the final
reconstruction result is excellent. To improve the cosmetic result of the donor site,
any effort must be done to preserve the paratenon over the flexor tendons; setting a
4 mm better than a 2 mm skin graft over the donor site with an appropriate plaster
bandage for temporal immobilization is also suggested. This usually ends in a better
cosmetic result. Finally, to avoid a bulky dysfunctional flap, planning an adequate
design of the size and form of the flap before harvesting is advisable.

4.1.3.2 The ALT flap

The ALT flap is also proposed as an excellent recourse when only the skin and
soft tissue are required, especially in thin patients; it is advocated by many as a first
choice to avoid the donor site morbidity. This flap pending on a septocutaneous
branch coming from the lateral circumflex femoral artery involves a more dif-
ficult dissection due to the smaller diameter of the vessels [10]. It can be harvested
thinner (supra fascial) or thicker (subfascial) depending on specific needs of skin
and soft tissue. One important advantage is that can be raised even bigger allowing
primary closure. The disadvantage of a hairy non-mucosalizing skin paddle is like
the RFFF, and in an obese patient the flap is unacceptably bulky. Another disadvan-
tage occurs when the nerve branch to the vastus lateralis muscle is cut unnoticed
causing knee instability. In rare occasions the donor site needs to be skin grafted.

4.1.3.3 The osteocutaneous fibula free flap

The osteocutaneous fibula free flap is considered by many, the gold standard
when oncological resection includes a large segmental mandibular defect that may
or no include skin and is generally the first choice [8, 11] and the iliac crest and
scapula [12] are alternatives chiefly in segmental small defects. The osteocutaneous
fibula free flap (OCFF) based on peroneal artery is a reliable, and versatile flap
for mandibular reconstruction and is considered the gold standard in mandibular
reconstruction. It usually offers enough length of bone and skin to reconstruct
a partial or complete mandibular resection and allows to place bone-integrated
implants. It is essential to plan its harvesting and design from the beginning at the
outpatient clinic, since it is mandatory to perform limb vascular imaging studies to
assess the normal vascular anatomy and avoid fatal vascular morbidity or ischemia
of the donor limb after bone resection. It does not need to plate the remaining
fibula that remains attached to the tibia, and if harvesting in the right way, it does
not cause limb instability. As a norm, it is easy to harvest and one-stage reconstruc-
tion can be performed. There are some downsides to it; first the size of the skin
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paddle is limited just to permit primary closure of skin donor site; but if needed it
also can be skin grafted. Second the hairy and non-mucosalizing skin paddle that
is placed intraorally could end in an disturbing sensation, usually temporally if
radiation is added to the treatment, and third in cases of arterial or venous disease
in the lower extremities or previous surgery, there is a formal contraindication for
flap harvesting [13].

4.1.3.4 The scapula free flap (SFF)

The scapula free flap (SFF) based on the circumflex artery arising from the
subscapular artery, which is a branch of the axillary artery in the upper thorax,
similarly provides acceptable bone length while supplying significantly larger skin
and soft tissue paddles (up to double in overall area). It is an excellent alterna-
tive to small and wide to medium defects when wide bone is necessary. The main
disadvantage of this flap is the need of repositioning during the surgical procedure
restraining a double team approach [14].

4.1.3.5 The vascularized iliac crest bone flap (VICF)

The vascularized iliac crest bone flap (VICF) has also been proposed as a new
approach to reconstruct a mandibular deformity, especially in lateral mandibular
defects [15]. This flap is based on the deep circumflex iliac vessels and usually
harbors consistent anatomy; the length of the vessel averages 8-10 cm, and its
diameter averages 2-3 mm. Pending on specific reconstruction needs may be
harvested as a full thickness bicortical or as a partial thickness unicortical bone, and
its main advantage is the natural curved contour of the bone that is ideal for lateral
mandibular reconstruction. It can be raised with skin or muscle when needed. The
donor site morbidity is related to the local appearance deformity and the probability
to develop a future hernia.

Nowadays three of the osteocutaneous free flaps previously mentioned could be
combined with the use of a three-dimensional virtual technology to preoperatively
plan the resection, the design of the plates for bone fixation, and the cutting guides
to enhance the functional and cosmetic results. This new technology is proposed
to optimize surgical outcome and as a safer way of modeling. It can also be imple-
mented in mandibular or midface reconstruction using fibula free flap or iliac crest
flap. It requires a preoperative CT scan planning design and preparation of the
customized mandibular reconstruction plate and cutting guides providing a most
precise reconstruction [16, 17]. Current communication between the resective sur-
geon, reconstructive surgeon, and team that supports the technology is necessary
to assess all the information previous to surgery. The principal limits are the cost
and access to the technology but usually are over headed by the benefit of a precise
reconstruction. With this tendency to a more precise reconstruction and rehabilita-
tion, one important aim of bone reconstruction is to restore the chewing function
so dental implants are required to best accomplish that. The moment to inset them
in the postoperative scenery usually takes up to 3 or 4 years waiting to finish healing
and therapies including radiation and preventing osteoradionecrosis of the new
mandible. With that in mind, there is a new trend to inset dental implants during
the first reconstruction procedure and before radiation so that the chewing can be
restored earlier [18]. To accomplish that goal, a preoperative consult with the maxil-
lofacial surgeon is mandatory so can be involved in planning implants setting.

The additional fatal complications of the micro vascularized flaps are the arterial
or venous ischemia. A strict postoperative care must be done for an early detection
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of venous or arterial suffering which may allow an appropriate reoperation in an
intent of saving the flap. In the fatal case of flap loss, again it is crucial to retire the
dead tissue and if possible cover the defect with a new pediculate or micro vascular-

ized flap.
4.2 Tongue

In the oral cavity the more common defects requiring reconstruction are those
from glossectomies. The tongue is a highly functional organ, with a complex muscle
mobility that functions as a coordinate unit to articulate words, swallow, and push
the bolus back, so the primary goal of reconstruction is to preserve the ability to
move it intelligibly and not tethered with adequate soft tissue coverage, avoiding
bulky flaps. The three-dimensional oncological resection needs adequate margins
up to 1 cm, so the size of the defect may be variable, a quarter, half, near total, or
total and can be simultaneously related or not with other structures like the floor
of the mouth, cheek, skin, or bone. Based on that, reconstruction may be just a
primary closure, a local or a pediculate flap, or a simple or composite free flap.

4.2.1 Small defects

In cases of small defects up to one-third of the tongue, primary closure could be
done (Figure 4a and b), and if needed, due to a small floor of mouth resection, a
skin graft is added in order to avoid a scar combined with tongue fixation. Usually
the functional results are optimal, but sometimes skin graft contraction and hyper-
pigmentation can result, or graft fixation may be inadequate leading to shearing
and wound dehiscence [19].

4.2.2 Larger defects
4.2.2.1 Pediculate flaps

In a bigger defect up to half of the tongue or particularly in a huge composite
defect that may include the floor of the mouth, cheek, or both, a pediculate and
free flap are the alternatives preferred. In a defect up to 6 or 7 cm, the pediculate
submandibular flap can be harvested and is my first choice as long as the neck is NO
or N+ with no fixed nodes and small metastatic nodes (Figure 5a and b). It usually
provides a non-bulky flap that can be harvested to cover the defect and can be tied
to the tongue to allow mobility for swallowing and speech [20-21]. In cases of N2
neck with huge or fixed metastatic nodes that impacts the possibility of preserve the
submandibular pedicle, a supraclavicular pediculate flap can be harvested specially

Figure 4.
(a) Primary closure and (b) primary closure outcome.
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(a)

Figures.
(a) Submandibular flap havvest and (b) submandibular flap insetting.

to reconstruct tongue with a composite cheek defect [22]. This flap previously
described, is also recommended in cases when a free flap cannot be performed due
to any specific contraindication such as inexperience or lack of a reconstructive
team in microvascular surgery or if the patient is in a poor physical condition and a
shortened procedure is mandatory [23].

4.2.2.2 Free flaps

In cases of a near total or total glossectomy that frequently is associated with
composite resections of the floor of the mouth, cheek, skin, or mandible, a free
flap is required (Figure 6a—c). Speech and swallowing functions after reconstruc-
tion for those defects remain disappointing due to the reduced mobility of the flap
and the poor functional muscle quality, therefore, the more tongue musculature
left, the better rehabilitation of speaking and swallowing will be achieved, and
of course, a better functional outcome. The reason for that is that the coordinate
movement of the tongue cannot be replaced and the new tissue attached to the rest
of the tongue relies on its mobility and just leaves a bulk. If sensation is attempted,
a sensory nerve reconstruction provided by the free flap should be intended at
the time of reconstruction. If a total glossectomy is performed, the main goal of
reconstruction is to provide an adequate amount of soft tissue and bulky flap to
allow the neo-tongue to get in touch with the palate to push food toward the hypo-
pharynx and in some way to help in speech [24]. Nevertheless, normal movement
will not be accomplished, fundamentally affecting speech and articulation. If only
soft tissues are essential, a radial forearm free flap (RFFF) or an anterolateral thigh
flap (ALTF) (Figure 7a and b) are the first option to reconstruct the defect, both
of them provide a good amount of soft tissue that can be sentient, just to fulfill
the objective mentioned before. The use of free flaps to transfer muscle to achieve
motor innervation of the neo-tongue, like the latissimus dorsi or gracilis free flap
has been intended with disappointing results in terms of function [25].

4.2.2.3 Alternative options

For selected patients in whom free tissue transfer is not an option, the pectoralis
major myocutaneous flap offers a reliable reconstructive procedure following both
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Figure 6.
(a) Tongue defect after vesection, (b) RFFF harvest and (c) RFFF insetting.

(al

Figure 7.
(a) ALT flap design and (b) ALT flap harvest.

primary and salvage surgery (Figure 8). This flap based on the thoracoacromial
artery can be raised as a myocutaneous or fasciocutaneous flap. It is reliable, robust,
and easily harvested in terms to tongue reconstruction and can provide muscle and
skin to fulfill the tongue and floor of the mouth and effectively separate the oral cav-
ity from the neck. It must be suspended across the mandibular arch by either suturing
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Figure 8.
Magjor pectoral flap harvest.

to the pterygoid musculature or securing to the mandible using drill holes to avoid
and prevent the flap from falling [26]. This flap is considered a horse battle in rescue
setting when a free flap fails. When the defect includes mandible, during the recon-
struction it must have keep in mind that mandible contributes to airway stability, oral
competence, speech, deglutition and mastication, so the goal of this reconstruction
must include the preservation of the ability to open the mouth, occlusion, and the
restoration of the inter arch continuity solutions to promote dental implants and
restore chewing as mentioned in floor of mouth defects extended to mandibula. Not
reconstructing the central defects will conclude in loss of the lip support with Andy
Gump deformity, and not reconstructing the lateral defects will cause malocclusion
and lateral shift in the position of mandible, so any intent must be done to reconstruct
the mandible. Options in reconstruction include metal plates (Figure 7), non-vascu-
larized bone grafts, osteomyocutaneous pedicled flaps, and osteocutaneous free flaps.
Fixing soft tissues just with plates was widely used in the past and usually results
in extrusion intraorally, external exposure or fracture of the plate up to 60% of the
cases with a worst defect and a very poor functional outcome [27]. Autogenous bone
grafts from iliac crest, scapula, or calvarium usually end in no vascularization of the
new bone and its atrophy even more if radiation is added to the treatment, and finally
similar results as the plating alone are obtained, so similarly they are no more used.
Currently the gold standard in mandible reconstruction is the osteocutaneous
free flaps (Figure 9a—c) and carries the same consideration as mentioned in floor of
mouth reconstruction with a trend to perform a first time micro vascularized bone
reconstruction with dental implants mainly in a previous dentulous young patient
[28]. In an aged edentulous patient in the reconstruction setting, there is most likely
no need to be aware for dental implants unlike dentulous young patient. Again, in
selected patients with poor clinical condition and not suitable for a long procedure,
a osteocutaneous pediculate flap such as a osteomyocutaneous trapezius flap [29]
or a bicortical parietal osteofascial pedicled flap [30] can be perform providing a
better functional result compared with just soft tissue coverage. Both flaps require
experience, skills, and anatomic knowledge to harvest them in a short period of
time but are an excellent alternative when needed.

4.3 Cheek
The cheek resection is done less frequently except in some countries like India,
where cheek cancer is frequent and as a consequence of chewing tobacco; usually

its oncological resections leave a complex defect that includes skin and mucosa in
an area where a functional lip is required to avoid food spillage. The consequent
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Figure 9.
(a) FFF harvest, (b) FFF insetting and (c) FFF early postoperative outcome.

defect may be small or big and simple or composite associated to another oral cavity
subsite resection. Small lesions of the cheek could be let alone to epithelize, but a
bigger one will end in a scar and retraction, so a reconstruction must be done. In
most of the cases a facial artery mucomucosal flap (FAMM) could be used. This flap
based on a branch of the facial artery is elevated in the layer underneath the facial
artery including the overlying buccinators muscle and a small portion of orbicularis
oris muscle close to the oral commissure; it is rotated to cover the defect commonly
restoring it, and the donor site could be primary closed or let it to heal secondarily
without impairing its final functional result. A huge defect might need a pediculate
flap such as submandibular or supraclavicular flap or even a microvascular free

flap. Some encourage for the supraclavicular pediculate flap as the first option in
this scenery, which usually provides a good amount of a non-bulky tissue without
affecting oncological resection of node neck dissection in level Ia and Ib, and
adducing that submandibular flap is too bulky to placed it in this specific region.

4.4 Hard palate

The extent of resection of hard palate is crucial to define the type and modality
of reconstruction. The defect may be small and involve any portion of the hard
palate, the premaxilla, or any portion of the maxillary alveolus with or without
tooth-bearing or may be as huge as more than 50% of the hard palate. Many of the
times, it is associated with partial or total maxillectomy so ending in a complex
defect. Small defects can be let just to re-epithelize with excellent results. For a
bigger one, a skin graft can be used; the problem is to support it long enough to
achieve its integration to the hard palate; sometimes, the flap is detached and lost
in which case healing by second intention is required. Small to medium defects
may demand to harvest a palatal mucoperiosteal flap (PMPF). This flap is based
on the greater palatine artery; preserving this vascular pedicle allows to rotate
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it to resurface the mucosal defect [31]. Its limit is related to the amount of tissue
needed, and up to 3 cm can be covered with this flap. In a bigger 3-5 cm hole, also
a submandibular pediculate flap could be used to cover it. In as much as in this
location, there are no specific needs for muscle or for a thicker soft tissue; any
attempt should be done to assemble it with just enough muscle behind that guar-
antees skin perfusion by perforants preventing necrosis and providing a flat new
tissue. A composite defect that includes the maxillary alveolus with tooth-bearing
or partial to total maxillectomy will end in oroantral communication (Figure 10a
and b). This type of reconstruction needs special considerations that are not the
subject of this chapter and are best described in midface reconstruction; in gen-
eral terms the main goal of the reconstruction is to restore chewing and solve the
oroantral communication, so options for small include lesions and the use of an
obturator that covers the opening avoiding leaks through the paranasal sinus and
improving chew. As the aperture gets bigger, soft tissue flaps like a radial forearm
free flap or an anterolateral thigh free flap are needed [32], and if dental implants
are planned, microvascular osteocutaneous flaps obtained from fibula free flap or
iliac crest free flap must be designed.

Figure 10.

(a) Hard palate defect after vesection, (b) hard palate outcome after 1 month reconstruction and (c) hard
palate outcome after 2 years of reconstruction.
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5. Care of flaps and donor site

The use of flaps in reconstruction requires special care in terms of surveillance of
perfusion and integration. The pediculate flaps usually do not jeopardize the perfu-
sion, but sometimes a minor venous congestion can be expected. As a preventive
measure, any intent must be done to avoid tension or compression of the vessel that
perfuses the flap. The free flaps require special attention due to the risk of arterial or
venous thrombosis and flap failure. Strict vigilance during the first 72 h after surgery
and searching for signs of an early venous congestion or arterial occlusion can detect
early failure of the flap and may permit in many cases a successful intervention to
preserve the flap. The use of Doppler monitoring may help to reach that goal.

The donor site when skin grafted may be left secured and covered with wet gauze
up to 8 days to reach adherence of the tissue. Sometimes small bleeding is expected
with no need of a revision surgery. If the donor site is primary closed, surveillance of
a compartment syndrome is necessary especially if it is closed is under tension.

6. Future directions

Reconstruction has been evolving during the last 20 years. Access to technol-
ogy is assisting the planning of the resection and reconstruction. Additionally, 3D
printers will better permit in the future to mimic tissue, so almost a perfect design
of the tissue to reconstruct will be performed. Even that, function of some organs
like tongue jet cannot properly be replaced, so much work is still necessary to reach
that goal. New techniques in surveillance in microvascular perfusion like specific
measurement of flap perfusion zones with heat chambers are being developing.

7. Tips in oral reconstruction

* In oncological resection, patient survival must be guaranteed being the main
goal to take a decision in terms of reconstruction.

* Satisfactory reconstruction favors rehabilitation and quality of life.

* The best reconstruction is the less invasive and time consuming that could
achieve the aim of adequate function, esthetics, and rehabilitation.

* Clinical condition of the patient, comorbidities, and status performance may
limit a long-time procedure, so a local or pediculate flap must be choose.

* Whenever possible a local or pediculate flap is preferred if reconstruction
outcomes are going to be as similar as to a free flap reconstruction.

* Free flap reconstruction when indicated must be done to restore or improve
function and cosmetic end and needs a team with skills in microvascular
reconstruction.

* Adequate knowledge of different alternatives in reconstruction provides the
best comprehensive approach to reconstruct defects based on the location, size,
color match, function, and complexity of structures involved.

* Figures 11 and 12 show a rational approach in oral reconstruction.
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Figure 11.
Reconstruction based on patient status.
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Reconstruction based on size of the defect.
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8. Conclusions

Head and neck cancer requires a multidisciplinary approach to face diagnosis,
treatment, and rehabilitation. Oral cancer is one of the most frequent sites in which
functional disturbance due to the primary tumor invasion or destruction of normal
tissue or its treatment like extensive surgery, chemotherapy, radiation, or the com-
bination of them ends in functional and cosmetic disturbance that impacts quality
of life. Especially surgery creates a defect that alter function in terms of deglutition,
swallowing, speech, breathing, and esthetics. Immediate reconstruction is neces-
sary and must be intended to restore or improve rehabilitation.

Reconstruction calls to assay factors related to the patient, to the tumor defect,
and to the team expertise. The best and simplest reconstructive option must be
offered to refurbish as similar as possible to a new normal functional tissue, as well
as guaranteeing patient survival with low morbidity, without neglecting the reason-
able employment of technical and economic resources. Critical analysis must be
done in every case to decide from a primary close to escalate up to a micro vascular-

ized free flap.
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Applications of CBCT in
Endodontics

Jesiis Mena Alvarez and Alvaro Zubizarveta Macho

Abstract

There are many articles published in recent years on the use of CBCT in end-
odontics and this diagnostic technique is increasingly required in order to have a
more accurate prognosis of the teeth to be treated. The purpose of this chapter is
to discuss the use of Conical Beam Computed Tomography (CBCT) in the field of
endodontics. This issue is controversial at the moment because of the increase in
the radiation to which patients are being subjected; however, we know that some-
times the X-rays taken with different angles in relation to some teeth depending
on the different cases are incompatible in form and density, which does not allow
us to make an exact diagnosis. The use of CBCT would have provided an image of
greater diagnostic value in those cases. In addition, the use guidelines published by
the American Endodontics Association and the American Radiology Association
jointly mark the way forward and the use we can give the CBCT for the diagnosis of
complex cases.

Keywords: CBCT, endodontics, tomography, root canal treatment

1. CBCT description

CBCT is the technique that allows three-dimensional reconstruction, but using a
conical beam to decrease the dose for the patient compared to conventional CT. For
almost a century, dentists have been studying a 2D representation of a 3D structure,
that structure is the tooth. This simplification of the information produces inherent
disadvantages, among which the anatomical structures in the plane of the roots
and apices of the teeth studied mask many details, which occur mainly in the area
of the upper molars, where the zygomatic arch or the breast can complicate the
detail of the posterior anatomy of the roots of the teeth, which entails a complicated
diagnosis and treatment [1]. In practice this means that radiolucent areas may not
be identified, being able to find difficulties in relating the position of the apex in
proximity to vital structures and not being able to detect the exact situation of
the calcifications of the teeth. The correct identification of the morphology and
anatomy of the root canals can be difficult, as well as the identification of root
fractures and root resorption [2].

We can rule out a series of milestones in the history of CBCT and radiology
beginning in 1895 when Wilhelm Roentgen discovered X-rays in Germany, but it is
not until 1896 when the first intraoral radiography is performed by Edmond Kells
in New Orleans. Already in 1967 Godfrey Hounsfield developed the first CT scan-
ner and in 1971 it was introduced in medical examination. In 1990 Tachibana and
Matsumoto reported the first use of CT in endodontics and in 1997 Quantitative
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Radiology produced the first CBCT, the New Tom 9000, for dental use after Arai’s
pioneering work in Japan and in Mozzo in Italy, obtaining in 2001 the first CBCT
licensed for use in the US [3].

2. How does a CBCT work?

The process begins with an emitter that directs a very fine beam of X-rays
through a collimator (system that from a divergent beam forms a parallel beam).
This beam affects the object under study which is crossed or irradiated by a percent-
age of lightning. This radiation, which has not been absorbed by the object, in the
form of a spectrum, is collected by detectors. The detectors depending on the CBCT
are of different materials, they can be silicon or selenium or a CCD sensor (digital
analog converter) the X-ray source and the detector are connected in such a way
that they have a synchronous movement.

The function of the CCD sensor is to convert the information obtained from
analog to digital that transforms the electrical signal produced by the interaction
of the detector with the patient’s emerging X-rays, into a binary signal suitable for
processing by software specially designed for each brand of CBCT.

The source-detector assembly rotates and performs the X-ray shot, obtaining a
projection or cut of the tooth under study. The team performs several rotations to
obtain 360 images or cuts corresponding to each degree of rotation that are recon-
structed, thus achieving a three-dimensional image of the skull. This 2D data is then
converted through conical beam algorithms [4] into a 3D volume of data for a PC
in any of the 3D planes or a 3D image. Normally, transverse images are generated in
the three orthogonal planes from the CBCT scan. The professional selects the posi-
tion and thickness of the cut inside the data volume. The three views can be evalu-
ated simultaneously, since the modification of the cut in one of the planes modifies
the rest of the planes displayed. This can be manipulated by PC software to provide
more detail of specific areas of interest [5].

Figure 1.
Hllustration of the 3-dimensional planes.
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Sagittal plane: Perpendicular to the ground and parallel to the middle sagittal
plane, which divides the body into left and right halves (Z).

Axial plane: Perpendicular to the longitudinal axis of a body (X).

Coronal plane Divide the skull into a ventral part and another dorsal part (Y)
(Figure1).

Axial and proximal views are of particular value since they are generally not
seen on a conventional periapical radiograph [6].

Thanks to the cone-beam technology and algorithmic calculations it is possible
to overcome the distortions produced by the patient’s breathing [7].

3. Essential CBCT concepts related to endodontics

The most important concepts in the use of CBCT in endodontics are the field of
vision and the spatial resolution of the machine.

The visual field to be studied or Field of View (FOV) is directly related to the
area to be scanned which will be digitally represented on the computer. The FOV
measurement for face studies in dentistry with conical beam tomography is 14 cm.
what determines the quality of the tomographic image (the size of the pixel and
the voxel) is the division between FOV and the matrix. Roughly speaking, CBCT
systems can be classified into two categories: limited (dental or regional) or com-
plete (ortho or facial). The limited range FOV is 40-100 nm, while the field of view
of the full range is 100-200 nm. A typical FOV consists of millions of voxels [8].

In endodontics, the FOV can be small or “focused” (5 cm by 5 cm or less)
because the root canal treatment generally involves one tooth in an arch. This reduc-
tion in FOV reduces the amount of effective radiation dose [9]. Other advantages
of asmall FOV field of view are decreased time to process and read the image,
better ability to avoid metallic structures that can cause interference, greater spatial
resolution and improved diagnostic potential [10]. Most small FOV machines
produce an effective radiation dose in the same order of magnitude as a panoramic
radiograph or a periapical series [11].

The degree of spatial resolution is determined by the voxel size, it is desirable
that the resolution of a CBCT machine used for endodontics should not exceed
200 pm, the average width of the periodontal space. Otherwise no pathological
changes will be identified.

4, Uses of small-field CBCT in endodontics

Possible applications in endodontics include the diagnosis of endodontic pathol-
ogy and its origin, root canal system morphology, root evaluation (fractures and
traumas), analysis of external or internal root resorption, invasive cervical resorp-
tion, presurgical planning, lesion extension, complicated anatomies, location of
calcified root canals, endodontic retreatment, evaluation of iatrogenies such as
perforations, separate instruments or extrusion of sealing material [12-14].

4.1 Definitive diagnosis of the periapical radiolucent areas
Endodontic treatment aims to preserve the tooth with normal function and
prevent or cure apical periodontitis. However, periapical radiographs provide a two-

dimensional view of a three-dimensional object. Therefore, periapical radiographs
cannot detect lesions such as apical periodontitis confined within the spongy bone.
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Bender et al. in 1961 demonstrated in vitro that bone lesions cannot be diagnosed
effectively by X-rays unless cortical bone is perforated [15, 16].

Goldman et al. showed that there was considerable disagreement among profes-
sionals in the diagnosis of radiolucent areas with radiographs. The reasons for these
inconsistencies are the 2D nature of the radiographic image and anatomical distor-
tion that can mislead the professional. Increasing the number of X-rays, taken at
different angles improves diagnostic accuracy [17].

Conical beam tomography results in 3D images that eliminate the overlap of
anatomical structures. The use of CBCT helps detect periapical radiolucent lesions
or areas and make a differential diagnosis with a non-invasive technique that is very
accurate (Figure 2).

According to Levin et al., the etiology of irreversible pulpitis could be caries
or deep restorations, pulp exposure, cracks or any irritating pulp among others
[18]. Radiographic visualization of teeth with irreversible pulpitis on conventional
periapical radiographs can be normal except for the presence of the etiological
cause. Occasionally, if the inflammatory process has spread to the periapical area, a
thickening of the periodontal ligament space may be visible [12].

However, the use of 2D radiography still has serious limitations. The studies
carried out by Estrela et al. in 2008 evaluated apical periodontitis (AP) in 1508 teeth
by 3 methods (panoramic, periapical radiographs and CBCT) concluded that the
diagnostic accuracy was significantly higher with periapical radiographs (54.5%)
than with panoramic radiographs (27.5%) using the CBCT as a gold standard refer-
ence about diagnostic accuracy; apical periodontitis was correctly identified with
conventional radiography only when it was sufficiently advanced. Estrela concluded
that prevalence of AP was significantly higher with CBCT, overall sensitivity was
0.55 and 0.28 for periapical and panoramic radiographs, respectively and AP was
correctly identified with conventional methods when showed advanced status.
CBCT was proved to be accurate to identify AP [19].

Lofthag Hansen in 2007 compared the periapical state of 46 maxillary and
mandibular molars with two angled periapical radiographs and CBCT scans.
CBCT detected 38% more lesions than periapical radiographs [20]. Low et al. in
2008 [21] and Cotton et al. [22] in 2007 give us similar results. Garcia-Silva de
Paula in 2009 with an in vivo study examined the periapice of 83 teeth in dogs

Figure 2.
Images of the CBCT scan.
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with periapical radiography and CBCT using histological examination as a gold
standard and the conclusions were that CBCT diagnosed healthy areas more accu-
rately than radiography and was more sensitive in detecting apical periodontitis
(AP). The AP was detected in 71% of roots with radiography, 84% with CBCT and
93% with histology [23, 24].

4.2 Visualization of root fractures

Vertical root fractures (VRF) are a type of fractures that extend along the major
axis of the tooth. If the diagnosis is not carried out, progressive destruction of the
periodontal ligament and alveolar bone occurs which can influence the prognosis of
adjacent teeth and future restorations. However, VRF may not produce any signs or
symptoms such as pain or discomfort from chewing. Therefore, it is important that
VRFs be diagnosed as quickly as possible. The prevalence of VRFs in several popula-
tions has been reported between 2 and 5% and depending on the literature reviewed;
the percentage of endodontic and fissured teeth varies between 3 and 30%. The
highest incidence occurs between 40 and 60 years [25]. The most common teeth
where it occurs are lower molars and upper premolars [26]. One third of the VRFs are
radiographically detectable, usually when the beam is perpendicular to the fracture
line or the granulation tissue separates fragments [27]. (Figure 3a and b).

Mesio-distal fractures are almost impossible to detect with normal radiography
[28]. The most effective in vivo diagnostic method of an LRF is surgical exposure of
the fracture, and visual inspection under magnification with the help of staining.
Edlund et al. examined 32 teeth in 29 patients, which gave symptoms of a VRF, with
CBCT and subsequent surgical exploration; the results showed a high correlation
between the diagnosis through CBCT and direct visualization, which confirms numer-
ous in vitro studies that support the validity of CBCT in the diagnosis of VRF [29].

4.3 Diagnosis and treatment of dento-alveolar trauma

Most maxillofacial traumatic injuries involve only teeth (50%) or teeth and
adjacent soft tissue (36%) while those affecting the alveoli are 13.6% remaining
[30]. Unfortunately, periapical radiography has low sensitivity for the diagnosis of
minimal displacements of teeth, alveolar or root fractures, however CBCT has the
advantage that it is more comfortable for the traumatized patient; extraoral scan
generates a multidimensional image avoiding the need for multiple intraoral radio-
graphs. Bernardes et al. in 2009 compared, retrospectively, conventional periapical
radiographs and CBCT images in 20 patients with suspected root fractures and
found that CBCT was able to detect fractures in 90% of patients, while radiography
could only detect fractures in 30-40% of patients. In conclusion, they reported that
CBCT was an excellent complement to conventional radiography in the diagnosis of
root fractures [31].

4.4 Identification of the apices of the teeth in relation to anatomical structures

Conventional radiographs do not always allow for the evaluation of the spatial
relationship of roots with their surrounding anatomical structures [32]. This is
important in the context of surgical planning and treatment [21]. Radiological
identification of the position of the roots and their apices against structures vitals
such as the maxillary sinus or the dental canal is essential for pre-surgical evalua-
tion for endodontic microsurgery and to prevent injury during root canal filling.
Velvart et al. studied 55 patients with 44 lower molars and 6 lower premolars,
which had been referred for apical surgery due to persistent periapical areas.
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(a)

(b)i

Figure 3.
(a) Periapical vadiography and (b) CBCT scan of the same lesions.

CBCT and periapical radiography were performed to identify these lesions, and
concluded that the root canal system could be identified in 3 cases with normal
radiography, but it was identified in all cases with CBCT and CBCT was also able to
quantify the amount of cortical and spongy bone and the three-dimensional extent
of the lesion [33]. (Figure 4a and b).

Rigolone et al. studied 43 upper first molars using CBCT for a possible
microsurgical treatment of the palatine root and concluded that this method
could provide enough information for a minimally invasive microsurgical
technique through a vestibular access instead of a palatal access approach [34].
Low et al. in 2008 evaluated 37 premolars and 37 molars, derived for endodontic
surgery in the upper jaw and verified that CBCT was able to identify 34% more
lesions than periapical radiography; this detection was influenced by the prox-
imity of the apices to the floor of the maxillar sinus and it was more difficult in
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Figure 4.
The CBCT scan allows a diagnosis and treatment plan in all planes. (a) Sagital view and (b) Coronal view.

upper second molars. CBCT was also able to identify sinus membrane thicken-
ing, expansion of lesion in maxillary sinus, and apico-marginal communications
while periapical radiographs not. These are important pre-surgical markers that
may indicate possible surgical complications, oral antral fistula and vertical root
fracture [21].

4.5 Identification of root resorption

Root resorption is the loss of dentin or cement as a result of osteoclastic activity.
The resorption can be classified according to its location in internal or external. The
cells responsible for resorption, whether internal or external, have been described
as osteoclasts, odontoclasts and dentinoclasts.

Internal root resorption occurs exclusively as a result of pulp inflammation.
Until very recently, the diagnosis of internal or external resorption defects has been
limited to the information obtained from conventional radiography techniques.
Currently, the use of CBCT is used in the planning of diagnosis and treatment of a
case of resorption [35]. (Figure 5a, b and c).

Accurate identification is essential to ensure both correct treatment and
management as it differs depending on the type of resorption. Gartner et al.
described the guidelines to differentiate the types of resorption and the use of

169



Oral Diseases

Figures.
(a) Periapical radiography of teeth affected by a root vesorption, (b and c) CBCT scan of the teeth affected by
a root resorption.

2D radiographic techniques with a parallelizer was postulated as the method
to differentiate internal resorption from external. However, conventional radi-
ography does not represent the lesion, being unable to identify its true size,
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location and access [36]. The diagnostic advantages of CBCT lie in the ability of
its software to access the most favorable orthogonal views related to the specific
spatial vision and the ability to reproduce an accurate three-dimensional image
of the lesion in relation to the root anatomy. Cohenca et al. in 2007 concluded
that CBCT was extremely useful for diagnosing the degree of root resorption,
determining subsequent treatment. Internal root defects, such as resorption, can
perforate the external surface, and this may not be detectable by conventional
radiographic techniques. The test should be done during diagnosis and treatment
planning. The main limitation of conventional radiographic techniques is that a
two-dimensional image can only provide limited clinical information regarding
three-dimensional structures. The CBCT provides additional information about
the location and nature of the root. With the low effective doses, and the relevant
additional information provided, the use of CBCT scanners is justified in the
management of complex endodontic problems. The results of images obtained by
CBCT can modify the treatment planning, as well as the techniques that can be
used during a surgical or non-surgical endodontics [37, 38].

4.6 The diagnosis of cystic lesions and non-endodontic pathology

The diagnosis of cystic lesions is very important because there is controversy
about these lesions and the curation without surgical treatment, since cysts can only
be diagnosed histologically, which needs surgical excision. Different studies have
tried to differentiate between granuloma and cysts through radiographs, based on
the different densities of the contents of the cavity. Simon et al. in 2006 using CBCT
found that the diagnosis coincided with the histological examination in 13 of the 17
cases studied [39]. However, Rosenberg et al. in 2010 about 45 cases, concluded that
the diagnosis did not could be confirmed with CBCT [40]. Other studies should be

Figure 6.
Cyst lesion and adjacent tissues affected.
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carried out to determine the diagnostic capacity of CBCT in these cases. Successful
endodontic treatment depends on the correct identification of all root canals; this
allows shaping, cleaning and filling.

Non-identification of the anatomy is one of the main causes of endodontic fail-
ure. Matherne et al. in 2008 compared the ability of three board-certified endodon-
tists to detect the number of root canals on intraoral digital radiographs and CBCT
images on 72 teeth extracted in 3 equal groups of upper molars, lower premolars
and mandibular incisors. The observers could not detect at least one of the root
canals in 40% of the teeth using 2D images, which demonstrate the advantage of
CBCT over conventional radiology [41]. (Figure 6).

Figure7.
Patient with second untreated palatine canal.

Figure 8.
Upper premolar with presence of taurodontism.
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4.7 Recommendations

Following the consensus documents prepared by the American Association of
Endodontics and the European Society of Endodontics, some recommendations
are established for the use of CBCT in endodontics. The first reccommendation
states that intraoral radiography should be the choice for endodontic treatment,
while a small field CBCT would be recommended for those patients with confused
or nonspecific signs with untreated teeth or with previous endodontic treatments
(Figure 7). They also recommend that CBCT could be considered for those teeth
that are more likely to have complex anatomies or accessory root canals, (Figure 8)
also if a CBCT has not been taken before, it could be considered to locate calcified
root canals. However, for postoperative follow-up, the treatment of choice should be
intraoral radiography. When the possibility of a vertical fracture is suspected if the
need for CBCT can be considered, the same as when an injury does not heal and we
have to consider the possibility of periapical surgery and when we find perforations
or separate instruments before carry out a retreat; it is also recommended when we
need to assess the proximity of delicate anatomical areas as well as for the manage-
ment of dento-alveolar trauma in the absence of soft tissue damage or maxillofacial
involvement [42, 43].

5. Conclusions

The help of CBCT technology in the diagnosis of endodontics either in the
knowledge of the morphology and pathologies of the root canal system, in the
evaluation of root and alveolar fractures, in the analysis of resorption, in the iden-
tification of pathologies of non-endodontic origin and in pre-surgical assessment,
it is a very valuable method. Exact data lead to better treatment planning decisions
giving more predictable results.

When comparing medical CT with CBCT it is verified that the accuracy has been
increased, a higher resolution is obtained, the reduction of the exposure time, a
reduction of the radiation and a lower cost for the patient is achieved.

Compared to conventional periapical radiography, CBCT eliminates the
overlapping of surrounding structures by providing additional clinically relevant
information.

Conventional two-dimensional radiographs remain the most accepted and used
in endodontics imaging modality. These limitations arise mainly due to the inherent
projection of a three-dimensional anatomy, which leads to geometric distortions
and, consequently, misinterpretation.

Despite the obvious advantages of CBCT technology offered in the field of
dentistry, there are some drawbacks and limitations as there is a growing concern
among radiologists and maxillofacial about the increase in radiation on patients,
in addition to the interpretation of these images require extensive knowledge
of various structures. Because accurate diagnostic information leads to better
clinical results, CBCT could prove to be a very valuable tool in modern endodontic
practice [44].

CBCT’ relatively modern technology has added another dimension to dental
radiography and is rapidly becoming the gold standard for radiographic inspections
in dentistry. At present, it cannot replace periapical radiography due to cost reasons
and the degree of effective radiation [45]. However the techniques will improve
to reduce the radiation dose and costs. CBCT currently has a reference place in
endodontics, where the increase in the number of complex cases justifies the use of
technology and the benefits to the patient are greater than the risks.
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Abstract

New bioceramic calcium silicate endodontic cements have been recently
introduced in the market. They are biocompatible materials that stimulate min-
eralization. Its dimensional stability is similar to the Fillapex MTA with greater
thickness and solubility than AH Plus (Dentsply, DeTrey, Konstanz, Germany) as
it is water based. Stored in dispensed syringe, it has a pre-mixed consistency. They
are used with the single cone obturation technique because they have properties
that are changed when heated. They were developed by inducing bioactivity on
the surface of the material when in contact with tissue fluids. An improvement in
the osteoblastic differentiation of the cells of the periodontal ligament, induction
of remineralization of the dentin, and excellent antimicrobial properties have also
been associated with these cements. These properties make these cements an excel-
lent alternative in the attempt to obtain a three-dimensional obturation of the Root
Canal System (SCR).

Keywords: endodontics sealers, bioceramics, biocompatibility, bioactivity, MTA,
calcium silicate, root canal obturation

1. Introduction

Recently introduced in the form of sealant cements, bioceramic endodontic
cements are biocompatible compounds obtained by various chemical processes.
They exhibit excellent biocompatibility properties due to their similarity to the
biological process of hydroxyapatite formation and to the ability to induce a regen-
erative response from the periapical tissues [1]. In endodontics, bioceramic materi-
als are mainly found as repair cement [2] and endodontic cement [3], for these
materials showed interaction with and response to the stimulation of living tissues,
they reached relevance to be studied.

According to Cheng et al. [4], bioceramics exhibit remarkable biocompatibility
properties due to their similarity to the biological process of hydroxyapatite forma-
tion and the ability to stimulate a regenerative response. They present osteoinduc-
tive capacity as they absorb osteoinductive substances when in contact with bone
healing process.

First-generation bioceramic cements known as MTA became popular in endodon-
tics and were initially indicated as a retrobuturing material. Later, new indications for
its use were developed such as direct pulp capping of permanent teeth, pulpotomy
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of deciduous teeth, specification, and repair of surgically and non-surgically root
perforations. In addition to these indications, MTA can be applied in other clinical
situations such as the coronal plug after endodontic obturation; in the repair of verti-
cal root fractures; prior to the internal bleaching of the dental element, as temporary
restorative material; repair of root perforations. Its properties have been modified in
order to obtain the excellent properties already well established of the MTA such as
biocompatibility, high pH, no reabsorption, increase of root resistance, low cytotox-
icity, non-contracting, and chemical stability in an endodontic sealant cement of root
canal that is easy to work inside the root canals [5].

Bioceramics are currently represented through restorative materials in the field
of oral health, more precisely in endodontics. These bioceramic nanoparticulate
cements have three presentations: the EndoSequence Root Putty Putty (ERRM
Putty), in dense form; EndoSequence Root Repair Material Paste (ERRM Paste),
which comes arranged in a syringe by having fluid constitution; and more recently,
EndoSequence Root Repair Material [6-9].

For the closure of dentinal tubules, the use of bioceramic cements has been
widely indicated. This material homogeneously seals the voids between the obtura-
tor material and the dentin walls. Its bioactivity favors bone repair and neoforma-
tion by interacting with periapical tissues.

2. Clinical properties

Among the clinical properties of endodontic cements are the endodontic repair
capacity, and for this reason, it must be biocompatible, radiopaque, antibacterial,
dimensionally stable, easy to handle, and should not be affected by blood contamina-
tion [11]. Some of the favorable properties of bioceramics in endodontics are their
physical chemical properties, such as the release of Ca**, pH, and radiopacity [12].
The bioceramic sealing ability is excellent, as it promotes satisfactory sealing [13, 14],
as well as the capacity to increase the resistance of the sealed teeth [15]. It shows a
greater adhesion to the root canals, which can be seen when the endodontic retreat-
ments are present in the longer residues [16], requiring longer clinical work time [17].

According to manufacturers’ specifications, bioceramics have antibacterial
activity, alkaline pH, radiopacity, and excellent biocompatibility. Its physical,
chemical, and biological properties are the main characteristics for its application
in dentistry. It is a biocompatible material, non-toxic, and chemically stable in
biological environment. This material also has the advantage of bioactivity, that is,
it is capable of forming hydroxyapatite during the hardening or prepping process,
exerting influence on the bond between the dentin and the obturator material.
Besides, it hardens when exposed to a humid environment, making the local
dentinal tubules ideal, since the water from inside the tubules causes the cement
to hydrate, promoting the reduction of the solidification time that results in the
formation of hydroxyapatite [1].

According to Trope et al. [8], the various forms of bioceramics are similar in
composition (calcium silicates, zirconium oxide, tantalum oxide, and monobasic
calcium phosphate), having excellent mechanical, biological, and manipulative
properties. In addition to being hydrophilic, they are also insoluble, radiopaque,
and aluminum free. The working time is over 30 min and the holding time is around
4 h under normal conditions, depending on the amount of moisture available.
EndoSequence BC RRM Fast Set Putty cement has been recently launched present-
ing all the properties of the original product, but with a formula that promotes a
faster setting time (approximately 20 min).
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3. Biocompatibility

During endodontic obturation, the cements come into contact with the perira-
dicular tissues, which lead to the risk of a possible systemic toxicity [12], hence the
great importance of biocompatibility. The materials EndoSequence Root Repair
Material (ERRM) [11, 12], BioAggregate and iRoot [18], ProRoot MTA and MTA-
Angelus [12], and EndoSequence BC sealer [19, 20] showed acceptable biocompat-
ibility, not having induced critical cytotoxic effects [21].

Giacomino et al. [10] conducted a study to compare the biocompatibility and
osteogenic potential of EndoSequence BC Sealer (Brasseler, Savannah, GA) and
ProRoot ES (Johnson City Dental Specialties, Johnson City, TN) compared to Roth
(Roth International, Chicago, IL) and AH Plus (Dentsply DeTrey). A precursor
murine osteoblast lineage (IDG-SW3) was exposed to various concentrations of
each of the cements for 7 days. Biocompatibility was determined by luminescence
assay based on the quantification of adenosine triphosphate (Cell-Titer-Glo
[Promega, Madison, Wisconsin]). The osteogenic potential was determined by
fluorescence microscopy of the expression of DMP-1. Data were analyzed with
bidirectional analysis of variance or univariate analysis of variance with the post
hoc Bonferroni test. Both bioceramic cements have excellent biocompatibility even
at high concentrations. On the other hand, cell death was detected when Roth and
AH Plus were used in concentrations 100x lower than the bioceramic groups. It is
important to note that both bioceramic cements significantly increased osteoblastic
differentiation, although greater responses were observed with the EndoSequence
BC Sealer. Concerning these results, DMP-1 expression, robust increase of osteo-
genic gene expression, and superior mineral deposition were shown. Osteoblastic
differentiation and function were significantly impaired when Roth cement or AH
Plus was used. Therefore, they concluded that the EndoSequence BC Sealer and
ProRoot ES were significantly more biocompatible and promoted osteoblastic dif-
ferentiation, a bioactivity not found in AH Plus and Roth cements.

4. Bioactivity

Bioactive materials can be used to repair diseases or damage to bone tissue and
can remain in place indefinitely. An indication of bioactivity is the ability to develop
a stable binding with living tissues in contact with simulated body fluid solution
[22] via deposition of hydroxyapatite on the surface of a substrate [23].

The bioactivity of endodontic bioceramic materials was confirmed in the
Bioaggregate [21], EndoSequence Root Repair Material [21], Pro RootMTA [21], and
iRoot SP [24].

After the SCR closure, direct contact between the obturator material and the
periapical tissues occurs, such as the periodontal ligament (PDL) and the bone,
making a three-dimensional hermetic sealing to prevent recurrent infections of the
periapical space, both of endodontic or coronal origin. This seal may be mechanical
with materials that provide an airtight seal, but may also be of biological origin. In
this case, the filling material induces the formation of hard tissue through the cells
of the periodontal ligament, isolating the root canal from the surrounding tissues
and stimulating the healing processes of damaged apical tissues [25].

According to Camps et al. [26], tricalcium silicate-based materials have a
recognized bioactivity property, that is, the ability to induce hard tissue formation
in both the dental pulp in the periapical region. In this regard, interactions of newly
developed tricalcium silicate (BioRoot, Septodont, Saint Maur Des Fosses, France)
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with apical tissue were compared with a standard zinc oxide-eugenol cement (Pulp
Channel Sealer [PCS]; SybronEndo Orange, CA). Cell viability was investigated
by direct contact between human periodontal ligament (PDL) cells and BioRoot or
PCS. For this, the extracted human incisors were sectioned at the enamel-cement
junction; root canals were prepared, sterilized, and filled with lateral condensation
with both materials. The root apexes were submerged in the culture medium for
24 h. These conditioned media were used to investigate their effects on human PDL
cells. BioRoot had less toxic effects on PDL cells than PCS and induced a higher
secretion of angiogenic and osteogenic growth factors than PCS. Given the results
of the present study, it is suggested that calcium silicate cement (BioRoot) has a
higher bioactivity than zinc oxide eugenol cement (PCS) in human PDL cells.
According to Niu et al. [27], a particularity of tricalcium silicate-based materials
is their potential to express bioactivity, which is considered an important property
for bone binding capacity. In this sense, Moinzadeh et al. [28] conducted a study
to evaluate the interaction of EndoSequence BC RRM (Brasseler USA, Savannah,
GA) in contact with simulated blood and tissue fluids, as these materials come into
direct contact with the periapical region. These materials are hydrophilic; therefore,
its properties improve in the presence of moisture, either from the periodontal
ligament or dentinal tubules. However, specific environmental conditions may
modify the material configuration. The reaction of tricalcium silicate with tissue
fluids led to the formation of calcium hydroxide, and this was evident in the mass
in contact with water and Hank’s balanced salt solution. In this case, there was also
the formation of globular crystals synonymous with hydroxyapatite formation. The
material in contact with blood had a non-crystalline surface with additional peaks
of calcium, phosphorus, and chlorine. However, in vitro material evaluation may
not be representative of the clinical situation, because carbon dioxide present in the
bloodstream leads to the formation of calcium carbonate rather than hydroxyapatite
reported in in vitro studies.

5. Cytotoxicity

All endodontic treatment will be impaired if the sealing cement is irritating to
the tissues of the periapical region, causing larger inflammation or promoting large
tissue necrosis, which may lead to reduction in apical repair capacity. Hence, the
great importance of knowing the biocompatibility and cytotoxicity of obturator
cements [21]. The cytotoxicity of endodontic cements can cause cell degeneration
and delay healing due to the direct contact of the cements with the periapical tissues
[29]. Cements with satisfactory biocompatibility must have low or no toxicity to the
periapical tissues.

When compared to their cytotoxicity, some bioceramic cements exhibit minimal
levels of cytotoxicity (EndoSequence Root Repair Material) and Mineral Trioxide
Aggregate (MTA) [11]. In a study by Fayyad [30] that compared cytotoxicity,
some bioceramic cements exhibited minimal levels of cytotoxicity (EndoSequence
Root Repair Material) and Mineral Trioxide Aggregate (MTA) of two materials,
BioAggregate and iRoot (Innovative Bioceramix, IBC, Vancouver, Canada) on
human fibroblast MRC-5 cells found that both showed acceptable biocompatibility
and that the cytotoxic effect of the materials was concentration dependent.

According to Candeiro et al. [12], comparing the characteristics of biodegradable
EndoSequence sealer with AH Plus, bioceramic cement presented lower cytotoxicity
and was unlikely to damage the genetic information inside a cell compared to AH Plus.

The results involving the biological response of MTA Fillapex (Angelus,
Londrina, Brazil) seem to be conflicting. This cement showed high cytotoxicity and
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genotoxicity, shortly after the manipulation. Another study reported that when
implanted into subcutaneous tissue in rats for a period of 90 days, it remained toxic
[31]. However, another study has shown that despite these initial toxic effects in the
early stage the cytotoxicity of Fillapex MTA decreases over time, exhibiting activity
adequate to the stimulation of the formation of hydroxyapatite crystals in cultured
human osteoblast cells [29].

According to Damas et al. [2], bioceramic cements have several applications and
some studies have shown that cytotoxicity levels are identical.

6. Antimicrobian activity

Much research has been conducted proving the relationship between microor-
ganisms and periodontitis, as well as the presence of endodontic biofilm in the pro-
cess of periapical diseases. Thus, during root canal treatment, the main objective is
sanitation through chemical-mechanical preparation [32], which may be associated
with intra-canal medication, ending with the three-dimensional obturation. As is
known, the total eradication of bacteria in all root spaces is not always achieved due
to the limitation of the mechanical action of the instruments. Ideally, the obtura-
tor materials should have an antimicrobial component to assist in the process of
eliminating residual microorganisms within the dentinal tubules [33].

Bukhari and Karabucak [34] carried out a study to test the antibacterial activ-
ity of bioceramic cement compared to AH Plus (Dentsply International Inc., York,
PA) in a biofilm composed of 8-week-old Enterococcus faecalis adhered to surfaces
using a model of dentin infection. The surfaces of the unirradicular intact extracted
canals were infected by E. faecalis biofilm. Cement AH Plus and EndoSequence BC
Sealer (Brasseler USA, Savannah, GA) were placed on the wall of the root canal of
the specimens during a period of 24 h and another of 2 weeks in humid conditions
at 37°C. Infected samples incubated without shutter cement for similar periods were
used as negative controls. In order to test the sealing cements, the specimens were
labeled with fluorescence viability staining and confocal laser scanning microscopy
to evaluate the proportions of dead and living bacteria in the canal walls during the
determined periods. The EndoSequence BC Sealer significantly killed more E. faecalis
in biofilm bound to channel surfaces when compared to AH Plus and control at both
time points (P, 0.05-0.0005). In this sense, they concluded that the EndoSequence
BC Sealer exhibited significant antimicrobial ability in the presence of dentin for up
to 2 weeks in an 8 week old E. faecalis biofilm, compared to the AH Plus cement.

7. Color change

The aim of endodontic interventions is to prevent and treat apical periodontitis.
However, the esthetic result is equally important, especially in the anterior region.
Pulpal therapy procedures, such as direct pulp capping, repair of perforations, and
regenerative endodontics involve the placement of materials in the coronal third
of the tooth, which may have potential for discoloration [35]. In this sense, Kohli
etal. [36] carried out a study with the objective of evaluating the in vitro tooth
discoloration induced by bioceramic materials, EndoSequence RRM and BD in
comparison with other materials used during endodontic treatment, such as gray
MTA (GMDTA, Dentsply, York, PA, USA). The aim of this study was to evaluate
in vitro the biomarker-induced coronal tooth discoloration, EndoSequence RRM
and BD, in comparison with other materials used during endodontic treatment,
such as gray MTA (GMTA); MTA white (WMTA, Dentsply), triple antibiotic paste
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(TAP), and AH Plus sealant (AH+, Dentsply). Visual discoloration was observed in
all specimens in the GMTA, WMTA, and TAP groups over 7 days, which increased
over time. Significant coronary tooth discoloration was caused by TAP, GMTA, and
WMTA, but not by BD, RRM or RRMF at the end of the experiment.

Discoloration of the crown such as the one present in the MTA is one of the
disadvantages of restorative cement used in dentistry. This has to be taken into
account when repairing furcation injuries or in cases where pulp protection is
required. According to the literature, the bismuth oxide present in the MTA compo-
sition reacts with the residual sodium hypochlorite that remains inside the dentinal
tubules after mechanical chemical preparation, resulting in dark precipitations and
staining of the tooth. In the composition of the EndoSequence, the zirconia oxide is
the opacifier used, preventing the unwanted darkening [37].

According to Kholi et al. [36], the bio-based materials Biodentine (Septodont,
Saint-Maur-des-Fosses, France), ERRM, EndoSequence, ERRM putty (Brasseler,
Savannah, GA), RMF, EndoSequence ERRM fast set paste (Brasseler), and
AH+, AH Plus sealer (Dentsply), when left in the pulp chamber for periods of up
to 6 months do not induce color change in the tooth structure. Alsubait et al. [37]
compared the potential for discoloration of the Endosequence Bioceramic Root
Repair Material Fast Putty Set (ERRM) and ProRootMTA (PMTA) by placing them
on the crown of extracted human teeth for a period of 4 months and found progres-
sive discoloration in teeth when treated with PMTA, whereas those with ERRM had
no change in color stability.

8. Mechanism of action

The bioceramic cement is hydrophilic; therefore, it uses water present in the
dentin tubules to initiate the firming reaction. The hydration of the material
decreases the working time, consequently the amount of water mixed can reduce
the time required; but the bioceramics only harden when present in a humid
environment. After hydration, the calcium silicate gel and the calcium hydroxide
are produced by the calcium silicate present in the mixture. Calcium hydroxide
reacts with phosphate ions and produces hydroxyapatite and water. The continu-
ous interaction of calcium silicate and water leads to the formation of hydrated
calcium silicate [38]. The amount of water in the reaction is a critical factor
in controlling the rate of hydration. The pH is similar when compared to the
reaction time of calcium hydroxide. As this is highly alkaline, it reaches a value
of 12.8 during the placement time, decreasing progressively over a period of 1
week [2]. The pH is affected by the release of calcium ions and by alkalinizing the
medium, a condition that can influence the repair, besides promoting the miner-
alization process and its concentration. The release of hydroxyl ions can alter the
dissociation [12].

Candeiro et al. [12] carried out a study with the purpose of evaluating the
physicochemical properties of a bioceramic. Radiopacity, pH, calcium ion release,
and flowability were studied and compared with AH Plus® cement (resin-based
cement). The radiopacity and flow were evaluated by using ISO 6876/2001 stan-
dards. For the analysis of the radiopacity, metal discs with 10 mm diameter and
1 mm thickness were used and were covered with sealer cement. The flowability test
was performed with 0.005 ml of cement on a glass plate. The release of calcium ions
and pH were evaluated in periods of 3, 24, 72, 180, and 240 h with a spectrometer
and pH meter, respectively. Radiopacity was then found to be significantly lower
than AH Plus®, pH analysis, and calcium ion release were significantly higher than
AH Plus®, and it was demonstrated that there were no significant differences in

184



Bioceramic Cements in Endodontics
DOI: http://dx.doi.org/10.5772/intechopen.89015

flowability. Thus, the bioceramics present values of radiopacity and fluidity within
the limits of ISO standards and the other physicochemical properties analyzed show
very favorable values for a sealant cement.

9. Marginal adaptation/sealing capacity

According to Shokouhinejad et al. [39], the marginal adaptation of the
EndoSequence Root Repair Material (ERRM) was similar to that of the
MTA. However, bioceramic-based cements when compared with resin-based
cements (AH PLUS) exhibited more regions containing gaps. Bioceramic endodon-
tic cements also showed infiltration results similar to MTA. In relation to sealing
and its ability, the Bioceramic Root-end Repair (BCRR) is equivalent to the MTA
[13]. Antunes et al. [14] reported that MTA and BioCeramic Root Repair Material
(BC-RRM) showed similar sealing ability.

To what concerns bioceramics and the hydration of the material during the set-
ting process, the formation of hydroxyapatite crystals occurs between the surface of
the material and the dentin wall, which can provide adequate sealing and marginal
adaptation in this region [19, 40, 41].

Antunes et al. [14] evaluated the sealing capacity of MTA cement and
EndoSequence BC RRM-Fast Set Putty in an ex vivo study, in roots of 60 instru-
mented lower central incisors, which were sectioned in the apical region and ultra-
sonic tip retroinstruments, and using a new model of bacterial nutrient infiltration.
Retrograde obturation was performed with the MTA and BC-RRM Putty in two sets
of teeth. In the MTA group, 50% of viable species were detected while in the Putty
BC-RRM group, 28% of the samples were positive for cultured bacteria. However,
in the comparison analysis of the quantitative or presence/absence of bacteria, no
significant difference was identified between the groups, leading the authors to
conclude that the cements studied have similar sealing capacity.

10. Resistance of union

The ability of a root canal sealer to adhere intra-radicular dentin through micro-
mechanical retention or resistance to friction is advantageous in maintaining the
integrity of the sealant interface and dentin during mechanical stresses caused by
flexion of the teeth, surgical procedures or preparation of the space for intra radicular
retainers [42]. It has been shown that the release of calcium and hydroxyl ions from
calcium silicate-containing material results in the formation of a layer of hydroxyapa-
tite when it comes in contact with the fluids of the dentinal tubules. The formation
of this interfacial layer develops a chemical bond between calcium and dentin walls
[43]. Therefore, it is expected that the bioceramic cements, which are based on a
calcium silicate composition, have the potential to chemically adhere to the dentin.

Shokouhinejad et al. [44] conducted an investigation to compare the bond
strength of bioceramic (EndoSequence BC Sealer) and resin cement AH Plus in
the presence and absence of smear layer. Uniradicular ex vivo specimens were used
in this experiment using 5.25% sodium hypochlorite and 17% EDTA protocols for
smear layer removal and in the other specimens no debris removal protocol, only
5.25% sodium hypochlorite irrigation. The modes of adhesion strength and failure
were evaluated. No statistically significant differences were found between the
groups filled with gutta percha and AH Plus sealant and gutta percha and bioc-
eramic sealant. The presence or absence of smear layer does not appear to signifi-
cantly affect the bond strength of filler materials.
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Shokouhinejad et al. [45] evaluated the bond strength of EndoSequence BC
endodontic cement (Brasseler USA, Savannah, GA) when used with gutta-percha
in the presence or absence of moisture within root canals. The mean bond strength
of EndoSequence BC sealant and filler in the wet channels was significantly higher
than that of the dry 1 week. In contrast, there was no significant difference between
dry and wet root canals at 2 months. In the dry channels, the adhesion strength
increased significantly over time, while in the wet, the difference was not signifi-
cant. The presence of moisture inside the root canals increased the bond strength of
EndoSequence BC cement in 1 week. However, no difference was found between the
bond strength of EndoSequence BC cement in the presence or absence of moisture
in the root canals at 2 months.

11. Endodontic reintervention

According to Oltra et al. [16], recently new bioceramic sealant cements have
been marketed and are being used in endodontic practice. However, these bio-
ceramic cements have limited research related to their removal ability during
endodontic re-interventions.

Uzunoglu et al. [46] evaluated the removal capacity of three different end-
odontic cements iRoot SP (bioceramic cement), MTA Fillapex (sealant based on
MTA), and AH-26 (epoxy resin) from the root canal system. Channel filler was
removed with ProTaper Universal Retreatment PTR. The time to reach the working
length has been recorded. The roots were sectioned longitudinally and each half
was evaluated using a stereomicroscope. Three observers scored every third of all
specimens. In the GP/MTA Fillapex single cone group, the time required to reach
working length was significantly shorter. The remaining filler material in the apical
and middle thirds of the groups was similar. None of the tested cements can be
completely removed from the root canal system.

Oltra et al. [16] analyzed the ability to remove two BC sealer endodontic seal-
ants compared to AH Plus using microcomputer tomographic analysis. Computed
tomography was performed before and after obturation and retreatment and then
analyzed for residual material volume. The specimens were sectioned longitudinally
and the digitized images obtained with the microscope. In the present experiment,
significant differences were found, since less root canal filling material was associ-
ated with the AH Plus group when using chloroform as a solvent when compared
with the others. BC Sealer samples represented using chloroform as the solvent had
better results than those removed without chloroform. The results of the present
experiment demonstrate that the BC Sealer group presented significantly more
residual obturator material than the AH Plus group, regardless of whether the two
cements were associated with the use of solvent for their removal.

Zuolo et al. [17] evaluated the effectiveness of the TRUShape system (Dentsply
Tulsa Dental Specialties, Tulsa, OK) compared to Reciproc (VDW, Munich,
Germany) in unblocking channels filled with two different sealants and the
working time required to achieve working length. A tomographic microcomputer
was used to evaluate the removal of obturation material. The average volume of
remaining obturator material was similar when comparing the two file systems.
However, in the groups filled with bioceramic, the percentage of remaining
obturator material was higher than in the groups filled with Pulp Canal Sealer. The
clearance was faster in the groups that were filled with Pulp Canal Sealer when
compared with bioceramics. There was no difference in the percentage of remain-
ing shutter material when comparing file systems. However, Reciproc was faster
than TRUShape.
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12. Fracture resistance

It is commonly believed that endodontically treated teeth are more fragile and
more prone to fracture than vital teeth [47]. There are several factors that affect
the strength of endodontically treated teeth: excessive tooth loss due to caries or
trauma, dentin dehydration, access cavity preparation, instrumentation, exces-
sive pressure during root filling, and preparation of intraradicular pins [48].
Reinforcement of the remaining tooth structure after endodontic procedures is one
of the main objectives of rehabilitation. It has been suggested that the bioceramic
cements may adhere to the dentinal surface of the root canal, strengthening the
remaining dental structure, contributing to the long-term success of an endodonti-
cally treated tooth [49].

Topguoglu et al. [15] analyzed the strength of the values necessary to induce
root fracture of teeth filled with three different endodontic sealants. Each specimen
was then subjected to fracture testing using a universal testing machine at a speed
of 1.0 mm/min (—1) until the root was fractured. The force required to fracture
each specimen was recorded, and the data were statistically analyzed. The fracture
values of the groups filled with bioceramic and gutta percha, and sealant based on
epoxy resin and gutta percha, were significantly higher than those of group MTA
and gutta percha. No significant differences were found between the bioceramic
and epoxy resin groups, the Endosequence BC and AH Plus cements increased the
strength of the values required to induce a root fracture of uniradicular premolars.

13. Conclusion

Based on the literature, it can be concluded that the bioceramic cements have
satisfactory working properties, are easy to handle, and have excellent antimi-
crobial action and alkaline pH. They demonstrate ability to release calcium ions
promoting adaptation and marginal sealing, shorter setting time, biocompatibility,
acceptable cytotoxicity, and induce the osteoblastic differentiation of the cells of
the periodontal ligament and remineralization of the dentin. They can also be used
in humid environment and are easily removed in cases of reintervention, have good
dentin adhesion, increasing root resistance to fracture, and do not cause coronary
discoloration. All of these properties show that bioceramic cements are favorable to
their use.

However, new research and studies are necessary so that further answers and
alternatives about the product may be found in order to favor their use in dentistry.
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Chapter 14

Flap Techniques in Dentoalveolar
Surgery

Randa Abdulmoein AlFotawi

Abstract

Most dentoalveolar procedures involve the reflection of mucosal flaps. This step
is crucial for exposure or removal of impacted teeth, implant bed preparation,
exposure of the alveolar bone for augmentation, periodontal surgeries, and repair of
mucosal soft tissue defects, such as oroantral fistula. Because of the rich vascularity
of the oral mucosa, great freedom is allowed for flap design, but it tends to result
in carelessness and lack of thoughtful planning, which may lead to uneventful out-
comes or/and complications. In this chapter, we review oral anatomy, classification,
indications, and complications of common oral flap techniques; common flap
designs are illustrated, and their fundamental principles are highlighted. The review
has covered various flap designs based on their indications. Yet the common flap’s
principles are fundamental for all types of flaps regardless of their application,
namely, it should provide wide exposure, clear vision, good access, and assure
rich vascularity and good final aesthetic outcome.

Keywords: flap principle, applications, classification, flap technique

1. Introduction

Oral surgical flap by definition is the operation in which a portion of the
mucoperiosteal tissue is surgically detached from the underlying bone for better
access and visibility. Common principles have been applied for all flap designs.
First, the base of the flap should be broader than the free end to ensure adequate
blood supply. Second, the incision should be performed at a right angle to the
underlying bone, avoiding any anatomical structures, and it should provide ade-
quate visualization. Third, the flap should be wider than the anticipated underlying
bone defect and delicately handled without tension. Fourth, the vertical releasing
incision should start from the buccal vestibule and end up mesial or distal to the
interdental papilla. Different flaps have been proposed for various intraoral surger-
ies, that is, third molar surgery, canine exposure, various periodontal surgery,
dental implant preparation, endodontic surgeries, and repair of oroantrual commu-
nications. The review will focus on oral anatomy, classification, indications, com-
plications of common oral flap techniques; common flap designs are illustrated, and
their fundamental principles are highlighted.
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2. Third molar surgery
2.1 Background

The flap design has considerable effects on primary wound healing in lower
third molar surgery [1]. When the conventional sulcular flap design is used, 56% of
the patients develop a disorder in primary wound healing [1]. The envelope flap is
fixed anteriorly with intersulcular sutures. Notably, dehiscence can take place
inconspicuously and unnoticed by the patient and may heal secondarily. The sec-
ondary wound healing can cause wedge-shaped defects of the gingiva distal to the
second molar or can lead to a loss of attachment distal to the second molar. This
periodontal complication after lower third molar surgery has been investigated by
several studies [2-5]. Dehiscence occurs in only 10% of cases of triangular flap
design [1], and the triangular flap design decreases tension in the area distal to
wound closure compared with the envelope flap technique. The vestibular triangu-
lar flap can be easily moved to the lingual, ensuring a wound closure that is almost
tension-free. The mesial vestibular relieving incision, which is only adapted
coronally by a single suture, allows depletion of the postoperative hematoma during
masticatory movements. On the first postoperative day, a present hematoma is easy
to relieve by spreading and compression. The advantage is that the release area
has bone support. Such postoperative morbidity has important medical-legal and
economic implications. Many surgical approaches, such as those with the use of
surgical drains, different wound closure techniques, and various flap designs, have
been tried to minimize the complications [6].

2.2 Envelope flap

An envelope flap with a sulcular incision from the first to the second molar and
a distal relieving incision to the mandibular ramus is a widely used technique for
lower third molar surgery (Figure 1).

The envelope flap is closed with two or three single button sutures distal to the
second molar, with special attention to an exact repositioning in the area of the
gingival margin. In addition, the flap is adapted with interdental sutures between
the first and the second molars.

Figure 1.
Envelope flap for the removal of the third molar.
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Advantages
* Good exposure during surgery
* Mesial cut could be extended if cystic surgery or endosurgery is required

* The envelope flap provides adequate soft tissues, covering for any bone
defects

* The envelope flap has a wider base, assuring vascularity up to the wound
margins

Limitations

* Inducing loss of the alveolar bone distal to the second molar probably due
to wound dehiscence

* Sulcular incision may lead to periodontal damage

* The envelope flap leads to a total loss of the attached gingiva in this area after
the operation, thus causing pocket formation and loss of attachment in the
area of the second molar [1]

* Dehiscence to the second molar [7]

* Hypersensitivity in the area of the distally exposed root surface of the
second molar

* Alveolar osteitis and soft tissue abscess are severe complications
2.3 Triangular flap design and modification (buccally based triangular flap)

This technique was described by Szmyd [6]. The incision is conducted from
the mandibular ramus to the distobuccal crown edge of the second molar, followed
by a perpendicular incision obliquely into the mandibular vestibulum, with
a length of about 10 mm. In contrast, the modified incision extends over the
mucogingival borderline, and the periodontium of the second molar is only touched
at the dentofacial edge (Figures 2 and 3). The flap is lingually based on the
triangular flap [8].

For suturing, the same suturing technique is used distally (envelop), whereas
the perpendicular incision is only adapted with a single coronally placed suture.
The main aim is exact repositioning of the gingival margin in the area of the
second molar. The loose adaption in the apical portion allows easy relief of
a hematoma.

Advantages

* Reduces the incidence of wound dehiscence
* A suitable choice for compromised cases of nicotine exposure

* This flap can be easily moved to the lingual, ensuring a wound closure that is
almost tension-free [8]
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Figure 2.
Triangular flap for the vemoval of the third molar.

Figure 3.
Modified triangular flap for removal of the third molar.

Limitations

* Swelling and trismus
* Pain

* No significant difference in postoperative complications between the lingually
based triangular flap and the traditional buccally based triangular flap after
surgery of the third molar [8]

198



Flap Techniques in Dentoalveolar Surgery
DOI: http://dx.doi.org/10.5772 /intechopen.91165

3. Flap techniques for canine exposure or removal
3.1 Background

Canines are among the most commonly impacted teeth after the third molar
teeth. Different causes have been suggested and investigated in literature [9]. The
impacted canines need to be either exposed or removed to avoid some possible
complications. Untreated canines may cause tooth malalignment, root resorption of
adjacent teeth, infections, and cystic changes.

The location of an impacted canine will determine the access for surgical expo-
sure or removal. About one-third of the impacted maxillary canines are positioned
labially or within the alveolus, while two-thirds are located palatally [10]. Kokich
[11, 12] suggested that the following four criteria related to tooth position within the
alveolar bone housing need to be carefully evaluated before exposing the impacted
canine:

1.The first criterion looks at the labial-palatal position of the impacted canine.
When there is labial impaction, the treatment of choice is an open technique
(gingivectomy or apically positioned flap). While impaction in the mid-
alveolus requires an open or closed technique, a palatal impaction is usually
treated using a closed technique.

2.The second criterion evaluates the impaction position relative to the
mucogingival junction (MG]J) in an apical-coronal dimension. When the
majority of the impacted crown is positioned coronal to the MG]J, the
gingivectomy open technique can be conducted. If the crown is located at the
MG] level, an apically repositioned flap is used. When the crown is apical to
the MG]J, a closed technique is generally utilized.

3.The third criterion involves the evaluation of the amount of keratinized
gingiva (KG) mainly with facial impactions. When there is an abundance of
KG, the impacted canine is positioned relatively close to the MGJ, and a
gingivectomy procedure is recommended. However, if there is inadequate KG,
an apically repositioned flap or closed technique is suggested.

4.The fourth criterion evaluates the mesial-distal position of the canine relative
to the lateral incisor. If the canine crown is positioned distal to the mesial
aspect of the lateral incisor, an open technique is performed. If the crown is
positioned mesial to the lateral incisor, a closed technique for the pataltal
eruption of canine.

3.2 Labially impacted canine techniques

Labial canine impaction is usually difficult to approach because aesthetic out-
comes of final soft-tissue healing are a challenge. An inappropriate surgical tech-
nique or flap design may lead to compromised aesthetic results [12]. During the
process of uncovering a labially impacted maxillary canine, mucogingival problems,
such as an immersed clinical crown, limited keratinized gingiva, gingival recession,
and scarring, may occur if an inappropriate surgical intervention is employed [13].
In addition, the vertical and horizontal locations of the impacted canine also greatly
affect orthodontic tooth movements and soft-tissue responses. Therefore, it is
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Figure 4.
Window excision at the labial soft tissue opposite to the crown of the impacted upper canine.

critical to make the right decision about the choice of a proper surgical technique to
expose labially impacted teeth.

The proposed flap techniques include the window excision of the soft tissue
(Figure 4), apically positioned flap, closed eruption technique, and sequential
approach.

3.3 Window excision of the soft tissue

Figure 4 shows the window excision of the soft tissue when the canine crown is
coronal to the mucogingival junction.

Advantages

* Directly expose the crown part

* Easy to perform

Limitations

* Sacrifice the gingival tissue

* Require wider attached gingiva

3.4 Apically positioned flap

Figures 5 and 6 show the apically positioned flap if there is insufficient attached
gingiva.

Advantage

* Preserve attached gingiva

Limitation

* Not suitable in highly impacted canine
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(b)

Figure 5.
An apically repositioned flap: (a) outline of the flap; (b) flap repositioned apically to provide a collar of the
attached gingiva around the exposed tooth.

3.5 Closed eruption technique

Figure 7 shows that highly impacted canine and the crown tip are properly

aligned mesiodistally.
Advantage

* The closed mucosal flap is more comfortable for patients
Limitation

* Uncontrollable orthodontic forces on the nonvisible tooth during orthodontic
extrusion
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Figure 6.
Window is created (top image) labially opposite to the crown of the impacted canine, and (bottom image) the
attached free gingival margin is placed apically.

3.6 A sequential approach

If a maxillary canine is highly impacted, its crown protrudes labially, or its cusp
tip is displaced mesially (Figure 8), two-stage approaches may be indicated, in
which exposure is carried out first (Figure 6) and mucogingival surgery such as
gingivoplasty is performed at a later stage. Laterally sliding flap (Figure 9) provides
additional keratinized tissue with natural color and consistency at the recipient site
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Figure 7.
Gingival margin flap with bracket and chain bond it to the crown of the impacted canine.

Figure 8.
Mesially exposed impacted canine that may require two-stage surgery to achieve minimal attached gingiva.

if adequate keratinized gingival is available over lateral incisor. Pedicle flap can be
the second option and can be dissected from both the central and lateral incisor
areas to transfer to cover the recipient bed (Figure 9).

Advantage

¢ Achieve 3-4 mm keratinized gingiva in highly impacted canine [9]
Limitations
» Two-stage surgery

* Donor site morbidity is expected
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Figure 9.
The principle of lateral pedicle repositioned flap. R, recipient tooth; D, donor tooth; F, flap; S, split-thickness
dissection.

4. Periodontal flap surgery
4.1 Background

The main objective of periodontal flap surgery is to eliminate and reduce the
pocket depth that cannot be treated conservatively (evidence of bleeding, loss of
attachment, or suppuration) with conventional periodontics treatment. Raising
surgical flap facilitates removal of the inflamed tissue inside the pocket,
provides access for tooth surface cleaning, and helps remove harmful plaque
and calculus.

Indications

* Provide access to the tooth’s root surface for instrumentation

* Correction of gingival overgrowth by gingivectomy

* Create new periodontal attachment

* Improve aesthetics and function following gingival recession by the root
coverage technique

Contra-indications

* Poor plaque control

Uncontrolled systemic disease
* Heavy smokers

¢ Teeth with poor long-term prognosis

4.2 Full-thickness periodontal flap

Raising full mucoperiosteum exposes the underlying bone. The modified
Widman flap [14] is one example of this type of flap. It includes a scalloped incision
1 mm from the crevicular margin involving the interproximal area of the teeth,
allowing the flap to be raised without releasing incision (Figure 10).
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Figure 10.
Modified Widman flap technique. The image is adapted from The Hungarian higher education in dentistry in
Hungarian, German, and English.

Advantages

* Allow close adaptation of soft tissues to the root surface with minimal trauma
* Less postoperative teeth sensitivity

* Better aesthetic results

* Allow root surface debridement

* The pocket reduction is achieved by long junctional epithelial attachment to
the root surface

Limitations
* Not indicated if osseous surgery is planned

* Cannot be used for full pocket removal

4.3 The apically repositioned flap

Reverse bevel incision is made at the attached gingiva angled to excise the
periodontal pocket in a scalloped fashion. Two releasing incisions are made mesial
and distal to the defect. After the flap is elevated, pocketing tissues are discarded,
osseous surgery can be performed, and the flap is then apically repositioned and
sutured in position as illustrated above in the canine exposure section (Figure 11).

Advantages

* Expose the alveolar bone and allow osseous surgery to correct infrabony
defects

* Allow excellent access to the root surface for debridement
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(b)

Figure 11.
Apically repositioned flap for periodontal surgery. (a) The bevel, scalloped incision for pocket elimination.
(b) The flap positioned apically.

Limitation

* Not applicable in the palatal tissue

4.4 Gingivectomy

Beveled incision excises the supra-gingival pocket and allows for gingival re-
contouring.

Advantages

* Suitable for gingival hypertrophy (supra-alveolar pocket)

* Re-contouring severely damaged gingival tissues
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A B C

Figure 12.
The stages for crown lengthening. (A) Internal beveling; (B) sulcular incision; (C) vemoval of excess tissues to
expose the crown or the gingival overgrowth.

* Crown lengthening (Figure 12)

Limitations

* Not indicated in case of deep “true” infrabony pocket
* Not suitable for removal of intrabone lesions

* Row wound exposes the root surface, making it sensitive and susceptible to
caries

* Because of the loss of the attached gingiva, some bone remodeling may occur

5. Mucogingival graft surgery
5.1 Background

Mucogingival graft surgery aims at the correction of local gingival defects. It will
be conducted if changing the morphology of gingival margin improves the plaque
control, high frenal attachment, and severe gingival recession.

5.2 Split thickness flap

Raising partial soft tissues and leaving the mucoperiosteum attached to the
bone are commonly used techniques to address such mucogingival problems.
Moreover, pedicle flap includes either laterally, coronally, or double papilla
repositioned flaps. The flaps are indicated in very narrow areas of isolated gingival
recession or even in the presence of wide recession with adequate door tissues on
either side [15].
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5.3 Laterally repositioned flap

Two horizontal incisions are made on both mesial and distal sides of defects
1 mm away from the gingival margin of the adjacent tooth. Two vertical incisions
are then made perpendicular to the initial incisions on either side, which extend into
the alveolar mucosa. Partial-thickness pedicles are reflected on either side of the
recession area (Figure 9). The reflection is carried out to a level that would permit
free movements of the mesial and distal pedicle flaps. Both pedicles are rotated over
the defect to make sure they would remain over the defect without any tension.
Subsequently, both pedicles are sutured with 6-0 polypropylene sutures.

Advantages

* Minimal exposure of the underlying periosteum at the interdental donor sites
* Rapid wound healing at the donor site

Limitations

* Cannot be used in a generalized recession

* Cannot be used if there is an inadequate amount of keratinized tissues at donor
sites

5.4 Coronally repositioned flap

A partial-thickness flap is raised around the defect with the help of two
horizontal and two vertical incisions on either side of the defect without
involving the marginal gingiva of adjacent teeth. To facilitate a tension-free coronal
displacement, its base can be separated from the periosteum with the help of a
periosteal releasing incision. The flap is then advanced coronally and sutured at
the level of cementoenamel junction (CEJ]) using 5-0 polypropylene sutures
(Figures 13 and 14).

5.5 Free gingival grafts
This graft is a harvested tissue and is completely removed from the blood donor
area, and it is used to augment the amount of the attached (keratinized) gingiva.

This approach can be only used with the combination with another surgical
approach.

5.6 Two-stage surgical techniques

Two-stage surgical techniques use double pedicle flap with a connective tissue
graft, followed by coronally advanced flap.

Advantages

* Treatment for a severe localized gingival recession

* Excellent color matching and dual blood supply to graft
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Figure 13.

Coronally repositioned flap used to cover localized recession. The top image shows the recession area, and the
incision line is done 4—5 mm from the gingival margin; the bottom image shows that partial-thickness flap is
raised and sutuved coronally.
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Figure 14.
Free gingival graft is applied to cover the root surface with less amount of attached gingiva.

* Very predictable results

* Can be used if minimal keratinized tissue is present
Limitations

* Requires good pedicel length

* Two-stage surgery

* A free graft is required

6. Flap for dental implant bed preparation
6.1 Background

Two-stage flap techniques are commonly used for dental implant surgery and
include a flapless (e.g., Punch or Half Punch) flap and full-thickness flap, such as
mid-crest, double papilla preservation flap. Full-thickness flap might be more
suitable for immediate implantation; the flapless flap is superior to full-thickness
flap in cases of less inflammation and less morbidity, has shallower biological width,
and shows better aesthetic results [16].

6.2 Punch flap
A small hole in the keratinized mucosa is required to be present on the crest of
the ridge at the area of interest (Figure 14). This punch can be created using

a blade or punch drill. Precise placement of the cut can be obtained using the
surgical guide with the help of the planning software (Figure 15).

Advantages
* Minimal surgery
* Minimal postoperative pain/discomfort

* Suitable for one-stage surgery
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Limitations
* Simultaneous bone grafting is not possible
* Minimal exposure to the bone for thickness evaluation

* Require sufficient keratinized mucosa

6.3 Half punch

In the case of the presence of inadequate or deficient buccal tissues, half punch
approach is used. Half punch flap is conducted with horizontal crestal incision
and reflects full-thickness flap buccally. Subsequently, punch approach is used lingually
or palatally to remove minimally required tissues for implant placement (Figure 16).

Figure 15.
Punch flap (flapless) at mid-crest of ridge.

Figure 16.
Half punch flap used for implant bed preparation.
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Advantage

* One-stage implant surgery with possible simultaneous bone grafting

6.4 Mid-crestal incision
Mid-crestal incision is performed at the middle of the ridge bone, and buccal and
lingual/or palatal flaps are then raised to expose the full surgical site (Figure 17).
Advantages
* This flap can be used for both one- and two-stage implant surgery
* Buccal and palatal/lingual bone grafting is possible

Limitation

* Requires sufficient buccal and palatal tissues

6.5 Palatal/lingual crestal flap

The incision is similar to mid-crestal incision; however, it is made more toward
the palatal side/lingual. The flap is then raised to perform the bone preparation
(Figure 18).

Advantages

¢ Suitable in cases when there are less buccal tissues available to raise full-
thickness flap

* Bone grafting can be performed buccally or palatally/lingually

* Suitable for both one- and two-stage implant surgery

6.6 Mesial papilla preservation flap

This flap is designed to maintain the interdental papilla for aesthetics in
some cases.

Figure 17.
The edentulous ridge with minimal attached gingiva. Half punch flap is performed.
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Figure 18.
Mid-crestal incision used during implant bed preparation.

Figure 19.
Platatal crestal flap used for implant bed preparation.

In this flap, vertical releasing incision distal to the papilla is made and is
connected to a crestal incision on the other side of the defect. An intrasulcular
incision on the distal tooth is performed, and the flap is raised, followed by implant
bed preparation (Figure 19).

Advantages

* Good aesthetic results

* Minimal surgery and soft tissue manipulation

Limitations

* Not suitable if bone grafting is required

* Used for the second stage of implant surgery to help get maximum aesthetic
results by preserving the papilla

6.7 Distal papilla preservation

This flap is opposite to mesial preservation flap, and the aim is to preserve the
distal side of the defect to allow bone grafting (Figures 20 and 21).
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Figure 20.
Mesially papilla preserved incision for implant bed preparation.

Figure 21.
Double papilla preservation with two vertical veleasing incisions.

6.8 Double papilla preservation

This flap is designed to preserve both mesial and distal papilla at the defect area.
Two vertical incisions are performed and connected with lingual or palatal crestal
incision, thus allowing the release of the mucoperiosteal flap toward the buccal
aspect.

Advantages

¢ More aesthetic results

* Suitable for the second stage of implant surgery where the mobilization of a
good amount of tissues may be required

Limitation

* Vascularity may be compromised in the narrow space
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6.9 Full-thickness flap reflection for large edentulous spaces (book flap)
The buccal or lingual mucoperiosteal flap can be reflected, allowing an alveolar
split to be done using thin osteotomes for alveolar ridge expansion if required.

Advantages

* Wide exposure allows observing the undercut lingually or buccally
* Easy to lean and perform alveoloplasty
* Easy to perform bone cutting and splitting

Limitations

* Bone devitalization and subsequent remodeling resorption in narrow
ridge [17].

* Less predictable outcomes
6.10 Partial-thickness flaps for ridge expansion

This is a minimally exposed osteoperiosteal flap to overcome the limitation of
full-thickness flap for the wide edentulous area when the resulting vascularity may
jeopardize the outcomes (Figure 22).

Advantages

* Maintain the integrity of periosteum

* Maintain bone vitality (vascularity)

* Alveolar width stability, that is, minimal postoperative resorption compared
with full-thickness flap

Limitations

* The bone is cut blindly; therefore, the surgeon must have a good
conceptualization of the alveolar anatomy to not miss the midpoint of the

Figure 22.
Full vidge exposure using the full thickness flap buccally and lingually.
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alveolus. The surgeon should avoid extending to the vestibular depth or
palatally directed osteotomy

* Requires extensive flap dissection [17]

7. Endodontic surgery flap
7.1 Background

Flap design in periapical surgery should be adequate for the planned surgical
procedure, offering good access to the zone surrounding the affected apexes with-
out altering the soft-tissue circulation. The flap should be a firm continuous incision
and not cross an underlying bony defect. If a vertical incision is needed, it should be
in the concavities between bone eminences. The vertical incision should not extend
into the mesiobuccal fold, and its termination of the gingival crest must be at the
mesial or distal line angle of the tooth. Additionally, the base of the flap must be at
least equal to the width of its free end. The most frequently used flap in periapical
surgery is the Luebke-Ochsenbein flap involving submarginal incision, with semi-
lunar or Partsch flap variants.

7.2 Luebke-Ochsenbein flap

A horizontal incision is made in the attached gingival tissue about 3-4 mm above
the gingival margin, with two vertical releasing incisions on either side of the flap
located one or two teeth distal to where the lesion is located (Figure 23).

Advantages

* This type of flap is easy to detach

o It is less aggressive with the gingival tissue than an intrasulcular incision flap

Figure 23.
Partial-thickness flap before ridge expansion for future dental implant insertion.
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¢ It is useful in patients with fixed prosthesis restorations because of less
recession of the gingival margin and interdental papillae [17-19]

Limitation

* It can leave a postsurgical scar if the repositioning sutures are not performed
adequately [20]

7.3 Partsch flap

The semilunar (Partsch) flap is a variant involving a submarginal incision in the
alveolar mucosa to form a crescent- or semilunar-shaped flap (Figure 24). The
semilunar flap is almost exclusively used for the maxillary canines [21]. Care is
required to avoid performing the incision above the bone defect.

Advantage

* Small incision suitable for upper canine surgery

Limitations

* Limited surgical access to the root apex

* Flap tension is high due to the presence of muscle fibers, making suturing
difficult and increasing the risk of suture dehiscence [5, 22]

7.4 Neumann flap

This flap involves intrasulcular incision in its triangular and trapezoidal versions
and offers perfect access for periapical surgery, with sufficient access to the affected
bone and lesion-related roots. The intrasulcular incision may be triangular or trap-
ezoidal (Figure 25). The most common intrasulcular flap involves a triangular
incision with a single vertical releasing incision located one or two teeth distal to the
lesion (Figure 26). This flap is characterized by increased tension, and the traction
forces increase especially at the fixed extremity. This technique allows for easy flap
repositioning after periapical surgery.

Figure 24.
Submavginal incision and two vertical incisions mesial and distal to the defect area.
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Figure 25.
Luebke-Ochsenbein flap is used clinically for periapical surgery.

Figure 26.
Semilunar flap in a form of crescent.

Advantage
* This technique allows easy flap repositioning after periapical surgery
Limitation

¢ Increased tension and traction forces

7.5 Papilla base incision flap

This flap, which was originally described by Velvart, is characterized by a
horizontal incision following the dental sulcus along the neck of the teeth and
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Figure 27.
Clinical application of Partsch flap for periapical surgery.

Figure 28.
Trapezoidal flap with two releasing incisions.

extending to the base of the papillae (Figure 27). The papillae adhere for
posterior suturing of the flap. A vertical releasing incision is made to maximize
the exposure.

Advantage

* Produces less recession at the interdental papillary level than a sulcular
incision [23]

Limitations
* A surgically complicated flap requiring adequate surgeon experiences

* Requires the presence of enough healthy attached gingiva for suturing
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Figure 29.
Triangular flap with a single releasing incision.

Figure 30.
Clinical application for the intrasulcular trapezoidal flap.

Figure 31.
The papilla adhered to the bone and the raised full mucoperiosteal flap.
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Figure 32.
The raised papilla preservation mucoperiosteal flap.

Figure 33.
The raised palatal full mucoperiosteal flap for palatal periapical surgery.

7.6 Papilla-preserving flap

A horizontal incision is made following the dental sulcus to the dental papilla, and
the vertical releasing incision is seated away from the papilla (Figures 28-33) [19].
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Advantage

* This flap is useful in teeth with a generous mesiodistal width, affording an
adequate surgical field

Limitations

* The narrow neck needs careful releasing, careful adaptation, and suturing

¢ This flap may be not suitable in narrow mesiodistal distance between teeth
7.7 Palatal flap

A festoon flap is performed at the gingival margins on the palatal side. This flap
is used in periapical surgery of the palatal roots of the maxillary molars. Palatal
releasing incisions are not necessary. If any such incisions are made, they should be
performed between the canine and premolar, representing the vascularization limit
between the nasopalatine artery and the anterior palatine artery, or distal to the
second molar behind the emergence point of the anterior palatine artery [24].

Advantage

* Useful in cases in which the palatal roots of molars or lateral incisors require
exposure

Limitations

* If the flap needs to be expanded to gain greater visibility, the incision can be
extended mesially to the canine

* This flap may cause pain and discomfort for the patient postoperatively

* Chance of hematoma formation may jeopardize the blood supply of the flap

8. Flaps for management of oroantral communication
8.1 Background

Oroantral communication/fistula is an unnatural communication between the
oral cavity and the maxillary sinus. These complications occur most commonly
during the extraction of upper molar and premolar teeth (48%). The major reason
is the anatomic proximity or projection of the roots within the maxillary sinus [25].
Other causes of oroantral communication/fistula include tuberosity fracture,
dentoalveolar/periapical infections of molars, implant dislodgement, maxillary
sinus, trauma (7.5%), presence of maxillary cysts or tumors (18.5%), osteoradio-
necrosis, flap necrosis, and dehiscence following implant failure [25, 26]. Two basic
principles must be considered while operating for Oroantral communication/fistula.
First, the sinus must be free of any types of infection with adequate nasal drainage.
Second, closure must be tension-free and consists of broadly based, well-
vascularized soft tissue flaps over the intact bone. Successful closure of the
oroantral fistula should be preceded by the complete elimination of any sinus
pathology, the fistulous tract, sinus infection, degenerated mucosa, and diseased
bone [27].
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The most common flap procedures may be categorized into local flaps, distant
flaps, and grafting. The flaps involving rotating or advancing soft tissues include
buccal flap, palatal flap, submucosal tissue flap, and buccal fat pad and tongue
flap [26]. The procedures utilizing buccal mucoperiosteal flap for closure include
straight-advancement flap, rotation-advancement flap, transverse flap, and sliding
flap techniques, and those utilizing palatal mucoperiosteum include straight-
advancement flap, rotational advancement flap, hinged flap, and island flap pro-
cedures [26]. Double-layer closure utilizing local tissues includes the combination of
inversion and rotational advancement flaps, double overlapping hinged flaps, dou-
ble island flaps, and superimposition of reverse palatal and buccal flaps. However,
the studies over the last 50 years point out the lack of consensus for a uniformly
successful procedure [28].

Here we illustrate the most common flaps used for closure of oroantral
communication/fistula: the buccal flap and the palatal pedicle flap techniques.

8.2 Buccal advancement flap

It has been described [14, 29] the use of a buccal flap with a thin layer of
buccinator muscle to close an oroantral defect. Later, [30] reported a buccal sliding
flap technique, which is still in use, as a tool to close small to medium size (<1 cm)
lateral or mid-alveolar fistulas, located either laterally or in the middle of the alveolar
process. Krompotie and Bagatin [13] reported the immediate closure of an oroantral
communication by a rotating gingiva-vestibular flap. This technique can also be
employed for closing oroantral fistulas. It is a modification of a vestibular flap in
order to avoid lowering of the vestibular sulcus, an event that takes place normally
when using vestibular flaps. Two vertical release incisions are made to provide a flap
with dimensions suitable for closure of the antral communication (Figure 34).

Incision removal of the epithelial lining of the palatal mucosa behind the
communication might also be required. The flap with a trapezoidal shape consists of
both epithelium and connective tissues and is positioned over the defect using
mattress sutures from the buccal flap to the palatal mucosa.

Advantage

* It is possibly utilized in cases of severly resorbed alvealr ridge, and the fistula is
located in a more mesial area [31]

Limitation

* Loss of vestibular depth buccally

f.

Figure 34.
The buccal advancement flap is used to close OAC (arrow).
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8.3 Palatal pedicle flap technique

The first procedure for closing oroantral fistulas using a palatal full-thickness
flap was described by Ashley [26, 32]. After excising the epithelium from its edges
and cutting the palatal fibro-mucosa, the flap is created with an axial stack with a
posterior base, supplied by the greater palatine artery. The palatal flap with its total
thickness laterally rotated must have a large base to include the greater palatine
artery at the site of its exit from the foramen (Figure 35) [33, 34]. The anterior
extension of the flap must exceed the diameter of the bony defect and have a length
sufficient to allow its lateral rotation and replacement, and the suture has no
exerting tension on the vestibular mucosa [35]. Further improvement of the tech-
niques was advocated [35, 36] by adding a flap of mucosa to the connective tissue
island to cover the raw area of the palatal bone. The bone is covered, and the island
flap retains excellent mobility without causing bunching of the mucosa of the hard
palate and recipient site.

Advantages

* Good vascularization, adequate thickness, and optimal tissue quality
* The use of mucous membrane from the hard palate. In 1980, Ehrl
demonstrated the possibility of employing this technique with wide fistulas

1 cm in diameter [37]

* This method allows replacement of the denture a short time after the wound
healing

Limitation

* It is only indicated if the fistula is located at the area of the premolar to avoid
excessive rotation of the flap

* The area of the palatal flap will heal by secondary epithelialization, which
causes pain and discomfort

* Necrosis of the flap can happen if excessive rotation to the flap is performed

Figure 35.
The palatal rotation flap used to close OAC (arrow).
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8.4 Buccal pad of flat flap (BPF)

Since Egyedi reported the BFP flap as a suitable method to close the OAC,
oronasal communication, and maxillary postsurgery defects, the technique has been
widely used. In addition, according to the study by Rapidis et al. [38], the BFP can
be used as a free flap to close oral defects. Tideman et al. described the detailed
anatomy, vascularization, and operative techniques of BFP [39]. The pedunculated
BFP has been employed for the reconstruction of an oral defect of moderate size
following surgical removal of a malignant lesion [38]. A gentle dissection with fine
curved artery forceps exposes the yellowish-colored buccal fat. The buccal fat pad
flap, especially the pedicled type, has been used most commonly for the closure of
the OAF due to the location of the buccal fat pad, which is anatomically favorable,
and due to the easy and minimal dissection, with which it can be harvested and
mobilized.

Advantages

* Good rate of epithelialization [40]

e Low rate of failure [40]

Limitations

* Mild reduction in the vestibular height

* A second surgery is required in order to achieve closure if there is a low rate of
recurrence of fistulas

8.5 Double-layer closure techniques
8.5.1 Palatal inversion flap and buccal advancement flap

This technique designs the palatal inversion flap on the basis of the greater
palatine vessels after measuring the bone defect, but not the soft-tissue defect, as
shown in Figure 35. Once the flap is raised, the residual palatal raw surface is left to
heal by secondary intension with the formation of the granulation tissue. The
horizontal palatal flap is then inverted so that the oral palatal epithelial surface
covers the bone defect and faces the maxillary sinus. Subsequently, it will be
covered by the buccal advancement flap that is released by extending the incision
inside the cheek from the gingivolabial sulcus to have a wide base and ensure a good
blood supply, as shown in Figure 34.

Advantages

¢ Indicated if there is an increased risk of wound breakdown and recuurant
oroantrual defect

* It provides epithelial covering to both the superior and inferior surfaces
* Blood perfusion of the palatal flap is better than that of the single technique
Limitations

e It has a risk of subsequent pathology
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* Perfusion of buccal flaps is poor

* Narrowing of the gingivobuccal sulcus may occur

8.5.2 Closure of oroantral fistula using a buccal fat pad (BFP)

BFP is anatomically favorable, and the easy and minimal dissection of the
fat tissue from the buccal pad of fat and then harvesting and mobilization made
it a popular technique (Figure 36). Furthermore, it has excellent blood supply.
A quick surgical technique is preferred due to fact that BFP and the defects to
be covered are located in the same surgical field, and a good rate of
epithelialization allows for replacement of the mucoperiosteal flap without loss of
vestibular depth.

Advantages

* Low rate of complications

* Minimal donor site morbidity

* Easy and versatile technique

* No loss of vestibular depth

Limitations

* While harvesting BFP, perforation or/and shrinkage may occur

* The amount of BFP is inadequate in some cases

8.5.3 Double-layer closure techniques

This technique combines BFP and buccal advancement or skin flaps. BFP can
be covered by the partial thickness skin flap [41] or buccal advancement flap,
especially for defects larger than 5 x 1 cm?. This technique can also be better
managed with the use of BFP with buccal advancement flap than BFP alone [42]
(Figure 37).

Figure 36.
Intraoral photograph shows the harvested buccal fat and is adapted to the defect in the molar and premolar/
molar areas.
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Figure 37.
Tllustration shows harvesting BFP from the buccal tissue, and the buccal advancement flap is then sutured.

Advantages
* Provides more stability
¢ Can be used when there is a deficient BFP for closure

* Can be used in cases where a trapezoidal flap is raised for some reasons and in
cases with perforation and shrinkage of BFP [43-45]

¢ Used to minimize the risk of shallow sulcus [42]
Limitations

* More time is needed to perform the surgery
* An experienced surgeon may be needed

* It requires high patient’s compliance

9. Conclusions

A wide variety of intraoral flaps and their modifications have been reported in
the literature. This chapter illustrates some familiar flap techniques, as well as their
advantages and limitations. The application and design of each flap should be
tailored to the patient’s diagnosis and needs. Surgeons should be aware of patient
diagnosis, the anatomical limitation, and the application of different flap’s designs.
Careful planning, implications, and selection of suitable flap designs would affect
final aesthetic outcomes or postoperative morbidity, which may have important
medical-legal and economic impacts.
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