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Preface

The teeth play an important role in daily living, being involved in chewing and digesting 
food and speaking. They also have an integral role in facial esthetics. Well-shaped 
and aligned white teeth are considered essential to an appealing smile and have a high 
impact on self-esteem, school or job performance, and other areas of life.

Oral health issues, which range from cavities to oral cancer, cause different degrees 
of pain and disability. Oral diseases have a high prevalence; nearly 100% of the adult 
population has at least one cavity.

Edentulism, the partial or total absence of teeth, has debilitating consequences and 
is considered the ultimate stage of oral suffering. Therefore, maintaining proper oral 
hygiene is crucial to prevent dental issues. Preventive methods include proper oral 
hygiene, regular dental checkups and cleaning, a healthy diet, limited sugar intake, 
and no smoking. Routine dental checkups help detect the early stages of dental illness. 
Most oral diseases are preventable and treatment in the early stages is easier, cheaper, 
and faster than at the later stages of disease.

To achieve a perfect balance between function and esthetics, dental treatments have 
evolved to be capable of solving pretty much any dental problem with a high rate of 
success. Dental treatment, depending on the oral health issue, involves using a wide 
range of materials, including smart materials. Current available dental techniques 
include lasers, microscopy, and 3D bioprinting as well as digital solutions that are 
gaining popularity. Nowadays, even edentulism is a condition that can be treated 
effectively by means of various modern prosthetic devices or dental implants.

This book includes twenty-one chapters and discusses different aspects of human teeth 
function and esthetics, including dental anatomy and morphology, smile design, oral 
health and prevention of oral disease, prosthetic solutions for both functional and 
esthetic issues, advances in dental implants and orthodontics, and future perspectives 
in dentistry.

Lavinia Cosmina Ardelean
Department of Technology of Materials and Devices in Dental Medicine,

“Victor Babes” University of Medicine and Pharmacy,
Timisoara, Romania

Laura-Cristina Rusu
Department of Oral Pathology,

“Victor Babes” University of Medicine and Pharmacy,
Timisoara, Romania
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Chapter 1

Dental Anatomy and Morphology
of Permanent Teeth
Emanuela Lidia Crăciunescu, Meda-Lavinia Negruţiu,
Mihai Romînu, Andreea Codruţa Novac, Cristina Modiga,
Borislav-Duşan Caplar, Cosmin Sinescu
and Daniela-Maria Pop

Abstract

The present chapter is proposing a detailed and illustrated description of dental
morphology of permanent dentition. The main topics are related to nomenclature, age
of emergence, a description of teeth’s tissues (pulp, dentin, enamel, and cement), and
morphology of all permanent teeth. The main focus of this chapter is the description
of individualized morphology and specific variations of each permanent tooth. The
goal of all treatment phases in dental medicine is to restore the function, integrity, and
morphology of the oral cavity, and all these achievements are reached through deep
knowledge of dental morphology. Cavities are restored with direct dental materials,
which need to be carved according to the natural shape, outlines, occlusal and proxi-
mal contacts of teeth’s morphology, reproducing also the shade and translucencies of
natural teeth. The same goal dominates the prosthodontic field. It is well known in
dental medicine that shape, size, and position assure the optimal function and pre-
serve the self-maintenance of dental arches and dento-maxillary system. For esthetic,
function, and self-preservation, all dental treatment fields have to first consider the
dental morphology.

Keywords: teeth, crown, root, morphology, contact areas, occlusion, esthetics, oral
cavity

1. Introduction

In the past decades, dental medicine has evolved according to the technological
progress, development of high quality and esthetic dental materials, and new and
conservative attitudes in clinical practice. Dental anatomy and morphology are the
basic components of the skills and knowledge needed in all dental treatment phases.
The knowledge related to function, shape, color, phonetics, position on the dental
arch, and the relations with the opposing arch is as important as dental anatomy and
morphology. The study of dental anatomy, morphology, physiology, and occlusion is
mandatory in all the curriculum of dental schools and provides the basic and the most
important component in developing a successful treatment plan for all phases of
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dental treatments, which include odontotherapy, endodontics, prosthodontics,
implantology, orthodontics, periodontology, and pediatric dentistry.

Dental practitioners, during the inspection of the oral cavity, will see the clinical
crowns, the attachment of gingival tissue, the shape, size, position and angulations of the
teeth, the relation of proximal contact areas, the occlusal contacts, and the evidence of
parafunctions and esthetics. Having this picture, the basic knowledge, and considering all
the factors and all related anatomical structures, a correct treatment plan will be made.

2. Introduction to dental anatomy and morphology

2.1 Nomenclature, numbering system, and dental tissues

For studying dental anatomy, a common language is required. Humans have two
dentitions in their lifetime that support the anatomical structures and orofacial func-
tions such as mastication, speech, and give shape and beauty to the face. Teeth are
highly calcified structures with individualized tissues, supported in the upper and
lower jaw by bony sockets also called alveolus. Teeth are comprised of four types:
incisors, canines (cuspids), premolars (bi-cuspids), and molars. The first set of teeth is
the primary or deciduous dentition, which begins to form prenatally at about 14 weeks
and is completed postnatal at about 3 years of age. In total, 20 teeth, 10 maxillary and
10 mandibular teeth, and 5 teeth on each side of the jaw are consisting the deciduous
dentition. The teeth in deciduous dentition are grouped on maxillary and mandibular
jaw as follows: four incisors, two canines, and four molars (Table 1). World Dental
Federation proposed a numbering system for deciduous and permanent dentitions,
and the system was adopted by the World Health Organization and accepted by other
organizations such as the International Association for Dental Research [1].

Morphological characteristics of deciduous teeth are different from permanent
ones. Deciduous teeth have smaller crowns and roots, more prominent cervical ridges,
and narrower “neck” or cervical diameter. The roots are narrower and flare, and the
buccolingual diameters are smaller than the permanent’s diameters. Crowns of decid-
uous anterior teeth have a mesiodistal diameter higher in comparison with the
cervical-incisal diameter. The roots of deciduous anterior are long and narrower, and
the roots of deciduous molars are longer, slender, and flare to allow more room for the
development of permanent crowns. The cervical ridges of the deciduous anterior teeth
are more prominent, the crowns and roots of deciduous molar are more slander
mesiodistally, the buccal and lingual surfaces of deciduous molars are flatter, and the
shade of deciduous is whiter [2].

The teeth supported by the upper jaw are called maxillary teeth and the ones
supported by the lower jaw are called mandibular teeth. The deciduous dentition lasts
until about 6 years of age when the first succedaneous or permanent teeth are emerg-
ing into the oral cavity. In this stage, the transitional dentition or mixed dentition is
formed, which is present in the oral cavity until 12 or 13 years of age and ends when all
the deciduous teeth are lost and all the permanent ones have emerged in the oral
cavity. Mixed dentition, present between 6 and 12 years of age, can be a difficult
period of time because of missing teeth, different shades and hues of the recently
emerged teeth, malposition, and crowning, which may need orthodontic treatment.

In total, 32 teeth, 16 maxillary and 16 mandibular teeth, and 8 teeth on each side of
the jaw are consisting the permanent dentition. Teeth in permanent dentition are
grouped on each jaw as follows: four incisors, two canines, four premolars, and six
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molars. The evolution of permanent dentition ends at about 14–15 years of age when
the roots have completed their development. The age of emergence of permanent
teeth is described in Table 2. The exception is related to third molars, which are
emerging at 18–25 years of age [1, 3].

Teeth have two primary components, one crown—exposed in the oral cavity—and
one or more roots supported by the alveolar socket. The tooth has four primary tissues
—enamel, dentine, cement, and pulp. The main component of a tooth is a bone-like
tissue called dentine.

Enamel covers the visible part of the crown in the oral cavity and is a highly
calcified tissue (95.5% inorganic, 0.5% organic, and 4% water). The upper incisors
reach the highest density of enamel, which is increasing progressively during devel-
opment. The thickness of the enamel layer varies from about 2.5 mm in the cusps area,
2.0 mm in the incisal edge, and 0.5 mm at the cervical enamel. The color is semitrans-
lucent and depends on the enamel thickness. In the thick opaque area, the color
appears bluish-white and yellow-white in the area where the enamel layer is thinner.
Enamel is the hardest structure of the body, having a value of 5–8 on the Moch scale
(diamond-10 Moch). The high hardness influences the tensile strength and compress-
ibility, which indicate that enamel is extremely brittle [4, 5].

The enamel is structured in enamel rods (prisms), rod sheaths, and cementing interred
substance. Generally, enamel rods are aligned perpendicular to dentine-enamel junc-
tion and usually in cervical area the rods become twisted. The rods are aligned in
planes best suited to withstand the occlusal forces as long as the forces are perpendic-
ular to the tooth surface. Rod sheath is an area identified in histologic sections of a
tooth, found where enamel rods, the functional unit of enamel, meet interrod enamel.
Both types of enamel meet at sharp angles and form the appearance of a space called
the rod sheath. The rod sheath consists of more protein and the rod sheath is charac-
terized as being hypomineralized in comparison to the rest of the highly mineralized
enamel. The rod sheath is Inorganic matrix tying the enamel rods together. The
interred substance cement the rods together. Enamel forms junctions with dentine
and cement. The dentine-enamel junction (DEJ) has a pitted aspect and in the rounded
pits fit the enamel rod, which generates a strong bond between the two tissues [3, 4].

Underlying the enamel tissue is the dentine root, a bone-like tissue that consists of a
spongy bone-like tissue, which consists of the root, and is covered by cementumwhich is
present only on the tooth surface. The crown delimited by the enamel and the root
delimited by the cement join in a junction called cementoenamel junction (CEJ), which
is also called the cervical line. The cementum is specially adapted to anchor and support
the tooth in the bony socket and covers the dentine root. Both enamel and cement are
covering the dentine, and three variations in their link may exist: the cervical enamel is
covered by cementum (65%), contact line between enamel and cementum (25%), or
enamel and cement do not touch, and in this situation, dentin is exposed (10%) [3, 6].

Dentin is the largest tissue of a tooth, gives the basic shape of the crown and root,
and forms the walls of the pulp cavity in the crown and root area. The color is light
yellow in deciduous teeth and yellow in permanent teeth, less hard than enamel, and
harder than the cementum. In contrast to the enamel, dentine is highly elastic, can
support the non-resilient enamel, and is highly permeable. In its chemical composi-
tion, dentine has 70% inorganic matter, 17% organic matter (collagen, proteins, and
citric acid), and 13% water. Dentine is structured into dentinal tubules that are ending
beneath the enamel and contain the Tome’s fibers also called processes of odontoblasts
cells present in the dental pulp. For this reason, dentine is a living and sensitive hard
tissue of the tooth. Dentine tubes have an “S” curved shape and start perpendicular to
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the pulp chamber surface but are straight under the cusps and in the root area. The
dentine encloses the dental pulp, the soft tissue formed by blood vessels, nerves, and
specialized tissue, all responsible for the tooth’s vitality [3, 6].

Dental pulp is contained within the pulp chamber of the crown, close to the cervical
line and in the cervical third part of the crown, and is followed by the pulp canal along
the root. The pulp chamber and root canal form together the pulp cavity. Pulp has the
main role in forming the dentine, has a sensory function through which the tooth is
felt, and also has a nutrient function by supplying nutrition to the dentine through the
blood vessels and odontoblastic processes with an important role in maintaining the
tooth’s vitality. The last function is the defensive one, through which the pulp is
producing secondary dentine to maintain the vitality of the tooth in case of damaging
factors such as cavities, occlusal overloading, and aging. In young teeth, the pulp
chamber is bigger and follows the shape of the crown through the extension of pulp
chamber into the cusps. These extensions are called pulp horns. By aging, the pulp
chamber is reducing its size because of secondary dentine deposition. The root canal
and apical foramen are wide in case of young teeth and become narrow by aging. Root
canals can be straight or curved, single or not, with accessory lateral canals usually in
the apical foramen or at the floor of the pulp chamber. Apical foramen or root apex is a
small foramen through which the blood vessels and nerves enter the pulp chamber and
may be located on the lateral side of the apex. A tooth can have more than one
foramina. Through apical foramen, there is a communication with periodontal space.
Endodontic and periodontal pathology are interconnected and influenced one by
another through apical foramen or accessory foramens and root canals [7].

The three hard tissues of the tooth, enamel, dentine, and cementum, and the soft
tissue represented by dental pulp have to be considered in relation with the oral-facial
structures, oral cavity, and all surrounded soft tissues and anatomical structures.

2.2 Surfaces, ridges, and landmarks in dental morphology

The crowns of anterior teeth have four axial surfaces and one incisal ridge. The
premolars and molars have five surfaces, four axial, and one occlusal. The name of the
surface is given after the anatomical position and relation to the adjacent anatomical
structures. For upper and lower incisors and canines, the surfaces toward the lips are
called labial surface. The surfaces that face the median line of the face or toward
adjoining teeth are called mesial and opposite or the ones distant from the median
line are called distal surfaces. Mesial and distal surfaces are also called proximal
surfaces [1, 3].

The surfaces facing the tongue are called lingual. In case of premolars and molars,
the name of the surfaces is maintained with one exception, the surfaces facing the
cheeks are called buccal surfaces. Buccal and labial surfaces, when spoken collectively,
are called facial surfaces. The surfaces of premolars and molars, which establish
contact or occlusion with the ones positioned on the opposite jaw, are called occlusal
surfaces and incisal ridge with respect to incisors and canines (Figure 1) [1, 3].

Beyond surfaces, teeth have other landmarks divided into positive and negative
landmarks. The positive landmarks are cusps, tubercle, cingulum, marginal ridge,
triangular ridges, transversal ridges, oblique ridges, and lobes. The negative
landmarks are fossa, sulculus, pits, and developmental grooves [1, 3].

Cusps are elevations specific to premolar’s and molar’s crowns and divide the
occlusal surfaces. Every cusps has a pyramidal shape with a quadrangular base with
the exception of the mesial-lingual cusp of the upper first molar. Tubercles are small
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elevations, similar in shape to the cusps but are actually an extra formation of enamel.
Cingulum is the lingual lobe of anterior teeth and gives a bulk aspect in the cervical
third of the lingual surface. Ridges are any linear elevation on the surface of the tooth
and receive the name after the position on the surface.Marginal ridges are the rounded
borders of the enamel that form and limit the margins of the occlusal surface. Each
premolar and molar has a mesial and distal ridge on the occlusal surface. The trans-
versal ridges start from the tips of the cusps of laterals toward the center of the occlusal
surfaces and are named after the cusps to which they belong, like triangular ridge of
the mesial-buccal cusp of the first mandibular molar. The union of two triangular
ridges crossing on transversal direction forms the transversal ridges. The oblique ridge is
specific to maxillary molars and is formed by the union of the triangular ridges of the
distal-buccal and mesial-buccal cusps. Lobes are the primary structures in the devel-
opment of the crown and cusps and mamelons are representations of lobes. Mamelons
are any rounded protuberances present on the incisal ridges of recently emerged
teeth, and by aging, their contour will become less evident [1, 3].

Fossae are irregular depressions or concavities present on the occlusal surfaces
of the premolars and molars and on the lingual surfaces of the incisors. The central
fossae, present on the occlusal surfaces, are formed by the convergences of ridges
with the grooves. The triangular fossae are present on the occlusal surface of
lateral teeth, mesial or distal to the marginal ridge, and also on the lingual surface
of the maxillary incisors where the lingual fossae and marginal ridge meet the
cingulum. Pits are point depressions found at the junction of developmental
grooves [1, 3].

For an accurate description and positioning of the landmarks, the crown and roots
are divided after the third rule, which means that each surface of the crown is divided
into three equal parts in mesiodistal direction and in the cervical-incisal/occlusal
direction. Following this rule, the buccal surface of the central upper incisor has three-
thirds on cervical-incisal distal direction, which are third incisal, third middle, and
third cervical. The buccal surface of the central upper incisor has three-thirds in
mesiodistal direction, which are third mesial, third middle, and third distal. By fol-
lowing this rule, a landmark can be placed more precisely, for example, the mesio-
incisal angle of the maxillary central incisor is placed in the third incisal (in cervical-
incisal direction) and in the third mesial part in mesiodistal direction. The same rule is
valid for the root [8].

Figure 1.
Upper central incisor. A—Buccal or facial surface, B—mesial surface-proximal view, C—lingual surface from
proximal view, D—facial surface from mesial view, E-cervical line—mesial view, and F—Incisal view—incisal
ridge.
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3. Dental anatomy of the anterior teeth

3.1 Common features of permanent incisors and canines teeth

The incisors are the cutting blades of human dentition and together with the canines
form the group of anterior teeth with great impact on esthetic, eating, speech and facial
expression, and harmony. Both deciduous and permanent dentitions have four incisors
on each jaw, two central incisors, and two lateral incisors, all single root teeth. The
central incisors are the closest to the midline, whereas the lateral is more distal to the
midline of the jaw. The mandibular central incisors emerge around 7 years of age,
followed by the maxillary central incisors, maxillary lateral and the last ones, mandibu-
lar lateral incisors around 8 years of age. Mandibular incisors have the smallest and
shortest root and the weakest resistance due to their reduced size. The relation between
upper and lower incisor is forming the overjet and overbite with great impact on
esthetic and normal relation between the upper and lower jaw. The evaluation of
overbite and overjet is done early and gives important information about the growth
pattern of the jaws, the length of the dental arches, and optimal space for permanent
teeth. The overbite is the overlap of the maxillary central incisors over the mandibular
central incisors measured relative to the incisal ridges. Normal overbite is approxi-
mately 1/3–1/2 (30 and 50%) of the height of the mandibular incisors. Overjet is defined
as the extent of horizontal overlap, anterior-posterior direction, of the maxillary central
incisors over the mandibular central incisors. The normal value of the overjet should be
maximum 2 mm. The relations between the upper and lower incisors indicated a
physiologic occlusion and development of the jaws or a malocclusion [9, 10].

Canines are the third teeth in line, from the median line of the dental arch and are
refer as cornerstones of the dental arch. Canine’s roots are the longest among all the
teeth and the crowns are usually as long as the crowns of central incisors. Canines are
single root teeth and their “V” crown shape and position are important for the guid-
ance of the lower jaw into the intercuspal position. These teeth have a great value for
an efficient function, stability, and natural facial expression. Lower permanent
canines emerge around 9–10 years of age and the upper permanent canines emerge at
11–12 years of age, being through the last permanent teeth that emerge between
incisors and premolars. Because of their timing emerge, placement between incisors
and premolars and molars, which already emerged, canine’s space can be restricted
and for this reason are predisposed for malposition, crowding and malocclusion. Being
located between incisors and premolars, canines support these teeth due to their
shape, size, and position on the dental arch. A quality that has to be overlooked
is the canine eminence that along with the bone ridge over the labial roots has an
esthetic value by contouring the normal facial expression at the corner of the lips.
Canines value is manifested through stability, efficiency, and natural facial
expression [4].

3.2 Maxillary and mandibular incisors

3.2.1 Maxillary incisors

Maxillary central incisors (1.1, 2.1) are single cone shape root teeth, next to the
median line. In smile and speech, the central incisors are the most exposed teeth with
a great impact on esthetics. Maxillary central incisors (1.1, 2.1) have four axial sur-
faces: labial, lingual, mesial and distal, and one incisal ridge.
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The labial face is the widest, mesial-distally, and convex in the cervical incisal
direction. It is less convex than the lateral incisal and canine and has a rectangular
shape. The labial surface looks symmetrical and regularly formed for both centrals and
is having a straight incisal edge. The height of the crown is 10–11 mm and mesial-
distal measurement is 8–9 mm at the contact area. The mesial-distal diameter in the
cervical area is 6.5–8 mm. The maximum convexities from the mesial and distal
surfaces are consisting the contact area with its neighbors. The mesial outline is less
convex than the distal one, and these two surfaces by continuing with the incisal ridge
are forming two angles: mesial-incisal, more sharp than the distal-incisal. The incisal
outline is usually regular and straight in a mesial-distal direction, but after a long
function, it tends to become ascendant distally. The labial face has three lobes named
mamelons, divided by two cervical-incisal groves. Due to function, the mamelons
tend to become less evident. The cervical outline of the crown has a semicircular
direction and is concave toward the incisal ridge (Figure 2). From proximal view, the
facial surface is convex and the lingual surface is convex in the third cervical and
concave in the third incisal area [11].

The lingual outline of the cervical line is placed below a smooth convexity called
cingulum and has a similar shape with the labial cervical line. Cingulum is placed in
the third cervical part of the lingual surface. Mesial and distal from the cingulum are
the mesial and distal marginal ridges, which continue the incisal ridge. Below the
cingulum is present a shallow concavity called lingual fossa, which is bordered mesi-
ally by the mesial marginal ridge, incisally by the lingual area of the incisal ridge,
distally by the distal marginal ridge, and cervically by the cingulum. From the cingu-
lum starts developmental grooves into the lingual fossa.

The mesial and distal surfaces have a triangular shape with the base in the cervical
and the apex oriented toward the incisal ridge. The maximum convexities of both
mesial and distal surfaces are joining with neighbor teeth into the contact area that is
positioned into the third incisal and third labial of the proximal surface.

Viewed from incisal, the incisal ridge is positioned in the middle of the maximum
labial-lingual diameter of the central incisor and in the same time, centered over the
root (Figure 3).

The maxillary central incisor may show a wide range of particularities with regard
to labial outline, labial profile curvature, labial lobe grooves, mamelons, and cingulum
and are classified into three basic shapes: tapering when mesial and distal borders
converge toward cervical line, square when mesial and distal borders are almost

Figure 2.
A. Facial surface—the three mamelons divided by developmental grooves; B. Outline of distal ridge; C. Cervical
line on labial surface; D. Outline of mesial ridge; E. Mesial surface with the view of labial surface; F. Distal surface
—aspect of cervical line and outline of labial surface; G. Distal surface—aspect of cervical line and outline of
lingual surface; and H. Lingual surface—view of cingulum, marginal ridges, and developmental grooves.
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parallel, and an ovoid shape when mesial and distal borders converge incisal and
cervical [1, 3, 11].

Maxillary lateral incisor (1.2, 2.2) varies more than any tooth and is smaller in all
dimensions except the root length that has a significant distal curvature of the apex
(Figure 4). The root has one root canal, with the pulp chamber centered within the
root. On cross-section, the root shows a large variation in shape and may be triangular,
oval, or round. The crown measures from 2 to 3 mm shorter than the central incisor.
The labial aspect is similar with the central incisor but has more accentuated curva-
ture, rounded incisal ridge, and rounded incisal angles. The mesial outline of the labial
face resembles with the central incisor but with a rounded mesial-incisal angle. The
distal outline is always more rounded and shorter than the mesial one. On labial
surface, the cingulum is prominent with deep developmental grooves within a more
concave lingual fossa. The mesial surface is similar with the central incisors one, the
distal surface appears thicker than the mesial one, and the cervical line is usually more
cervically than it is on the mesial surface. The incisal aspect can be similar with the
central incisor, but it also may resemble with a small canine [1].

3.2.2 Mandibular incisors

Mandibular central incisors (3.1, 4.1) are single-root anterior teeth, the smallest
ones with regular and symmetric surfaces and outlines. The crown is about half of the
mesial-distal diameter of the maxillary central incisor and the labial-lingual diameter
is only 1 mm less. Because of its size, the mandibular central incisor is the only tooth
that has occlusal contact with only one tooth, the upper central incisor. Except

Figure 3.
A—Distal marginal ridge, B—Mesial marginal ridge, C—Cingulum, D—Incisal ridge from incisal view.

Figure 4.
Upper lateral incisor. A—Labial surface, B—lingual surface, C—mesial surface, and D—Lingual-distal surface.
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mandibular central incisor, if present, the maxillary third molars have occlusal contact
only with the third mandibular molars. The permanent central incisors emerge at
6–7 years of age, after the permanent molars.

The labial surface is straight and its long axis is continued by the root, is wider in
mesial-distally then the lingual surface, and is wider in the cervical third because of
the presence of a smooth cingulum. From incisal view, more labial surface can be seen.
The mesial and distal outline are parallel and slightly tapered toward cervical line. The
labial surface is regular, convex, and flattened with a convexity in the middle third.
The mesial-incisal angle formed by the incisal margin and mesial outline is straight
with right angles and is characteristic of lateral lower incisor.

The lingual aspect is smooth with a concavity in the incisal third placed between
the marginal ridges. In some cases, the marginal ridges are more prominent near the
incisal edge and the concavity becomes more contoured. The lingual surface is flat in
the incisal third and convex in cervical third. The cingulum is not marked by any
developmental grooves.

The mesial surface is smooth in the incisal third, flatter in the middle third, and flat
in the cervical third receiving a slightly convex line. Immediately below the middle
third a concavity is present.

The distal surface is similar with the mesial one and has a developmental depres-
sion on the distal surface of the root with a deeper and defined groove. The cervical
line is placed incisal with about 1 mm on the mesial surface.

Usually, the lower lateral incisor does not exhibit too many variations, however,
labial surface may have a degree of labial inclination and over contoured mamelons
separated by well-defined grooves (Figure 5). The pulp cavity and root canal are
narrow but can also be very large in size. Usually, the tooth has one root canal narrow
in mesial-distal section but wider on labial-lingual cross-section. This tooth may have
the second root canal [1, 3, 11].

3.3 Maxillary and mandibular canines

The crown of upper canines is usually as long as the crowns of central incisors, but
the single strong developed root is the longest than those of any teeth. Canine crowns
have a single pointed cusp narrower more lingual than labial. The labial surface has a
smaller mesial-distal diameter in comparison with central incisors with about 1 mm.

Figure 5.
Labial view of upper and lower central incisors in mixed dentition—the mamelons and developmental grooves are
well defined.
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The cervical line is concave toward incisal on facial and lingual surface and convex
toward incisal on mesial and distal surface as it is for any tooth. The mesial outline is
convex from the cervical line and forms the mesial contact area, which is approxi-
mately at the middle third to the incisal third junction. The distal outline is usually
concave between the cervical line and distal contact area that is found in the center of
the middle third of the distal surface.

The cusp tip is on the same line with the center of the root. The cusp has two
slopes, the mesial one being shorter than the distal one. The labial surface of the cusp
is smooth with ought any developmental lines, except the shallow depressions that
divide the three lobes. The middle labial lobe is the most developed one and forms a
ridge on the labial surface. The connection of the outline of the mesial slope of incisal
ridge with the outline of the mesial surface forms a rounded angle positioned more
incisal than the distal angle. The same link is present for the distal slope outline with
the outline of the distal surface but in this case, the angle is more rounded and placed
more cervically.

The lingual surface of the crown is narrower than the labial one and has a large
cingulum which can look like a small cusp. In this morphology type, the ridges and
developmental grooves of the lingual surface are well-defined. The marginal ridges are
converging, and link with the cingulum and occasionally a well-defined lingual ridge
is confluent with the cusp tip and extends near the cingulum. Between this lingual
ridge and the marginal ones are evident shallow concavities called mesial and distal
lingual fossae. In other cases, the lingual surface is smooth and the fossae and ridges
are difficult to distinguish (Figure 6).

The lingual surface of the root is narrower than the labial one and the mesial and
distal developmental depressions are evident on the root surface (Figure 6) [1, 3, 11].

The corwns of mandibular lower canines (3.3, 4.3) are narrower mesial-distal, less
than 1 mm when compared with the maxillary ones but are longer with about 0.5–
1 mm. The root is usually of same size or shorter and about 1 mm wider than lateral
lower incisors. The labial surface has a pentagon shape, and the lingual surface is
smoother with a less defined cingulum and marginal ridges being similar with the
lingual surface of the lower lateral incisor. The cusp is less structured, and the cusp
ridge is thinner labio-lingually in comparison with the upper canine. The cusp tip is
usually on a line with the center of the root from mesial to distal, but it can also lie
lingualy toward this line, same as mandibular incisors. Lower canines can have bifur-
cated roots, and this situation is not rare.

Figure 6.
A—“V” shape labial surface, labial ridge, mesio-incisal, and distal-incisal angles, B—incisal view of the cusp,
labial, and lingual surface, C—lingual surface, cingulum, marginal ridges, developmental grooves, and fossae,
and D—mesial surface with the high position of the cervical line.

14

Human Teeth – From Function to Esthetics



The differences between the labial surfaces of maxillary and mandibular canines
refer to a longer appearance of the lower one because of the narrower mesial-distal
diameter. The height of the contact areas is placed above the cervix. The mesial outline
is almost straight if the mandibular canine and contact area are positioned near the
mesio-incisal angle, and the distal contact area is also placed toward incisal. The distal
surface is very similar with the distal surface of the upper canine [1, 11].

4. Dental anatomy of lateral teeth

4.1 Common features of permanent premolars and molars

Premolars, referred as posterior or lateral teeth, are succedaneous teeth present only
in permanent dentition and replace the deciduous molars. There are four premolars on
each jaw and two on each quadrant. Premolars emerge between 10 and 12 years of age,
before the permanent canines and second molars. First maxillary and mandibular pre-
molars emerge earlier than second maxillary and mandibular premolars. These teeth are
referred as bicuspids and are taking their place on the dental arch between canines and
molars having a transitional morphology between the canines and molars.

Both maxillary premolars (1.4, 1.5, 2.4, 2.5) are developed from four lobes same as
anterior teeth, but, comparing with the anterior, the lingual cusp is well-defined. The
buccal cusps of first maxillary premolars are long and sharp similar with the canine’s
cusp. The second premolar has a shorter crown and root, the root being equal in height
with the molar’s roots though the crowns are slightly longer. Usually, the first maxil-
lary premolar has two roots—one buccal and one lingual, and the second maxillary
premolar has one root.

Permanent mandibular premolars (3.4, 3.5, 4.4., 4.5) have the same position on the
dental arch as the maxillary ones, replace the mandibular deciduous molars, and are
developed from four lobes, same as maxillary ones.

The first mandibular premolar has two cusps, the buccal one is larger and longer
and the lingual one is much smaller, similar with the cingulum, and is nonfunctional,
the morphology of this tooth being very similar with the mandibular canine’s. Second
premolars have three cusps, one buccal, and two small lingual cusps being more
similar with a molar. The first mandibular premolar is smaller than the second one,
but the first maxillary one is bigger than the second one.

Molar’s most important function is mastication, though the crowns and roots are
considerable in size, except the crown’s height which is shorter than premolars. The two
roots of mandibular molars and the three roots of maxillarymolars are longer and curved.

Maxillary molars (1.6, 1.7, 1.8, 2.6, 2.7, 2.8) have three roots, two buccal and one
lingual, one massive crown with well-developed two buccal cusps, and two lingual
cusps. The first permanent maxillary molar emerges at 6 years old and soon after
emerges the mandibular first molars. Both emerge distally by the second deciduous
molars and do not replace any deciduous tooth. The first molar’s occlusal relation is
important for anticipating malocclusions.

Mandibular molars (3.6, 3.7, 3.8, 4.6, 4.7, 4.8) are the largest teeth, showing
variations related to cusps number, from 3 to 5, size, occlusal surface, length of the
crowns, and root. The outlines of the crowns are similar, quadrilateral, for all three
molars, and each has two roots, a mesial, and a distal one. Third molars show a fusion
of the two roots. The crowns are shorter cervical-occlusal, but the mesiodistal and
buccal-oral diameters are much larger than those of the mandibular anterior teeth.
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The roots are bifurcated, not so long but more bulky and thick, and assure a great
anchorage and stability of the tooth in alveolar socket [1, 3, 11].

4.2 Maxillary and mandibular premolars

The first maxillary premolar (1.4, 2.4) emerges first after the canine at age of 10.
Premolar’s crowns have four axial surfaces (mesial, distal, buccal and lingual) and one
occlusal surface. The two cusps, buccal and lingual, form the occlusal surface. Both are
well shaped and defined. The buccal cusp is usually longer than the lingual one. The
long axis of the crown is continuing the long axis of the root.

The buccal and the mesial aspect of this tooth is trapezoidal, and the crown shows a
little curvature at the cervical line from a buccal point of view. Lingually, its gross
outline is the reverse of the buccal gross outline.

When it comes to the distal aspect, the crown of the first maxillary premolar
differs from the mesial aspect. The crown surface is convex at all points except for a
small flat area, the curvature of the cervical line which is less on the distal than on the
mesial surface, usually there is no groove crossing the distal marginal ridge of the
crown, and the root is flattened on the distal surface above the cervical line.

The occlusal aspect of this tooth resembles a six-sided or hexagonal figure, which
are called mesiobuccal, mesial, mesiolingual, distal, distolingual, and distobuccal. The
two buccal sides are approximately equal, but the mesial side is shorter and the
mesiolingual side is also shorter than the distolingual one. The occlusal surface is
limited by the cusp and marginal ridges, which are in the same line with each other.
The two ridges of the buccal cusp, the mesiobuccal, and distobuccal are in line, but
their alignment is on distobuccal direction and for this reason the distobuccal cusp
ridge is buccaly placed toward mesiobuccal cusp ridge. The two cusps are dived by the
central groove placed in the center of the occlusal surface (Figure 7). Usually, the
surface of the tooth has no supplemental grooves, which makes the surface relatively
smooth but has two pits, a mesial and a distal.

In most cases, it has two roots and two pulp canals or even two buccal roots, similar
with molars. In the less cases in which it only has one root, there are still two canals
found. However, the first maxillary premolar root(s) may be irregularly curved or
distally inclined in the apical third [1, 3, 11].

The maxillary second premolar (1.5, 2.5) is supplementing the first one in function.
It is less angular, which gives a more rounded effect to the crown. Just like the first

Figure 7.
Maxilary first premolar; A—Buccal surface—“V” shape buccal cusp, buccal ridge, and inclination toward the
root, B—Medial surface—buccal cusp is higher than the lingual one, C—Lingual surface—lingual cusp is smaller
than the buccal one, D—Occlusal surface—hexagonal shape, slopes of the cusps, marginal ridges, central groove,
and mesial and distal pits.
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one, it has two cusps, of the same height, but are less sharp. The buccal cusp is not as
long as one of the first maxillary premolars.

From a buccal point of view, in many cases, the crown and the root of this tooth
are thicker at their cervical area. Also, the buccal ridge of the crown may not be so
prominent in comparison with the first maxillary premolar.

Lingual, the crown of this tooth has a trapezoidal form, and because the buccal and
lingual cusps are almost the same length, the shape of it is generally symmetrical.

From mesial view, the buccal and lingual cusps are nearly equal as height, but the
buccal one is slightly more prominent than the lingual one. The mesial marginal ridge
is not crossed by a groove. Also, this surface of the crown is not marked by concavity,
but it is evenly convex from the cervical line to the marginal ridge. Distally, the aspect
of the second maxillary premolar is similar to the first one.

The occlusal aspect of this tooth is differentiated in many ways from the first
maxillary premolar. The shape is ovoid instead of hexagonal, and the mesial and distal
borders show little to any lingual convergence. This trait along with the equality of the
cusps determines a rectangular shape of the tooth. The central groove is placed more
lingual and as a result, the buccal cusp appears to be larger.

Most maxillary second premolars only have one canal and one root. In some excep-
tions, we can find two roots with two canals or one root with two canals [1, 3, 11].

4.2.1 The mandibular first premolar

The mandibular first premolar is the first tooth from the mandibular lateral group.
It is situated between the canine and the second mandibular premolar, and it has
characteristics from both.

The particularities that resemble those of the canine: the buccal cusp is long and
sharp, and it is the only occluding cusp; the buccolingual distance is approximately
equal with the canine one; the occlusal surface slopes sharply lingually, in cervical
direction; the mesiobuccal cusp ridge is shorter than the distobuccal one; and the
outline of the occlusal aspect resembles the outline of the incisal aspect of the canine.

The particularities that resemble those of the second mandibular premolar: except
for the longer cusp, the outline of the crown and root resembles the second premolar;
the contact areas, mesially and distally are similar; and the tooth has more than one
cusp.

Buccal, the crown, is roughly trapezoidal. The cervical margin is represented by
the shortest of the uneven sides. The middle buccal lobe is well-developed, creating a
large, pointed buccal cusp. The distal cusp ridge is longer than the mesial one.

From a lingual point of view, the crown tapers toward the lingual, since the lingual
measurement mesiodistally is less than that buccally. The lingual cusp is always small.
A major part of the crown is made up of the middle buccal lobe. This makes it
resemble the canine.

From the mesial aspect, the crown is roughly rhomboidal. This tooth shows an
outline that is fundamental and characteristic to all posterior teeth when viewed from
the mesial or distal aspect. The convexity of the outline of the lingual lobe is lingual to
the outline of the root.

The distal aspect of the mandibular first premolar is different from the
mesial one in some respects. The shape is spheroidal, and it has an unbroken curved
surface.

Occlusal, we can observe considerable variation in the gross outline of the tooth.
Both mandibular premolars exhibit more variations in form occlusally than the
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maxillary premolars. The common characteristics of all mandibular first premolars,
regardless of type, from occlusal point of view are: the buccal lobe in the middle
makes up the major bulk of the tooth crown; the buccal ridge is prominent; and the
mesiobuccal and distobuccal line angles are prominent even though they are rounded.

In most cases, it has one root and one canal, and in very rare cases, two roots and
two canals. The mesial and distal surfaces of the roots are wider than the buccal an
lingual, so the root canal will follow the same pattern [1, 3, 11].

4.2.2 The mandibular second premolar

The mandibular second premolar is resembling the first premolar from the buccal
aspect only. Although the buccal cusp is not so pronounced, the mesiodistal propor-
tion of the crown and its general outline are similar. There are two common forms of
this tooth: the first form, which probably occurs more often, is the three-cusp type,
and the second is two-cusp type. The two types differ mainly from the occlusal point
of view.

From the buccal aspect, the mandibular second premolar (Figure 8) presents a
shorter buccal cusp than the first one, with mesiobuccal and distobuccal cusp ridges
describing angulation of less degree. The contact area seems higher because of the
short buccal cusp.

Lingual, this tooth’s crown shows considerable variations from the crown portion of
the first premolar: lingual lobes are developed to a greater degree; less of this occlusal
surface is visible. In the three-cusp type, the lingual development creates the greatest
variation between the two teeth. In the two-cusp type, the lingual cusp development
attains equal height as the three cusp. This surface of the crown is smooth and spheroi-
dal, showing a bulbous from above the constricted cervical portion.

Mesial, the second premolar differs from the first one as follows: the crown and
root are wider buccolingually; the buccal cusp is not centered over the root trunk; the
lingual lobe development is greater; the marginal ridge is at right angles at the long
axis of the tooth; less of the occlusal surface is visible; no mesiolingual developmental
groove on the crown; the root is longer and generally slightly convex on the mesial
surface; and the aspect of the root is usually blunter on the second premolar.

The distal aspect of this tooth is similar to the mesial aspect, except that more of
the occlusal surface may be visible. This is possible because the distal marginal ridge is
at a lower level than the mesial marginal ridge when we look at the tooth vertically.

From the occlusal point of view, the outline form of each type shows variations.
The square or three-cusp type is square lingual to the buccal cusp ridges when

Figure 8.
Mandibular second premolar; A buccal surface and root, B lingual surface, and C occlusal surface.
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developed. The three cusps are unequal: the buccal is the largest, the mesiolingual is
next, and the distolingual is the smallest. The round or two-cusp type viewed from
this point is much different than the three-cusp one: the outline of the crown is
rounded lingual to buccal cusp ridges; there is some lingual convergence of mesial and
distal sides, no more than in the square type; the mesiolingual and distolingual line
angles are rounded; and there is one well-developed lingual cusp directly opposite the
buccal one in a lingual direction.

For the majority of the population, the mandibular second premolar has a single
root and a single root canal, but rarely it can also have two roots and two root canals
[1, 3, 11].

4.3 Maxillary and mandibular molars

4.3.1 The maxillary first molar

The maxillary first molars (1.6, 2.6) are the largest and strongest teeth on the
maxillary arch (Figure 9). It has four well-formed large cusps, and a small low
functioning one called the Carabelli tubercle is placed on the mesio-lingual cusp. The
main cusps are the mesiobuccal, distobuccal, mesiolingual, and distolingual, while the
fifth, Carabelli tubercle, can take the form of a well-developed cusp, or it can down-
grade to a series of depressions, grooves, and pits on the mesial portion of the lingual
surface.

From a buccal aspect, the crown is roughly trapezoidal. It has cervical, and occlusal
outlines representing the uneven sides, the cervical one being the shorter one. The
buccal developmental groove dividing the buccal cusps is more or less equidistant
between the mesiobuccal and distolingual line angles.

Lingually, the gross outline of the maxillary first premolar is the reverse of the
buccal aspect. From this point, we can see the Carabelli tubercle situated on the
mesiolingual cusp.

From a mesial point of view, we can observe the increased buccolingual dimen-
sions and the cervical curvature of the crown outlines at the cervical third buccally
and lingually. The cervical line is irregular, and it curves occlusaly. Distally, the gross
outline of the first maxillary molar is the reverse of the mesial aspect.

The occlusal aspect of this tooth shows that its shape is roughly rhomboidal. An
outline following the four major cusp ridges and the marginal ridges is especially so.

Figure 9.
A Buccal surface and buccal roots, B distal surface, distal-buccal and lingual root, C lingual surface and root, and
D occlusal surface and oblique ridge.
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Because of the mesiodistal and buccal-lingual diameter, the crown is wider mesially
than distally and wider lingually than buccally. The largest cusp is the mesiolingual,
followed by the mesiobuccal, distolingual, distobuccal, and Carabelli tubercle.

The occlusal surface has four fossae, two major fossae, the mesial one is triangular
and the distal one is linear and two minors ones, a mesial and a distal one, both
triangular in shape. The marginal ones are outlined by the marginal ridges, and the
central ones are divided by the oblique ridge.

The oblique ridge is crossing the occlusal surface and makes the union of the
triangular ridges of the distobuccal and mesiolingual cusps. The oblique ridge is
reduced in size in the center of the occlusal surface and in some morphological
variations is crossed by a developmental groove and the two major fossae are
connected. The mesial and distal marginal ridges are irregular and confluent with the
mesial and distal cusp ridges of the major cusps. The central fossa is concave and
connected with developmental grooves and also short grooves, and central
developmental pit.

There are three well-developed roots, two buccal and one lingual. They are well
separated, which gives maximum anchorage against the forces that tend to unseat
them. The lingual root is the largest, the mesiobuccal one is a little shorter but broader,
and the distobuccal is the smallest. The percentage in which the first maxillary molars
development deviates from the normal is small [1, 3, 11].

4.3.2 The maxillary second molar

The maxillary second molar supplements the first one in function. Its roots are as
long or even longer than the first molar’s. The distobuccal cusp is not as large and well-
developed, and the distolingual cusp is smaller. The crown of this tooth is approxi-
mately 0.5 mm shorter cervico-occlusally than the one of the first molar, but
buccolingually the dimensions are about the same.

Buccaly, the crown is slightly shorter cervico-occlusally and narrower
mesiodistally than the maxillary first molar. The apex of the mesiobuccal root is on the
same imaginary line as the buccal groove of the crown.

Lingual, there are a few important differences between the second and first
molars. The distolingual cusp of the crown is smaller and there is no fifth cusp evident.
Also, the distobuccal cusp may be seen through the sulcus between the mesiolingual
and distolingual cusp.

From a mesial aspect, the buccolingual dimension is about the same as the one of
the first molar, but the crown height is smaller. The roots do not spread as far
buccolingually, staying within the confines of the buccolingual crown outline.

From a distal aspect, because the distobuccal cusp is smaller than the one of the
first molar, more of the mesiobuccal cusp is visible from this angle. The mesiolingual
cusp cannot be seen.

The occlusal aspect shows a rhomboidal shape in most cases, although in compar-
ison with the first maxillary molar, the acute angles of the rhomboid are smaller, and
the obtuse angles are greater. It is common to find supplemental or accidental grooves
and pits on the occlusal surface of the second molar than are usually found on the first
one and.

Most maxillary second molars have three roots and three canals. Although the
presence of two canals in the mesiobuccal root of the maxillary second molar is not
common, it may occur [1, 3, 11].
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4.3.3 The maxillary third molar

All the third molars, mandibular and maxillary, show more development varia-
tions than any other teeth in the mouth. In describing the normal third maxillary
molar, direct comparisons will be made with the second one, which he supplements in
function. Their design is also similar. The maxillary third molar, known as “wisdom
tooth,” often appears as a developmental anomaly. It can vary considerably in size,
contour, and relative position to the other teeth.

From a buccal aspect, the crown is shorter cervico-occlusally and narrower
mesiodistally than the one of the second molar.

From the lingual point of view, there is only one large cusp and, therefore, no lingual
groove. However, in some cases, the third molar with the same essential particularities
has a poorly developed distolingual cusp with a developmental groove lingually.

Mesial, aside from the differences in size, the main features are the fused roots that
have a bifurcation in the apical third. The root is considerably short in relation to the
crown length. The crown and root portions are usually poorly developed, with
irregular outlines.

From the distal point of view, most of the buccal surface of the crown is at sight.
More of the occlusal surface may be seen than at the second molar, because of the
more acute angulation of the occlusal surface in relation to the long axis of the root.
The distance between the cervical line and the marginal ridge is short.

Occlusal, the third molar presents a heart-shaped outline. On this tooth, there are
three functional cusps: two buccal and one lingual. It presents many accidental
grooves unless the tooth is very much worn.

The number of roots can vary from one to five and the number of incased root
canals from one to even six. However, in most cases, one- to three-rooted third molars
are most frequent [1, 3, 11].

4.3.4 The mandibular first molar

The mandibular first molar (Figure 10) is the biggest tooth on the mandibular
arch. They have five well-developed cusps: mesiobuccal, distobuccal, mesiolingual,
distolingual, and distal. Although the crown is relatively short cervico-occlusally, the
mesiodistal and buccolingual measurements provide a broad occlusal form.

Figure 10.
Mandibular first molar; A—Occlusal surface with the three buccal cusps and two lingual, B—Buccal surface and
three buccal cusps and the mesial and distal roots, and C—Lingual surface with two lingual cuspa and mesial and
distal roots.
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From a buccal point of view, the mandibular first molar’s shape is roughly trape-
zoidal, and the cervical and occlusal outlines represent the uneven side of the trape-
zoid. If posed vertically, all fives cusps are visible. This side also shows two groves: the
mesiobuccal developmental groove and the distobuccal developmental groove.

From the lingual aspect, there are three cusps visible: two lingual and the lingual
portion of the distal one. The lingual ones are pointed, so the cusp ridges are high
enough to hide the two buccal cusps’ view. The lingual developmental grove serves as
a line of demarcation between the lingual cusps. Some first molars show no groove on
this side but show a depression lingual to the cusp ridges.

From the mesial point of view, if held with its mesial surfaces at right angles to the
line of vision, two cusps and only one root are to be seen: the mesiobuccal and
mesiolingual cusps, and the mesial root. The buccolingual height of the crown is
greater at the mesial portion than it is at the distal portion. Also, the mesial root is
longer than the distal one.

Distal, the gross outline of the tooth is similar to the mesial view. From this point of
view, the distal cusp is in the foreground on the crown portion. The distal cusp is
placed a little buccal to center buccolingually, and the distal contact area appears on its
distal contour.

From the occlusal aspect, the mandibular first molar is somewhat hexagonal. The
crown measurement is 1 mm greater mesiodistally than buccolingually. The crown
converges lingually from the contact areas. The occlusal surface presents a major fossa
and two minor fossae. The development grooves on the occlusal surface are the
development groove, the mesiobuccal development groove, the distobuccal develop-
ment groove, and the lingual development groove.

This tooth usually has two roots: mesial and distal. The mesial root usually has a
more complicated root canal system because of the presence of two canals. The distal
root usually has one canal, but often there can be two also [1, 3, 11].

4.3.5 The mandibular second molar

The mandibular second molar has four well-developed cusps: two buccal and two
lingual, and it supplements the first molar in function. The anatomy differs in some
details. Normally, the second molar is smaller than the first molar by a fraction of a
millimeter, in all dimensions.

Buccal, comparing to the first molar, the crown is shorter cervico-occlusally and
narrower mesiodistally. The crown and root have a tendency toward greater overall
length, but they are not always longer. The only groove on this side is the buccal
developmental groove, which acts like a line of demarcation between the mesiobuccal
and distobuccal cusps.

From the lingual aspect, there are several differences between the second and first
mandibular molars. The crown and root of the second one converge lingually but to a
slight degree; the mesiodental calibration at the cervix lingually is always greater than
the one of the first molar; the mesial and distal curvatures that describe the contact
areas are more noticeable from the lingual aspect; they prove to be at a slightly lower
level than those of the first molar.

From the mesial aspect, except for the dimension differences between the second
and first mandibular molars, the differences are small: the cervical ridge buccally is
less pronounced; the cervical line shows less curvature; and the mesial root is some-
what pointed apically.
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From the distal aspect, the second molar is similar in shape to the first one, the only
difference being the absence of a distal cusp and a distobuccal groove.

Occlusal, the mandibular second molar differs considerably from the first one. The
small distal cusp of the first molar is not present at the second, and the distobuccal
lobe development is sometimes more pronounced than the messiobucal one. Many of
the second mandibular molars are rectangular from the occlusal point of view. Also,
many of them show considerable prominence cervically on the mesiobuccal lobe only.

Most of the second mandibular molars have two roots with three root canals, two
in the mesial root and one in the distal root. The proportions of the crown and roots
are very similar to the first molar. The roots of the second molar may be straighter
with less divergence from the furcation than in the first one and sometimes they are
shorter [1, 3, 11].

4.3.6 The mandibular third molar

The mandibular third molar varies considerably in different individuals and pre-
sents many form and position anomalies. It supplements the second molar in function,
but in general, it is showing irregular development of the crown portion, with under-
sized and malformed roots. However, its design conforms to the general plan of all
mandibular molars. In many cases, third molars have five or more cusps, with the
crown portions larger than the mandibular second molar. In these cases, the alignment
and occlusion may not be normal because there is insufficient room available.

From a buccal aspect, mandibular third molars vary considerably in shape and
outline. However, a well-developed third molar closely resembles the second molar.
The crown is wider at contact areas mesiodistally than at the cervix, the buccal cusps
are short and rounded, and the crest of contour, mesially and distally, is located a little
more than at half of the distance from the cervical line to the tip of the cusps.

Lingual, the observations of the third molars coincide with the buccal aspect.
When the tooth is well-developed, corresponds closely to the morphology of the
second molar, except for size and root development. Same as for the mesial and distal
points of view.

The occlusal aspect is in a big part similar to the second mandibular molar when
the development facilitates good alignment and occlusion. They tend toward a more
rounded outline and a smaller buccolingual measurement distally.

Most mandibular third molars have two roots and three canals. They are usually
shorter, with a poor development. The roots may be separated with a definite point of
bifurcation, or they may be fused in all parts of their way [1, 3, 11].

5. Conclusion

In conclusion, the present chapter summarizes the most essential terminology and
dental anatomy of permanent dentition, though the domain is much more extended.
Terminology is the basis for communication in the domain, and this aspect cannot be
minimized. Dental practitioners need an accurate communication about the dental
morphology with dental technicians and laboratories for performing highly esthetic
and functional prosthodontic restauration. The highest esthetic in prosthodontics and
odontotherapy is given by the finest details of dental morphology.

This chapter is presenting the nomenclature of permanent and deciduous teeth,
age of emerge, and replacement of the deciduous teeth which are essential for clinical

23

Dental Anatomy and Morphology of Permanent Teeth
DOI: http://dx.doi.org/10.5772/intechopen.110223



evaluation and interception of any possible malposition or malocclusion. Each tooth
has individualized morphology given by curves, lines, ridges, and angles all having a
functional aim and basis. For this reason, it is important to be accurately reproduced
in all dental practical domains. Dental morphology can vary for each individual
because of the invariable norm in nature. The shape, size, and angles of the teeth are
related to the sex and constitutional type and therefore it is necessary to have a
starting point in the study of dental anatomy.

Dental anatomy is a teach in the first year of study of any dental school, being the
basic for the study of dental medicine. Having strong knowledge about dental anat-
omy, future subjects such as endodontics, restorative dentistry, prosthodontics even
extraction, surgery, implantology, and periodontics find their basics in dental mor-
phology. Composite resins, high quality, and highly esthetic dental materials used in
odontotherapy cannot reach highly esthetic fillings if are not modeled and laired
according to the morphology of the teeth and the optical parameters of dentin and
enamel. The biggest challenge is found for the restauration of the anterior teeth.

Restorative dentistry is approaching and considering all the dental concepts and
details of dental morphology in elaborating the treatment plan. A successful clinician
or a successful dental technician should be able to mentally create the picture of the
teeth from any aspect. This mental picture should be correlated with the patience’s
appearance, to esthetics, and with natural appearance but in the same time to support
the function of the dental-maxillary system.
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Chapter 2

All We Need to Know about Normal 
and Abnormal Human Teeth
Milos Stepovic, Maja Vulovic, Ivona Bankovic, Miroslav Misic 
and Radisa Vojinovic

Abstract

Type of dentition, number of teeth in primary and permanent dentition, 
and appearance of the teeth in both dentitions have been extensively described 
in the literature. There are 20 teeth in primary dentition and 32 in permanent 
dentition. Teeth typically exhibit normal appearance, although small variations 
may appear. Abnormal teeth can be detected via careful clinical or radiographi-
cal observation. Variations in appearance, structure, and eruption of teeth can 
be influenced by factors such as genetics, trauma, certain drugs, and periapical 
lesions. These factors can alter teeth shape, number, size, and position. Teeth with 
anomalies can have a negative impact on a person’s appearance as well as functions 
such as eating and can even lead to psychological problems. They can be detected 
with different X-ray techniques, but cone beam computed tomography (CBCT) is 
the most precise.

Keywords: normal human teeth, abnormal human teeth, dental anomalies, tooth 
anatomy, cone beam computed tomography

1. Introduction

There is a specific period in which humans develop primary dentition and then 
permanent dentition. Primary dentition consists of four incisors, two canines, and 
four molars in each jaw, whereas permanent dentition includes all of this plus an 
additional group of teeth called premolars and one more set of molars. These groups 
of teeth have a well-established description and appearance and any deviation in 
these areas is classified as an abnormality. Dentists must have thorough knowledge 
of normal tooth anatomy, as they are usually the first provider one visits for clinical 
or radiographical examination of one’s teeth. Abnormal teeth often have an unusual 
appearance, structure, or position in the jaw, which can cause problems during 
growth as well as make dental therapy challenging. Genetic disorders and external 
risk factors contribute equally to the abnormal appearance of teeth and even to their 
absence.
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2. Types of dentition and periods of teeth eruption in humans

At birth, humans often do not have any teeth in their upper and lower jaws; this 
is considered normal and is a precursor to the development of what is hoped to be 
normal-looking teeth. However, sometimes teeth develop abnormally due to trauma 
or genetic anomalies. These teeth may have abnormal appearance or inadequate 
strength or function. These are called rudimental teeth. Periods of teeth eruption can 
be divided into primary (milk) dentition and secondary (permanent) dentition [1]. 
Periods during which humans have both primary and permanent teeth in their jaws is 
called mixed dentition. This usually occurs when the first permanent molar finds its 
place in the dental arch, usually at the age of six years [2].

The first teeth that erupt into the oral cavity are called primary teeth. There are 
20 primary teeth, 10 per jaw. In each arch of the mouth, there are two central inci-
sors, two lateral incisors, two canines, and four molars. These teeth will be exfoliated 
by permanent teeth eruption, so-called replacement teeth [3, 4]. Primary first and 
second incisors as well as the canines are replacements for their counterpart perma-
nent teeth, but the first and second primary molars are replacement teeth for first and 
second permanent premolars, whereas permanent molars do not have replacement 
teeth and they grow at the end of the primary teeth arch. The first teeth that will 
appear in the dental arch are mandibular incisors followed by maxillary incisors. By 
the end of the first year, all anterior teeth are usually visible. At the second year, all 
primary teeth, except for the second molars, are erupted. In the third year, all primary 
teeth are present and functional in both jaws [5, 6] (Table 1). Eruption of primary 
teeth is often called teething and it is followed by increased salivation and local 
gingival irritation at the site of teeth eruption, which can vary in intensity and usually 
ends when the tooth appears in the oral cavity [7].

Primary teeth have an important role in developing the jaw as well as jaw and 
facial muscles, which are important for speaking, chewing, biting, and so on; thus, 
primary teeth must be kept healthy until the time of their replacement. Prematurely 
lost primary teeth can cause the absence of space for permanent teeth, which can lead 

Maxillary tooth Eruption Date (average) Exfoliation Date (average)

Central Incisor 8–12 Months 6–7 Years

Lateral Incisor 9–13 Months 7–8 Years

Canine 16–22 Months 10–12 Years

1st Molar 13–19 Months 9–11 Years

2nd Molar 25–33 Months 10–12 Years

Mandibular tooth Eruption Date (average) Exfoliation Date (average)

Central Incisor 6–10 Months 6–7 Years

Lateral Incisor 10–16 Months 7–8 Years

Canine 17–23 Months 9–12 Years

1st Molar 14–18 Months 9–11 Years

2nd Molar 22–31 Months 10–12 Years

Table 1. 
Average time of eruption and exfoliation in primary dentition, both jaws.
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to malposition of the permanent teeth. Mispositioned teeth have greater chances of 
developing caries and may not be esthetically pleasing [8].

Permanent dentition begins at about six years of age with the growth of central 
incisors and first molars of the upper and lower jaws and ends at about 12 years of age 
with the growth of second molars. Third molars, which can vary in their appearance 
or even be absent, appear between 18 and 30 years of age; sometimes they never erupt 
due to missing embryonic tooth germ (Table 2). While growing, permanent teeth 
exfoliate primary teeth and grow in their place or behind them. The phase during 
which a person has both primary and permanent teeth is called mixed dentition. Once 
the second primary molar and primary canine are replaced with permanent teeth, 
dentition becomes fully permanent. At the end of development, there is a total of 32 
permanent teeth in both jaws [9]. The permanent and primary teeth can be affected 
by different anomalies, which can alter their appearance. Permanent teeth have 
greater risk of developing anomalies.

Tables 1 and 2 show the time of teeth eruption from both dentitions. Delayed 
eruption (6–8 months from the approximate average times) indicates a problem and 
may be a sign of tooth anomalies (number, shape, or position). More rarely, delayed 
eruption is associated with Down syndrome, hypothyroidism, hypopituitarism, 
achondroplasia, osteopetrosis, or chondroectodermal dysplasia as well as the possible 
development of cysts [10]. A significant variation affecting a single tooth or only a 
few teeth should be carefully investigated.

Tooth Eruption Date(Avg.)

Maxillary

Central Incisor 7–8 Years

Lateral Incisor 8–9 Years

Canine 11–12 Years

1st Premolar 10–11 Years

2nd Premolar 10–12 Years

1st Molar 6–7 Years

2nd Molar 11–13 Years

3rd Molar 17–21 Years

Mandibular

Central Incisor 7–8 Years

Lateral Incisor 8–9 Years

Canine 9–10 Years

1st Premolar 10–12 Years

2nd Premolar 11–12 Years

1st Molar 6–7 Years

2nd Molar 11–13 Years

3rd Molar 17–21 Years

Table 2. 
Average time of eruption in permanent dentition, both jaws.
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3. Anatomical structure of tooth

The anatomy of a tooth divides into the crown and the root. The crown of the 
tooth is visible in the oral cavity, and the roots of the tooth are located in the alveolus 
of the maxilla and mandible and attached to the periodontal ligament. The anatomic 
crown is covered by enamel, while the anatomic root is covered by cementum. A 
clinical crown is not necessarily the same length as the anatomical crown and clinical 
root, which may differ because of periodontal diseases or chirurgical procedures. The 
gingiva covers the border of the alveolar process that is adjacent to the teeth. The ana-
tomical boundary between the enamel-covered crown and cementum-covered root 
is the cementoenamel junction. The roots of the tooth vary depending on the type of 
tooth. The number of roots often is the same for the same group of teeth. The maxil-
lary molars typically have three roots: a palatal root, mesiobuccal root, and distobuc-
cal root. First premolars of the maxilla have two roots and the second premolars and 
all anterior teeth have typically one root. In the mandible, all anterior teeth and both 
premolars typically have one root, while molars have two roots: mesial and distal. 
The only exceptions are the third molars, which can have different numbers of roots. 
The longest root is considered to have maxillary canines. The periodontal ligament is 
composed of connective tissue fiber that connects the tooth to the alveolar bone. At 
the upper part of the root is the apical foramen where the neurovascular structures 
enter the tooth [11].

The blood supply of the teeth originates from the maxillary artery, which is the 
largest terminal branch of the external carotid artery. The specific arteries carrying 
blood to the teeth travel through the root canal and have the following names: anterior 
superior alveolar arteries, posterior superior alveolar arteries, and inferior alveolar 
arteries. The veins of the teeth follow the arteries, having similar names. The nerves 
supplying the teeth also accompany the arteries through the root canal and originate 
from the maxillary and mandibular branches of the trigeminal cranial nerve. Near the 
teeth, these major nerves branch into superior alveolar nerves and inferior alveolar 
nerves [12].

4. Surfaces of teeth and appearance of teeth in both dentitions

Permanent teeth are divided into two groups: anterior teeth and posterior teeth. 
Anterior teeth include the teeth toward the front of the mouth, including the central 
incisors, the lateral incisors, and the canines, while posterior teeth are the teeth 
toward the back of the mouth and include the premolars and molars [13].

Anterior teeth show four surfaces and one cutting ridge: vestibular surface, 
lingual surfaces in bottom teeth, palatinal surfaces in upper teeth, mesial surfaces in 
teeth closer to the middle line of the jaw, distal surfaces in teeth far from the middle 
line of the jaw (mesial and distal surfaces are also called proximal surfaces) and the 
incisal ridge.

Posterior teeth show five surfaces: vestibular surface, lingual surfaces in bottom 
teeth and palatinal surfaces in upper teeth, mesial surface in teeth closer to the 
middle line of the jaw, distal surfaces in teeth far from the middle line of the jaw, 
and the occlusal surface also called the masticator surface.

Special anatomical structures of teeth include the mound-ridge complex (cuspis, 
tuberculum, cingulum, crista, cumulus) and fissure complex (fissures, fossae, pits). 
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The area of the tooth that contacts the adjacent tooth is called the contact area. The 
number of cusps varies among anterior and posterior teeth. The incisors do not have 
cusps, canines have one cusp, premolars usually have two cusps (sometimes they can 
show molarization when they have an additional cusp), and molars have four cusps 
(with occasional appearance of a fifth cusp called the cusp of Carabelli). Cingulum is 
characteristic of anterior teeth of both jaws (incisors and canines) and it represents 
the portion of enamel forming a convex protuberance in the cervical third of the 
palatal and lingual surfaces of anatomic crowns. Cumulus is also characteristic of 
anterior teeth, mostly seen on early erupted permanent incisors, and they are located 
on the incisal surfaces in the form of three dents. The fissure complex is characteristic 
of posterior teeth. A tooth usually has one main central fissure that goes from the 
mesial to distal side of the occlusal surface of the tooth. It continues with additional 
fissures on each side going toward the proximal buccal and oral surfaces (mesiobucal 
and mesiooral, and distobuccal and distooral) and together they form the borders 
of the triangular fossae on the mesial and distal proximal side of occlusal surfaces. 
Central fossa is located on the middle of the central fissure. There is also a lateral 
fissure in the molar region that divides buccal and oral cusps on the mesial and distal 
cusps [14].

Tafti and Clark described the primary teeth in detail.

a. Teeth in Primary Dentition

1. Incisors - The maxillary incisors are essentially smaller morphological versions 
of permanent teeth incisors. The incisors are used for cutting food and have 
sharp edges. They consist of the central incisors and the lateral incisors. The 
central incisor is larger than the lateral incisor, and the maxillary central incisor 
is the largest of all the incisors. They also prominently figure into the esthetic 
of the oral region. Their labial surface is convex and their palatal surface is 
concave. Incisors of the mandible are smaller than the incisors of the maxillary 
teeth. The incisor crown is trapezoidal in the labial view and contains three 
tubercled incisal edges called cumulus.

2. Canines – The maxillary canines are also morphologically similar to permanent 
teeth canines. The canines have a trapezoidal crown with one labial cusp. The 
labial surface is convex and the palatal surface is concave. The canines serve to 
support the incisors. The canines have a characteristic pointed incisal edge and 
a large cone-shaped crown. Canines of the mandible have a trapezoidal crown 
with a single labial cusp.

3. Molars – The molars are the largest of the primary teeth and provide significant 
function in mastication. The crowns of the primary molars are more bulbous 
in morphology. The buccal, lingual, mesial, and distal surfaces of the maxillary 
and mandibular molars are all convex. The occlusal surface is rectangular in 
both jaws.

• First Molars – The maxillary first molars morphologically resemble both 
a molar and a premolar. The occlusal surface of a first molar consists of 
the mesiobuccal, distolingual, mesiolingual, and distobuccal cusps. The 
largest cusp is the mesiolingual cusp, which is also the sharpest cusp. 
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The distolingual cusp is small and rounded in morphology. The primary first 
molar has a less pronounced mesiobuccal cusp when compared to the perma-
nent first molar. The mandibular first molars have four cusps: two buccal and 
two lingual. These include the distobuccal, distolingual, mesiolingual, and 
mesiobuccal cusps. The occlusal surface is narrow secondary to mesiobuccal 
and mesiolingual cusp convergence. There are three pits.

• Second Molars – Primary maxillary second molars resemble the permanent 
maxillary first molar. Rhomboidal in shape, the maxillary second molar has 
four cusps, two on both the buccal and lingual aspects. A fifth cusp can be 
present and is called the cusp of Carabelli. Two well-defined cusps can be 
seen on the buccal view, and the lingual surface has three cusps: the mesio-
lingual, distolingual, and the cusp of Carabelli, much less than in permanent 
dentition. The buccal surface of the maxillary second molar is divided into 
the mesiobuccal, distobuccal, and distal cusps. The lingual cusps include the 
distolingual and the mesiolingual cusps [15].

b. Teeth in Permanent dentition

1. Incisors – The primary function of incisors is to cut food. They have a sharp 
incisal edge. When first erupted, the incisors have three cumulus, which often 
disappear when biting food. The cingulum is located on the oral surfaces and 
can have a pit formed in it where it meets the lingual surface of the tooth. 
Central incisors have sharper and more acute incisor angles than lateral inci-
sors. The maxillary central incisors are also unique in that they are larger than 
mandibular central incisors. Maxillary lateral incisors often vary the most in 
their shape. Sometimes maxillary lateral incisors can have a peg-like shape. The 
maxillary lateral incisors may also be congenitally missing. The mandibular 
central incisor is the smallest tooth of all the incisors.

2. Canines – The main function of canines is to tear food. They have a single, 
pointed cusp. They also serve to form the corners of the mouth. The canines 
have very prominent cingulum, but the maxillary cingulum is more prominent 
than the one on the mandibular canines and it rarely has pits.

3. Premolars (bicuspids) – These teeth are located behind and adjacent to the 
canines and are designed to crush and grind food. These teeth can have two–
three cusps (the mandibular second premolar typically has three). The buccal 
cusp is typically longer and wider than the lingual cusp. In the mandibular first 
premolar, the lingual cusp is very small and usually not functional. Often the 
first premolar is the tooth that is extracted in orthodontic procedures to make 
room for crowded teeth to move into place.

4. Molars – The most posterior teeth in the mouth are the molars. They have 
broader and flatter surfaces with four–five cusps and have the largest crowns of 
any other teeth. They are designed to grind food. They are named starting with 
those closest to the midline as first molars, second molars, and third molars. 
Third molars can vary in size and shape or even be absent. They are commonly 
referred to as wisdom teeth and often have fused roots. The mandibular molar 
is the first permanent tooth to erupt in the mouth [16].
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Indicated differences between primary and permanent teeth include:

1. Primary teeth are smaller in all dimensions than analogous permanent dentition 
teeth.

2. Crowns of primary teeth look shorter (lower) compared to permanent teeth.

3. Primary teeth always show a larger md width compared to the natural height 
of the crown (“chucky” appearance of the crown of all primary teeth).

4. The class of incisors and canine teeth is characterized by the presence of a cervical 
ridge. Members of the primary dentition molar class show an analogous structure, 
but only to the cervical third of the buccal surface (buco-cervical ridge).

5. The labial surface is completely smooth, without the presence of cumulus, 
lobes, and developmental depressions.

6. The root tree in the primary teeth is absent.

7. The root branches of the primary molar are longer and more graceful with a 
greater degree of angulation and divergence.

8. Primary teeth are milky or blue-white, unlike the crowns of permanent denti-
tion teeth, which are mainly yellow-gray or gray-white.

9. Enamel and dentin are thinner and less transparent.

10. The pulp chamber of primary teeth is voluminous.

5. Normal tooth structure

Nanci elucidated that tooth enamel, the protective outer layer of the dental 
crown, is the hardest and most mineralized tissue in the human body. Enamel is an 
avascular, hard material that protects the outer tooth and gives the tooth its whitish 
color. Enamel color is determined by enamel thickness. Enamel consists of more than 
95% apatite, a calcium phosphate mineral that can be found in all mineralized tis-
sues. Apatite crystals grow predominantly along their c axis and align parallel to one 
another, effectively forming an enamel rod; each rod is enveloped with organic mat-
ter, which makes up only 1–2% of enamel. The role of organic matter in providing a 
scaffold for enamel minerals to grow has long been recognized [17]. Enamel is formed 
by cells called ameloblasts, which are active only until the tooth is in developmental 
stage. Once the tooth appears in the oral cavity, those cells are no longer active and 
this is why the enamel is the only structure of the tooth that cannot form by itself [18].

Dentin is less mineralized than enamel but more than bone or cementum. Its 
characteristic feature is a regular pattern of microscopic dentinal tubules, 3 μm in 
diameter, which extend from the pulpal surface to the enamel–dentine junction. The 
tubules show lateral and terminal branching near the enamel–dentine junction and 
may project a short distance into the enamel [11]. The diameter of the dentine tubule 
is narrowed by deposition of peritubular dentine. This is different from normal 
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dentine (intertubular dentine) because it is more mineralized and lacks a collagenous 
matrix. Dentine is formed slowly throughout life and thus there is always an unmin-
eralized zone of predentine at the surface of the mineralized dentine, adjacent to the 
odontoblast layer at the periphery of the pulp [19].

Cementum covers the root surface and is an important tissue to maintain dental 
and periodontal attachment. It is light yellow in appearance, thinner near the tooth 
neck, and wider at the root apex. Cementum is excreted by cells called cementoblasts, 
which develop from undifferentiated mesenchymal cells in the connective tissue of 
the dental sac. Cementum is slightly softer than dentin and consists of about 45–50% 
inorganic mineral. Cementum is a mineralized connective tissue similar to bone 
except that it is avascular; the mineral is also apatite and the organic matrix is largely 
collagen. The two main types of cementum are cellular and acellular. The cementum 
attached to the root dentin and covering the cervical part of the root is acellular, 
or primary, cementum. The lower apical part of the root is covered by cellular, or 
secondary, cementum [20].

The dental pulp resides in a rigid chamber comprising dentine, enamel, and 
cementum, which provide strong mechanical support and protection from the 
microbial-rich oral environment. The mature pulp bears a strong resemblance to the 
embryonic connective tissue, with a layer of highly specialized cells, the odonto-
blasts, along its periphery. The physical confinement of the dental pulp, its high inci-
dence of sensory nerve innervation, and the rich microcirculatory components make 
the dental pulp a unique tissue [21]. A recent study on the bacterial invasion into 
dentinal tubules of human teeth with or without viable pulp has shown that teeth 
with pulps are much more resistant to bacterial invasion into the dentinal tubules 
than teeth with root canal fillings. Considering this, the pulp plays an important 
role in this defense process. In teeth with pulps, the dentinal tubules are occupied by 
dentinal fluid and odontoblastic processes, which may behave collectively as a posi-
tively charged hydrogel. The pulp’s specialized cells, the odontoblasts, and perhaps 
undifferentiated mesenchymal cells retain the ability to form dentine throughout 
life. This enables the healthy pulp to partially compensate for the loss of enamel 
or dentine caused by dental caries. Odontoblasts may also form sclerotic dentine, 
reactionary dentine, and reparative dentine in response to different stimulus, such as 
thermal stimulus (warm and cold), caries, or operative procedures. Hence, the pulp 
is a sensory organ involved in the immune defense reaction by processing antigens. 
Regardless of the nature of the sensory stimulus, such as thermal change, mechanical 
deformation, or trauma, the pulp registers different impulses as a common sensation 
like pain. Such pain-registering ability is important as part of the defense mecha-
nisms of the pulp [22].

6. Tooth anomalies

There are different types of tooth abnormalities and they can appear in both 
dentitions but are more common in permanent teeth rather than primary teeth. 
Anomalies can affect the number of teeth (hyperdontia, hypodontia, anodontia), the 
size of teeth (macrodontia, microdontia), the position of teeth (retention (impact), 
clenched teeth, rotation, ectopia (dystopia), transposition), and the shape of teeth 
(taurodontism, dilaceration, flexion, conjoined teeth, abnormalities in the shape of 
the tooth root, aplasia, Hutchinson’s teeth, evagination) [23]. Sometimes trauma can 
affect the appearance of teeth or cause their retention in the bone. Certain drugs and 
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minerals can affect tooth color and some genetic disorders can affect the structure 
and appearance of teeth [24].

6.1 Anomalies in the number of teeth

A supernumerary tooth is defined as “any tooth or odontogenic structure that 
is formed from embryonic tooth germ in excess of usual number for any given 
region of the dental arch.” Küchler et al. (2011) concluded that hyperdontia is a 
condition characterized by additional teeth (mesiodens) within the normal dentition. 
Supernumerary teeth are frequently located in the anterior maxilla, between the 
central incisors. In permanent dentition, the prevalence of supernumerary teeth 
ranges between 0.5% and 5.3% [25]. Rajab and Hamdan (2001) found that it affects 
males twice as much as females. This phenomenon is often associated with syndromes 
such as Ehlers–Danlos, cleidocranial dysplasia, and Gardner syndrome. However, it 
may also be seen in non-syndromic patients [26]. It has also been reported that males 
are commonly affected in midline and premolar regions and females are commonly 
affected in the incisor and canine regions. Supernumerary teeth are more likely to be 
rudimental looking but can sometimes resemble regular teeth [27]. King et al. (2007) 
found that formation of supernumerary teeth in any part of the dental arch can lead 
to complications, including delayed eruption, malposition, impaction, diastemas, 
crowding, and poor esthetics [28]. Supernumerary tooth can be of different forms 
(conical, tuberculate, supplemental, and odontoma) and occur in different locations 
(mesiodens, paramolar, and distomolar). The mesiodens is located between the two 
central incisors and is mostly conical in shape. Distomolars are located distally to the 
third molar, while paramolars are located palatally or labially next to a molar [29].

Al-Ani et al. (2017) found that tooth agenesis may involve the primary or 
permanent dentition and is a developmental anomaly where at least one tooth is 
absent. Total anodontia is complete tooth agenesis. Missing teeth can be further 
classified as hypodontia, involving one to five absent teeth, and oligodontia, involving 
six or more missing teeth [30]. Ritwik and Patterson (2018) found that when 
excluding third molars (wisdom teeth), tooth agenesis has a prevalence between 3% 
and 10% in the permanent dentition. Third molars are the most common congenitally 
missing permanent teeth, with a reported prevalence of 23%. These are followed by 
mandibular second premolars, maxillary lateral incisors, and, less frequently, the 
maxillary second premolars [31]. Dinckan et al. (2018) found that syndromes such 
as ectodermal dysplasia or cleft lip and palate are frequently associated with tooth 
agenesis and factors such as trauma, infection, or drugs. Complications of tooth 
agenesis include malocclusion, poor esthetics, reduced masticatory function, and 
speech difficulties [32].

Hypodontia is an inherited condition, but it can also be caused by trauma, infec-
tion, radiation, and endocrine disturbances. It is characterized by developmentally 
missing teeth. It is very rare in the primary dentition and more common in females 
than males, with a 3:2 ratio. In addition to missing teeth, people with hypodontia 
may have rather small or very conical teeth. The tooth most commonly missing is the 
permanent maxillary lateral incisor (74% incidence) followed by the maxillary and 
mandibular second premolars [30]. Hypodontia most commonly affects last or most 
distal teeth in the teeth group, decreasing in incidence from posterior to anterior 
teeth, in the following order: third molars, second premolars, and lateral incisors. 
Absent third molars are considered a normal variation nowadays and may not be 
considered to be part of hypodontia [33].
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6.2 Anomalies in the size of teeth

Macrodontia and microdontia are rare shape anomalies of dentition, where teeth 
are larger or smaller than average.

Microdontia is the term given to describe a tooth very much reduced in size. 
Microdontia generally affects individual teeth, usually the maxillary second incisor 
and the third molar. Occasionally, however, many teeth in the same dentition may 
be affected, in which case the teeth may be spaced apart [34]. Microdontia may 
accompany clefts of the lip or palate, Ehlers–Danlos syndrome, hypopituitarism, 
and ectodermal disorders. A frequent variation in shape is the peg-shaped maxil-
lary lateral incisor. In generalized microdontia, all teeth in the dentition appear 
smaller than normal and enlarge the spaces between teeth, which is aestheti-
cally unpleasing. Teeth may be measurably smaller than normal, as in pituitary 
dwarfism, or they may be relatively small in comparison with a large mandible 
and maxilla (acromegaly). In isolated microdontia, a single tooth is smaller than 
normal. This is mostly seen in permanent dentition in lateral incisors that can be 
cone- or peg-shaped and very much affects the appearance, and third molars, more 
common in maxilla [35].

Macrodontia refers to teeth that are physically larger than normal and could clini-
cally be confused with other conditions such as fusion (two separate follicles fusing 
to form one tooth) and gemination (two teeth that form from one follicle but are not 
separated) [36]. Three different types of macrodontia can be found: true generalized, 
where many teeth in the mouth are affected (very rare); relative generalized, where 
all the teeth are affected and the teeth can either be of normal size in a very small 
jaw creating the illusion of macrodontia or all the teeth may be slightly enlarged; and 
isolated macrodontia, where only a single tooth is affected (very rare). The prevalence 
of macrodontia in permanent dentition is 0.03% to 1.9%, with a higher incidence in 
males [37]. Macrodontia in the anterior region poses an esthetic problem for patients, 
leading to crowding, plaque accumulation, and so on.

6.3 Anomalies in the shape of teeth

Gemination (twinning) is an abnormality where a single tooth forms two 
crowns. This is a consequence of partial division of the tooth, resulting in a bifid 
crown but retaining the normal number of expected teeth. Gemination is a rare 
abnormality in which a single tooth tries to divide. Partial division may produce a 
shared pulp canal and root. Complete division produces a normal tooth along with 
a supernumerary tooth [38]. Gemination usually affects the primary teeth, but the 
permanent dentition can be involved as well. The incisor region is the most com-
monly affected area with no apparent gender predilection. Although the prevalence 
rate is variable in individual reports, the overall prevalence appears to be approxi-
mately 0.5% in the primary dentition and 0.1% in the permanent dentition [39]. 
Gemination is more prevalent in the anterior maxillary region, affecting incisors 
and canines, although it can also affect molars and bicuspids. Bilateral cases are 
seen less frequently, with a prevalence of 0.02% in both dentitions. They are very 
rare in posterior teeth. it is more frequently found in Mongolians (5%) than in 
Caucasians (0.5%) [40].

Different from germination, fusion leads to one less tooth within the dental arch; 
it involves two separate developing tooth follicles that join together [41]. Clinically, a 
fused tooth looks like a larger tooth and sometimes is mixed with gemination because 
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both types of teeth have an incisure on the middle of the crown, but radiographic 
difference is much clearer. Fused teeth have separate pulp chambers for each tooth, 
while gemination has one larger pulp chamber and there are two roots or two canals in 
a single root [42]. The degree of union may be total or partial and often presents with 
a coronal incisure. Like gemination, fusion is more common in the primary dentition 
but can occur in the permanent dentition as well. It also typically involves the anterior 
region of the dental arch. While there is no gender predilection, incidence is higher 
among Native Americans and Asians [43].

Bolhari et al. (2016) defined dilaceration as an unusually abrupt angle between 
tooth crown and root or within the root itself, resulting from trauma during the 
development of the tooth. Dilaceration is a developmental disturbance in the shape 
of teeth. It refers to an angulation, or a sharp bend or curve, in the root or crown of 
a formed tooth. This disturbance is more likely to affect the maxillary incisors and 
occurs in permanent dentition [44]. Although this may seem more of an esthetics 
issue, an impacted maxillary incisor will cause issues related to occlusion, phonetics, 
mastication, and psychology in young patients. Dilaceration of the crown can 
diagnosed visually. Crown dilaceration will present itself as a tooth that is angled to 
face outward or inward [45]. It most commonly affects patients in their permanent 
dentition. Incidence is more common in females (six times) than males. There are 
reports of a 0.53% occurrence rate for the two anterior teeth of the upper jaw, but the 
most common teeth to experience dilaceration are the third molars of the lower jaw 
with an incidence of 24.1% [46].

Dineshshankar et al. (2014) stated that taurodontism (bull teeth) is an abnormal-
ity of tooth morphology that often occurs in multi-rooted teeth and is characterized 
by a short root and an enlarged crown containing an equally enlarged pulp chamber 
and no constriction at the level of the cemento–enamel junction. It is a condition that 
mostly occurs in the molar teeth [47], but it can also be seen in both the permanent 
and deciduous dentition, unilaterally or bilaterally. The distance from the roof of 
the pulp chamber to the root bifurcation is greatly increased [48]. Variants include 
hypotaurodontism, mesotaurodontism, and hypertaurodontism. These conditions 
may exist as an isolated trait (autosomal dominant) or as part of several syndromes 
including trichodentoosseous syndrome, otodental dysplasia, ectodermal dysplasia, 
tooth and nail syndrome, amelogenesis imperfecta, and others [49].

Concrescence is the joining of two completely formed teeth by the cementum 
along the root surface usually located in the posterior teeth and the maxillary 
arch, often involving a second molar tooth closely approximating the roots of an 
impacted third molar. The affected teeth may fail to erupt or only partially erupt. The 
prevalence rate is 0.04% [50]. Hypercementosis is the thick mantle of cementum that 
makes the root look fat, and it can be seen in Paget disease of the skeleton (osteitis 
deformans) [51].

Dens invaginatus is a developmental anomaly presenting with complex mor-
phological variations. This anomaly is also referred to as “dens in dente.” It has been 
described as deep infolding of the enamel organ into the dental papilla during tooth 
development. Starting from the foramen caecum or tip of the cusps, it can extend 
deep into the root, with or without pulp involvement, sometimes even resulting in a 
second apical foramen [52]. This anomaly frequently results in early pulp necrosis. 
The most affected teeth are maxillary lateral incisors, mostly bilateral. Clinically, the 
affected teeth may vary in presentation with an increased crown diameter, hypoplasia 
at the palatal pit, peg or conical morphology, bifid cingulum, a talon cusp, or a deep 
foramen caecum [53].
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6.4 Anomalies in the position of teeth

Rotations are movements that occur around the long axis of teeth. Teeth can 
become rotated either before they emerge or after. Probably the most common cause 
of teeth that emerge rotated is trauma to the mouth during the development of teeth. 
Cysts, tumors, or supernumerary teeth can also cause teeth to rotate as they grow 
[54]. Also, crowding can force a tooth that grows later to grow narrower than it should 
in the dental arch. In addition, when there is too much space between teeth (e.g., after 
tooth extraction), the tooth may move toward the empty space [55]. A rotated tooth is 
highly visible and can cause malocclusion.

A variety of eruption problems can happen during the mixed dentition period. 
One such problem is ectopic eruption. Akbas et al. (2022) defined ectopic eruption 
as a condition in which the permanent teeth, because of deficiency of growth in the 
jaw or a segment of jaw, assume a path of eruption that intercepts a primary tooth, 
causes its premature loss, and produces a consequent malposition of the permanent 
tooth. Failure to treat ectopic eruption can result in loss of arch length, inadequate 
space for the permanent premolar, and malocclusion [56]. An example of this 
anomaly is ectopic eruption of first permanent molars that can be positioned too far 
mesial into the alveolar bone and become impacted below the second permanent 
molar. Ectopic eruption has a 3% incidence rate and occurs more frequently in males 
than in females [57].

Matsumoto and Stuani (2018) stated that tooth transposition is a unique and 
severe condition of ectopic eruption. It is defined as an interchange in the posi-
tion of two permanent teeth located at the same quadrant in the dental arch [58]. 
Chattopadhyay and Srinivas (1996) explained that transposition can be complete 
(when the position of affected teeth is totally transposed) or incomplete (when only 
the crowns are transposed, while the roots remain in normal position). The incidence 
of transposition in the overall population is low (0.2%–0.38%) and it is most often 
found among women in the maxilla (76%) and mostly unilateral. The canines are 
affected in 90% of transposition cases, most often relative to the first premolar (71%) 
or maxillary lateral incisor (20%) [59]. Shapira and Kuftinec (1989) described that 
while it may be present both in the maxilla and mandible, transposition between the 
canine and maxillary first premolar is most common, followed by a lateral incisor 
transposed with a maxillary canine. There are no reports of transposition in decidu-
ous dentition [60].

6.5 Other conditions that cause abnormalities of the teeth

Bruxism is a sleep-related movement disorder in which a person grinds, 
gnashes, or clenches their teeth. Teeth in persons with bruxism have a characteristic 
appearance; they are flattened, have fractures in the enamel of the tooth crown, 
and in extreme cases have exposed dentin, which can cause tooth sensitivity and 
headaches as well as affect the temporomandibular joint [61].

Attrition is the loss of tooth surface due to normal tooth function and occlusion. 
Some wearing is normal (physiologic), but accelerated wear beyond what is normal is 
pathologic and usually caused by bad habits [62] such as poor tooth brushing tech-
niques, lip biting, nail biting, and so on.

Erosion is the chemical dissolution of tooth structure often attributed to regur-
gitation of gastric acid or excessive intake of acidic food or drinks. It is often seen on 
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the palatal and lingual surfaces of the anterior teeth, which present with flattened 
surfaces of dental morphology.

Abrasion is excessive wear caused by mechanical forces. It is similar to attrition, 
but attrition is more often located on occlusal and incisal surfaces and abrasion is 
more common on the non-occluding surface [63].

Abfraction is the loss of tooth substance attributed to occlusal forces during biting, 
which cause the teeth to flex ever so slightly. Constant flexing causes enamel to break 
from the crown, usually on the buccal surface [64].

Dentinogenesis imperfecta is an autosomal dominant condition affecting both 
deciduous and permanent teeth. Affected teeth are gray to yellow-brown and have 
broad crowns with constriction of the cervical area, resulting in a tulip shape. Enamel 
is easily broken, leading to exposure of dentin that undergoes accelerated attrition. 
This dental condition is sometimes seen in patients with osteogenesis imperfecta. 
It can be classified into three types. Type I occurs in people who have osteogenesis 
imperfecta, and type II (progressive hearing loss) and type III usually occur in people 
without other inherited disorders [65].

There is a large group of inherited developmental defects in enamel collectively 
referred to as amelogenesis imperfecta. The condition is rare, affecting about 1 in 
14,000 people. There are three general categories of this defect: (1) Hypoplastic type: 
inadequate formation of enamel matrix; both pitting and smooth types exist. Enamel 
may be reduced in quantity but is of normal hardness; (2) Hypomaturation type: 
a defect in the crystal structure of enamel leads to a mottled enamel with white to 
brown to yellow colors; and (3) Hypocalcified type: a defect not in the quantity but in 
the quality of enamel. It is poorly mineralized, soft, and chips and wears easily [66].

Syphilitic vasculitis around the time of birth can damage the developing tooth 
buds and lead to dental anomalies. Hutchinson teeth are abnormal permanent upper 
central incisors that are peg-shaped and notched, usually with obvious thinning 
and discoloration of enamel in the area of the notching. They are widely spaced and 
shorter than the lateral incisors; the width of the biting surface is less than that of 
the gingival margin. Mulberry molars (also known as Moon or Fournier molars) are 
multicuspid first molars in which the tooth’s grinding surface, which is narrower 
than that at the gingival margin, has many small cusps instead of the usual four 
well-formed cusps [67]. The enamel itself tends to be poorly developed. Hutchinson’s 
teeth is a sign of congenital syphilis. As well as having a triangle or peg-like shape, a 
Hutchinson tooth is smaller than the usual size, widely spaced, and has thin enamel 
and notches on the biting surface. The affected molar teeth (known as mulberry 
molars) have multiple cusps instead of four cusps. Congenital syphilis affects primary 
teeth especially in central incisors and molars. Hence you cannot notice Hutchinson 
teeth in a child until six years of age [68].

The cusp of Carabelli is an additional cusp located on the mesio-palatal surface 
of permanent maxillary molars. Bhavyaa et al. (2021) found that primary maxillary 
second molars had the highest prevalence (72f%) of this anomaly followed by perma-
nent maxillary first, third, and second molars. It is a so-called fifth cusp on the molars 
and it is more likely to be present in permanent dentition and is considered a predilec-
tion spot for caries [69].

Discoloration of teeth can be caused by antibiotics such as tetracycline, which 
is used to treat many common infections in children and adults. Tetracycline can 
bind to the calcium needed for tooth, cartilage, and bone development, resulting 
in discoloration of both the primary and permanent dentitions. Minocycline 
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hydrochloride, a derivate of tetracycline used in acne treatment, can cause 
discoloration of skin, nails, sclera, and teeth. This permanent discoloration varies 
from yellow or gray to brown depending on the dose of the medicine. The prevalence 
of tetracycline and minocycline staining is 3–6% [70].

7. Diagnostic imaging of abnormal teeth

Classic radiography of a single tooth or several teeth using retro-alveolar or 
retro-coronary X-rays is not ideal for diagnosing dental anomalies. They provide only 
2D images of the teeth, and the retro-alveolar method produces distorted images 
while the retro-coronary method cannot show the apex of teeth, which is not helpful 
in cases of supernumerary or impacted teeth. Occlusal and axial X-ray methods can 
help visualize the position of supernumerary and abnormal teeth, but these meth-
ods are limited without 3D scans [71]. Orthopantomography is the most common 
method for radiologic examination of patients with dental anomalies. Compared to 
classic X-rays, orthopantomography uses less radiation and thus it is more suitable 
for younger patients. This method allows visualization of both jaws and the tem-
poromandibular joint. In primary and mixed dentition, orthopantomography can 
visualize the embryonic tooth germs of permanent teeth and diagnose extra, miss-
ing, or impacted teeth [72]. Images of teeth scanned by this method can be stored 
and used multiple times. Although not the most detailed scan, orthopantomography 
provides a larger picture of the development of jaws and teeth, making it more useful 
than classic radiography methods. It can diagnose abnormalities, but treatment of 
abnormal teeth cannot be planned without more precise scans. For chirurgical and 
orthodontic treatments, 3D scans are a necessity. Cone-beam computed tomography 
(CBCT) is the best 3D imaging technique for planning treatment, extraction, and 
implantation [73]. CBCT offers excellent precision and an optimal algorithm for 
comprehensive treatment of dental patients. Nematolahi (2013) showed that CBCT 
imaged oral and maxillofacial structures with a high resolution of 0.001 mm3 voxels 
and that these 3D images can provide a better understanding of many anatomical 
structures as well as pathologic conditions, developmental anomalies, and traumatic 
injuries of teeth [74].

8. Conclusion

Knowing the normal anatomy of teeth is not only imperative in dentistry but 
also in other specialties because various medical conditions can negatively affect the 
appearance, structure, and position of teeth. With proper diagnosis, complications 
of abnormal teeth can be prevented. Complications can not only negatively affect 
smile esthetics but can also adversely affect speaking, biting, chewing, and so on as 
well as diminish a person’s self-confidence and in some cases lead to depression and 
social isolation. The best option for diagnostic imaging of abnormal teeth as well as 
monitoring treatment progress is CBCT.
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Abstract

Pulp calcifications are idiopathic mineralized masses associated with irritation, 
age, trauma, and systemic or genetic diseases. The objective of this work was to exam-
ine frequency and distribution of pulp calcifications in teeth involved in jaw tumors, 
analyzing their relationship with age, sex, location, size, and diagnosis of the lesion in 
a sample of 21 teeth associated with tumors of the jaws. Imaging analysis included CT 
scans, periapical X-rays, and orthopantomography of the clinical record; histological 
analysis included pulp tissue fixed in 10% buffered formalin for 24 h, with hema-
toxylin and eosin staining, and examined under light microscope. A chi-square test 
was applied to associate calcifications with all variables. The tumor lesions were from 
patients aged 17–66 years. Calcifications were observed in 38.1% of cases on image 
and histologically in 76.2%; 56% were nodular and 68.8% were distributed in chamber 
and root canal. The male sex presented a higher frequency of pulp calcifications, 
estimating a statistically significant difference with respect to women (p = 0.004); 
there was no statistical significance with the other variables. In conclusion, the pulp 
tissue of teeth affected by maxillary tumors presents a percentage of pulp calcifica-
tions similar to the tissue where the periradicular tissue is intact.

Keywords: pulpal calcifications, jaw tumors, pulpal histology, dental pulp, pulp stones

1. Introduction

Pulpal calcifications are masses of mineralized tissue that can develop freely in 
any area of the pulp tissue or be found adhered at the interface of the dentin and 
pulp of healthy or diseased, erupted, or unerupted teeth [1]. Morphologically, they 
can be nodular, oval, needle-like, or irregularly shaped and are predominantly 
composed of minerals such as hydroxyapatite, aluminum, copper, iron, potassium, 
lead, and zinc [2–4].
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Previously published studies have reported a prevalence of 8–90%, and they 
can be located both in the pulp chamber and in the root canal; they can be single or 
multiple, and in terms of size, they can be tiny below 200 μm or so large that they can 
obliterate the pulp chamber or root canal [5–7].

According to their topographic location, Satheeshkumar et al. [8] classified them 
as follows: single pulp calcification in the pulp chamber (Type I), multiple pulp 
calcifications present in the pulp chamber (Type IA), single pulp calcification present 
in the root canal (Type II), multiple pulp calcifications present in the root canal 
(Type IIA), multiple pulp calcifications present in pulp chamber and root canal (Type 
IIB), and continuous calcifications extending from the pulp chamber to the root canal 
(Type III).

The etiological factors of this process are still unknown; however, they are 
associated with different factors, such as trauma, pulp degeneration, orthodontic 
treatment, periodontal disease, caries, operative procedures, pulp inflammation, 
systemic diseases, or genetic conditions [9–13]. This process used to be associated 
with age; however, it has been observed that they are also found in young patients and 
in teeth that have not yet erupted [14].

Investigations regarding pulpal calcifications have been carried out over time 
with different methodologies based on imaging studies that include various tech-
niques, such as periapical X-ray, panoramic X-ray, bitewing X-ray, cone beam 
tomography, or micro-CT and histological studies. These methodologies have been 
performed on teeth present in the mouth, extracted dental organs, or prehistoric 
skeletal remains [15–17].

Tumor lesions are abnormal tissue that grows in both the maxilla and mandible; 
they are relatively rare and affect soft and hard tissues and may extend to the facial 
region. Most of them are benign, but they tend to be aggressive and grow exponen-
tially, displacing bone tables and thus the teeth [18].

The aim of this work was to show the frequency and distribution of pulp 
calcifications of teeth involved in tumor lesions of the jaws by means of imaging 
and histological analysis, analyzing whether there is any relationship between pulp 
calcifications and age, sex, location, size, and diagnosis of the lesion.

2. Materials and methods

For this purpose, an analytical, descriptive, and cross-sectional study was 
designed with nonprobabilistic sampling by convenience. The sample consisted of 
21 caries-free teeth with intact enamel involved in eight tumor lesions in patients 
between 17 and 66 years old, which were removed by the therapeutic indication of 
the maxillofacial surgeon. All donors signed the informed consent, in which it was 
mentioned that the teeth would be used for scientific research and the tissue obtained 
from the surgical maneuver would be processed for histopathological diagnostic 
purposes. In addition, this project was approved and registered by the Research Ethics 
Committee of the Autonomous University of the State of Mexico (2021/P11).

Immediately after surgical excision, the tumor lesion was immersed in 10% 
buffered formalin for immersion fixation and transferred to the oral pathology 
laboratory at the School of Dentistry of the Autonomous University of the State of 
Mexico for histological processing. The teeth were separated from the tumor lesion 
with a scalpel blade no. 15 in soft tissue and flexible diamond disc (Plexoflex Fine 
Grain. DFS-Diamon, Riedenburg, Germany) when the alveolar bone was involved. 



49

Frequency and Distribution of Pulpal Calcifications in Teeth Involved in Jaw Tumors
DOI: http://dx.doi.org/10.5772/intechopen.109585

The teeth separated from the tumor lesion were kept in 10% buffered formalin while 
pulp tissue was obtained; this process was performed by marking with a flexible 
diamond disc (Plexoflex Fine Grain. DFS-Diamon. Riedenburg, Germany) and 
abundant irrigation along the longitudinal axis of the uniradicular teeth. For the 
multiradicular teeth, two marks were made, one in the crown and the other in the root 
zone, removing the hard tissues and obtaining the pulp tissue from the chamber and 
root canal.

Immediately after the pulp tissue was obtained, it was placed again in 10% 
buffered formalin for 24 h and then dehydrated in a series of alcohols to be included 
in a paraffin block and stained with hematoxylin and eosin. The slides were obtained 
with 5 μm thick tissue sections.

To perform the histological analysis and topographical location with the 
classification of Satheeshkumary et al. [8], the slides were observed using a Leica 
Microsystems DM750 microscope at a magnification of 10x. The analysis was 
performed by two examiners from the Endodontics and Oral Pathology areas. 
Imaging was performed with Motic, VM 3.0, Digital Slide Scanning System using 
the programs Phatomation PMA.start (Pathomation BV, Berchem, Belgium) and 
ImageJ-FIJI.

For the imaging analysis, panoramic radiographs, periapical radiographs, and 
tomographies were collected and included in the clinical records, which were 
reviewed to determine the absence or presence of calcifications.

Subsequently, the statistical analysis of the data was carried out using SPSS 
package version 26 (IBM Corp. Armonk, N.Y. USA). The descriptive statistical data of 
variables were obtained, and Pearson’s chi-square test was performed to associate the 
variables (age, sex, diagnosis, location, and size of the lesion) with the presence of 
pulpal calcifications.

3. Results

The sample consisted of 21 teeth, seven incisors (33.3%), two canines (9.5%), 
five premolars (23.8%), and seven molars (33.3%). They were from eight tumor 
lesions with histopathological diagnosis: two ameloblastomas (25%), two keratocysts 
(25%), one central giant cell lesion (12.5%), one peripheral giant cell lesion (12.5%), 
one calcifying epithelial odontogenic tumor (12.5%), one peripheral ossifying 
fibroma (12.5%), one peripheral giant cell lesion (12.5%), one calcifying epithelial 
odontogenic tumor (12.5%), and one peripheral ossifying fibroma (12.5%).

The donor patients were four women (50%) and four men (50%), ranging in 
age from 17 to 66 years, with a mean age of 34.75 years and a standard deviation of 
20.76 years.

The location of the tumor lesions was 50% in the maxilla and 50% in the man-
dible, with a minimum size of 2 cm and a maximum of 15 cm, a mean of 7.43 cm, and 
a standard deviation of 4.04 cm. All teeth were analyzed together with their imaging 
studies included in the clinical records; 10 teeth were reviewed with tomography 
(46.6%), eight with panoramic radiographs (38.1%), and three with periapical 
radiographs (14.3%), observing calcifications in the imaging analysis in 38.1% of 
the cases (Figure 1). Sagittal view of a CT scan showing pulp calcification in the 
coronal area (white arrow) of a developing third molar associated with a keratocyst). 
Histological examination with hematoxylin and eosin revealed that pulp calcifications 
were present in 76.2% of the analyzed teeth. With respect to shape, 56.25% were only 
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nodules and 43.75% were nodules and needle-like in the pulp tissue itself (  Figure 2  ). 
Microphotograph of circular (nodule) and elongated pulp calcifications in the pulp 
tissue of a tooth associated with peripheral giant cell lesion. Hematoxylin and eosin, 
100× magnification, Motic VM 3.0. Digital Slide Scanning System). 

  Figure 1.
  Sagittal view of a CT scan showing pulp calcification in the coronal area (white arrow) of a developing third 
molar associated with a keratocyst.          

  Figure 2.
  Microphotograph of circular (nodule) and elongated pulp calcifications in the pulp tissue of a tooth associated 
with peripheral giant cell lesion (hematoxylin and eosin, 100× magnification, Motic VM 3.0. Digital Slide 
Scanning System).          
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Pulpal calcifications were distributed topographically according to the classifica-
tion of Satheeshkumary et al. [8] as follows: 68.8% were in both the pulp chamber and 
root canal (Type IIB), 18.8% were multiple in the root canal (Type IIA) (Figure 3). 
Microphotograph of pulp tissue of a tooth involved in ameloblastoma, showing mul-
tiple calcifications of different sizes and shapes. Hematoxylin and eosin, 40× magnifi-
cation, Motic VM 3.0. Digital Slide Scanning System), and 12.5% presented continuous 
calcifications from the crown to the root canal (Type III).

The presence of these calcifications was more frequent in males (87.5%) than 
in females (12.5%), showing a statistically significant difference with a value of 
p = 0.004.

In relation to age groups, more calcifications were observed in the 17- to 30-year-old 
group compared to the others, without showing statistically significant differences 
between groups (p = 0.028) (Table 1). It shows the frequency of pulpal calcifications in 
relation to age groups.

Pulp calcifications were found in 68.7% of mandibular teeth and 31.3% of maxil-
lary teeth, but this difference was not statistically significant (p = 0.717).

Regarding the size of the tumor lesion and its relationship with calcifications, the 
1 cm to 4 cm group had no calcified masses, while the 5 cm to 9 cm and 10 cm to 15 cm 
groups each had 8 teeth (50%); however, there was no significance between them 
(p = 0.131).

Regarding the histopathological diagnoses of the lesions and their relationship 
with calcifications, no significant association was found (p = 0.484), so the diagnosis 

Figure 3. 
Microphotograph of pulp tissue of a tooth involved in ameloblastoma, showing multiple calcifications of different 
sizes and shapes (hematoxylin and eosin, 40× magnification, Motic VM 3.0. Digital Slide Scanning System).
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does not determine the existence or absence of calcific precipitations (Table 2). It 
shows the frequency of pulp calcifications in relation to histopathological diagnoses 
of tumor lesions.

4. Discussion

The study of pulp calcifications has led to development research to determine the 
prevalence, distribution, and association with diseases such as caries, periodontal 
disease, or genetic conditions. However, in the literature review, no previous data 
were found on the study of pulp calcifications in teeth involved in maxillary tumors, 
so one of the objectives of this study was to publicize and disseminate the results, 
adding knowledge to this area.

Pulp calcifications can be detected through diagnostic means such as imaging and 
histological studies. Imaging studies are carried out by panoramic radiographs, periapi-
cal, bitewing, cone beam tomography, or micro-CT, which allow locating radiopaque 
nodules with a size greater than 200 μm since below this size they are not detectable by 
these means. For histological studies, they allow observing calcifications of different 
sizes and locations, since the lamellae are observed under the microscope with different 
magnifications, allowing the localization of these in any path of the pulp tissue.

Regarding the prevalence of pulp calcifications, previous studies have shown 
a range from 9.6 to 95% [3, 16]. These percentages vary due to the methodologies 
used for each investigation; usually, imaging studies show a lower frequency than 
histological studies since the lamellae are seen under the microscope, identifying any 
size of calcification. This finding agrees with our results and those of Huang et al. 
[19] since both studies performed imaging and histological analyses and observed 
similar results. Huang et al. [19] showed the presence of calcifications of 62% in the 
histological area and 30% in the radiological area, while our results were 76.2% in the 
histological area and 38.1% in the imaging area.

Diagnostic Peripheral 
ossifying 
fibroma

Ameloblastoma Peripheral 
giant cell 

lesion

Central 
giant 

cell 
lesion

Keratocyst Total

Calcification 1 3 0 0 1 5

1 8 3 3 1 16

Total 2 11 3 3 2 21

Table 2. 
Frequency of pulp calcifications in relation to histopathological diagnoses of tumor lesions.

Age groups 17–30 years 31–59 years 60 + years Total

Calcifications Absent 2 2 1 5

Present 12 0 4 16

Total 14 2 5 21

Table 1. 
Frequency of pulp calcifications in relation to age groups.
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Histological studies allow a greater morphological appreciation of pulp calcifica-
tions, and we agree with Milcent et al. [2] that pulp calcifications are morphologically 
heterogeneous since they are different from each other in shape and size.

Another important factor is that the prevalence of calcifications in pulp tissue 
may be different depending on the ethnic group. For example, in Mexican patients, 
they have been observed in 84% [20], Peruvians 83.58% [21], Taiwanese 83.3% [22], 
Iranians 76% [23], Argentines 55% [24], Jordanians 51.4% [25], Turks 38% [26], and 
Yemenis 3.99% [13].

Sener et al. [24] and Ranjitkar et al. [1] performed the analysis of pulp calcifica-
tions with bitewing radiographs, finding a prevalence of 38% and 46.1%, respectively. 
In the present study, periapical, panoramic, and tomography radiographs were 
examined analyzing the coronal and radicular areas, and the percentage of calcifica-
tions was similar at 38.1%.

The frequency of pulp calcifications in males was higher than in females, which 
agrees with Hsieh et al. [23]. The possible cause is that men present greater dental 
attrition in relation to women, and the pressure exerted by the tumor in the apical area 
allows for premature contact points, which provides a local irritant in the pulp tissue.

Another interesting fact is that pulpal calcifications have been related to advanced 
age [9]. In contrast, in this study, the age group 17–30 years old was the one with the 
highest percentage of calcifications.

Mandibular teeth had a higher percentage of pulp calcifications, which agrees with 
Olivares et al. [20]. However, there are also studies where the maxillary dental organs 
are the predominant ones without a significant difference [24].

Regarding the size of the lesion and the histopathological diagnosis, no similar 
antecedents were found in the literature since these variables have not been 
investigated in pulp tissue under these conditions. Therefore, the present study 
generates knowledge that can be used as a basis for future lines of research.

However, one of the limitations of the study is the small size of the sample, since 
being a histological study, the samples of the tumor lesions should present dental 
organs, and these should be kept in an adequate fixation medium for the preservation 
of the pulp tissue, which is not frequent to find or to obtain them in the correct 
preservation medium.

5. Conclusion

In conclusion, the pulp tissue of teeth affected by maxillary tumors presents a 
similar percentage of pulp calcifications to studies where the periradicular tissue does 
not present any alteration.

Another important fact is that there was no statistically significant relationship 
between pulp calcifications and tumor size or histopathological diagnosis.

The results of this study may be useful as a basis for future lines of research since 
they broaden the knowledge of pulp calcifications and histological characteristics of 
pulp tissue of teeth in the presence of maxillary tumors. For future studies, it would 
be convenient to analyze this finding in a larger sample.
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Chapter 4

Aesthetic Smile Designing
Monisha P. Khatri, Shreya Kishore and Srujana Hemmanur

Abstract

‘Smile is a universal language, shared by people all over the world’. It conveys a lot 
without saying anything at all. Our smile is of utmost importance and dental aesthetics 
play a vital role to create it. Smile designing (SD) consists of various components that 
aim to develop the overall personality of a patient. To create an aesthetic, smile is an 
organised and systematic approach that is required to evaluate, diagnose and resolve 
the problems associated with it. The ultimate goal of an aesthetic make-over is to ensure 
a stable masticatory system, where the oral hard and soft tissues remain in harmony. 
Hence this chapter aims to focus on various aspects of SD that includes its goals,  
components, procedure and future prospects.

Keywords: aesthetic, smile designing, golden proportion, gingival zenith, veneers

1. Introduction

The goal of smile designing is to create a harmonious balance between teeth, 
tissues, muscles, skeletal structures and joints while attending to the aesthetic require-
ment of the patient [1]. This requires complete understanding and knowledge of the 
symmetry, shape and proportions related to the hard and soft tissues of the oral cavity.

2. Components of smile designing

In dental treatment, aesthetics has traditionally been associated with profile 
enhancement. An organised and systematic approach is required to evaluate the 
aesthetic problems and diagnose and resolve them. The ultimate goal as clinicians is 
to achieve proportionate and pleasing composition in patients’ smiles by creating an 
arrangement of various aesthetic elements. Harmonising an aesthetic smile requires 
an integration of facial and dental composition. The dental composition includes tooth 
components and gingival components, one of the vital elements of smile designing [1].

2.1 Tooth components

Tooth components consist of the following:

2.1.1 Dental midline

The dental midline is the vertical contact interface between the two maxillary 
central incisors. It is to be parallel to the midline of the face and perpendicular to 
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the interpupillary line. Other landmarks that can help assess the dental midline are 
the midline of the nose, forehead and the philtrum of the upper lip. To evaluate the 
midline, one must consider the location and alignment. The dental midline should 
be parallel to the long axis of the face, perpendicular to the incisal plane, and should 
be over the papilla, that is the midline that should drop straight down from the 
papilla [1, 2].

2.1.2 Incisal lengths

The position of the maxillary incisal edge is the most important determinant in 
smile line as it acts as a reference point to decide the tooth proportions and the gingi-
val levels. The parameters used to help establish the maxillary incisal edge positions 
are the amount of tooth display during smile, the phonetics and the patient input.

The amount of tooth display is determined when the mouth/muscles around the 
mouth are relaxed. Ideally, 3.5 mm of incisal third of the maxillary centrals are visible, 
which continues to reduce as the patient ages, due to loss in muscle tonicity.

Phonetics is a primary determinant, and the various phonetics used are (i) M 
sound, (ii) E sound, (iii) F and V sounds and (iv) S sound.

Patient input is an important guide to determine the smile line, as the patient’s 
desire and satisfaction is the ultimate goal [1].

2.1.3 Tooth dimensions

Correct teeth proportions are essential in creating an aesthetically pleasing smile. 
Central dominance is a phenomenon that states that the centrals must be the domi-
nant teeth in smile and should display pleasing proportions, as they are the key to an 
aesthetic smile. There are various guidelines for establishing correct proportions in an 
aesthetically pleasing smile, and they are as follows: [1, 3, 4].

i. Golden proportion (by Lombardi [1])

When viewed from the facial aspect, the width of each anterior is 60% of the 
width of the adjacent tooth. The mathematical ratio being 1.6:1:0.6 (Figure 1).

ii. Recurring aesthetic dental proportions (by Ward [1])

Figure 1. 
Golden proportion based on apparent width from the frontal view.
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The successive width proportion when viewed from the facial aspect should 
remain constant as we move posteriorly from the midline. This theory offers greater 
flexibility to match tooth proportions with facial proportions (Figure 2).

iii. M proportions (by Methot [1])

M proportions compare the tooth width with the facial width using software on 
a computer, due to which, involves more scientific calculations rather than artistic 
analysis.

iv. Chu’s aesthetic gauges [1]

Dr. Chu’s research refutes the golden proportions. A series of gauges were made 
available to make the intra-oral analysis easier. The gauges allow fast and simple diag-
nosis of tooth discrepancies and are used as a reference guide between the clinician 
and the lab technician, which in turn reduces the incidence of communication errors.

2.1.4 Zenith points

The most apical position of the cervical tooth margin where the gingival is most 
scalloped is known as the zenith point (Figure 3). It is located distal to the vertical 
axis of the tooth, except for lateral incisors where it is centrally located. Establishing 
the proper location of the zenith point is the critical step in altering the mesial and 
distal dimensions [4].

2.1.5 Axial inclinations

Also known as tooth inclinations, it compares the vertical alignment of maxillary 
teeth to central vertical midline. From the maxillary centrals to the maxillary canines, 

Figure 2. 
Recurring aesthetic dental proportions.

Figure 3. 
Zenith points and their relation to the midline.
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there should be a progressive increase in the mesial inclination of each subsequent 
anterior tooth, which looks natural. The evaluation of the axial inclination can be 
done in the frontal view photograph of the anterior teeth. The guide for labiolingual 
inclination is as follows: (i) maxillary central incisor is positioned vertically or slightly 
labial. (ii) maxillary lateral incisal edge is inclined slightly labially. (iii) the maxillary 
canine cusp is angulated lingually [1, 4].

2.1.6 Contact area and contact point

Interproximal contact area (ICA) is defined as the broad zone in which two adja-
cent teeth touch (Figure 4). An increase in ICA helps to create an illusion of longer 
teeth, which in turn helps in eliminating black triangles [1].

Interproximal contact point (ICP) is the most incisal aspect of the interproximal 
contact area.

2.1.7 Incisal embrasure

The incisal embrasures are supposed to display a natural, progressive increase 
in size from the centrals to the canines, which results in the interproximal contact 
points moving more apically as we move from the centrals to the canines to mimic the 
smile line. Failure in providing adequate incisal embrasure results in making the teeth 
appear too uniform and in loss of the incisor’s individuality [4].

2.2 Gingival components

This composes of the soft tissue component of smile designing and they are as 
follows:

2.2.1 Gingival health

It is of paramount importance that the gingival tissues are in proper health prior 
to the start of the treatment. Healthy gingiva usually exhibits the following charac-
teristic features: (i) pale pink, stippled, firm in consistency, (ii) located 3 mm above 
the alveolar crestal bone and (iii) located interdentally, 5 mm above the inter-crestal 
bone, should be pointed and should fill the gingival embrasure right up to the contact 
area [5].

Figure 4. 
Interproximal contact area.
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2.2.2 Gingival levels and harmony

Establishing the ideal gingival levels for each individual tooth is the key to creating 
a harmonious smile. The cervical gingival height of the maxillary centrals should be 
symmetrical and can match that of the canines. The gingival margin of the lateral 
incisor can be 0.5–2.0 mm short of the central incisors [5, 6].

2.2.3 Smile line

Smile line refers to an imaginary line along the incisal edges of the maxillary 
anterior teeth, which should mimic the curvature of the superior border of the lower 
lip while smiling.

Keep in mind that the lip line should not be confused with the smile line. It refers 
to the position of the inferior border of the upper lip during smile formation and 
thereby determines the display of tooth or gingiva. Showing 3–4 mm or more of the 
gingiva often requires cosmetic periodontal recontouring to achieve ideal results, as in 
cases of gummy smiles [1, 5].

3. Treatment

Treatment modalities include veneers, direct or indirect and digital smile design-
ing with help of software tools and CAD/CAM.

3.1 Veneers

Definition
A veneer is a layer of tooth-coloured material that is applied to a tooth to restore 

localised or generalised defects and intrinsic discolouration, a conservative aesthetic 
restoration of anterior teeth to mask discolouration, restore malformed teeth, close 
diastemas and correct minor tooth alignment [7].

History
Veneers were developed originally in the 1930s. California dentist Charles Pincus 

[8] developed thin facings of air-fired porcelain that could be fastened in place with 
adhesive denture powder. In 1955, Buonocore’s [8] research into the acid etch tech-
nique provided a simple method of increasing the adhesion to enamel surfaces for 
acrylic filling materials. In the 1970s, Faunce [8] described a one-piece acrylic resin 
prefabricated veneer as an improved alternative to direct composite resin bonding. 
Veneer was attached both chemically and mechanically. With the advent of materials 
like glass-infiltrated ceramics and zirconia techniques, the ease and precision with 
which veneers can be prepared have increased multi-folds [8].

Classification

1. On the basis of extent—Partial/Full

The partial veneers are the ones that partially cover tooth structure while full 
veneers encompass the full tooth structure with the veneer material.

2. On the basis of technique—Direct/Indirect

Direct application of composite material to create direct veneers is done while lab 
preparation of veneers using either composite or porcelain creates indirect veneers.
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3. On the basis of material used—Composite/Porcelain

The use of different materials such as composite resin or porcelain are used to 
prepare veneers.

4. On the basis of mode of fabrication—Pre-fabricated/Custom made

Prefabricated veneers are the ones that are modified to fit any tooth size or shape 
while custom-made veneers are fabricated for a specific patient and are custom-
ised built.

5. On the basis of tooth preparation—(Figure 5) [9]

Class 0—no preparation: No preparation is done on any surface of the tooth for 
the luting of veneer.

Class 1—window preparation: This involves preparing the veneer short of the in-
cisal edge and retaining the enamel over the incisal edge. The disadvantage here 
is the difficulty of hiding the margin.

Class 2—feather edge preparation: The preparation is taken or feathered to 
the incisal edge, with no reduction of the incisal edge length. The disadvantage 
of this preparation is that the margins can be subjected to shear forces in 
protrusion.

Class 3—bevel preparation: A bevel is carried over the incisal edge from buccal to 
palatal, with 1–2 mm of incisal reduction. A tooth preparation that incorporates 
incisal overlap is preferable, as the veneer is stronger and provides a positive seat 
during cementation. This preparation design has the advantage of simple tooth 
preparation, and the aesthetic characteristics are easier to fabricate with the 
ceramist, as it is possible to develop incisal translucency. The margin should not 
be in a position where it will be subjected to protrusive forces during excursive 

Figure 5. 
Classification of veneers based on tooth preparation.
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movements, therefore reducing the stress within the veneer while distributing 
the occlusal load over a wider surface area.

Class 4—overlapping preparation of incisal edge: The incisal edge is reduced 
with the preparation, then extended onto the palatal aspect. A positive seat is 
provided with this preparation, although there is a need to carefully evaluate the 
path of insertion to ensure that no undercuts are present.

Class 5—butt joint preparation: The butt joint preparation gives a 90-degree prepa-
ration all around the tooth that is to receive a veneer. The disadvantage is increased 
cutting of tooth structure.

Class 6—full veneer preparation: More or less like an anterior preparation for 
receiving a full veneer crown.

3.2 Indirect porcelain veneers

The indications, contraindications and advantages and disadvantages of indirect 
veneers are enumerated in Tables 1 and 2, respectively [8, 9].

3.3 Clinical procedure

3.3.1 Labial preparation

The preparation of the labial contour of anterior teeth must be done in three 
planes (3-plane reduction): incisal, middle third and cervical (Figure 6).

Careful depth reduction of the tooth is done to provide a minimum of 0.3 mm 
(feldspathic porcelain) or 0.6 mm (Empress, e max) preparation. The enamel thick-
ness at the gingival third is 0.3–0.5 mm, up to 0.6–1 mm at the middle third and 
1.0–2.1 mm at the incisal third.

The use of depth cutters or grooves and dimples has been recommended to control 
tooth preparation [9].

3.3.2 Incisal edge reduction

Four different preparation designs were possible (Table 3) (Figure 7) [9].

3.3.3 Proximal reduction

The proximal preparation can be done by stopping short of breaking the contact, 
or by preparing through the contact point.

• If contact points are left intact, it is preferable to leave the contact point with the 
margin ending approximately 0.25 mm or more labial to the contact region.

• The visibility of the tooth: porcelain interproximal interface may be viewed or be 
hidden by the use of an L-shaped preparation or elbow preparation to hide the 
margins interproximally.

• Breaking the contact is often used in changing the shape or position of teeth. 
With the additional space interproximally, adjustments in the contours and posi-
tion of the teeth and width discrepancies can be done.
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Indication Contradictions

Moderate discolourations, such as tetracycline staining, fluorosis, 
devitalized teeth and teeth darkened by age, are not conducive to vital 
bleaching.

Patients with certain tooth to 
tooth habits such as bruxism or 
parafunctional habits

Teeth with generalised moderate facial discolouration from amalgam 
shine-through

Insufficient enamel for bonding 
and sealing of the peripheries.

Surface defects. Small cracks in the enamel caused by ageing, trauma or ice 
chewing

Class III and end-on 
malocclusions

Replacement of missing or fractured parts of the teeth Deciduous teeth

Closing of diastemas, single or multiple spaces between the teeth and 
improving the appearance of rotated or malpositioned teeth. An aesthetic 
illusion can be created but the ideal treatment would be orthodontic 
management.

Short teeth, teeth can be lengthened to a more aesthetic appropriate size

Malocclusions or periodontally compromised teeth

Agenesis of the lateral incisor

Progressive wear pattern, but sufficient enamel must remain and the 
desired increase in length is not excessive.

Functionally sound ceramo-metal or all-ceramic crowns with 
unsatisfactory hue.

Table 1. 
Indications and contraindications of indirect veneers.

Advantages Disadvantages

Natural and stable colour with smooth lustrous 
surfaces.

Colour cannot be modified easily once bonded

Highly acceptable tensile bond strength. Irreversibility of preparation vs. little or no 
preparation for direct composite resin bonding.

Long-lasting Level of difficulty of fabrication and placement, 
time involved and expense.

Exceptional resistance to wear Technical difficulties in avoiding overcontours and 
obtaining closely fitted porcelain/enamel margins. 
The margins can be especially brittle and difficult 
to finish.

Resistance to stain Lower reparability compared to composite veneers.

Extremely good biocompatibility with gingival tissues Susceptibility to pitting by certain topical fluoride 
treatments.

Much less absorption of fluidprevents the decrease in 
physical properties of ceramics.

Surface lustre retention

Lack of radiopacity. It appears as natural tooth 
structure on radiographs.

Table 2. 
Advantages and disadvantages of indirect veneers.
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• Preparations may extend further proximally with the presence of caries and 
existing restorations. Never should a margin lie on restoration or caries and 
should always lie on sound enamel [9].

3.3.4 Cervical margin

• Chamfer with a maximum depth of 0.4 mm to ensure reproduction of natural 
tooth contours and prevents over-contouring.

• It also ensured simple seating minimising stresses and enhances future fracture 
resistance of the veneer.

• Supragingival or equigingival margins are preferred.

Feather 
preparation

Window 
preparation

Bevel preparation Incisal overlap

The preparation is 
taken to the incisal 
edge, without 
reducing the 
incisal edge.

The veneer is 
short of the 
incisal edge, 
retaining the 
enamel over the 
incisal edge.

A bevel is carried over the incisal edge from 
buccal to palatal, with 1–2 mm of incisal 
reduction. Preferred because the veneer is 
stronger and provides a positive seat during 
cementation.

The incisal edge is 
reduced with the 
preparation and then 
extended onto the 
palatal aspect. A positive 
seat is provided with 
this preparation. No 
undercuts must be 
present.

Disadvantage: 
The margins can 
be subjected to 
shear forces in 
protrusion.

Disadvantage: 
difficulty of 
hiding the 
margin.

Advantage: simple tooth preparation 
and aesthetic characteristics are easier to 
fabricate with the ceramist, as it is possible 
to develop incisal translucency. The proper 
seating of the veneer is also enabled with the 
positive seat that is provided. The margin 
should not be in a position where it will 
be subjected to protrusive forces during 
excursive movements, therefore reducing the 
stress within the veneer while distributing 
the occlusal load over a wider surface area

Table 3. 
Different preparation designs.

Figure 6. 
Labial preparation.
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The prepared tooth then must be finished using finishing burs and abrasives and 
polished using pumice such that smooth surfaces are obtained [10].

3.3.5 Impressions

After the tooth prep is done, retraction cords are placed such that all the 
gingival margins are exposed. An accurate impression material such as polyvinyl 
siloxane, polyether or reversible hydrocolloid (agar) is used and a final impression 
is made.

Either a single-step impression or a two-step putty wash impression is made.
With advancement in technology, optical impressions are also being made. These 

impressions integrated with CAD CAM can instantaneously produce the required 
veneer [10].

Figure 7. 
Reduction according to type of veneer preparation.



67

Aesthetic Smile Designing
DOI: http://dx.doi.org/10.5772/intechopen.110465

3.3.6 Temporisation

The provisional restorations must be placed to improve interim aesthetics and 
decrease sensitivity. They also provide essential diagnostic information like veneer 
colour, shape, length and incisal edge configuration.

If it is a single-tooth veneer, the safest option is a light cured composite, which is 
used to directly build the tooth up. Central spot etching is done. No overhanging resin 
composite at the margins should be seen (Direct technique).

When provisionals for multiple teeth are needed, it is preferable to use a clear 
matrix made on a preop diagnostic cast. The teeth are spot etched, washed and dried. 
The facial and incisal areas in the clear matrix are filled with resin composite and the 
matrix is placed on the teeth and cured after removal of the excess. Instead of the 
composite, bis-acrylic temporization material (e.g. Luxatemp, DMG, Germany) can 
also be used (Indirect technique) [8].

3.3.7 Try-in and luting

After the veneer is obtained, the fit and shade are all evaluated in the try-in 
procedure and luting is performed. The teeth are treated with either the total-etch or 
self-etch protocol and the intaglio surface of the veneer is treated with 10% hydroflu-
oric acid. Resin cement is used to lute the veneer and the excess cement is removed 
and finishing and polishing the finish line [9].

3.4 Indirect composite veneers

Aka semi-direct veneers
The clinical technique is similar to that of indirect porcelain veneer. Instead of por-

celain, the resin composite is used to create veneers extra orally and these are cured and 
fired/autoclaved to provide extra resistance to fracture. The finishing and polishing of 
the composite veneers are also done extra orally. Resin cement is used to lute these semi-
direct veneers after treating the tooth with self-etch or total-etch bonding protocol.

The advantages include better strength and fracture resistance, chair-side con-
trolled contouring, single appointment completion and minor adjustments that can 
be done while carrying out the procedure.

The disadvantages include long chairside appointments and proper patient com-
pliance and are technique sensitive.

3.4.1 Failures of indirect veneers

These are categorised as [8]:

1. Mechanical

This includes (i) Fracture—poor positioning of the incisal margin, less incisal 
thickness and margin placed too sub-gingivally. (ii) Debonding—use of expired 
cement for luting and faulty veneer/tooth preparation.

2. Biological
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Biological failures include (i) post-operative sensitivity (ii) improper curing of 
cement, (iii) exposed margins, (iv) poor marginal adaptation, (v) margins at 
DEJ and (vi) marginal microleakage due to poor fit and extension.

3. Aesthetic

Aesthetic complications include (i) improper shade selection and (ii) over 
contouring or improper margin placement in cases of gingival recession.

3.5 Direct veneers

A direct veneer is built up over the tooth surface by hand with composite material.
They are indicated in cases of aesthetically compromised anterior teeth, when 

one desires a younger and better smile, in cases of discoloured teeth, closure of 
diastemas and space closures, fractured teeth, anatomically malformed teeth, 
patient is a bruxer and clencher (Indirect veneers are contraindicated in such 
patients) [8, 11].

Whereas in patients with unacceptable occlusion, actively erupting tooth, pres-
ence of periodontal disease, insufficient coronal tooth structure, enamel irregularities 
or deficiencies, and extremely dark and stained tooth (underlying discolouration 
visible through the veneers) direct veneers are contraindicated [8, 11].

Advantages and disadvantages
The advantages associated with these veneers are that it can be done in a single 

visit, the dentists have chair side control of tooth anatomy, it can be repaired, patient 
compliance is not compromised, cheaper than the other alternative and there is mini-
mal irreversible loss of tooth structure as the preparation is almost next to nil [8, 11].

On the contrary, they tend to discolour, there is increased chair side time, physical 
limitations of the material, they wear out more quickly, often require repair and have 
higher chances of replacement and marginal staining [8, 11].

3.5.1 Diagnostic considerations

Direct veneers can be done only when there is adequate amount of enamel present, 
there is tooth discolouration, in cases of orthodontic problems, in patients with habits 
like tobacco chewing or smoking, edge-to-edge occlusion, parafunctional habits and 
when one needs to meet patient’s expectations immediately [9].

3.5.2 Treatment planning and shade selection

Two sets of models are made so that one can be used to study the patients’ teeth 
and occlusion while another is used for a trial build-up (also known as an aesthetic 
mock up). A putty index is taken from it to replicate the mock-up [10].

Pre-operative photographs in natural lighting and monochrome must be taken to 
correctly evaluate the shade of the teeth. Shade tabs or colourimeters can also be used 
to determine the correct shade of the teeth. Another technique to achieve complex 
shades is the application of composite resin on non-bonded tooth surfaces and curing 
of the composite resin [8]. The first shade to be matched is for the dentin layer, fol-
lowed by the shade for the enamel in the cervical and incisal areas [12].
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3.5.3 Clinical steps

After shade matching, an intra-enamel tooth preparation should be done to a 
minimum depth of 1/4th to 3/4th thickness of enamel (depending on the sever-
ity of the case). Following this, the teeth are etched with 35% orthophosphoric 
acid, washed, dried and checked for frosty appearance. Next, the bonding agent 
is applied, air-dried and polymerised using light cure unit. After this, putty index 
is placed and placement of composite resin in layering technique is done to ensure 
shade matching. In case of dark discoloured teeth, an opaquer is used to mask the 
effect following which a dentin layer and enamel layer (cervical and incisal respec-
tively) being applied and light cured. Finishing and polishing done 10 minutes after 
complete polymerisation are achieved. Burs, discs and wheels are used to reduce 
excess contours and final finishing and polishing are done using diamond discs and 
cups with polishing paste [9].

3.5.4 Failures of direct veneers

Composite veneers show around 60–70% of success rates in clinical studies. 
However, failures are seen to occur 2 to 5 years after placement what so ever the 
protocol or material is used.

Periodontal involvement: Due to the finish lines located near gingival margin and 
the presence of substances such as excess composite or bonding agents in the gingival 
crevices, which can act as irritants, gingival inflammation can occur.

Marginal breakdown: White lines may be seen as a result of finishing process. The 
composite tends to tear at the margins due to the effect of polymerisation shrinkage 
and the heat and friction produced during the finishing and polishing of the newly 
placed composite.

Occlusal-related chipping: This is seen especially in patients with parafunctional 
habits. Hence, the length and contouring of the veneer should be decided and per-
fected. Also, the occlusal table can be widened by adding extra material on the cuspid 
tip to resist shear forces.

Chipping at contact area: Seen due to occlusal trauma or fatigue caused by cyclic 
fatigue. A chamfer or rounded shoulder margin should be placed to avoid such 
chipping.

Layer separation: Occurs when composite is inadequately bonded to the tooth and 
other layers. Layering of composite under a completely sterile environment and car-
rying out proper polymerisation of each layer to prevent the presence of unpolymer-
ized resin [9].

3.5.5 Strategies to repair failed direct veneers

Minor marginal breakdown can be treated with discing. Discing removes the dam-
aged area and exposes the sound restoration underneath.

The repair of fractured composite such that new material is layered over existing 
composite should never be attempted. If a restoration needs repair, the old composite 
should be removed completely and the restoration must be repeated.

When a properly placed composite in a stress-bearing area fractures due to over-
loading stress, a better stress-bearing and stronger material should be used to restore 
the tooth instead of repeating the composite restoration [9].
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4. Recent advances

4.1 Lumineers

Lumineers are made from a special patented Cerinate porcelain that is very strong 
but much thinner than traditional laboratory-fabricated veneers. The thickness is 
comparable to contact lenses [13]. Lumineers are a reversible procedure and it hardly 
requires removal of tooth structure. They will bond directly to the tooth and the 
longevity is up to 20 years.

Componeer (Coltene, Altstten, Switzerland) prefabricated veneers are thin 
composite resin shells (0.3 mm cervically and 0.6–1.0 mm to the incisal edge). These 
prefabricated veneers are made of a pre-polymerised hybrid composite resin and 
Synergy D6 (Coltene, Altstten, Switzerland) [14].

4.2 Digital smile designing (DSD)

With the new era of digitalization, use of softwares and computers allow for a 
repeatable and reproducible functional and aesthetic result. Components of DSD 
include a computer, DSD software, digital single-lens reflex (DSLR) camera or smart-
phone camera, intra-oral scanner, a printer and CAD/CAM system [15].

4.3 Photography and videography

Good quality photographs are a must as it forms the baseline to evaluate the 
changes as well as plan the treatment. It helps to form the facial and gingival reference 
lines such as the commissural lines, lip line and inter-pupillary line. The photographs 
and videographs should be taken accordingly (Tables 4 and 5) [15–17].

These images are uploaded in software that helps carry out the DSD. Various 
softwares are available depending on factors such as the dentist’s ease of use, digital 
workflow, cost, time effectiveness and compatibility with other digital tools and 
systems, for example, Smile designer Pro, Tasty Tech ltd. Toronto, Ontario, Canada; 
Microsoft PowerPoint, Microsoft Office, Redmond, Washington, USA; Keynote, 
iWork, Apple, Cupertino, California, USA.

Given the history of humans and their inspiration by principles of nature, the 
digital tool just like a manual tool performs facial analysis [18]. The horizontal 
(inter-pupillary and inter-commissural lines) and vertical references (facial midline 
through the glabella, nose and the chin) are marked and drawn against each other 
to calculate the facial symmetry. The software then places the wide smile photo-
graph of the patient behind these reference lines to measure the vertical midline 

Frontal view-3 Proximal view-2 At 12 o’clock view Intra occlusal view

1. Full face at rest.
2.  Full face with teeth apart 

and wide smile.
3.  Teeth apart retracted view 

of maxillary and mandibular 
arch.

1.  Side view at 
rest.

2.  Side view with 
full smile.

incisal edge of maxillary 
teeth visible and resting 
on lower lip with a wide 
smile.

second premolar to 
second premolar of 
maxillary arch.

Table 4. 
Photographs.
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and horizontal plane for comparative evaluation between the teeth and face. Next, 
the dento-gingival analysis is done. Gingival display and smile curve is established 
and dental contouring is done based on the curvature of the lower lip and antero-
posterior curvature of the teeth. Reference lines such as horizontal canine to canine 
tip, horizontal lines through incisal edges, vertical midline and gingival zenith are 
drawn to match the facial analysis. The dental length-to-width ratio is established 
by incorporating any one of the dental proportions such as the golden proportion, 
Pound’s theory, recurring aesthetic dental proportion and Dentogenic theory or 
Visagism (using temperament in concept of smile design, introduced by Braulio 
Paolucci). All the above measurements are then transferred to a 3D cast. Wax-up is 
then done and reflected onto the cast. The software then uses tools to make neces-
sary changes and the final image is presented to the patient, this final image can also 
be altered based on the patient’s aesthetic needs and requirements. A 3D printer is 
used to process the digital wax-up, silicone index can be prepared out of the model 
and can be processed to create a provisional restoration. Mock-ups and alterations 
can be done on it. The final changes can be made and a scanner is used to feed it to 
the CAD/CAM machine [15–17]. The final approved 3D image of the preparation is 
obtained and final prosthesis is designed by the machine, this is called computer-
aided designing. Appropriate size of the ceramic is chosen and the milling machine 
produces the veneers in accordance with the details fed into the computer [19]. An 
alternative method would be computer-aided designing/additive manufacturing 
using 3D printing to overcome the wastage of the material.

Various veneer materials are available and used by the CAD/CAM system such 
as feldspathic ceramics, mica-based ceramics, leucite-reinforced ceramics, lithium 
disilicate reinforced ceramics, glass infiltrated alumina and zirconia ceramics, 
polycrystalline alumina and zirconia, which includes yttria partially stabilised 
tetragonal zirconia polycrystals, magnesium partially stabilised zirconia and ceria 
stabilised zirconia/alumina nanocomposite. In 3D printing, the options available 
are light-cured resin, methacrylate-based resin, composites, hybrid composite 
resin, experimental PMMA-based nanocomposite, polymers and ceramic-filled 
hybrid resins such as experimental lithium disilicate-based ceramic-filled photo-
sensitive resin [19, 20].

Advantages
Improved diagnosis and treatment planning.
Visualisation of treatment outcome.
Patients’ involvement and satisfaction.
Better communication amongst dentists as well as the dentist and the patient.
High-quality pre- and post-treatment evaluation [15–17].
Limitations
Dependency on accurate photographs and videos.
Expensive.
Need to have updated knowledge and skill to work with technology [15–17].

Frontal video Proximal video At 12 o’clock video Anterior occlusal video

Smiling with and 
without retractor

lips at rest and 
wide-smile

To allow visualisation 
of incisal edge

Keeping palatine raphe as a 
straight line from maxillary second 
premolar to second premolar

Table 5. 
Videographs.
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5. Conclusion

Creating a smile requires thorough knowledge and skill to replicate the natural 
smile. One needs to consider the components of smile designing, which includes the 
tooth as well as the gingival counterparts. Consideration of various proportions to 
achieve the shape, symmetry, function and aesthetic is required. With availability 
of tooth-coloured materials, achieving a natural smile is now possible. Composite or 
ceramic veneers help achieve maximum beautification with minimal preparation. 
Moreover, popularisation of software tools and CAD/CAM systems will help achieve 
maximum precision and patient satisfaction.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Abstract

Oral health is a fundamental and important part of the patient’s general health. 
It is very common to find texts that focus on diseases rather than on health, the 
proposal of this chapter is to address the importance of oral health maintenance, its 
impact on people’s lives, and the fundamental role of the dentist as a professional. 
Oral diseases are largely preventable or require only simple interventions if diagnosed 
and addressed at early stages. The aim of this chapter is to discuss the importance of 
the function of teeth and their supporting tissues for the health of the person, as well 
as the functions of esthetics, phonation, and mastication in the bio-psycho-social 
relationship of the human being, to demonstrate how fundamental, it is to maintain 
oral health.

Keywords: oral health, supporting tissues, quality of life, oral health concepts, 
diagnosis, oral

1. Introduction

Oral health is an integral part of general health since both share common causal 
pathways and affect each other in a bi-directional fashion [1]. The World Health 
Organization (WHO) defined oral health in 2011 as “a state of well-being, free from 
chronic orofacial pain, oral and throat cancer, oral ulcers, birth defects such as cleft 
lip and palate, periodontal or gum disease, dental caries, tooth loss and other diseases 
and disorders affecting the oral cavity” [2].

Oral health is essential for proper food intake. The condition of the teeth and 
supporting tissues have been shown to contribute to the maintenance of proper 
nutritional status, and consequently, to overall health [3]. The oral microbiome is 
comprised of over 600 prevalent taxa at the species level, with distinct subsets pre-
dominating in various oral habitats [4]. In the absence of effective oral hygiene, initial 
dental plaque formation on a clean tooth surface will occur within 48 hours and can 
be reflected in the oral environment [5]. Dental caries and periodontitis are the most 
common oral diseases and are major causes of tooth loss [6].
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The area of oral health is very important because it is linked to the overall health of 
the patient, and much emphasis is placed on oral health problems rather than on oral 
health prevention. Prevention of oral diseases requires extensive knowledge of their 
causes such as socioeconomic inequalities, nutrition and dietary aspects, access to 
fluoride, and appropriate dental care, all of which may start early in life [7].

Many countries have established different policies and successful programs to 
reduce the prevalence and severity of oral diseases. Yet from a global perspective, 
much more needs to be done, positive action needs to be accelerated, and innovative 
solutions need to be evaluated and implemented at scale so that the vision of uni-
versal health coverage (UHC) for oral health becomes a realistic goal. This includes 
a renewed focus on integrating oral health care with primary health care (PHC) and 
integrating the promotion of prevention and oral health in settings outside specialist 
oral health facilities [1].

The aim of this chapter is to present the components and their function within 
oral health. In addition, show the impact of oral health on the quality of life, as well as 
comment on the role of the dentist in oral health.

2. Importance of teeth and supporting tissues

The oral cavity is mentioned by some authors as the entrance door of the external 
environment to the organism and has been related as the link to systemic health. It is 
formed by two zones: an external or vestibular one limited by the inner part of the lips 
and cheeks and the vestibular face of all the teeth. The other zone, the internal zone, 
is the space inside the mouth, limited by the inner side of the teeth, the upper part by 
the palate, and the lower part by the tongue and the floor of the tongue [8–10].

2.1 Function

It is in this place, the mouth, where the teeth are located, in which we differenti-
ate between two zones, the visible portion called the crown, while the portion that 
is lodged in the dental alveolus is called the root. The tooth is a complex structure 
composed of different highly organized hard and soft tissues, including highly calci-
fied enamel, dentin, and cementum, in addition to the soft tissues, which include the 
dental pulp and periodontal ligament [10–12].

Enamel, inorganic and calcified tissue, is the hard surface of the tooth and the 
hardest tissue in the body. It is directly exposed to the oral cavity and external stimuli 
such as mechanical stress. Dentin is the second layer of the tooth located below the 
enamel and cementum. It is a collagen mineralized structure formed of several micro-
tubules that extend from the pulp wall to the dentin-pulp junction or cementum. 
Dentin has a mechanism in which its constituent cells called odontoblasts, are respon-
sible for the secretion of the dentin matrix and the formation of secondary dentin 
which occurs in adult life during normal dentinogenesis. Once the tooth reaches 
adulthood, we consequentially find a decrease in the volume of the pulp cavity [13].

The pulp located in the central part of the tooth, the pulpar chamber and root 
canal, is the vital tissue that provides nutritional elements to the tooth. It also serves 
as a contributor of sensory function due to its composition of nerves and blood vessels 
that enter through the apical foramen. The pulp additionally fulfills its other forma-
tive and defensive functions through the formation of repair dentin, which it does as a 
response to harmful external stimuli [12, 13].
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The portion of the maxillary and mandibular bone that surrounds the tooth is 
referred to as periodontal tissue and includes the gingival gingiva, the alveolar bone, 
and the periodontal ligament. The gingival gingiva is the mucosa that surrounds and 
protects the tooth acting as a barrier to mechanical trauma and infection specifically 
in the gingival sulcus where the gingiva inserts into the tooth. Its function within the 
gingiva is sensory, absorption of micronutrients and plays an important role in the 
innate immune response [14].

The periodontal ligament is a tissue composed of connective fibers containing 
specialized cells that surround the tooth. These fibers are responsible for keeping it 
attached to the alveolus in the maxillary bone, which contains a rich microvascular 
network within, thus performing the function of anchoring the tooth to the bone. A 
close relationship has also been demonstrated between the behavior of the periodon-
tium and the support forces that act as “shock absorbers,” since it is in continuous 
tension from constant chewing forces [11, 14, 15].

Humans develop two sets of teeth: primary and secondary, which vary in shape 
and number, among others. The primary dentition is formed by 8 incisors, 4 canines, 
and 8 molars, with a total of 20 teeth. These are currently recognized as important 
to preserve because of their relationship with the permanent teeth, as they are their 
precursors and are essential to contribute not only to the health of children but also to 
the welfare of adults [10, 11, 16].

Primary teeth begin their formation during gestation and begin to erupt in the 
mouth at approximately 6 months following a sequential eruption pattern, thus in 
the first year of life, a new function begins: chewing. This action can be affected by 
the premature loss of a dental piece since it not only causes a simple setback but also 
affects the masticatory function and results in the appearance of malocclusion prob-
lems by providing the indispensable space that will later be occupied by the secondary 
dentition [17, 18].

The crowns of primary teeth are smaller than those of secondary or permanent 
teeth, their precursors, and are formed by three thin layers: enamel (hard and exter-
nal layer whose function is to protect the tooth from injuries and infections), dentin 
(layer formed by tubules responsible for providing nutrients to the tooth, unlike the 
enamel can regenerate) and pulp (formed by nerves and vessels important for the 
health of the tooth). Both enamel and dentin are found as thin layers compared to 
permanent teeth, which makes primary teeth more susceptible to dental caries [18].

Permanent teeth are larger than deciduous teeth, as well as their crowns, because 
as the jaws mature the permanent teeth gradually adapt in the arch. These teeth are 
formed by 8 incisors, 4 canines, 8 premolars, and 12 molars for a total of 32 teeth. 
The different occlusal and incisal morphologies that we observe in each of the groups 
of teeth are closely related not only to the function they perform and the position 
in which they are distributed in the structures involved in oral dynamics but are 
also linked to the mandibular movements that aid in mastication. For example, the 
anterior teeth are so called because of the position in which they are located, they 
are called incisors because their function is to incise or cut the food. The upper teeth 
are especially important, not only for their function but also from a phonetic and 
esthetic point of view, since they are directly related to the pronunciation of certain 
letters such as c, d, f, s, t, v, z. While the back teeth, the molars, located at the back of 
the jaws with their occlusal faces, are responsible for grinding food and facilitating 
chewing [10, 11, 18–20].

Teeth are not essential for life, however, they are crucial for the health of the 
individual, as well as his or her wellbeing since together with saliva they begin the 
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processing of food, starting the digestive process in conjunction with hard and soft 
tissues and good salivation. The teeth crush the food during chewing and help the 
enzymatic action of the digestive system favoring the reabsorption of nutrients 
which is essential for growth and development in the infant stage. Good mastication 
is described as the act of grinding or crushing food through the teeth in a certain 
number of chewing cycles, which requires fine rhythmic motor coordination with 
the opening and closing of the mouth in synchrony with the lips and tongue. In this 
way, the anterior part of the tongue facilitates the formation of the food bolus and its 
transportation to a suitable position to continue grinding it together with the teeth 
in repeated cycles. Once sufficiently small particles are obtained, they are sent to the 
posterior part of the tongue to continue with the digestive process and in this way, the 
organism obtains the nutrients for the daily activities that the individual carries out 
[10, 21–23].

The deterioration of the occlusal surfaces or the absence of them has repercussions 
in the masticatory ability. This leads to changes in eating habits, food intake, as well as 
lack of nutrients, which results in alterations in nutrition. The rhythmic and repeti-
tive function of mastication can be altered when form-related occlusal impairments 
occur. Most of the mastication is carried out by the premolars and molars, sometimes 
assisted by the canines, these movements are related to the anatomical and structural 
alignment of the teeth. Mastication includes a series of coordinated movements 
between teeth through occlusal contact with the tongue and jaws. Movements are 
guided by the dental anatomy and supporting structures, temporomandibular joints 
(TMJ), masticatory muscles, and central nervous system. This complex mechanism 
can be easily affected when any of the components such as teeth, periodontal articu-
lation, and peripheral nervous system are altered. To maintain occlusal stability, it is 
necessary to maintain balance with the pressure of the lips and cheeks, occlusal and 
eruption forces, tongue pressure, periodontal support since they are intimately linked 
to the dental position. If any of them is altered in frequency or magnitude, the posi-
tion of the tooth will change, modifying and altering the occlusion and consequently 
the function, which can lead to the loss of teeth, loss of partial structure, and defi-
ciency in the support caused by trauma or periodontal disease. This will also affect 
occlusal stability, which is defined as the optimal functional state between teeth, 
articulation, arch, and muscles [18, 24] (Figure 1).

Figure 1. 
Absence or deterioration of the occlusal surface has a repercussion in the masticatory ability which results in 
alterations in nutrition. (A) Patient before and (B) after oral rehabilitation (photos kindly provided by Dr. 
Francisco Javier Macías García).
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Within the oral cavity and actively participating with the teeth in mastication is 
located the tongue which is a mass of muscle (intrinsic and extrinsic) that does not 
have a skeletal base and is essential for chewing, swallowing, taste, and speech, by 
combining a series of synchronous movements. In the dorsal part, of the anterior 
segment, we observe that it is covered by four types of papillae: filiform, fungiform, 
foliaceous, and circumvallate. The glands are involved in the sense of taste, helping to 
detect the primary flavors such as sweet, sour, and bitter, in the same way, the sense 
of taste is linked to the sense of smell, that is, the perception of taste is altered when 
the sense of smell is affected [19].

2.2 Esthetics

The face has an important esthetic significance where dental appearance is 
considered an essential component. Anthropomorphic studies have shown that the 
anterior teeth have a harmonious relationship with the facial structures. To achieve 
a pleasing appearance, intraoral and extraoral factors such as the periodontium, 
perioral muscles, skeletal components of the jaws as well as the relationship of the 
smile to adjacent tissues such as the nose and chin must be considered as they have an 
indisputable effect on the smile.

The smile is the facial display of emotion that is produced once the muscles of 
facial expression undergo contraction showing the teeth of the maxilla. This facial 
expression can influence the way in which the individual fits in and performs within 
society playing an important role linked to emotions, such as self-esteem. Although 
esthetics is completely subjective, it is influenced by various factors such as culture, 
social status, and level of education. For example, it is common for adolescents to 
form their esthetic ideals according to their own experience and based on cultural 
stereotypes [25, 26].

For a smile to be pleasing, harmony must be achieved with the size, shape, posi-
tion, and color of the teeth as well as the proportion and relative symmetry between 
them plus the surrounding elements such as size and shape of the lip and the amount 
of visible gingiva. However, patient perception of an ideal smile corresponds to hav-
ing white teeth that are oversized, while the literature points to dental alignment and 
color as the essential characteristics [27] (Figure 2).

In recent years, dentists and patients have turned their interest to dental esthetics 
and the facial appearance of treatments. The impact of having a pleasant denti-
tion with a beautiful smile has even come to be considered a plus for employment, 

Figure 2. 
Dental harmony between size, shape, position, and color. (A) Patient before and (B) after treatment (photos 
kindly provided by Dr. Francisco Javier Macías García).
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interpersonal and social relationships, etc., increasing the demand for esthetic dental 
care every day [25, 28].

The oral cavity is involved in various functions among which are esthetics, speech, 
and mastication, the latter being where we observe the interrelationship with the 
intake and propulsion of food into the oropharynx, essential for the nutrition of the 
individual so that a decrease in masticatory function affects the overall health and 
welfare of the patient. Another function of the mouth is to serve as a second second-
ary airway to the nasal cavity.

As health professionals, dentists are committed to caring for the oral health of 
patients, keeping teeth in natural occlusion and function integrated in harmony with 
orofacial esthetics [13, 29–31].

3. Impact of oral health on people’s quality of life

Oral health varies over the life course from early life to old age, is integral to 
general health and supports individuals in participating in society and achieving 
their potential [32]. Oral diseases are a major public health problem for countries and 
populations worldwide, although they often are not publicly recognized as such [1].

In May 2021, a historic resolution concerned with the lack of attention to oral dis-
eases recognizing was made by the World Health Assembly. It stated that Oral health 
should be firmly embedded within the noncommunicable disease (NCD) agenda and 
that oral health care interventions should be included in universal health coverage 
(UHC) programs [33].

The combined estimated number of cases of oral diseases globally is about 1 billion 
higher than cases of all five main NCDs (mental disorders, cardiovascular disease, 
diabetes mellitus, chronic respiratory diseases, and cancers) combined [1, 34].

Oral diseases are a concept that encompasses everything from temporary and 
permanent tooth decay, periodontal disease, edentulism to oral cancer, all of which 
are currently recognized as public health problems for countries and populations 
around the world. Globally, these diseases affect almost 3.5 billion people and three 
out of four people affected live in middle-income countries [1].

Apart from the five main diseases (caries of deciduous and permanent teeth, 
severe periodontal disease, edentulism,lip and oral cavity cancer), many other 
diseases and conditions are relevant to oral health [1, 35].

Quality of life of the population is one of the generally accepted and important 
indicators that define the real opportunities of people that they need for a comfortable 
life. From the point of view of dental health, four types of factors were identified that 
are directly related to the quality of life of patients: Pathology of the dental-maxillary 
system, the state of the dental-maxillary system, influence of the condition of the 
dental-maxillary apparatus, and the condition of the dental-maxillary apparatus [36].

The circumstances in which people are born, grow up, live, work, and age [1], is 
the framework that influences, together with genetic, sociocultural, and environmen-
tal factors, the development of oral diseases as well as non-communicable diseases 
(NCDs).

3.1 Children

As is highlighted in the 1990 United Nations (UN) Convention on the Rights of 
the Child which has since been ratified in 2019, all children shall have the right to 
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the best possible health and access to healthcare. This includes good oral health and 
access to dental care [37]. There is a clear connection between socio-economic factors 
and social vulnerability and oral health. Having parents with low educational level, 
single parents, unemployment in the family or parents from non-European countries 
increases the risk of the child having caries. For example, 95% of Swedish 3-year-old 
children and 73% of 6-year-old children are caries-free, but it has been shown that 
the worse the dental health of the parents, the higher the risk of caries in children 
[37]. The reality in the world population is that more than 2 billion people worldwide 
live with untreated dental caries. In primary teeth, untreated caries is the most com-
mon chronic childhood disease, affecting 514 million children worldwide [34, 38–41].

Traumatic dental injury is a widespread yet often overlooked condition. In March 
2022, a revision of the International Classification of Diseases (ICD) was published, 
that now includes more detailed codes on dental trauma, allowing for better data 
collection and surveillance [1].

Nevertheless, oral mucosal conditions are underestimated and underdiagnosed 
not only by dentists but also by pediatricians, dermatologists, and other medical 
specialists. However, a retrospective study conducted in Poland in children aged 
0-17 years found that the most frequent oral mucosal lesions were aphthae, mucocele, 
morsicatio buccarum, hairy tongue, fibroma, geographic tongue, papilloma, lip-tie, 
pyogenic granuloma, and traumatic erosions [38].

Seeing the mouth as part of the body and that children’s dental health can affect 
both general health and future caries development is an important message to convey. 
The right of all children to good and equal health must not only be a vision but also an 
important goal to strive for it [37].

3.2 Adolescents

The WHO defined adolescents as “all persons between 10 and 19 years of age 
group and Youth as the 15–24 year age group. While Young People covers the age range 
10–24 years.” This transition from childhood to adulthood can negatively impact oral 
health. In adolescents, hormonal changes, diet, and inadequate hygiene habits added 
to other factors that modify the internal and external environment of the individual 
make them a risk group for poor oral health. Thus, anxiety, depression, low self-
esteem, and psychosocial problems are some factors that negatively affect the oral 
health of both children and adolescents, resulting in pathologies such as bruxism and 
temporomandibular disorders (TMD), affecting their quality of life [42].

Eating is the most frequently affected dimension and toothache is the first cause of 
impact, showing a generally mild intensity and severity of impact. The impact on oral 
quality of life is greater in younger adolescents [43]. Significantly improving factors 
such as self-esteem, esthetics, social interaction, and self-perception in adolescents is 
important [42].

3.3 Adults and seniors

The dominant oral diseases are dental caries and periodontal diseases [44]. The 
dominant oral diseases in the adult population are dental caries and periodontal 
diseases. Tooth loss is often considered an inevitable result of aging and is socially 
accepted in many cultures. However, losing teeth and living with reduced or absent 
dentition can be psychologically traumatic, socially detrimental, and functionally 
limiting for the affected individual. A balanced diet can be difficult, especially when 
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partial or full dentures to replace missing teeth are not accessible or affordable. For 
people over 60 years of age, the global average prevalence of edentulism is much 
higher, estimated at 22.7%: almost one in four people over 60 years of age lacks 
teeth [1]. However, several factors make older people particularly sensitive to these 
diseases, such as the influence of the aging process on immune system function, 
morbidities, and medication that can reduce salivary flow [44].

Good oral health is important for the general health, comfort, and basic dignity of 
older members of society. Because of the interaction between oral health and general 
health that has become increasingly established, especially in relation to many chronic 
diseases, such as cardiovascular disease, stroke, and diabetes, the oral health was 
redefined by World Dental Federation (FDI) as “multifaceted and includes the ability 
to speak, smile, smell, taste, touch, chew, swallow and convey a range of emotions 
through facial expressions with confidence and without pain, discomfort and discom-
fort of the Craniofacial Complex” [45].

Today, many older people in Sweden have many natural teeth remaining, and denture 
wearers are less frequent [46]. Similarly, in Japan, the goal is to ensure that people still 
have 20 of their teeth at age 80 so that they can maintain nutritional and social well-
being, and campaigns are being conducted with a lifelong focus on preventing tooth 
loss, targeting all generations [1]. It is a reality that over the life course, oral diseases and 
conditions disproportionately affect poor and vulnerable members of society, which 
often include people with low incomes, people with disabilities, older people living alone 
or in residential care, refugees, prisoners, or people living in remote and rural com-
munities, as well as people belonging to minorities or other socially marginalized groups 
[32]. Drawing on the experience of countries that have succeeded in turning this reality 
around, we must strive to raise awareness among these generations to establish preven-
tive measures that will lead us to achieve the goal of better oral health.

Oral cancers are a disease group with high mortality and morbidity. The IARC 
Global Cancer Observatory (GLOBOCAN) estimated 377,713 new cases and 177,757 
deaths from lip and oral cavity cancers worldwide in 2020 [1, 32, 46]. The main risk 
factors for lip, oral cavity, and oropharyngeal cancers are tobacco use, alcohol con-
sumption, and betel quid use. Oral health plays a major role in well-being and self-
esteem, while oral diseases heavily affect the quality of life, productivity, and ability 
to work as well as social participation [1].

4. Fundamental role of the dentist in oral health

Professional oral and dental supervision are critical components of patient health 
for quality life [47], oral functions such as eating, speaking, and relating to others are 
connected to prevention [48], and measures that have been incorporated into disease 
surveillance, facilitating comparisons of morbidity across health conditions, with 
the potential to guide large-scale priority setting [47]. The dentist has the role of the 
leader on the oral health team and, in this capacity; he/she is responsible for diagno-
sis, treatment planning, and the quality control of the oral treatment [49].

The clinical examination of the patient should start as the patient enters the clinic 
and is greeted by the clinician. The general examination includes:

1. Vital signs: Conscious state, pulse, blood pressure, and respiration.

2. Other signs: Weight, condition of the hands, skin lesions, and skin appendages.
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3. Extraoral head and neck examination: Swellings, pallor, rash, erythema, palpa-
tion of all cervical, submental, and submandibular lymph nodes, salivary and 
thyroid glands, the temporomandibular joints (TMJ), muscles of mastication’s 
and the cranial nerves should be examined.

4. Intraoral examination: Dental, periodontal, and mucosa examination [49, 50].

4.1 History of the present complaint

This should cover aspects relevant to the particular main complaint, such as:
Date of onset
Duration
Locations
Aggravating and relieving factors
Investigations thus far
Treatment already received.
The history and clinical examination are designed to put the clinician in a position 

to make a provisional diagnosis, or a differential diagnosis [50].
Clinical examination allows for a diagnosis, which often involves the patient’s 

careful history (anamnesis). In fact, utilizing a patient’s history provides a diagnosis 
in about 80% of cases [50].

4.2 Communicating the diagnosis

The dentist is competent at recognizing the presence of systemic disease and 
knowing how the disease and its treatment affect the delivery of dental care and 
recognizing the clinical features of oral mucosal diseases or disorders, including 
oral neoplasia, and identifying conditions that require management [49]. Follow 
their ethical and professional responsibility to refer the patient to another appro-
priate health care professional (HCP) if this is likely to be in the patient’s best 
interests [50].

5. The role of oral immune system

Innate immunity plays a unique role in oral immunity, by triggering a crucial 
systemic response to protect the host and maintain homeostasis. Furthermore, the 
innate defense is pivotal in the activation and regulation of adaptive immunity [51].

Oral and periodontal health impact systemic health, and vice versa [52] the oral 
mucosa acts as a first line of defense and is like a barrier to protect from environ-
mental exposures, physical and chemical damage, microbes, and toxins. Through its 
physical and immunological barrier functions [51], the role of the oral microbiome is 
crucial to homeostasis and immune responses in the mucosal tissues [48, 49].

In the oral cavity exists a highly dynamic microbial environment that harbors 
many distinct substrata and microenvironments housing diverse microbial communi-
ties [52]. Commensal microbiota is considered as the main driver of barrier immune 
function, shaping protective and homeostatic immune responses at the mucosa 
tissue [51]. The cells of the innate immune system are located strategically at the host-
microbiome and are composed of three major compartments: the epithelial layer, 
lamina propria, and the mucosal-associated lymphoid tissue (MALT) [51].
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The lining of the oral cavity is called the stratified flat epithelium and can be 
keratinized or non-keratinized. Its function is to protect the underlying tissue from 
mechanical damage, as well as to function as a primary barrier site and a portal for 
the entry of food and microorganisms. The epithelium is constantly replaced by cell 
division [51].

The oral cavity, often described as a community of commensal, symbiotic, and 
pathogenic microorganisms with a body space or other environment, has the second 
largest and diverse microbiota after the gut. It harbors over 700 species of microbial 
communities that are involved in promoting oral health and exist in a dynamic bal-
ance with the host [51]. It is also presented with near-constant environmental chal-
lenges, including host diet, salivary flow, masticatory forces, and the introduction of 
exogenous pathogens. The composition of the oral microbiome is shaped throughout 
life by factors that include host genetics and maternal transmission, as well as by 
environmental factors, such as dietary habits, oral hygiene practice, medications, and 
systemic factors [52].

Besides its role in mastication, saliva contains specific digestive enzymes to sup-
port food digestion such as amylase, lipase, and proteases [53] and it is involved in 
defending against external pathogens including bacteria, viruses, and fungi [54].

6. Conclusions and future perspectives

Some of the challenges in preventing and controlling oral diseases are related to 
the design and organization of (oral) health care systems, including oral health work-
force models, individuals’ capability for effective self-care, and access to and afford-
ability of fluorides for oral health as well as data, surveillance, and research issues that 
limit the availability of basic information on oral health and disease [55–57].

More high-quality research is needed to understand fully the potential shared 
pathways between oral diseases, poor oral health, and other general diseases and 
conditions, the coexistence of multiple health conditions, as well as the impact of oral 
health interventions on general health [58]. It will require societal change addressing 
health care reform and social inequities to create better overall health and wellness, 
and more interest from many organizations in oral health heretofore [59].

Unprecedented advances in genomics, data science, and biotechnology are 
presented considering their contributions to a new era of health care in which inter-
ventions and treatment are increasingly tailored to individual patients [60]. Finally, 
mobile and remote technologies using smartphones and other digital approaches are 
expanding the scope of and approaches to health promotion and aspects of oral health 
care while challenging patient-provider relations and data protection [1].
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Chapter 6

Oral Health: A Doorway to General 
Well-being
Lawrence O. Igbinosa, Richard Evbuomwan,  
Martins A. Okoromu and Uwa S. Osarenkhoe

Abstract

At every stage of life, oral health is crucial to overall health and well-being. Good 
oral health is beyond being free of pain. Maintaining good mental and social health 
also includes maintaining a healthy grin. The essential actions for observing proper 
oral hygiene are achieved by brushing, flossing, and consuming sugar-free, healthy 
foods, quitting smoking to enhance oral health and overall health, and scheduling 
a routine dental visit. The events of oral health range from Oral health education, 
primary prevention methods, and secondary prevention measures, and these forms 
the ingredients for oral health. Tooth decay, gum disease, and oral malignancies are 
the main illnesses that can have detrimental impacts on oral health. Most of these 
conditions can be prevented. Diabetes, heart disease, cognitive health, and nutri-
tional deficiencies have all been linked to poor oral health, not necessarily as causative 
agents but as conditions that may worsen in poor oral health.

Keywords: oral health, general well-being, dental caries, periodontal diseases, diabetes, 
cognitive health

1. Introduction

The World Health Organization defined health in 1948 as a method that is still 
used today by world authorities. “Health is a state of complete physical, mental, and 
social well-being and not merely the absence of disease or infirmity.” Additional 
refinements were added to the definition in 1986: “A resource for everyday life, not 
the objective of living. Health is a positive concept emphasizing social and personal 
resources, as well as physical capacities.” This indicates that health is a resource to 
support a person’s role in larger society rather than being a goal in and of itself. The 
ability to live a full life with meaning and purpose is made possible by a healthy 
lifestyle [1].

Speaking, smiling, smelling, tasting, touching, chewing, swallowing, and being 
able to communicate a variety of emotions through facial expressions with confidence 
and without suffering from pain, discomfort, or diseases of the craniofacial complex 
(head, face, and oral cavity) are all aspects of having good oral health [2]. Regardless 
of the age of a person, oral health is vital to general health and well-being [3].
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The majority of oral health disorders can be treated when they are young and 
are mainly avoidable. Dental caries (tooth decay), periodontal disorders, tooth loss, 
and oral malignancies account for the majority of occurrences. Orofacial clefts, 
noma (a severe gangrenous disease that begins in the mouth and primarily affects 
young people), and oro-dental trauma are further oral disorders of public health 
significance.

According to the WHO Global Oral Health Status report from 2022, close to 3.5 
billion people worldwide suffer from oral disorders, with three out of every four of 
these individuals residing in middle-income nations. 514 million children worldwide 
suffer from primary tooth decay, while 2 billion people are thought to have permanent 
tooth decay.

Oral diseases globally, have been on the rise. This has been due to increased urban-
ization and lifestyle changes. The combination of insufficient exposure to fluoride, 
widespread food with high sugar content, alcohol, tobacco, and reduction in commu-
nity access to oral healthcare services has led to an increase in disease conditions [4].

2. Components of oral hygiene routine

Oral hygiene is the practice of keeping the mouth clean and disease-free. It 
involves brushing and flossing the teeth as well as visiting the dentist regularly for 
dental checkups.

The most popular oral hygiene technique is using a toothbrush to remove plaque. 
Brushing the teeth at least twice a day for two to three minutes with gentle pressure, 
preferably using the Bass technique or its modification, is advised as part of a healthy 
oral hygiene practice [5].

By flossing, one may get rid of food particles and other debris stuck in tight spaces 
between the teeth that the toothbrush can not access. This helps to prevent decay from 
spreading there [6].

Every six months, one should go to the dentist for a thorough examination and 
prophylactic cleaning. All the brushing in the world will not be able to get rid of 
calculus buildup. Frequent visiting will enable the dentist to spot and address emerg-
ing dental health issues before they worsen [7].

Healthy eating benefits the entire body, including the teeth. The teeth will remain 
strong and healthy far into old life if one eats a healthy diet high in calcium and other 
nutrients. This will boost health generally.

Additional dental care supplies might also improve oral health. Overall dental health 
can benefit from using products like mouthwash, interdental cleaners, and oral irriga-
tors. These items are to complement brushing and flossing rather than replace them [8].

2.1 Elements in oral health programs

The majority of oral health regimens consist of three primary components. 
They are;

i. Oral health education/instruction

ii. Primary prevention methods (chair-side and non-chair-side).

iii. Secondary prevention measures [9].
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2.1.1 Oral health education/instruction

Oral health education/instruction usually refers to oral hygiene instruction  
and/or oral health education. These educational exercises are designed to encourage 
good oral hygiene habits and to change people’s perceptions of and attitudes regarding 
dental health. Not only do they target kids, but also their parents, teachers, and medi-
cal professionals. Schools and clinics frequently conduct oral health education and 
instructional programs for kids, parents, teachers, and healthcare professionals. The 
primary objective of oral hygiene training is generally acknowledged to be reinforcing 
and teaching toothbrushing. The most common methods used to spread oral health 
awareness are presentations, games, and printed materials. Schools are frequently 
chosen because they offer easy access to students, parents, teachers, and healthcare 
professionals [10].

2.1.2 Primary prevention measures

As a main preventive strategy, fluoride compounds are frequently employed. 
There is widespread agreement that the use of fluoride has significantly reduced den-
tal cavities. Fluoride is most helpful at preventing dental cavities when a low level of 
fluoride is consistently maintained in the mouth, according to research. Fluoride can 
be provided in a variety of ways, including salt, mouthwash, toothpaste, and gels and 
varnishes that are professionally administered. Water fluoridation is thought to be the 
most economical method among these treatments for preventing caries. It has been 
hypothesized that the most significant impact of water fluoridation is not so much the 
prevention of new lesions but the remineralization of existing carious lesions, which 
slows or even stops their progression [11].

In poor nations, there are challenges in the implementation of water fluoridation. 
These challenges include a lack of a secure networked water delivery system and a 
lack of government backing or willingness. The decision to add fluoride to the water 
may be influenced in industrialized nations by anxiety over unfounded reports 
of negative effects and freedom of choice and autonomy arguments from “anti-
fluoridationists” [12].

2.1.3 Secondary prevention measures

The typical approach utilized in early detection and treatment services is dental 
screening. Early detection and prevention of caries in primary dentition are crucial 
in maintaining high preventive levels. Dental procedures are frequently performed in 
industrialized nations either in permanent dental clinics or through “mobile dental 
clinics” located in vans that travel to different locations. In impoverished nations, 
where the price of basic instrument sets, dental supplies, and infection control items 
is too high and primary health workers are not adequately trained to perform basic 
oral care, these procedures are neither accessible nor economical. A novel approach to 
oral healthcare is required in these circumstances [13].

2.2 Risk assessment

A patient’s susceptibility to infection, inadequate healing, bleeding, medication 
interactions, and physical and emotional capacity to tolerate dental treatment are 
all factors that must be taken into account in the patient’s risk assessment. All these 
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can be done during the preoperative, intraoperative, and postoperative phases. 
A patient’s systemic disease’s relative severity can be determined using common 
medical classification schemes (e.g., angina, heart failure, asthma, chronic kidney 
disease). Important diagnostic information is also provided by the quantity and kind 
of medications, test findings, and trips to the hospital or doctor. One approach to 
creating an international evaluation of the medical state is the American Society of 
Anesthesiologists physical classification system ASA.

ASA I—Normal healthy patient
ASA II—Patient with mild systemic disease. No significant impact on daily  

activity; unlikely to have an impact on anesthesia and surgery.
ASA III—Patient with significant or severe systemic disease that impacts daily 

activity; probable impact on anesthesia and surgery.
ASA IV—Patient with severe systemic disease that is a constant threat to life. 

Serious limitation on daily activity; major impact on anesthesia and surgery.
ASA V—A moribund patient who is not expected to survive without the operation.
ASA VI—A declared brain-dead patient whose organs are being removed for 

donor purposes [14].

3. How can oral health affect general well-being?

Oral conditions are frequently considered separate from other chronic conditions, 
but these are interrelated. Poor oral health is associated with other chronic diseases 
such as diabetes and heart disease. Oral disease also is associated with risk behaviors 
such as using tobacco and consuming sugary foods and beverages.

The link between oral health and general health is complex, multifaceted, and 
intertwined in such ways that the pathology of one may progress and influence 
the other. The changes in oral health can impact general health and well-being in 
various ways.

The presence of oral diseases such as dental caries and periodontitis when left 
untreated are associated with an increased probability of systemic conditions like 
cardiovascular disease, pneumonia, and gastritis. Conditions such as diabetes melli-
tus and uncontrolled hypertension are believed to have oral repercussions which may 
lead to periodontal disease and tooth loss.

Systemic conditions can present in the orofacial region as initial manifestations 
of an acute or chronic undiagnosed condition [15]. These manifestations may be the 
most severe feature of the systemic condition or a dominant cause in reducing the 
quality of life. They can also vary in frequency and mode of presentation.

The mouth acts as a window to our overall health in so many ways. The oral cavity 
houses millions of different bacteria. With the proper practice of good oral hygiene, 
most of the bacteria in the mouth remain harmless [16].

As much as they can cause inflammation in the oral cavity, they can also travel 
through the bloodstream and instigate inflammation in other parts of the body, 
contributing to a wide range of problems.

3.1 Diabetes

Oral infections weaken the body’s ability to control blood sugar. Since there is a 
problem with the regular soon of blood glucose with diabetes, hence this increases its 
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complications. There’s a two-way link between oral health and diabetes: poor blood 
sugar control increases the risk of gingivitis and periodontitis, while inflammation 
from gum disease can worsen the regulation of blood sugar [17]. The periodontal dis-
ease becomes severe in patients with poorly controlled diabetes. This can be due to the 
problem of delayed healing associated with inadequate glycemic control. Conditions 
such as oral ulcers and fungal infections (oral candidiasis) are commonly seen in 
patients with poorly controlled diabetes [15].

3.2 Heart disease

Previously, correlations have been found to exist between poor oral health and 
cardiovascular disease. Periodontitis and Cardiovascular disease are understood to 
be multifactorial with a significant range of local and general risk factors [18]. Some 
of these risk factors are believed to be common to both diseases. Associated bacterial 
infections such as gum diseases as a result of poor oral hygiene can also spread to the 
heart, stimulating several inflammatory processes in the blood vessels [19]. This will 
further promote atherosclerosis, which is a hallmark of heart disease.

3.3 Cognitive health

Maintaining good dental health becomes even more crucial with age. This is due 
to the connection between having healthy teeth and gums and cognitive wellness. 
According to clinical evidence, maintaining good oral health may help to maintain 
brain function and prevent cognitive decline. Over time, brain cells may be harmed 
by molecules the body makes when it is in a chronic inflammatory condition [20].

3.4 Gastrointestinal system

More than just the smile might be lost to gum disease. The bacteria that cause gum 
disease can spread to the digestive tract. Once there, it may kill off helpful bacteria, 
upsetting the delicate balance required for gut health. It is even more important to take 
proper care of the mouth, teeth, and gums because of the special connection between 
the mouth and the digestive system. As the initial anatomic region of the gastrointes-
tinal tract, the oral cavity may show systemic disorders involving the gut. In cases of 
gastroesophageal reflux disease, patients may present various complaints including 
halitosis, burning sensation of the tongue, dental erosion, and periodic sialorrhea [21].

3.5 Immune health

Failing to take care of the teeth and gums can even impact immune health. The 
inflammation caused by plaque buildup and gum disease can weaken the immune 
system and make it harder for the body to protect itself. This is bad news for everyone 
but is particularly harmful if one should have inflammatory or immune-related con-
ditions like inflammatory bowel disease. Poor oral health may exacerbate symptoms 
and make conditions worse [22].

3.6 Stress response

One of the main causes of stress’ negative effects on the body is the inflammatory 
process that occurs during the stress reaction. Health issues that heighten the body’s 
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stress response cause a chain of events to occur that lead to low-grade chronic inflam-
mation [23]. Gum disease and tooth decay-related bacteria can start the body’s stress 
response, which increases stress hormones and inflammation [24].

3.7 Nutritional deficiencies

Impaired or reduced nutritional intake or absorption may lead to different general 
conditions that can present in the oral cavity. Vitamin A deficiency has been associ-
ated with increased severity of the periodontal disease. Vitamin B deficiencies are 
associated with atrophic glossitis, cheilitis, and burning sensation of the tongue. 
Vitamin C (Scurvy) deficiency can manifest as gingival bleeding, ulceration, and 
periodontal disease. Vitamin K deficiency will lead to gingival bleeding. Iron defi-
ciency can lead to glossitis, and can be a risk factor for candidiasis [25].

3.8 Psychological effects

The presentation, diagnosis, and subsequent management of oral cancers may 
lead to detrimental effects on the mental health of patients. Management options 
such as surgical jaw resection and subsequent radiotherapy may leave patients with 
significant disabilities in their oral cavity. Substitutes such as reconstruction plates, 
obturators, and/or dentures may be introduced to such patients to help to mitigate 
the effects of these treatments and reduce the perception of disability [26]. However, 
such mitigation may not go all the way to providing relief and happiness to these 
patients. The need to now live a life with a significant oral disability may no longer 
be meaningful to such patients [27]. Depending on the severity of their deformity, 
patients may have varying levels of psychological disturbances. From being alone, 
and lost in their thoughts to developing and cultivating suicidal tendencies.

3.9 Social effects

Tooth loss and halitosis can greatly affect the way people socialize and communi-
cate, with many withdrawing from social gatherings as frequently as possible. This may 
be due to their inability to adequately communicate the way they normally would, or 
difficulty in being understood by their peers [28]. This can lead to problems in main-
taining jobs that require adequate communication skills. Socializing among peers may 
also be affected, as the fear of being ridiculed may push patients to hide within shells 
of themselves [29]. Patients with halitosis may develop habits of excessive oral hygiene 
routines which in the long run can be detrimental to their oral tissues. The use of a hard 
toothbrush to brush away “all smell” with increased frequency may subject the patient 
to tooth wear lesions (abrasion) [30]. The excessive use of mouth rinses, especially 
antibiotic mouth rinses may lead to disturbances in their oral microbial balance [31].

3.10 Functional effects

Feeding is a vital part of daily activities as it provides the necessary nutrients 
required by the body. The ability to feed and replenish nutrients can be greatly 
influenced by the state of one’s oral health. To adequately feed, one would require 
the teeth, tongue, and mouth for proper mastication of food [32]. In the case where 
this may be hindered, nutritional deficiencies will occur. Growth, development, and 
adequate functioning of the body and mind will be affected generally [33].
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3.11 Economic effects

Oral diseases have overall expenses that include both direct and indirect costs. 
The direct costs are related to the care provided by dental experts including public 
and private expenditures [34]. The indirect costs are related to time lost from work, 
school, or other regular activities as a result of dental problems and treatment [35].

4. Conclusion

Oral health is an important aspect of overall health and well-being. The mouth is a 
gateway to the body, and good oral hygiene is essential for maintaining the health of 
the entire body. Poor oral health can lead to a variety of problems, including cavities, 
gum disease, and tooth loss, which can cause pain, difficulty eating, and reduced 
quality of life.

There is a strong link between oral health and general health. Poor oral hygiene 
can also contribute to other health problems such as diabetes and malnutrition. This 
highlights the importance of preventive care, including regular dental check-ups, 
brushing, and flossing, as well as avoiding behaviors that can harm oral health, like 
smoking and excessive alcohol consumption.

Maintaining good oral health is not only important for individual health but 
also has economic implications. The cost of dental treatment can be expensive, and 
untreated oral health problems can result in missed work and reduced productivity.

Thus, oral health is a key component of overall health and well-being. It is impor-
tant to prioritize oral hygiene and to take steps to protect and maintain it, including 
regular dental visits and practicing good oral hygiene. By doing so, we can ensure the 
health of our bodies and improve our quality of life.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 7

The Role of Sugar-Free Chewing 
Gum in Dental Caries Prevention
Marut Phuphaniat

Abstract

The key to avoiding dental caries is managing the microorganisms on the tooth 
responsible for demineralization. Chewing gum has physical adhesive capabilities. 
It also promotes saliva flow, assisting in eliminating food particles and reducing the 
formation of bacterial biofilms in the oral cavity. Saliva flow also helps to balance the 
pH balance in the oral cavity, thereby reducing the risk of dental caries. In addition, 
sugar-free gum contains various antibacterial and remineralization substances, such 
as xylitol and casein phosphopeptide-amorphous calcium phosphate (CPP-ACP). In 
conclusion, sugar-free gum can remove food particles and tartar, stimulate saliva, 
increase oral pH, inhibit demineralization, and increase remineralization. These 
qualities aid in preventing dental caries.

Keywords: chewing gum, sugar-free, dental caries prevention, xylitol, casein 
phosphopeptide-amorphous calcium phosphate (CPP-ACP)

1. Introduction

Oral health is an important problem for public health, especially dental caries, 
which have a relatively high incidence rate. Dental caries is not a severe disease but 
causes economic loss, pain, and suffering. In addition, the inability to chew food, bad 
breath, and lesions in the tooth are breeding grounds for bacteria that weaken the 
body and lead to other diseases. Despite the campaign to disseminate dental health 
knowledge to people of all ages to realize the problem and pay attention to oral health, 
dental caries is still a problem for people of all ages. Especially among children, the 
leading cause of dental health problems is improper dietary habits and improper oral 
health care [1]. In addition, parents have incorrect oral health care attitudes and a 
lack of knowledge about dental caries prevention, resulting in children not receiving 
proper treatment. Dental caries is caused by four factors: the tooth, food, bacteria, 
and the time of tooth surface acid exposure (Figure 1).

Food particles adhered proximally and in the groove of the tooth produce dental 
caries. It provides energy to the bacteria in the oral. The process by which bacteria 
break down food debris produces acid, leading to the demineralization of tooth. 
Therefore, when food remains in the oral for a long time or is frequently eaten, it 
often causes the demineralization of tooth, thus causing dental caries (Figure 2). 
School-age children are a group at high risk of developing dental caries. Many factors 
involve biological, social, behavioral, and psychological factors. Therefore, dental 



Human Teeth – From Function to Esthetics

104

caries is still a problem among school-age children. Especially during the age of 9 
years, when the premolar and molar tooth are coming. Therefore, there is a chance of 
quickly accumulating food particles in the tooth’ grooves [2].

There are many ways to prevent caries by controlling the causative factors of 
dental caries, including the tooth, food, bacteria, and time. The most commonly used 
methods are physical methods such as brushing tooth and chemical treatments such 
as fluoride. Brushing tooth with fluoride toothpaste is a common practice these days, 
but cavities still occur due to many factors, such as the frequency of overeating; as a 
result, brushing tooth three times a day is insufficient to stop dental caries progres-
sion. Therefore, it is necessary to control the risk of caries during the day. Sugar-free 
gum is a good choice because the adhesive gum’s physical nature helps eliminate 
food residues after eating food by attaching the direct contact of the gum to the food 
scraps. In addition, chewing gum increases saliva flow reduces bacterial biofilm on 

Figure 1. 
Caries process.

Figure 2. 
Caries process.
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the tooth surface, and maintains oral acid-base balance (pH > 5.5) [3, 4]. In addition, 
sugar-free gum contains a variety of substances that have antibacterial and remin-
eralizing properties, such as xylitol and casein phosphopeptide-amorphous calcium 
phosphate (CPP-ACP), so sugar-free gum is more responsive to oral health care.

2. Sugar-free chewing gum and oral health

Sugar-free gum is chewing gum that uses a sweetener instead of sugar. Popular 
sweeteners such as xylitol, sorbitol, and mannitol [5]. The general composition 
of chewing gum includes sweetener (50–65%), gum base (18–30%), corn syrup 
(12–20%), color and flavor (1–2%), and softeners (0.3–3%). More than half of the 
composition is sweetener, which is responsible for enhancing the flavor and texture 
of the gum [6]. Sugar-free gum has significantly impacted oral health because of its 
ability to stimulate saliva and accelerate the removal of carbohydrates that accumulate 
from food intake. These actions may lead to healing, reduction of tooth decay, and 
other oral health benefits [7]. The benefits of chewing gum on oral health are as fol-
lows: (Figure 3)

• Remove food particles and dental plaque.

• Stimulate saliva.

• Increase plaque pH.

• Inhibit demineralization and enhance remineralization.

Nowadays, sugar-free gum has been produced for consumers to choose from in 
various styles. Chewing gum is another good way to clean tooth. Chewing gum may 
be used as auxiliary to dental brushing or when such method is impossible to be 

Figure 3. 
The anti-cavity mechanism of chewing sugar-free gum.
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performed, such as when you are outside, and it is not convenient to brush your tooth, 
you can chew gum to clean your tooth. Chewing sugar-free gum for 5–20 minutes 
after meals two to three times a day can help prevent tooth decay because gum helps to 
remove plaque and reduce gum inflammation. In addition, sugar-free gum stimulates 
saliva, which reduces acidity on the tooth surface and helps to self-cleansing can clean 
tooth [3, 8]. Several studies have concluded that sugar-free gum can inhibit the effects 
of oral bacteria [3, 4, 8]. This process is due to two main reasons: (1) the stimulation 
of saliva from chewing and (2) the use of sweeteners instead of sugar [9]. In addition, 
some substances promote healthy tooth, such as xylitol, andCPP-ACP, also known as 
Recaldent, which has been reported to enhance remineralization of the tooth surface 
[10–12]. A study on sugar-free gum chewing found that children who chewed sugar-
free gum had fewer cavities than children in the control group who didn’t chew gum 
[4, 13]. In addition, sugar-free gum was tested to prevent tooth decay in students. 
The students chewed 1 tablet of gum for 10 minutes after eating breakfast-afternoon 
every day. It was found that after 4 months of the experiment, the students had no 
more tooth decay [3, 8].

2.1 Compounds that affect oral health

2.1.1 Xylitol

Xylitol is a type of sweetener which is alcohol sugar. Xylitol was discovered in 1890 
by German chemists Professors Emil Hermann Fischer and Rudolf Stahel by extract-
ing the compound from beech [14] and later widely known in many countries such 
as the United States, Canada, Japan, etc. Xylitol has a molecular structure of 5 carbon 
atoms (Figure 4), chemical formula C5H12O5, and a molecular mass of 152.15 g/mol. 
Xylitol is a common sugar substitute. It is as sweet as sucrose. It can be used instead of 
sucrose in a ratio of 1:1, providing 2.43 cal/g of energy. In addition, it has the property 
of giving a cooling sensation while eating. Xylitol is a non-fermentable sugar that 
bacteria cannot use to synthesize for energy. Therefore, Xylitol is used as a glycemic 
control agent in Type 2 diabetes and as a product to prevent tooth decay [15].

Xylitol has been approved by the U.S. Food and Drug Administration (FDA) 
since 1960 as safe for children [16] and can be consumed in 30 g without causing 
harm. If consumed more than 30 g at a time can cause diarrhea. This may be because 
intestinal bacteria cannot metabolize large amounts of xylitol. In nature, it can be 
found in many natural plants, vegetables, and fruits, such as strawberries, carrots, 

Figure 4. 
Structure of xylitol.
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corn cobs, nuts, etc. Marketing xylitol is available in liquid and solid form. Its applica-
tions are mainly made into chewing gum, followed by confectionery, medicine, and 
beauty products [17]. In addition, Xylitol is recognized by the American Academy of 
Pediatric Dentistry (AAPD) and serves as a guideline for tooth decay prevention [18]. 
Xylitol has anti-cavities properties for two reasons: promoting remineralization and 
inhibiting caries-causing bacteria (Figure 5).

2.1.2 Casein phosphopeptide-amorphous calcium phosphate

CPP-ACP, also known as “Recaldent”, was discovered by Professor Eric Reynolds, 
School of Dental Science, University of Melbourne, Australia. CPP-ACP is divided 
into casein phosphopeptide (CPP) and amorphous calcium phosphate (ACP). CPP is a 
peptide derived from cow’s milk by tryptic digestion of casein in cow’s milk to produce 
a peptide containing phosphoseryl residue (Ser(P) – Ser(P) – Ser(P) – Glu – Glu –) 
a large amount of which binds calcium and phosphate in the ionized form to form a 
complex called ACP, which can cause calcium and phosphate ions. It is in a saturated 
state called metastable solution, i.e. it is saturated but does not form nucleation and 
does not precipitate calcium salts and phosphates, thus forming a nanocomplex 
between CPP and ACP known as CPP-ACP [19].

CPP-ACP has been proven to prevent tooth decay in laboratories, in vivo, and 
in humans; its efficacy is due to casein’s ability to adapt to acidic environments. 
When the pH is acidic, the ACP is separated from the CPP, resulting in an increase 
in the levels of calcium and phosphate in the saliva, stabilizing the oral ACP [10] 
and increasing the calcium and phosphate content in the plaque. Furthermore, as 
an ion reserve, it inhibits demineralization [20] and stimulates the remineralization 
of tooth enamel by preventing the constant precipitation of calcium and phos-
phate in saliva [21]. It was also found that CPP directly affects bacterial apoptosis 
and impairs agglutination [22]. CPP-ACP can work with fluoride to form casein 
phosphopeptide-amorphous calcium fluoride phosphate (CPP-ACFP), readily 
strengthening enamel [20].

Figure 5. 
The anti-cavity mechanism of xylitol.
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The continued use of dental products containing CPP-ACP produces ion satura-
tion in saliva and biofilm, making it available for subsequent precipitation in the 
form of ACP, favoring the dental remineralization process. The process of dental 
demineralization/remineralization: (1) oral pH < 5.5 causes demineralization of 
hydroxyapatite (HA), chemical formula Ca10(PO4)6(OH)2 (2) upon saturation of the 
oral environment and biofilm with Ca2+ and PO43− ions, promoting the process of 
remineralization (Figure 6) [23].

In 1999, CPP-ACP was approved by the FDA that it is safe. CPP-ACP can be 
used in people with lactose intolerance because CPP-ACP does not contain lactose. 
However, CPP-ACP is not recommended for people with milk protein allergies 
[24]. CPP-ACP is used in various applications in food ingredients such as sugar-
free candies or gum and in dental products such as toothpaste, mouthwash, dental 
implants, and glass ionomers. It is also available as a topical cream (paste) for ease 
of use [8].

3. Chewing gum and removing food particles on the tooth surface

Food debris is a factor in dental caries due to the accumulation of food particles 
in the mouth or on the tooth, especially starchy foods, which are the main energy 
source for bacteria. When the digestive bacteria are energized, they make acidic 
wastes that cause tooth demineralization. Therefore, removing food particles stuck 
in the tooth is necessary to prevent tooth decay. It is known that the gold standard 
for removing supragingival plaque is daily tooth brushing, flossing, and/or use of 
antimicrobial mouthwash. Still, in some cases, chewing gum may be used as auxil-
iary to dental brushing, or when such method is impossible to be performed. This 
led to the development of antimicrobial gum that would provide daily oral care and 
reduce plaque in the mouth [25]; due to the physical nature of gum as a binder, it 

Figure 6. 
Remineralization mechanism of CPP-ACP.
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helps to eliminate food residues left after food consumption. Due to the physical 
nature of gum as a binding agent, it helps to eliminate food residue after consum-
ing food. Disposal is partly due to the direct attachment of the gum to the food 
debris, along with the increased occlusion and saliva, which washes away the food 
particles [8]. In case we are outside, and it is not convenient to brush our tooth, it 
is possible to chew sugar-free gum to clean the tooth. In addition, a research report 
concludes that chewing gum may be used as an aid to flossing when brushing is 
impossible [26]. In addition to removing food particles, chewing sugar-free gum 
reduces plaque on the tooth caused by the accumulation of food particles on the 
tooth surface [27].

Phoophaniat and Joankrajang [8] examined the effectiveness of chewing gum 
containing CPP-ACP and xylitol in preventing dental caries in school-aged children. 
The sample group consisted of 90 students, divided into 3 groups by simple random 
sampling. A group of 30 students received one of the following interventions: experi-
mental group 1 used chewing gums containing CPP-ACP, experimental group 2 used 
chewing gums containing xylitol, and control group. The experimental groups chew 
gums for 10 minutes, times times a day for 16 weeks. The dental plaque was assessed 
five times: before the trial, week 4th, week 8th, week 12th, and week 16th. Dental 
caries was assessed twice, before and after the trial. The data were analyzed by the 
friedman test, wilcoxon signed ranks test, kruskal-wallis test, and mann whitney U 
test. The result showed that there was a statistically significant decrease in dental 
plaque level in experimental groups, experimental group 1 had mean dental plaque of 
1.10, 0.83, 0.40, 0.16, and 0.13 ( χ 2  = 75.835, P-value < 0.001), and experimental 
group 2 had mean dental plaque of 1.00, 0.93, 0.51, 0.16, and 0.14 ( χ 2  = 66.905, 
P-value < 0.001), and less dental plaque than the control group. Experimental group 1 
(Z = −1.000, P-value = 0.500) and experimental group 2 (Z = −1.414, 
P-value = 0.250) dental caries did not increase compared to before the trial, and less 
tooth decay than control group ( χ 2  = 7.164, P-value = 0.030). Suggestions that 
chewing gum containing CPP-ACP or xylitol, 1 tablet for 10 minutes, can reduce 
dental plaque. Consistent a study on chewing sugar-free gum in students found that 
students chewing one tablet of gum for 10 minutes after breakfast and afternoon 
daily was found to reduce the formation of dental plaque within 4 weeks and 
decreased dramatically at week 8 and then started to stabilize at week 12 because the 
amount of plaque on the tooth was already very low [3], consistent with research that 
found that most gum containing sugar substitutes, antimicrobial agents, and other 
minerals have an effect on reducing plaque [28]. The reduction of food particles and 
plaque on the tooth is one of the causative factors of tooth decay due to the physical 
nature of the gum and its beneficial compounds.

4. Chewing gum and oral bacteria reduction

Oral bacteria are endemic to everyone and are a common cause of oral health 
problems. The bacteria known as Streptococcus mutans are the main culprits that 
cause tooth decay. Controlling Streptococcus mutans can help reduce tooth decay. 
Dental plaque begins with a biofilm that binds the tooth surface between the saliva 
covering the tooth surface and bacteria. The physical nature of chewing gum helps to 
eliminate food debris, which is the energy source of bacteria, preventing them from 
growing [8]. In addition, sugar-free gum has other properties that eliminate bacteria, 
such as:
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Xylitol is a sweetener instead of sugar. Xylitol molecules similar in shape to fruc-
tose are absorbed through the bacterial cell wall by the same mechanism that bacteria 
absorb sugar into cells. When xylitol gets into cells, bacterial enzymes cannot syn-
thesize xylitol for energy, so bacteria cannot survive. Xylitol is a substance that helps 
reduce bacteria in the oral [8]. When compared to other oral bacteria, xylitol is more 
effective in inhibiting Streptococcus mutans [29]. Consistent with research findings, 
the samples had reduced plaque after 21 days of chewing gum containing xylitol [30]. 
Similarly, the research found that after chewing gum containing xylitol for 30 days, 
the samples had reduced plaque content. Thus confirming that chewing gum contain-
ing xylitol can reduce plaque [31].

CPP-ACP can increase calcium and phosphate in plaque. When there are many 
calcium ions in the extracellular fluid, the bacterial cell wall becomes porous, and the 
cell breaks down. This results in killing bacteria or inhibiting bacteria [12]. In addi-
tion, chewing gum can help stimulate the flow of saliva to produce more secretions 
than usual [3]. The secretion of saliva and the physical nature of the gum as a binding 
agent facilitates the removal of food residues left after ingestion. The elimination is 
partly due to the direct attachment of the gum to food particles. This, together with 
increased occlusion and saliva, thus prevented bacterial formation and reduced 
the appearance of oral bacterial biofilms, consistent with the results of a study by 
Phoophaniat et al. [4, 8] that after chewing CPP- ACP for 12 weeks, subjects had a 
statistically significant reduction in dental plaque content.

5. Chewing gum and oral pH balance

It is well known that oral pH is an integral part of the caries process. It comprises 
acidogenic and aciduric bacteria that are responsible for lowering the pH and subse-
quent destruction of HA matrix in enamel and dentine. Therefore, preventing tooth 
decay requires maintaining a pH balance that is not too low (<5.5). Chewing gum has 
a physical mechanism in which chewing stimulates saliva flow. It is commonly known 
that saliva is the pH balance system in the oral. Therefore, when there is a lot of saliva 
flowing, it helps to balance the pH of the oral cavity. In addition, the properties of 
compounds that have a positive effect on oral health also help to improve the pH bal-
ance in the oral cavity [8], as follows:

Xylitol has been reported to increase saliva flow and adjust oral pH [14, 32]. This may 
be due to its cooling effect on xylitol, which stimulates salivary flow. Together with the 
properties that help eliminate bacteria in the mouth, thus making the pH value not lower 
because bacteria cannot synthesize xylitol. It is not acidic, like digesting sugars in general 
[15]. Tests of various brands of xylitol gum were found to increase pH within 15 minutes. 
There was a statistically significant difference with the control group [33]. Consistent 
with the test in children 8−10 years, it was found that after chewing gum with xylitol, 
saliva pH immediately increased and increased dramatically in 15 minutes [34].

CPP-ACP has the property to increase the pH of saliva by casein modulating 
an acidic environment [10]. ACP refining cleaves from CPP, resulting in increased 
calcium and phosphate levels in saliva. Therefore, conditions within the oral cavity 
become basal according to the properties of calcium and phosphate. This is consistent 
with research findings that CPP-ACP can increase the pH of saliva [35]. Consistent 
with the results of tests in children 8–10 years of age, it was found that after chew-
ing the CPP-ACP chewing gum, the saliva pH immediately increased and increased 
dramatically in 15 minutes [34].
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6. Chewing gum and tooth strengthening

In this regard, the physical appearance of chewing gum has no effect, but with the 
properties of compounds that are beneficial to oral health, such as xylitol and CPP-
ACP, chewing gum containing such compounds has outstanding features in promot-
ing oral health, as follows:

Although xylitol is not very prominent in its remineralization, it does so as 
xylitol prevents enamel resorption by inhibiting the migration of calcium ions and 
phosphate ions from the lesions. Xylitol acts as a carrier of calcium ions to the tooth, 
especially in areas of demineralization. It accelerates the remineralization of the 
tooth. This mechanism increases the strength of the tooth [11].

CPP-ACP is the most outstanding tooth remineralization agent. CPPs consist of 
a multiphosphoseryl sequence, which can stabilize calcium phosphate in ACP solu-
tion within a nano complex solution. CPP-APP nanoscale complex molecules bind 
to the tooth surface. It prevents demineralization and can induce remineralization 
in enamel subsurface lesions. The hardness of the tooth will be more CPP-ACP binds 
with fluoride ions (F−) to form amorphous calcium fluoride phosphate (ACFP) and 
stabilizes with CPP at the tooth surface, where these substances can diffuse into the 
lesion area. Calcium phosphate and fluoride solutions can help speed up the reminer-
alization process with fluorapatite (Ca5(PO4)3F2), which resists acidic conditions and 
can penetrate deep into the lesion of the tooth (Figure 7). The advantage of being able 
to penetrate into the lesion is the ability to restore opaque enamel or white spot lesion 
[36]. It was also reported that CPP-ACP promoted the efficiency of fluoride use. This 
is caused by combining fluoride ions with ACP to make ACFP at the enamel surface. 
Based on these findings, CPP-ACP helps fluoride adhere to the tooth surface and 
enhances anti-demineralization efficiency [37], which has been shown to increase the 
effectiveness of fluoride in preventing tooth decay [38].

Figure 7. 
Remineralization mechanism of CPP-ACP with fluoride.
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7. Conclusion

Dental caries is generally caused by four factors: the tooth, diet, bacteria, and 
acid exposure time. Therefore, methods for preventing tooth decay must properly 
control those four factors. Sugar-free chewing gum has both physical and chemical 
properties to prevent tooth decay. The physical property of chewing gum is the direct 
attachment of the gum to food particles in conjunction with increased chewing and 
saliva. Increasing saliva can help wash away food particles and chemical properties 
from betel nut constituents such as xylitol and CPP-ACP. These compounds reduce 
oral bacteria, improve oral hygiene, and strengthen tooth enamel. The properties 
mentioned earlier of sugar-free chewing gum were able to control the four causative 
factors of caries incidence. Therefore, it was concluded that sugar-free chewing gum 
had caries-prevention properties. Additionally, sugar-free chewing gums are easily 
accessible, can be chewed in any situation, whether on-site or off-site, and are popu-
lar with school-age children, teens, and adults. Therefore, chewing gum, although not 
as effective as brushing or flossing, is another way to clean your mouth and control 
cavities.
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Chapter 8

Periodontitis, Its Associations, 
and Prevention
Yasmine N. Alawaji

Abstract

The ultimate goal of studying associations with diseases is to plan, implement, 
and evaluate preventive strategies. Today, after reviewing the body of evidence, one 
needs to ask: What has not been learned yet regarding periodontitis associations and 
its prevention? Current recommendations to prevent periodontitis are mostly limited 
to individual patient care while population-based approaches are nearly absent. 
Current strategies are not only time-consuming and costly but can be also ineffective 
to combat disease burden in populations. To initiate and sustain successful out-
comes, prevention needs to be applied at multiple levels. Interventions need to target 
unhealthy behaviors along with their associated social and physical environmental 
constraints. The chapter presents highlights from current research on associations 
with periodontitis, its limitations, and the need to understand pathways linking 
periodontitis with its exposures over the life course. Finally, a suggested multilevel 
strategy for periodontitis prevention was outlined.

Keywords: periodontitis, prevention, associations, pathways, life course, social 
determinants of health

1. Introduction

A common approach in our clinical care is to advice patients to adopt healthy 
behaviors including smoking cessation, oral self-care (e.g., tooth brushing and use 
of interdental aids), healthy dietary habits, and physical activity [1]. While plenty 
of theories have been suggested trying to explain or change health behaviors, such 
approach can be limited without considering social and physical environmental 
exposures [2, 3]. For example, using different strategies with patients to quit smoking 
including referral to smoking cessation clinics could have limited benefits [4–6]. In 
contrast, implementing sin tax and age restrictions on tobacco products by policy-
makers can make these products less affordable and accessible. Consequently, more 
cost-effective and radical change may occur at population level; people may quit 
smoking or refrain from smoking in first place. The social and environmental expo-
sures can be collectively called social determinants of health, which include socio-
economic status, housing, residential neighborhood, environmental safety, social 
support network, social norms, structural racism, and discrimination [4, 5, 7–9]. 
Although targeting the social determinants of health can be effective in prevention of 
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diseases along with their related behaviors, they could be more effective when applied 
as multilevel strategies including clinical care.

In Geoffrey Rose’s seminal paper “sick individuals and sick populations”, key 
concepts of studying disease etiology and its prevention were discussed [10]. Rose 
highlighted the importance of considering different ecological levels when studying 
the disease etiology. When an exposure is uniformly distributed within a popula-
tion, it could hamper its detection, which necessitates studying its variations among 
populations. Besides Rose’s remarks, lack of variations in distribution could be also 
indicative of methodological limitations in measuring, summarizing, or analyzing 
the disease and its exposures [11]. During periodontal indices’ era, it was believed 
that gingivitis leads to periodontitis and consequently results in tooth loss in virtually 
everyone [12, 13]. These notions of lack of variations in susceptibility to periodon-
titis were attributed to several methodological limitations. Periodontal disease was 
measured using indices including Russell’s Periodontal Index [14] which was based 
on the presence or absence of pockets without precise measurements. Thus, it did not 
properly differentiate between gingivitis and periodontitis [12]. The gingivitis and 
periodontitis were measured as continuous process using gradually increasing scores, 
summarized for as individual’s mean index score, then summarized for a population 
as mean score based on individual’s mean scores. Consequently, variations within and 
between individuals were lost [12, 13]. The periodontal indices, which measure and 
summarize periodontal disease as mean score, were abandoned by the end of 1980s 
and replaced by site-specific measurements [15, 16]. The improvement of periodontal 
measurement methods allowed detection of variations at multilevels (site-level, 
tooth-level, individual level, and between populations) [17–22]; consequently, it 
motivated research on host susceptibility and associations with periodontitis [23–25].

Since the periodontal indices were abandoned, periodontitis is summarized in 
population-based studies using prevalence, extent, and severity [12, 26]. Prevalence 
can be defined as the proportion of individuals with periodontitis, extent can be 
defined as mean proportion of sites or teeth with periodontitis, and severity can be 
defined as mean clinical attachment loss (CAL) or mean periodontal probing depth 
(PPD). Among these summaries, periodontitis severity is calculated as a mean score for 
population; such summary does not properly account for the multilevel nature of the 
measurements and its variations at site level, tooth level, and individual level before it is 
summarized for the population [11, 27]. The summary also averages diseased and non-
diseased sites in individuals with or without periodontitis. Similar issues are encoun-
tered when periodontitis progression is calculated as mean annual score in longitudinal 
studies [28]. This summary does not provide proper insights regarding the variations at 
different periods of observation in addition to the limitations abovementioned for peri-
odontitis severity. Therefore, it appears that methodological limitations of the twentieth 
century still apply to some current research approaches. Other limitations of studying 
associations with periodontitis were discussed in the following sections.

2. Associations with periodontitis

Among dominant notions in the twentieth century was dental plaque considered 
the cause of periodontal diseases; it was thought that unless plaque is prevented, 
gingivitis invariably leads to periodontitis and subsequently tooth loss [13, 29]. 
Russell, who was considered the father of periodontal disease epidemiology, analyzed 
two population-based data and concluded that plaque and age alone explain around 
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90.3% of variations in periodontal disease regardless of which population being stud-
ied [30]. Similarly, an experimental gingivitis study was used to support the evidence 
that plaque is the cause of periodontal disease [31]. Consequently, clinical practice 
of that era almost solely focused on plaque control [32–34]. Though, these findings 
reflect the abovementioned methodological limitations of periodontal and plaque 
indices. By 1980s, studies on untreated populations used site-specific measurements, 
unveiled variations in susceptibility to periodontitis despite accumulations of uni-
formly high levels of plaque and calculus [19, 22, 35–39]. Variations in susceptibility 
to periodontitis were observed among individuals, population groups, and teeth sites. 
Thus, it was no longer accepted that plaque is the only cause of periodontal disease. 
Several theories evolved trying to explain the role of dental plaque including nonspe-
cific and specific plaque theories [40]. Currently, there is a general agreement that 
dysbiosis of oral biofilm may induce an inflammatory response in susceptible hosts to 
cause periodontitis [41]. Dysbiosis is a shift in the species within the oral microbiome 
that results in loss of homeostasis and may impact the human health; it can result due 
to an expansion of pathogenic microorganisms, altered metabolic capacity, decreased 
beneficial microorganisms, or reduced species diversity. Thus, the etiology of peri-
odontitis can be attributed to “sufficient cause” where a set of components (exposures) 
can be sufficient for causing the disease that requires dysbiotic biofilm as a necessary 
component [42–44]. However, the biofilm alone is not sufficient cause of periodonti-
tis. Hypothetical sets of sufficient causes for periodontitis are depicted in Figure 1.

Periodontitis and other chronic diseases including atherosclerotic cardiovascu-
lar disease, obesity, and diabetes mellitus are associated with increased low-grade 
systemic inflammation and oxidative stress [46–49]. Evidence suggests that aggrega-
tion of chronic diseases within individuals is associated with higher level of inflam-
mation and oxidative stress compared to having a single condition [46, 48, 49]. 
Chronic diseases also have common risk factors with periodontitis including 
underlying exposures and health behaviors [50, 51]. Underlying exposures can be 
either non-modifiable including age, sex, ethnicity, and genetics or modifiable such 
as the social determinants of health. Underlying exposures are mostly associated 

Figure 1. 
Hypothetical sets of sufficient causes for periodontitis using sufficient cause component model (Rothman’s pies) 
[45]. Dysbiotic biofilm is a necessary component but insufficient for causation [42, 44].
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with periodontitis or other chronic diseases mainly through behavioral or biological 
pathways (Figure 2).

Several models were proposed to conceptualize disease causation including suf-
ficient component cause model (Figure 1), web of causation, and structural equation 
models [44, 45, 52]. Nancy Krieger criticized the use of sufficient component cause 
model and web of causation for lacking accountability for unjust disparity in disease 
distribution when proposed her ecosocial theory [53, 54]. Krieger’s theory is not a 
method of disease causation since it is concerned with individuals and their commu-
nities between the past and present. “Shared observations of disparities in health do not 
necessarily translate to common understandings of cause; it is for this reason theory is key” 
[53]. The term “embodiment” was introduced to refer to interactions between society 
and biology. The theory also focused on pathways of these interactions at multiple 
ecological levels over the life course while considering the accountability for injustice. 
Ecological levels can be conceptualized at multiple levels and domains including 
home, school, and work. In contrast to causal models that can be used for testing 
specific hypotheses, Krieger’s theory can be useful for identifying knowledge gaps, 
generating research questions, articulating increments of evidence from separate 
studies to understand disease etiology, and taking the theory into action [54].

Two epidemiological concepts relevant to disease prevention that need to be 
distinguished are the life course approach and the natural course of disease. The life 
course epidemiology is concerned with understanding psychosocial and physical 
environmental exposures and when they can impact health behaviors or become 
biologically embedded over the life course (intrauterine life, childhood, adoles-
cence, early adulthood, late adulthood, or across generations) [55–57]. While earlier 
approaches for life course focused on diseases as its end points, recent approaches 
shifted to study multiple aspects of physiological functions [55]. The exposures are 
studied for their impact independently, cumulatively, or for their interactions. In 
contrast, the natural course of disease is a disease specific concept and based on 
different stages of disease development (susceptibility, asymptomatic, symptomatic, 

Figure 2. 
Behavioral and biological pathways that could link the underlying exposures with the adverse health outcomes 
including periodontitis.
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and terminal stages) in the absence of treatment [11, 58, 59]. Recruitment of study 
population that is either never treated or all treated similarly for periodontal condi-
tions can control for treatment status. However, disregarding impacts of treatment 
can lead to erroneous interpretations of study findings [11, 13]. This can be especially 
true when considering that periodontal treatment (non-surgical or surgical) has 
non-negligible impacts on the periodontitis severity, extent, and progression [11]. 
Unfortunately, studying the periodontitis associations while disregarding the treat-
ment impacts is a common approach in periodontal research.

2.1 Impact of age on periodontitis: What has not been learned yet?

Based on cross-sectional surveys, periodontitis increased in severity, extent, and 
prevalence with age [11, 60–63]. When periodontitis defined using CAL, its association 
with age was more consistent, whereas PPD had less clear pattern [11, 15, 60, 64, 65]. 
When periodontitis included non-severe thresholds (CAL ≤4 mm, PPD ≤6 mm, or ≤ 1/3 
bone loss), the prevalence steeply increased after 20 years through 30s until it reaches 
its peak between 35 and 45 years [11, 38, 60, 66, 67]. The prevalence before 20 years, 
although less frequent, widely varied within and among populations; estimates from 
different populations were between 1.0% and 69.2% [11, 60, 62, 66, 68–70]. Similar 
patterns were observed when periodontitis incidence was studied in longitudinal surveys 
[67, 71, 72]. In contrast, when periodontitis was defined at severe thresholds, majority 
of its variations, within populations, were mostly confined to adults [38, 64, 66, 73, 74]. 
Despite that clinical classifications consider molar-incisor pattern suggestive of localized 
aggressive periodontitis in young age groups [75–78], evidence from epidemiological 
surveys indicates that such pattern is common in all age groups [17, 18, 22, 29, 79]. Similar 
pattern was observed in a study on untreated population; most impacted teeth were 
upper molars and lower incisors of different age cohorts (Figure 3) [11].

There is general agreement that age association with periodontitis is due to 
accumulative effect of exposures and disease experience over time rather than having 
an increased susceptibility to periodontitis at specific age [15, 80]. However, it worth 
noting that such association remains robust after adjustment for different exposures 
including sex, social, behavioral, and medical exposures in cross-sectional or longi-
tudinal studies [11, 60–62, 81, 82]. In a study in untreated Sri Lankan tea workers, 
periodontitis progression had an independent association with both age and follow-up 
time [83]. These age-related findings may suggest that effect of age on periodontitis 
cannot be completely explained as function of accumulation of exposures and disease 
experience over time. Among the difficulties of fully understanding the effect of 
age, in periodontal literature, is that majority of studies either focus on younger or 
older age groups excluding direct age-related comparisons [11]. Such approach could 
hide age-related patterns of periodontitis distribution and its associated exposures. 
Another limitation is that periodontitis progression is often studied as mean annual 
CAL or PPD for comparisons among age groups [28]. As previously stated, such 
summary does not properly account for variations in the rate of progression within or 
between individuals, subgroups, and at different periods.

An ideal study design to better understand the role of age on susceptibility to 
periodontitis would be a life course approach. Such approach can identify if there are 
sensitive periods in development, which can have behavioral or biological impacts 
[55]. Sensitive periods can be psychologically, socially, or physiologically defined 
[84]. Behaviors including smoking, unhealthy dietary habits, and inadequate coping 
with social adversity are often acquired during adolescence. This makes interventions 
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to combat certain behaviors such as smoking most effective at that stage [84]. At older 
age, compromised manual dexterity and physical disability could limit oral self-care 
and utilization of dental care. The life course study design is mostly limited due to its 
feasibility especially when considering the lengthy latency periods between exposures 
and periodontitis incidence.

Figure 3. 
Periodontitis severity for maxillary and mandibular teeth in an untreated population [11, 60]. The most 
impacted teeth were the lower incisors and upper molars across different age cohorts.
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2.2 Sex

Males almost consistently had higher periodontitis prevalence, extent, and 
progression compared with females in epidemiological studies [60, 61, 81, 85–87]. 
In contrast to suggestions that sex-related differences can be attributed to better oral 
health behaviors in females [80, 88], studies on populations with uniformly high 
levels of plaque and minimal access to dental care also found an increased periodon-
titis prevalence, extent, and progression in males [11, 60, 86, 87]. National surveys 
from Brazil, France, and the United States reported higher periodontitis prevalence 
in males despite the adjustment for behaviors including patterns of dental visits, 
smoking, and alcohol consumption [61, 81, 89, 90]. In contrast, a recent systematic 
review found almost no sex-related differences in terms of periodontitis progression 
rates [28]. This finding was based on a subgroup meta-analysis of two studies only. 
However, subgroup meta-analysis can be only conducted when there are minimally 10 
available studies [91]. In addition, the sex-related differences were compared based 
on mean annual progression, which does not properly account for multilevel varia-
tions. In a study Brazilian population, males had an unadjusted risk ratio (RR) of 1.24 
(95% confidence interval [CI]: 1.09, 1.42). After adjustment for smoking, males had 
an adjusted RR of 1.22 (95% CI: 1.08, 1.39). This may be interpreted as having small 
effect of smoking on sex. However, the study found an interaction between smoked 
packs per year and sex; females who smoked 30+ packs had higher RR of periodontitis 
progression after adjustments for age and level of education.

Sex dimorphism in immunological responses was suggested as plausible biologi-
cal mechanism that may explain the differences in susceptibility to diseases [85]. 
Circulating levels of sex steroids could alter as a function of age mainly during 
puberty and menopause. However, such findings were mostly based on responses to 
acute infections. Although the use of life course approach would have been ideal to 
understand the sex dimorphism in susceptibility to periodontitis, cross-sectional sur-
veys with wide age ranges may provide indirect evidence to identify these differences 
as function of age. This approach may narrow down the required observation time 
before conducting longitudinal studies. For example, in a study on untreated popula-
tion, the sex-related differences in periodontitis prevalence and extent (Figures 4 
and 5) were mainly observed after 20 years [26, 60]. Similarly, periodontitis had no 
association with sex in 15–19-year adolescents from several Latin American nations 
[70]. These findings may suggest the need to study the sex-related differences in 
exposures prior to 20 years.

2.3 Race/ethnicity

Studies from the United States almost consistently presented an association 
between race/ethnicity and adverse health outcomes including periodontitis  
[61, 94–96]. In the first National Health and Nutrition Examination Survey 
(NHANES), higher periodontitis prevalence was found in black Americans compared 
with whites with an adjusted odds ratio (OR) of 1.31 (95% CI: 0.78, 2.19) [94]. In 
NHANES III, the adjusted OR in Blacks increased to 2.09 (95% CI: 1.68, 2.60); the 
adjustments in both surveys were done for age, socioeconomic indicators, smok-
ing, diabetes, and time elapsed since last dental visits. In NHNANES (2009–2012), 
both Hispanics and non-Hispanic blacks had higher periodontitis prevalence than 
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whites [61]. Ethnicity-related associations were not confirmed in Brazilian popula-
tion [81, 82]. Disparities in health outcomes based on race/ethnicity could not 
be explained by genetic differences but could rather reflect differences in social, 
cultural, and behavioral factors between the past and the present [53, 94, 96]. Thus, 
ethnicity is mainly considered as a social construct, and more information needs to be 
provided to explain its role within a broader context.

Borrell et al., suggested that disparity in periodontitis prevalence between African 
Americans and Caucasians in the United States can be attributed to discrimina-
tion, racism, and residential segregation [94]. Residential segregation for example 
may impact health outcomes by potentially impacting exposures to environmental 
hazards, quality of education, employment opportunities, and influencing certain 
behaviors such as increased tobacco consumption is some neighborhoods. In a study 
that analyzed the association between ethnicity and periodontitis based on differ-
ent socioeconomic status (SES), black Americans with high income had the highest 
periodontitis prevalence compared to both high-income whites and low-income 
blacks. This finding illustrates how increased income may not directly improve health 
outcomes. Possible explanations include increased income may occurred short term 
after development of periodontitis or was not accompanied by skills in managing 
resources. Social epidemiologists suggested that income increase in short term (e.g., 
winning lottery) can be associated with unhealthy behaviors such as increased smok-
ing [84]. Another possible explanation is that high-income blacks may experience 

Figure 4. 
Periodontitis prevalence per age and sex groups in an untreated population [11, 60]. Periodontitis defined based 
on criteria by the Centers for Disease Control and Prevention and American Academy of Periodontology (CDC/
AAP) [92, 93].
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stressful conditions and increased social isolation, which adversely impact their 
health. Therefore, information about structural racism and residential segregation 
within a historical context provides better insights about the social and physical 
environmental constrains rather than “blaming the victim” for their behaviors and 
health conditions [53, 54, 97].

2.4 Socioeconomic status, its pathways, and embedment over the life course

SES is a term describes the social standing and power in society, and it is often 
measured using indicators such as level of education, income, and occupation. Social 
status may also be determined by the level of power “In the context of workplace, there 
are those who occupy positions of supervisory authority over subordinates versus those who 
take orders from above” [84]. Lower education was associated with periodontitis with a 
pooled OR of 1.86 (95% CI: 1.66, 2.10) from 18 studies [98]. The association between 
periodontitis and SES is almost consistently positive in the literature when using level 
of education and income as indicators [60, 61, 88, 95, 99]. However, such approach 
can be limited without studying this association within a broader context that could 
explain the link between the SES indicators and periodontitis. It has been suggested in 
the literature that income mainly acts as a mediator for the association between edu-
cation and disparities in health outcomes; thus, some researcher would elect to report 

Figure 5. 
Periodontitis extent per age and sex groups in an untreated population [11, 60]. PPD: Periodontal probing depth, 
CAL: Clinical attachment loss.
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only one of these two indicators. Though, both education and income demonstrated 
independent association with periodontitis after adjustments in multivariate models 
[99]. The neighborhood SES also had an independent association with periodontitis 
after the adjustment for individual level SES, age, sex, marital status, ethnicity, 
smoking, and diabetes [100]. Low and medium neighborhood SES had an adjusted 
OR of 1.73 (95% CI: 1.29, 2.32) and 1.63 (95% CI: 1.23, 2.17), respectively, compared 
to high SES.

SES can be linked to disparities in health outcomes through interrelated pathways 
(Figure 6) where the association can be mediated by psychosocial exposures, mate-
rial factors (resources), and health behaviors [9, 95, 99, 101]. In neo-material path-
way, effect of education can be mediated by income, occupation’s working conditions, 
related resources such as health insurance; consequently, it can improve housing, 
residential neighborhood, affordability of hygiene products, and access to health/
dental care. In psychosocial pathway, higher educational attainment can be associated 
with having broader social network, which can provide social support, enhance-
ment of control beliefs, problem-solving, and coping skills; consequently, improve 
response to stressors. In behavioral pathway, education can increase the chance of 
being surrounded by well-educated people, change the social norms, and increase 
health literacy, which can improve health behaviors.

SES needs to be conceptualized as a dynamic approach over the life course; income 
and occupation could fluctuate (increase or decrease) over time while education 
either remains stable or increases. A dynamic approach for SES also implies reciproci-
ties where increased SES could improve health and vice versa. Some relevant ques-
tions to be asked regarding life course approach include when is the sensitive period 
in development where SES could impact behaviors or can be biologically embedded? 

Figure 6. 
Suggested pathways that could link socioeconomic status (SES) to periodontitis or other chronic systemic diseases 
over the life course.
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What is the latency period between exposure to SES and having behavioral or 
biological impacts? Does the SES have accumulative impacts throughout life? Is the 
individual SES during adulthood or the parents’ SES during childhood more relevant 
to periodontal health? Are childhood SES and adulthood SES correlated or indepen-
dent? What is the impact of social mobility (transition to higher or lower SES)? It 
worth mentioning that in populations with rapid changes, social mobility needs to be 
assessed at smaller intervals over the life course rather than limiting the comparisons 
between childhood and adulthood.

Suggested models for dynamic approach for studying SES include [84]:

1. Critical (sensitive) period model assumes that Low SES could impact health at 
sensitive period in development; SES changes at later period cannot attenuate or 
reverse the impact already occurred.

2. Accumulation of risk model assumes that low SES’s health impact increases 
incrementally.

3. Chain of risk (trajectory) model assumes that low SES in early life results in low 
SES later. However, impacts on health are only embedded later in life.

The importance of understanding the impact of SES on health and its related 
behaviors is to know when to intervene to achieve the best health outcomes. Based 
on a recent systematic review on seven longitudinal studies, early life SES had 
positive association with periodontitis [102]. However, the included studies had 
heterogeneous study designs and definitions of both SES and periodontitis; thus, 
made it difficult to arrive at a more specific conclusion. In one study, the parents’ 
SES had no significant association with periodontal status in 15–16 years individuals; 
though, the parents’ SES (income) was predictive for utilization of dental care [103]. 
In another study, early SES measured as parents’ occupational status was associated 
with periodontitis in 26 years individuals, whereas the individual’s SES in adulthood 
was not significant [104]. In contrast, the adult SES was more relevant to smoking 
and depression. The role of social mobility was also evaluated; highest periodontitis 
proportion was found in those with persistent low SES, followed by upward mobility 
group, then downward mobility group [104]. The lowest periodontitis proportion was 
found in those with persistent high SES. In another study that assessed the periodon-
tal health at 15 years (baseline) up to 31 years, childhood SES was associated with 
periodontitis in adults, which was not mediated by adulthood SES or behaviors; RR 
was 1.85 (95% CI: 1.06, 3.24) [105]. So, studies that used the life course approach sug-
gested that early SES during childhood can be more predictive of periodontitis rather 
than adulthood SES. These findings support the critical period model for impact of 
SES on periodontal health. However, the longest follow-up was up to 38 years, and the 
possible accumulative effect of SES cannot be excluded.

2.5 Psychosocial exposures, their pathways, and interactions

When negative life events occur, they undergo an appraisal process, if the stressors 
exceed the individual’s coping ability, they can be perceived (appraised) as stress-
ful [106, 107]. The physiological responses to stressors can be mediated by negative 
emotions including anxiety, depression, anger, or mixed emotions [107]. The “allo-
static load” was a term introduced by McEwen to refer to wear and tear from chronic 
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over- or underactivity of protective body systems against stressors including the 
autonomic nervous system, hypothalamic–pituitary–adrenal (HPA) axis, metabolic, 
immune, and cardiovascular systems [108]. The perceived stress can be associated 
with health conditions (including periodontitis) through interrelated behavioral and 
pathophysiological pathways (Figure 7) [109, 110].

Different psychological exposures had an association with periodontitis [112–114]. 
In one study, psychosocial stress was not associated with periodontitis but had posi-
tive association with oral health behaviors (smoking and oral self-care) in 65–74 years 
women [115]. Among different daily strains, only financial strain was associated with 
higher CAL and bone loss after adjustment for age, sex, and smoking [113]. Intrinsic 
mechanisms that could regulate and the stresses include coping [116]. Inadequate 
coping (high emotion-focused and low problem-focused coping) was associated with 
higher CAL and bone loss regardless of the level of financial strain [113]. Problem-
focused coping includes reappraisal of stressful events as challenging events and 
applying strategies that focus on solving the problems [116]. In contrast, emotion-
focused coping includes applying strategies that deals with the emotions rather than the 
problem; it can include positive strategies such as regulations of emotions, meditation, 
spirituality, distracting oneself, and seeking support from social network. However, 
it can be also negative when denying the event, avoiding dealing with it, or adopt-
ing negative health behaviors such as unhealthy dietary habits, smoking, consuming 
alcohol, and drugs. Thus, emotion focused coping can be an inadequate coping strategy 
with stresses. Other behaviors related to inadequate coping include negligence of oral 
self-care and lack of sleep [111, 117, 118]. In contrast to coping, social network support 
and positive life events could buffer the impact of stressors through external pathways 
[106, 119]. Social support can be received (actual support) or perceived, which refers to 
the subjective beliefs about the availability of support; the perceived social support can 
be more effective in buffering the impact of stressors (Figure 7) [106].

When impact of social network was studied for association with periodon-
titis, marital status had no significant association with periodontitis prevalence 
or progression rate [61, 82, 114, 120]. However, having fewer friends and being 

Figure 7. 
Illustration of psychosocial interactions. Stressors can have adverse health impacts after being perceived 
(appraised) as stressful [106]. Negative emotions could be mediators of perceived stress and their impact on 
health could occur through interrelated pathophysiological pathways and behavioral pathways [109–111]. The 
perceived social support may buffer the impact of psychological stresses either before or after perceiving the event 
as stressful [106].
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widowed were associated with higher periodontitis extent [120]. In a prospective 
study on healthcare professional men, having at least one friend was associated with 
a lower risk of periodontitis; RR was 0.70 (95% CI: 0.51, 0.96) after adjustments 
for age, marital status, smoking, body mass index (BMI), alcohol consumption, 
and diabetes mellitus [114]. Furthermore, participation in religious meetings had 
a lower risk of periodontitis and the adjusted RR was 0.73 (95% CI: 0.64, 0.83). 
In a cross-sectional study by Zini et al., religiosity had protective association with 
periodontitis through spirituality (intrinsic pathway) and social support (extrinsic 
pathway) [121]. Other studies did not find an association between social support 
and periodontitis [60, 122].

Possible mechanisms of how social network positively impact health (Figures 6 and 7) 
is by buffering impact of stressors, shaping norms for health behaviors, sharing informa-
tion can increase health literacy and awareness, helping in problem-solving, sharing 
funds and resources, and improving overall wellbeing [119, 123, 124]. In a recent system-
atic review, social support had positive association with oral health literacy, quality of life, 
and behaviors including utilization of dental care in immigrants and ethnic minorities 
[125]. It is important to keep in mind, however, that impact of psychosocial exposures can 
be either positive or negative [11]. For example, perceived stress manifested as anxiety can 
stimulate sympathetic nervous system and HPA axis; consequently, help people to meet 
certain deadlines and get the job done [107]. The allostatic load, up to a certain limit, can 
be within the body’s reparative capabilities before it can be associated with pathological 
changes. Similarly, social network could have positive influence on behaviors (e.g., oral 
self-care), negative influence (e.g., smoking), enable certain behaviors (e.g., utilization of 
dental care), or constrain such behaviors [123]. Social network could also be a source of 
conflicts, stressors, or transmission of diseases. Thus, measurement of social network in 
terms of its size and range (structural indicators) alone can be deficient without consider-
ing specific functions [106, 119] or social norms [11]. Among different social support 
functions, emotional and informational support was the most responsive to buffer wide 
range of stressors [106, 119]. However, the overall research on mechanisms, pathways, 
and interactions of psychosocial exposures is still limited in periodontal literature.

2.6 Oral health behaviors

Health behaviors can be largely shaped by social environment including social 
adversity, social norms, social support, and socioeconomic status [3, 101, 113, 120, 123]. 
Health behaviors appear to cluster within individuals. For example, those who are physi-
cally active can also follow healthy dietary habits, regularly utilize dental/health care, 
regularly practice oral self-care, and vice versa. Unhealthy behaviors often aggregate in 
individuals with low SES [84]. In addition, behaviors such as smoking, negligence of oral 
self-care, and lack of utilization of dental care could be indicative of inadequate coping 
with social adversity [111, 117, 118].

Impacts of smoking on periodontium were well documented, and evidence was 
considered adequate to conclude that smoking is a cause of periodontitis by the office 
of surgeon general in 2004 [126]. The frequency and duration of smoking had a 
dose response association with periodontitis prevalence and progression [82, 127]. 
Smoking also had positive association with periodontitis in adolescents (15–19 years) 
with an adjusted OR of 1.6 (p-value: 0.017) after adjustments for demographics, 
plaque scores, and bleeding on probing [70]. Number of years since quitting of smok-
ing also had a gradient reduction in susceptibility to periodontitis. Based on a system-
atic review on 14 prospective studies, periodontitis incidence in smokers had an RR of 
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1.85 (95% CI: 1.5, 2.2) [128]. Smokers also had poor periodontal treatment outcomes 
(non-surgical and surgical) compared to never smokers [129–131].

Despite that oral self-care had clear association with gingivitis [31, 80], its associa-
tion with periodontitis was not consistent. Based on systematic review on 14 studies, 
tooth brushing had an OR of 1.44 (95% CI: 1.21, 1.71) [132]. Infrequent oral self-care 
and presence of calculus had positive association with periodontitis in young popu-
lations (14–29 years) [62, 69]. Good oral self-care had protective association with 
overall periodontal treatment need in Portuguese population [133]. Other studies did 
not confirm the association of oral self-care with periodontitis [82, 134]. It worth not-
ing here that self-reported oral self-care can be subject to social desirability bias, that 
is, study participants could report daily brushing and use of interdental aids because 
they are socially desirable behaviors [11]. Therefore, measurements of full mouth 
plaque scores can be used to validate such self-reported measures.

Several models were proposed to conceptualize the utilization of health/dental 
services [135–140]. Access is a term refers to potential access to health service based on 
enabling resources while utilization is the actual use of service [136]. Barriers to utilize 
health services can be structural such as accessibility (transportation), availability 
of resources, and accommodation (availability of appointments); financial barriers 
include affordability; personal barriers include acceptability (including trust in dental 
care providers), psychosocial factors, and awareness [135, 138, 140]. Populations with 
no (or minimal) access to dental care had an overall higher periodontitis prevalence, 
extent, severity, and progression compared to estimates from general populations 
[11, 17, 18, 22, 35, 37, 38, 60, 65]. Frequency of dental visits had positive associations 
with periodontitis in adults [81, 82] and young population (15 to 21 years) [69].

3. Periodontitis prevention: are we there yet?

The ultimate goals of studying the etiology of diseases are to plan, implement, and 
evaluate interventions to combat disease burden [141]. Clinical interventions, mostly 
based on behavioral theories, had positive periodontal outcomes for smoking cessa-
tion, diabetes control, dietary habits modifications, weight control, and increased 
physical activity [142]. The study periods ranged from few weeks to 24 months. 
Despite the positive outcomes for changing behaviors by clinicians, such strategies 
can be potentially challenging, costly, time-consuming, and have temporary or 
limited effectiveness if not implemented as multilevel strategies [2, 3, 10]. Economic 
burden of periodontitis in 2018 was estimated to be ≥150 billion dollars in the United 
States and ≥ 150 billion euros in Europe [143]. However, up to most recent recom-
mendations to prevent periodontitis were mostly confined to individual clinical care 
[142, 144–146]. A recent review also indicated that preventive strategies for periodon-
titis at population level are almost non-existent [51].

Among several approaches of defining periodontitis cases that evolved over 
history, current classification system by the AAP and European Federation of 
Periodontology (EFP) seemingly has resolved several longstanding issues [75, 147]. 
Periodontitis is mainly defined under single category rather than relying on age. 
Such approach may help overcoming issues of discontinuity in reporting findings for 
younger and older individuals to better understand the effect of age on periodontitis 
[11]. Periodontitis staging follows the clinical stages of natural course of disease, and 
its practical implications were explicitly outlined [75]. Stage I and II were classified 
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separately, though, their practical implications were similarly confined to non-
surgical periodontal treatment. Stage III and IV mainly require surgical periodontal 
treatment and the latest additionally requires functional rehabilitations. The grading 
aims were to identify the progression rate, responsiveness to therapy, and possible 
impact on systemic health. The grading is assigned based on rate of progression and 
clinical phenotype then modified based on two risk factors: glycemic control and 
cigarette smoking. In contrast to staging, the practical implications of periodontitis 
grading were not explicitly suggested. Staging can be readily applied in population-
based studies while grading’s application can be limited due to relying on radiographic 
examinations, could fluctuate over time, and limited to two risk factors (diabetes 
mellitus and smoking) [11]. However, other exposures could also have direct impact 
on patient care including barriers to utilize dental care (e.g., anxiety, lack of trust, 
lack of awareness, lack of perceived need for care) which may impede patients from 
seeking clinical care or complying with supportive periodontal therapy. In addition, 
the staging/grading framework is limited to the latest stages of the natural course of 
disease; therefore, its implications are confined to individual patient care.

While most of the periodontitis exposures can have practical implications for 
different stakeholders, recommendations based on too many exposures related to 
periodontitis alone can be exhaustive and impractical [11]. The common risk factor 
approach to integrate prevention of several chronic diseases (e.g., cardiovascular 
disease, diabetes mellitus, and obesity) has been suggested [50, 51]. This approach 
simultaneously targets risk factors/indicators of several chronic diseases such as 
tobacco consumption, unhealthy diet, sedentary lifestyle, lack of glycemic control, 
and psychological stress when planning population-based strategies. The common 
risk factor approach might also be more manageable at the population level rather 
than suggesting disease specific preventive approaches. Also, duplication of efforts in 
combatting diseases can be avoided [50]. This can be especially important when con-
sidering that periodontitis is not a life-threatening disease and may not be perceived as 
a priority by policymakers compared with other chronic diseases (e.g., cardiovascular 
diseases). It is important to consider, however, that common risk factor approach can 
achieve its benefits the most when applied as a multilevel strategy. When considering 
common risk factor approach in clinical care, there is a possible need for integrated 
dental and medical care. Dentists may routinely refer their patients for medical care, 
but more help is required from medical care providers to refer their patients to dentists 
once they are diagnosed with chronic medical conditions such as diabetes mellitus 
[11]. Patients may prioritize medical over dental care either due to having more serious 
consequences, dental anxiety, or limited dental insurance coverage [11, 60].

3.1 Periodontitis prevention as a multilevel strategy

A framework suggested by the author for applying periodontitis prevention at 
multilevel was outlined in Table 1 [11]. Periodontitis diagnoses integrated early stages 
(susceptibility stages) of the natural course of disease with the AAP/EFP staging 
criteria [75]. The diagnostic criteria follow the assumption that staging is irreversible; 
once a diagnosis is assigned, it can only be upgraded [75]. The common risk factor 
was a recommended approach for all levels of prevention along the natural course 
of disease. The framework may also enhance knowledge translation where evidence 
from clinical/epidemiological research can be applied in clinical, population, and 
public health practice and vice versa.
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3.1.1 Susceptibility stages

In stage of underlying exposures, primordial prevention is applied to the popula-
tion, and it aims to reduce development of disease specific risk factors including 
adopting unhealthy behaviors [11]. This level of prevention mainly benefits the 
population at an early stage in development, that is, during childhood and teenage 
[148, 149]. The strategies can be mainly applied by governments and policy makers 
to target the social determinants of health and take into consideration the non-
modifiable exposures. Examples of preventive strategies include imposing sin tax on 
tobacco- and added sugar containing products, increase safe public places for indoor 
or outdoor physical activities, and reduce barriers to access dental and health care 
such as facilitating health and dental insurance for low profile jobs. The latest can 
be accompanied by conditional strategies that enforce regular attendance to dental/
medical care.

In stage 0, primary level of prevention can be applied to individuals or population 
subgroups who developed periodontitis specific risk factors/indicators [11]. It aims to 
reduce periodontitis incidence and strategies can be mainly applied by public health 
practitioners. Examples include health awareness campaigns and use of behavioral 
theories to apply public health interventions for smoking cessation, glycemic control, 
modification of dietary habits, and weight loss.

3.1.2 Periodontitis stages

Periodontitis stages have similar diagnostic criteria proposed for periodontitis 
staging by the AAP/EFP [75]. Exposures of susceptibility stage still apply to peri-
odontitis stages based on the current understanding that periodontitis develops in 
a susceptible host. The grading criteria were removed since their application may 
not be suitable for population-based studies due to the abovementioned limitations 
[11]. Periodontitis stages are mainly managed by clinicians following the secondary 
and tertiary levels of prevention. An additional strategy is to apply the common risk 
factor approach in clinical stages including the need for integrated dental and medical 
care. Medical professionals need to refer their patients once diagnosed with chronic 
systemic disease. Stage I and II were combined since they are managed similarly 
by non-surgical periodontal treatment. Diagnosis of stage I can be challenging 
when assessments are conducted by non-periodontists due to the use of low disease 
threshold. Population-based surveys commonly consider CAL ≥3 mm as minimum 
threshold to avoid misclassifying cases [92, 93, 150]. However, diagnosing periodon-
titis cases at lower thresholds allows early interventions, which can be particularly 
important in younger population [11].

3.2 Additional considerations for the multilevel prevention framework

Despite that gingivitis precedes periodontitis, it was not included in the framework 
because pristine gingival health may not exist even under optimal oral self-care  
[151–154]. Also, gingivitis can be reversible or self-limited. However, periodontitis stag-
ing is assigned with a purpose of being irreversible. Similarly, plaque per se is a universal 
finding even in individuals following stringent plaque control strategies [34, 155–157]. 
Plaque needs to be controlled in all members of the population. In addition, plaque is a 
reversible exposure, which makes it unsuitable for periodontitis staging.
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When applying multilevel preventive strategies, it is recommended to consider 
outlining a specific plan for each exposure at a time [2]. For example, strategies for 
combatting tobacco consumption at population level could include imposing sin 
tax, age restrictions, and increase smoke-free spaces [6]; for smokers population 
subgroup, smoking cessation interventions and awareness campaigns can be imple-
mented; for periodontitis patients, smoking cessation strategies including referral to 
smoking cessation clinics can be applied.

4. Concluding remarks

Key messages that need to be emphasized include:

• Variation in distribution is a key concept for studying diseases and their expo-
sures. Therefore, using mean scores while disregarding the multilevel variations 
in periodontitis severity or annual progression rates makes these population-
based summaries have questionable validity.

• Evidence suggests that majority of variations in periodontitis distribution in 
populations occur between 20 and 40 years. Thus, studies on associations with 
periodontitis need to take this age range into consideration.

• A major gap in knowledge regarding periodontitis and its associations is under-
standing the transition between adolescence and adulthood. Limited evidence 
suggests that exposures such as socioeconomic status may have its major impact 
during early life. However, the focus of current research on associations is mostly 
confined to adulthood.

• The use of life course approach is useful for understanding the pathways of 
associations with periodontitis, the nature of their impacts, their latency period, 
their impacts on health behaviors, and biology. However, since feasibility is a 
major limitation for such study designs, evidence from cross-sectional studies 
using wide age ranges may help in generating hypotheses and identifying the 
most appropriate assessment periods.

• The use of ecosocial theory by Krieger can be useful for generating hypotheses 
for mapping pathways of associations with periodontitis while considering the 
broader context over the life course [54].

• When studying the psychosocial exposures, it is important to consider both of 
their protective and harmful impacts.

• The periodontal treatment status needs to be considered in studies on associa-
tions with periodontitis. Consequently, the impacts and limitations of current 
periodontal treatment strategies can be evaluated at population-level.

• A multilevel periodontitis prevention framework based on common risk fac-
tor approach was suggested as an alternative to current approaches, which are 
limited to individual patient care.
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Chapter 9

Development of Gallium Silicon
Titanium Alloys for Dental
Implants
Tharanikumar Sivakumar, Chandrasekaran Krithika
and Nandikha Tharanikumar

Abstract

The aim of this study is to synthesize a new metallic aluminum and vanadium-free
titanium alloy biomaterial for better osseointegration and implantation in the physio-
logical system. The in vitro and in vivo methods were used to examine their biological
compatibility, evaluated quantitatively and qualitatively. Results of Ga-Si-Ti alloy
showed a higher ultimate tensile strength, yield strength and a higher percentage of
elongation and more or less equal to Young's modulus when compared with the Ti and
Ti-Ga alloy. In vivo study, a PA view of whole-body radiography all groups exhibited a
substantial difference in the linear bone density of newly formed bone. Ga-Si-Ti group
showed the highest bone mineral density than Ti and Ti-Ga group in the micro CT ex
vivo study. The study exhibited a significant difference between the groups and the
proportion of cortical bone volume to trabecular bone volume BV/TV in percentage.
This is related to the anti-resorptive action of gallium and osteoblastic property of
silicon, in addition to the benefits of commercial pure-Ti alloy.

Keywords: gallium, silicon titanium, osteoporosis, aluminum, vanadium, toxicity of
Ti-Al-V micro CT, Histomorphometry

1. Introduction

1.1 Background

While the pride of humankind exists in a manner that helps different lives, having
scientifically achieved the capability to replace the lost body parts along with their
functions is considered to be the upfront of modern scientific civilization. The impact
of the missing body parts and their dependence results in physical and psychosocial
distress. The best assistance one can offer is to diminish, if not eliminate such an
inability. In this direction, loss of teeth due to injury or any other pathology may lead
to partial or complete edentulousness, that affects the psychosocial status and the
functional mastication for which dental implants are preferred.

Study by the AAOMS reveals a 69% incidence of one tooth edentulous in the age
group of 35–44 years [1]. Also, when people reach the age of 75 years, a minimum of
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one-fourth of the adult population would be completely edentulous. Rise, but the quality
of life is not much improved. For instance, among the overall population, the percentage
belonging to 65 years and above is on the rise. The total count of this category popula-
tion in the year 2000 was 282 million and is expected to rise by 49%, rise to 420 million
by 2050. Overall, the impact of an increase in population and a higher chance of that
population being considered to be more than the age 65 leads to a considerable rise in the
actual patient count, considering that 35 million people were older than age 65 in the
year 2003. This number is required to increment by 87% by 2025. Hence, the increased
need for dental implant treatments is due to the failures of a fixed prosthesis and the
consequences, also the life longevity of the aging population and their dental needs.

Oral implantology has evolved and improved to be a centre of the art and technol-
ogy of modern dentistry. The field demands its practitioners to have a distinguished
knowledge of details in significant areas, including scientific updates, updating
knowledge about different types of radiographs including regular radiographs, com-
puted tomographic, Micro-CT, robust working knowledge about the anatomy, surgi-
cal procedures, prosthetic requirement and follow-up care. Every dentist who places
or restores implants ought to be aware of the possible problems and should be able to
know how to control them.

Oral implantology is a challenging field to master and the impact of failure may be
a disastrous one. The dentist should know the material science and have awareness of
how to prevent the failure of implants. Among various biomaterials, metallic bioma-
terials are used mainly and in various forms. The metals like Gold, Palladium and
other noble metal alloys have the longest history of utilization. However, their high
cost limits their applications. At present, the usable metallic materials in the medical
science are Co-Cr-Mo, 316 L SS, Titanium-based alloys and miscellaneous alloys like
amalgam and Gold. Titanium material resists corrosion, has strength to weight ratio,
weight less and has good mechanical properties. Its biocompatibility, non-toxic, dura-
ble, easily available and cost-efficient makes Titanium, the choice of material for
many uses in dental application

The mechanical strength and biocompatibility of Titanium make it the metal of
choice for dental implants. Titanium with the mesoporous layer of Gallium and Silicon
can act as a drug delivery system for enhancing osseointegration thereby expanding
the clinical application of Ti alloy. Si is a potent anabolic element that promotes bone
formation and Gallium inhibits bone osteolysis, review of literatures suggest verifying
animal studies have shown that the synergistic impact of Ga and Si on promoting
osseointegration can be applied to clinical trials.

The aim of this study is To Synthesize a new metallic Aluminum and Vanadium
free Titanium alloy biomaterial for better osseointegration and implantation in the
physiological system.

To Synthesize Gallium Silicon Titanium Alloy biomaterial.
To Characterize the mechanical and structural properties for use in dental implant

application.
To Characterize the alloy for biocompatibility in the physiological system.
Advantage of gallium silicon titanium alloy implants to the population

• Gallium metal has the antiresorptive property and prevents the osteoclastic
activity when implants placed in bone

• Silicon metal has the anabolic property and promotes the osteoblastic activity
when implants placed in bone
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• Titanium metal has high inert to the tissue and the metal density which is to
replace missing hard tissue.

• Synergistic effect of Gallium silicon Titanium alloy would be having the inert
tissue response with osteoclastic and promotes osteoblastic activity in bone
promotes osseointegration of implant to bone in mankind with estrogen deficient
females in old age and osteoporosis patient

2. Materials and methods

2.1 Synthesization of titanium, titanium gallium and gallium silicon titanium
alloys

Code-263265-Gallium: 99.99% with molecular weight 69.72G/MOL, Code-343250-
Silicon: 99.95% with molecular weight 28.09G/MOL and Code-GF96834493-1EA-
Titanium: 99.6% were purchased from Aldrich and used as such with no further
purification.

Titanium metal pieces are used as such.
Titanium Gallium alloy metal pieces were weighed as per the alloy composition

described by [2] presented in Table 1.
Gallium Silicon Titanium alloy metal pieces are weighed and prepared as per the

alloy composition described by [3] presented in Table 2.
The arc melting technique was used for melting metals and making alloys using a

vacuum arc furnace as shown in Figure 1. The heating is done by striking an arc
between a tungsten electrode and the metal pieces Ti, Ga and Si, for alloy preparation
were shown in Figure 2 that was placed in a water-cooled copper crucible. The
melting was carried out in an evacuated chamber which was backfilled with inert
Argon gas exactly before melting.

The working principle of a laboratory arc melting unit is similar to the standard
TIG welding unit. The heat required for melting the metal pieces in the crucible was
generated by the electric arc between electrode and metal. Argon gas provides an inert
atmosphere and prevents oxidation of the sample. Melting was repeated 3–4 times so
that a homogeneous alloy is obtained. The typical process of flow of melting metals
followed in this study is shown in Table 3.

Value Titanium Gallium Total

Atomic % 98% 2% 100%

Weight Gm 19.423gm 0.577gm 20gm

Table 1.
Atomic and weight percentage of metals for Ti-Ga alloy.

Value Gallium Silicon Titanium Total

Atomic % 15% 5% 80% 100%

Weight gm 4.169 gm O.577 gm 15.271gm 20gm

Table 2.
Atomic and weight percentage of metals for Ga-Si-Tialloy.
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Triplets in each sample of Titanium, Titanium Gallium, Gallium Silicon Titanium
alloys were made into a sample size of 1 mm length x 5 mm diameter (Figure 3).
Samples were polished with sandpaper no: 60, 220, 240, 320, 400, 600, 1200 and 2400,
cleaned with alcohol and then bathed with distilled water as described by [4]. Samples
were divided into three groups, viz. Ti, Ti-Ga and Ga-Si-Ti groups for experimentation.

Figure 1.
Vacuum arc furnace.

Figure 2.
Metals used for alloy preparation.
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2.2 Characterization of the mechanical and structural properties of Ti, Ti-Ga and
Ga-Si-Ti alloys

The microstructural phases and visualization of the microstructure of the alloys
and the mechanical and structural properties of the experimental alloys were studied.

2.2.1 Determination of microstructural phases

The microstructural phases of the alloys Ti, Ti-Ga and Ga-Si-Ti were assessed by
X-ray diffraction (XRD). The X-ray diffraction was done in Bragg-Brentano θ-20
Geometry method using X-Ray Diffractometer (Smart Lab, 9 kW- Rikagu, Japan
instrument) as per [5].

1. Metal pieces are weighed as per
the alloy composition

2. The copper mold is cleaned
using Acetone

3. Metal pieces are placed at the
centre of the mold

6. Switch ON the diffusion pump
at 10�3 mbar

5. Ensure that there is no leakage
or open gap

4. Chamber is evacuated using
a rotary pump

7. Let vacuum reach 10�5 mbar
inside the chamber

8. Switch ON chiller for water flow
to mold & electrode

9. Switch ON the power supply

12. Strike arc again & melt the
pieces to form a button

11. Melt Ti getter to consume O2 in
chamber (if any)

10. Strike the arc using the
electrode and mold

13. Flip ingot and rebuild vacuum
to desired level

14. Repeat the process for 2–3
times to obtain an ingot

15. Perform suction casting if
required

Table 3.
Process of a vacuum arc melting.

Figure 3.
Sample size used for in-vitro study.
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2.2.2 Visualization of microstructure of the alloys

The samples were mirror polished with colloidal silica for 10 minutes before
etching. Eventually etching was done with Kroll’s reagent (Sigma Aldrich) for 4–
5 seconds, reagent consist of 5% Nitric acid, 10% Hydrofluoricacid and 85% water and
visualized with an inverted metallurgical microscope. De winter victory model no
4100, Germany as per the procedure of [2].

2.2.3 Scanning electron microscopic study

Triplet samples from Ti, Ti-Ga and Ga-Si-Ti alloys groups were dried at room
temperature and fixed in glutaraldehyde 2%. The sample was immersed with alcohols
(50%, 75%, 95% and 100%) for dehydration. The sample was placed over absorbent
paper for 48 hours and analyzed with SEM (Scanning Electron Microscope) and EDX
(Energy Dispersive X-ray Analysis)as per the procedure used by [6, 7].

2.2.4 Tensile strength test for the alloys

The tensile strength of the alloys was measured by using ASTM E8 as per the
following specification. The samples were cut by an Electric Discharge Machine
(EDM), rinsed with acetone and degreased with NaOH and distilled water and then
measured with a Vernier caliper. The sample was held at the tensile fixture and pulled
at the velocity of the speed of 1 mm per minute and the results were measured as
described by [8].

2.2.5 Compression test for the alloys

Compression testing was done on the samples as per ASTM E9 specification and
the results were recorded. The model was held in the compression fixture as sample
edges were flattened and the flatness was checked with the dye gauge and the results
were recorded as per [9].

2.2.6 Microhardness test for the alloys

In the VHN test, the applied force was smooth without causing any effect and held
in contact for a duration of 10–15 seconds. ASTM 384 VHN was tested at 200gF/
1.96133 N using cylindrical specimens of 11 mm in height of the sample. 6 readings
were taken for each specimen with ‘TheWilson VH1150’ digital micro-hardness tester
machine and the values were recorded as described by [8].

2.3 Characterization of the alloy for biological compatibility in the physiological
system

1 mm long x 5 mm width in size Ti, Ti-Ga, Ga-Si-Ti alloys samples were prepared
for in-vitro studies (Figure 3). The samples were polished with sandpaper and were
cleaned with alcohol followed by distilled water. The samples were sterilized through
steam autoclave 121°C for a duration of 30 minutes 15 pounds per square inch of
pressure.
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2.3.1 Study of the bioactivity of the Ti,Ti-Ga and Ga-Si-Ti alloys using simulated body
fluid in-vitro study

Simulated body fluid is prepared according to [9]. The pH of 1.0 SBF/liter fluid
was adjusted to pH 7.4 using 1NHCL, (i.e.) 1NHCl ——— > 8.3 ml of HCL in 91.7 ml
H2O and Six-well plates were used for the samples of all the three groups. The triplet
sample from each group was soaked in the prepared simulated body fluid (Figure 4).
Each plate of 10 ml of SBF fluid was treated with albumin and kept at room temper-
ature and the fluid was changed every day after 24 hours for 21 days. Using SEMand
EDX spectrometry, the sample surfaces were assessed qualitatively.

2.3.2 Evaluation of cytotoxicity of the Ti,Ti-Ga and Ga-Si-Ti alloys using SaoS-2 cell line
in-vitro study

SaoS-2 cell line purchased from NCCS PUNE, INDIA was cultured with Mc Coy’s
5A medium in 10% FBS (Gibco, In-vitrogen Bio-Services India, Bangalore, India) and
1% penicillin-streptomycin (HIMEDIA) and were maintained in this at 37°C with 5%
CO2. The cell line was used for assessing cell interaction and alloys with regard to cell
adhesion, viability and proliferation. Their transformation of SaoS-2 cells into osteo-
cytes and calcium deposition at the surface of the alloy was measured through quali-
tative and quantitative evaluation methods.

Before seeding of cells, the samples were treated in a culture medium for 24 hours.
Then the Cells were separated using a standard protocol of [10] for cell density and
incubated at 37°C with 5% CO2 in an 8x12 well plate. The cell line and alloys of three
combinations in triplicate were incubated as per the procedure of [11] which is shown
in Figure 5.

2.3.3 Alamar blue assay

The vitality and cytotoxic character of the samples were determined using the cell
viability reagent alamar blue. The pHMcCoy’s 5A medium was adjusted to the pH of 7.0
to 7.4 and incubated at 37°C in sealed plates to prevent evaporation. Since the Alamar blue
is photosensitive, so the incubation was done under darkness as described by [12].

Figure 4.
Triplet sample in simulated body fluid In 6 well plate.
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2.3.3.1 Cell adhesion study

After 24 hours of cell seeding, adhesion was assessed, by adding 10% Alamar blue
dye to the cell medium. After 4 hours, the dyed media was aspirated and the same was
measured for their adhesion to alloys at 570 nm and 600 nm as per the procedure
adopted by [13].

2.3.3.2 Eosin staining of the alloys

The staining of the samples was carried out for three alloy groups. The samples
cleaned with PBS were dipped in 10% formalin for duration of ten minutes. Followed
by eosin staining for one minute, washed with water, absolute ethanol was used for
drying the samples for three minutes and observed in bright field microscopy to
observe the surface of the alloys with cell adhesion.

2.3.3.3 Viability and proliferation study

Viability and proliferation were measured at 48 hours and 96 hours after cell
seeding. 10% alamar blue dye included in the medium whenever medium was
changed. Six hours after adding the dye the medium containing alamar blue dye was
aspirated and measured at 570 nm and 600 nm in a spectrometer.

The proliferation rate was estimated by comparing the percentage decrease in
matching wells after 96 hours to 48 hours using the formula below.

Proliferation rate, P ¼ R96�R48
R48 � 100 R96 and R48 are percentage reductions of

viability tests performed at 96 and 48 hours, respectively.

2.3.3.4 Study of the samples using SaoS-2 cell line for mineralization in-vitro study

Mineralization of SaoS-2 Cells with the surface of the alloy for cell seeding density
was done according to the technique followed by [14]. The cells have been cultured
for 3 weeks and the medium was changed every three days. The mineralization
procedure was carried out as per the procedure of [15]. The calcium deposits in the

Figure 5.
Triplet sample in SaoS-2 cells in 8x12 well plates.
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cell culture were measured using alizarin red dye. We utilized 1 milliliter of a 40 mM
solution that had a pH of 4.2 and left it at room temperature for 10 minutes. In order
to remove the dye, the wells were washed with phosphate buffer saline and distilled
water five times before being examined under a stereomicroscope to obtain the
images.

2.4 In-vivo study for evaluation of Ti, Ti-Ga and Ga-Si-Ti alloy as biomaterial
implants

Study Design: An implant designed to promote bone growth may require at least
two months and upto six months for bone regeneration and to study the localized
tissue reaction. With the current crossover research study, the goal is to evaluate the
newly synthesized Ga-Si-Ti implant for its biocompatibility in comparison with Ti and
Ti-Ga implants. This removes the anatomical variation and avoids bias in evaluating
osseointegration. The test was carried out to assess for reaction around the implants as
per ISO-Standard No: 10993–6 and 10,993–11.

2.4.1 Implants

Non-threaded cylindrical implants were fabricated according to the surgical anat-
omy and the diameter of the femur bone of the rat. The implants were surgically
placed on the right side femur of the rats. Three types of implants viz. (i) Ti (ii) Ti-Ga
and (iii) Ga-Si-Ti in size of 1.5 m diameter and 3 mm length are shown in Figure 6.
SEM images of Ti, Ti-Ga and Ga-Si-Ti implants are shown in Figures 7–9.

2.4.2 Characteristic details of the experimental groups

The study was conducted on male Wistar rats (Rattus /Norvegicus) of about
8 weeks of age with the body weight of 200–250 gm. In total, 18 rats were studied in
this research. The experimental rats randomly split into three groups in which the Ti,
Ti-Ga and Ga-Si-Ti metal alloys were implanted on the right femur bone and the rats
were kept under observation for normal health.

The IAEC of Sathyabama Institute of Science and Technology issued the ethical
clearance with the IAEC Number: SU/CLATR/IAEC/XV/152/2020. The experimental
animals were housed in the Sathyabama Institute of Science and Technology animal
experimental laboratory in Chennai, Tamil Nadu, India. The rats were fed a standard
maintenance rat diet and water ad libitum.

Figure 6.
Sample size used for in-vivo study.
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Experiments were performed according to CPCSEA guidelines and conforming to
NIH guidelines for the animal.

2.4.3 Surgical procedures

Surgical procedures (Figure 10) were carried out under general anesthesia, as per
the procedure adopted by [16] with Ketamine (40-90 mg) and Xylazine 5-10 mg
(Rompun) by the intraperitoneal path. The surgical site was tonsured and disinfected
with povidone-iodine solution & an injection of Lidocaine with Adrenaline (1:80000)
was infiltrated at the site of incision to prevent bleeding.

Figure 7.
SEM images of Ti.

Figure 8.
SEM images of Ti-Ga.
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A stab incision was made along the imaginary line between the hip joint and along
the lateral aspect of the thigh. The medial aspect of the femur bone was exposed on
the right side. With a 1.5 mm surgical drill, a 2 mm x 3 mm defect was created in the
medial aspect of the femur and under irrigation with normal saline.

The implants were placed in the defect and secured with a 3–0 silk suture around
the femur bone. Then the muscles were secured followed by a skin suture (Figure 10).
The skin wound was protected by Healex Spray contains benzocaine 0.36%w/w and
cetrimide 6.5%w/w (Shreya life sciences Pvt. limited) and Nebasulf powder contains
Bacitracin (250.0 IU), sulfacetamide (60.0 mg) and Neomycin (5.0 mg) (Abbott
healthcare PVT LTD). Gentamycin 20 mg/kg/day for five days and Buprenorphine
0.04 mg/kg/day for 3 days) were given intra-peritoneal as post-operative antibiotic
and analgesic respectively. Hydration of animals was maintained with 5 ml of dextrose
saline on the day of surgery.

2.4.4 Radiographic analysis

Radiographic evaluation was carried to assess the position of implant with the
surrounding bone and to conduct a study to evaluate the new bone formed along the
implants.

2.4.4.1 Digital radiography

Two types of digital radiography were done in the present study.

2.4.4.1.1 Posterior anterior view of the whole body

Posterior Anterior view of the whole body [17] using Sirona orthophos Xg radio-
graphic machine, a direct digital radiograph was taken for comparing the bone density
of the femur with implant and normal femur bone of the same animal at a different

Figure 9.
SEM images of Ga-Si-Ti.
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time interval, i.e. 14th, 28th, 42nd and 56th day. Once the standard images were
produced and the post-implantation were aligned by selecting reference points on the
implant images as per [18] following the selection of a region of interest on the
images, the follow-up images were subtracted from the baseline image and negative
images used as digital subtraction of radiographic images for evaluating the bone
density changes. The quantitative assesment of newly formed bone and the minerali-
zation around implants was analyzed using Sidexis Xg software for calculating the
density of the bone using grayscale. Qualitative assessment was done using the images
which showed decreased grayscale inferring mineral bone loss and increased grayscale
inferring bone mineral gain.

Figure 10.
Animal surgery and implant placement.
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2.4.4.1.2 Paralleling technique

The second method of digital radiography used paralleling technique to the film
(phosphor plates) and implanted femur bone of rat by using x-mind x-ray unit setting
with 60kVp, 4 Ma, with an exposure time of 0.4 Seconds to produce the highest
quality of digital image with most negligible radiation. Soredex Digora Optime
processing unit was used in which best contrast at lower exposure digital image can be
achieved. The photon detector used in the system is a phosphor plate with the follow-
ing characteristics with a dimension of 31 mm x 41 mm and the image pixel of
1034x1368 according to ISO 10993-1and ISO10993-5 non-toxic & non-irritative to
biological systems, so the hygienic bag made of latex-free food-grade polyethylene
was used over phosphorylates while taking a radiograph. Linear measurements of
bone densitometric values were obtained using Gray values [19].

Areas of specific sites visualized through digital images were selected for densito-
metric analysis. In this study, linear, cortical (CBD), trabecular (TBD) bone densities
and Newly Formed Bone Density (NFBD) were measured for qualitative evaluation
by serial radiograph. Quantitative assessments were done by one measurement in each
area per image along with bone density around implants and the point density was
measured using Gray values.

2.4.4.2 Computed tomography study

Computed Tomography was done using the Somato go-now scanner in which the
beam is collimated using the material ultra-fast ceramic collimation and the CT
detectors of the scan utilizing a CT X-ray source of 80–120 Kv with strong filtration to
produce a monochromatic beam. The width of the collimator is 0.6 mm and the true
resolution of the machine is 1 mm.

In the present study, 300–450 window levels and 1300–1500 window widths were
used. The data reconstruction was done using the software, to calculate the distance,
pixels and intensity for image analysis. Thirty two images were recorded per rotation
of 16.0 x 0.7 collimation. The spiral accusation with pitch factor is 0.8 ratios. All the
specimens were scanned with the same parameters and data were collected by a
computer. The image was reconstructed to evaluate the linear attenuation, co-efficient
of each voxel in a slice assigned with CT number [16] or Hounsfield number to each
voxel. The mean Hounsfield Units were calculated and statistically analyzed. CT scan
was obtained on the 28th and 56th days to evaluate the osseointegration in terms of
the newly developed bone. After the implantation, there were disparities in the den-
sity of the trabecular and cortical bones. Computed Tomographic scans have been
assessed in two and three-dimension formatted images for studying the bone miner-
alization in response to implant material placed in critical defect created for evaluating
the biocompatibility of the implant with the bone.

2.4.5 PolyFluoroChrome study (PFCs)

Experimental rats of all the three groups were injected with PFC according to the
procedure described by [20]. Post-operatively the animals were administered with
intra-peritoneal injected with Alizarin Red S (30 mg/kg body wt) on the 7th and 14th
day, Tetracycline (12 mg/kg body wt) on 21st and 28th day and finally Calcein (4 mg/
kg body wt) on 35th and 42nd day respectively.
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2.4.6 Sacrifice of the experimental animals

The animals were sacrificed on the 56th day and femur bones with implants were
retrieved and stored in 70% ethanol at 4°C for histopathological study and ex-vivo
Micro-CT.

Euthanasia: All experimental rats were euthanized by giving a 5x dose of Ketamine
\Xylazine (500/50mg/kg) intraperitoneally. The femur bones with implants were
retrieved and subjected to histopathological study. The carcass of the experimental ani-
mals was disposed of as per the BiologicalWastemanagement program of the Institution
throughM/s GJMulticlave (India) Pvt. Ltd., Tambaram Sanatorium, Chennai - 600,047.

2.4.7 MICRO-CT study

Micro-CT scan of rat femur with explant was done according to [16] .The scanner
used was a SCANCO Medical CT 40. The following values were used in an easily
configurable measuring methodology: 12 μm spatial resolution, 70 kVp beam energy,
114 A beam intensity, 300 ms integration time and 1024 � 1024 image matrix.
Explants from rats were isolated, washed with PBS and stored in ethanol in an
Eppendorf tube. The density of bone mineral was calculated in g.cm�3. BMD refers to
combined density of defined volume with bone and soft tissue. The study’s calibration
of bone mineral density was done by 2 mm–4 mm phantom rod pairs inside a tube of
water matching the animal’s bone diameter in the ex-vivo study. After scanning the
phantom rods, a bone sample with three different implant materials ROI was observed
for BMD for calibration.

2.5 Histomorphometric analysis of bone remodeling using Polyfluorochrome
(PFC) dyes in-vivo and ex-vivo

Specimen Preparation for Histology and Histomorphometric analysis was done as
per the procedure adopted by [21].

Reagents: 10% NBF, Alcohol (70%, 80%, 96% and 100%), CH3COCH3 (Sigma
Aldrich, Bangalore), MMA (Sigma Aldrich, Bangalore), C14H10O4 (Sigma Aldrich,
Bangalore), 5% NaOH, KMnO4 (Merck, Maharashtra) Methylene Blue (Thermo
Fischer, Mumbai), Distilled water, Acid Fuschin (Sigma Aldrich, Bangalore) Satu-
rated Picric Acid (Sigma Aldrich, Bangalore), Cyanoacrylate glue (Alteco chemicals,
Japan), Stevenel’s blue and Van Gieson’s Picrofuchsin stain.

Specimens were fixed in 10% NBF, dehydrated in increasing ethanol concentra-
tions (70–100%), cleared using acetone alcohol mixture and embedded in MMA.
Resin blocks of specimens were prepared after polymerization in MMA under vacuum
conditions for 7–10 days at room temperature. The PMMA block was split into wide
sections (70-100 m) using a saw microtome (ACCUTOME 100, Struers, Denmark). It
was adhered to a glass slide and polished using a grinder polisher (ECOMET 3000,
Buehler, Germany). The sections were stained with Stevenel’s blue and Vangieson’s
picro fuchsin and examined in a trinocular transmitted light microscope (Nikon Ni-
E). Photomicrographs were taken with a camera (Nikon DS Ri1) attached to the
trinocular microscope (Nikon Eclipse) for histomorphometry and examined in a
fluorescence microscope.

The samples were observed in violet, blue and green illumination in Leica fluores-
cent microscope attached to a computer with Leica system software installed. Images
were acquired in 10x magnification. For every sample, different illuminations were
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used for the same focused field to obtain the standard images. Thus, the obtained
images were superimposed in the order of green illumination followed by a violet after
blue, which corresponds to the excitation of dyes in the same order as administered to
the rats. This was accomplished by using GIMP version 2 software. The dimensions
inside individual images were measured using NIH-Image J software according to
techniques described by [22].

2.5.1 Histomorphometry

Bone Implant Contact (BIC), Rate of Bone Apposition (RBA) and Osteoblast
proximity were the parameters evaluated and all the measurements were made with
NIH-Image J. The marking techniques were done according to [23]. The total perim-
eter of implant areas of implant-bone contact was marked and BIC was estimated as
contacting area percentage to the whole implant perimeter as per the formula adopted
by [24]. Kulak and Dempster, [25] calculated MAR by dividing the mean distance
between fluorescence labels by the time interval between them.

2.6 Statistical analysis

Quantitative data obtained from in-vitro, cytotoxic test done with alamar blue
assay to evaluate the adhesion, viability and proliferation with SaoS-2 cell line, in
which two-tailed test, which is used in null hypothesis testing and statistical signifi-
cance bone calcium mineralization and in-vivo radiographic analysis of the bone were
statistically analyzed utilizing the SPSS software (version 21.0; IBM corporation,
Armonk, NY, USA). Significance level was fixed at 5% (α = 0.05).

For the in-vitro model, mineralization occurs at different rates in each study group
when different materials are used. So, to understand mineralization, calcium nodules
deposited were evaluated for the 4th, 7th, 8th, 11th, 14th and 21st day. To compare the
mean values between variables recorded at a different time points, repeated measures
ANOVA was applied to find the group means.

For the in-vivomodel, linear bone density of PA view of thewhole bodywas compared
between all the three groups of Ti, Ti-Ga and Ga-Si-Ti implanted bone with adjacent side
normal bone. Medial cortical, lateral cortical, trabecular bone and new bone formation
were recorded on 14th, 28th, 42nd and 56th day on both the implanted side as well as
adjacent normal bone. Non-parametric The implanted bone was compared to normal
bone using theMann-Whitney U test (similar to the post hoc Tukey test) and the
implanted bone was compared between groups using the Kruskal-Wallis test.

Digital subtraction linear bone density of the PA view of the body was compared
between the three implanted bone groups of Ti, Ti-Ga and Ga-Si-Ti. On the 14th and
28th days, the first indications of newly formed bone was documented using the
digital subtraction approach. To examine the changes within each group, the
Wilcoxon signed-rank test was used. For intergroup comparison, the Kruskal-Wallis
test was used.

For the in-vivo model, to evaluate the point density in digital radiography using
paralleling technique, the non-parametric statistical test of the Kruskal-Wallis test was
applied.

Mean difference intergroup comparison concerning Hounsfield Units of the CT
scan and mean/density in micro-CT, both were analyzed using the non-parametric
Kruskal Wallis test and one-way Anova test respectively.
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Histomorphometry analysis of bone was evaluated through BIC; it is described as
the amount of contacting area to the total perimeter of implant in percentage, osteo-
blast proximity which is the distance between the first osteoblast and the implant and
finally, the Rate of Bone Apposition (RBA). The BIC (Bone Implant Contact), RBA
and Osteoblast proximity were analyzed using Kruskal Wallis Test.

3. Results

In the microstructure evaluation of Ti, Ti-Ga and Ga-Si-Ti exhibited ‘α’ phase.
In the mechanical study, the Ga-Si-Ti alloy showed a higher Ultimate tensile

strength (780 MPa), Yield strength (595 MPa) and a higher percentage of elongation
(18.76%) and more or less equal to Young’s modulus (1.16x105 MPa) and Compressive
at fracture (1696 MPa) when compared with the Ti and Ti-Ga alloy.

In the Simulated Body Fluid study, among the three samples, the Ga-Si-Ti alloy
showed more precipitation on its surface and a higher Ca/P ratio (1.8%) in the
precipitation.

In-vitro evaluation of cytotoxicity of the Ti, Ti-Ga and Ga-Si-Ti alloys revealed the
ability of SaoS-2 cells to adhere to the surfaces of all three alloys, which indicated the
recognition of the experimental alloys by the cells as surfaces to grow on. No statistical
differences observed in the adhesion, viability and proliferation properties between the
groups. In mineralization in-vitro study, Alizarin dye exposed the Ca and Phosphate
mineralization on day 7th, 14th and 21st day of the existence of spherulites on the surfaces
of all three group alloys was investigated and confirmed. Quantitative analysis of miner-
alization revealed that the Ga-Si-Ti alloy group showed more mean number (212� 2.28)
of calcified nodules than cpTi (130 � 4.36) and Ti-Ga (137 � 2.65) group alloys.

In the in-vivo study, a PA view of whole-body radiography all groups exhibited a
substantial difference in the linear bone density of newly formed bone. However,
compared with Ti and Ti-Ga groups, the Ga-Si-Ti group had the highest mean bone
density of newly formed bone.

The CT study revealed an increase in bone density in terms of higher Hounsfield Units
for trabecular bonewith Ga-Si-Ti group (802.92� 226) on day 56when compared to Ti
(673� 73.37) and Ti-Ga (708.43� 166.54) groups and higher Hounsfield Units of new
bone density in Ga-Si-Ti, followed by Ti-Ga group and then Cp-Ti group.

Ga-Si-Ti group showed the highest bone mineral density (459.9792 mg/cm3) than
Ti and Ti-Ga group in the micro CT ex-vivo study. In addition, the study exhibited a
significant difference between the groups and the Ga-Si-Ti group implants in the
proportion of cortical bone volume to trabecular bone volume BV/TV in percentage
showed a clinical significance with the highest BV/TV bone volume of 25.07%.

In the present study, Poly Fluorochrome tracers (Alizarin red, Tetracycline and
Calcein) clearly showed the remodeling pattern. When compared to other implants,
Ga-Si-Ti alloy implants promoted cell proliferation and differentiation and improved
the BIC. Ga-Si-Ti alloy implants exhibited �98% BIC and much closer osteoblasts
presence to the surface of the implants.

4. Discussion

Titanium is a “miracle metal” in dentistry and its alloys have become the preferred
metals for preparing bone biomaterials. Themost popular implantmaterials are Ti,
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Ti-6Al-4 V, Ti-6Al-7Nb and Ti-13Nb-13Zr. Since Cp-Ti is relatively pliable, V and Al are
hazardous andNb and Zr are brittle, there is considerable interest in the development of
superior Ti alloys. Considering the vast potential of Gallium and Silicon, a ternary Ti alloy
containing 15%Gallium and 5% Silicon was synthesized in order to enhance this scenario
and expand the clinical application of Titanium. In addition, therewere few investigations
conducted on the structural andmechanical properties of Ga-Si-Ti alloys and there is
currently no information on the in vitro and in vivo biocompatibility of Ga-Si-Ti alloy as a
biomaterial. This has been themotivation for the present study.

4.1 Microstructural properties

Microstructure analysis is useful to interpret an alloy’s mechanical and corrosion
resistance properties.

X-ray diffractometry was used to evaluate the structural features of Ti, Ti-Ga and
Ga-Si-Ti alloys. The results revealed a single α-Ti phase with a partially stable HCP
crystal structure. In Ti-Ga and Ga-Si-Ti alloys, the α - peak could be observed. Similar
outcomes were reported for Cp-Ti alloy [26]; Ti-Ga alloy [2] and Ga-Si-Ti alloy
[3, 26]. According to [2] Ga is a stabilizing element that, when dissolved in Ti, elevates
the eutectic transformation temperature from α (hcp) to β (bcc). Ti-Ga alloys, on the
other hand, have a short solidification interval and a solubility of up to 20% in the α -
Ti phase. Despite the presence of β-stabilizing Silicon in the Ga-Si-Ti alloy, the Ga-Si-
Ti alloy exhibited α-phase because the Si content was only 5%. Consequently, all three
alloys exhibited α-phase, which was validated by XRD. This result concurs with the
microstructural tests conducted by [27] on the Ti-15Nb-5Si alloy. SEM images of Ti,
Ti-Ga and Ga-Si-Ti alloys indicated irregular grain boundaries in the present investi-
gation. These uneven grain boundaries were attributed by [2] to the non-equilibrium
cooling process during casting.

TheEDAXanalysis andmappingvalidated the distribution ofGa in theTi-Ga alloy and
the distribution of Ga and Si in the Ti-Si alloy. Vizureanu et al., [28] performed a similar
study of Ti-Mo-Si alloys to validate the presence of Si andMo in Ti-Mo-Si alloys.

4.2 Mechanical properties

Some of the properties like compression strength, tensile strength, modulus and
elongation are important mechanical properties to be assessed in newly synthesized
metals for use as biomaterials. In this study, the above properties of Ti, Ti-Ga and Ga-
Si-Ti were done to assess the suitability of Ga-Si-Ti alloy as an implant, particularly as
a dental implant.

The ultimate compression strength of Ti, Ti-Ga and Ga-Si-Ti alloys was found to
be similar, viz. 1656 MPa, 1690 MPa and 1696 MPa respectively. The results obtained
in this study are comparable to the compression strength recorded by [29] for Com-
mercial pure-Titanium (1074 MPa) and Ti-64 alloy (1661.6 MPa).

Regarding the selection of an alloy for usage as a biomaterial, the tensile strength
and modulus of the alloy are to be evaluated for assessing its fatigue strength and
ductility. In the present experiment, the Ti, Ti-Ga and Ga-Si-Ti alloys showed
579 MPa, 612 MPa and 780 MPa as ultimate tensile strength and 1.10x105 MPa,
1.13x105 MPa and 1.16x105 MPa as Young’s modulus, respectively. The percentage of
elongation was observed as 17.9%, 17.6% and 18.76% for the Ti, Ti-Ga and Ga-Si-Ti
alloy respectively. The findings of this study are in conformity with the findings of
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other investigations, which found that alloys made of Cp-Ti, Ti-Ga and Ga-Si-Ti have
comparable levels of strength, modulus and elongation [2, 3, 29].

The observations made using Ti-Ga alloy are comparable to those made by [2, 30].
The present study revealed a higher ultimate tensile strength and percentage of elon-
gation and more or less equal Young’s modulus to Ga-Si-Ti alloy when compared to
those mechanical properties shown by Ti and Ti-Ga alloys.

Comparing the tensile strength, yield strength, percentage of elongation and com-
pressive at fracture of Ga-Si-Ti alloy with those of Cp-Ti and Ti-Ga alloy reveals that
Ga-Si-Ti alloy has superior mechanical properties.

Similarly, the Vicker’s hardness values observed in the present study for Ti, Ti-Ga
and Ga-Si-Ti were 177.5 � 4.18, 271.6 � 16.49and 240.3 � 9.89. The hardness values
for Ti and Ti-Ga alloys found in this study are similar to those found by [2]. The Ti-
15NbxSi alloy was given a hardness value of 313 � 7 by [27]. This is a slightly higher
than the hardness of the Ga-Si-Ti alloy from this study, where they used two β-
stabilizing alloys. According to [31], the addition of Tantalum and Zirconium to
Titanium improved the wear resistance of the alloy and the addition of Zirconium
boosted the micro-hardness of the Titanium zirconium composite. In comparison,
Choi et al., [5] correlated the increased value of hardness of Ti alloy with the melting
procedure used for the alloy preparation. The mechanical properties observed in the
current investigation after the addition of 2% Ga in Ti-Ga and 15% Ga in Ga-Si-Ti
alloy have increased the strength and micro-hardness monotonically. This observation
is related to solid solution strengthening of Ga as observed in [2] study on the evalu-
ation of mechanical properties of Ti-Ga binary alloy. Antonova et al., [3] demon-
strated that Ga can be employed effectively to improve the mechanical properties of
Ti alloys, particularly Ti-Si alloys. A perusal of the literature revealed that there is a
paucity of information on the effect of the addition of Ga and the combined effect of
Ga and Si on Ti alloy and the present study contributed to a better understanding of
the role of Ga and Si in the composition of Ti alloy. Both the addition of 2% Ga to Cp-
Ti and the addition of 15% Ga and 5% Si to Cp-Ti alloy increased the mechanical
properties of Ti alloy, according to the results of this study.

However, the Young’s modulus reported in this research for the Ti, Ti-Ga and Ga-
Si-Ti alloys is somewhat more than that of human bone.. The modulus value obtained
for the Ga-Si-Ti alloy of this study is more or less similar to the best known and comm
only used Ti and Ti-6Al-4 V alloy and it was considered as close to the modulus of
human bone. Thus the results obtained in the study revealed that the elements Gal-
lium and Silicon can be added to the Titanium alloy for improving its mechanical
properties. Hence, the results obtained as a dental implant biomaterial, a novel Ga-Si-
Ti alloy with improved structural and mechanical capabilities as compared to the
widely used Ti and Ti-based alloys was proposed in this study.

4.3 Simulated body fluid

In the present study, the bioactivity of the Ti, Ti-Ga and Ga-Si-Ti alloy the samples
were tested by immersing them for 21 days in Simulated Body Fluid (SBF). Immersion
of the biomaterials in simulated body fluid (SBF) is an extensively used method to
investigate the bioactivity of Ti and its alloys biomaterial. Kokubo, [32] opined that
the bioactivity of the biomaterial can be predicted based on the formation of apatite
on the surface of biomaterials when immersed in SBF and by the analysis of the apatite
so formed. In the present investigation, SBF was prepared as per the procedure of [33]
which is comparable to human plasma. After the immersion in SBF for 21 days, the
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visualization of Ti, Ti-Ga and Ga-Si-Ti alloy samples using SEM revealed increased
precipitation on their surfaces. However, based on the SEM images no conclusion can
be drawn on the bioactivity of the alloys since there were no differences observed
between the samples in the apatite formation activity.

The element of analysis of such formed precipitate on the Ti, Ti-Ga and Ga-Si-Ti
alloy samples revealed the presence of a maximum percentage of Titanium and the
presence of Calcium, Phosphorus, Sodium and Oxygen along with Gallium in Ti-Ga
and Gallium and Silicon in Ga-Si-Ti alloy sample immersion study. When the Ca/P
ratio was calculated, it was higher in the Ga-Si-Ti alloy sample than in the Ti alloy
sample. and Ti-Ga alloy samples after their immersion in SBF for 3 weeks duration.
Stenport et al., [34] studied the Ca/P ratio for biomaterials immersed in SBF for
2 weeks and suggested increase in immersion duration for proper assessment of the
bioactivity of the biomaterials. The bioactivity seen in terms of precipitation for the
Ti-based alloys samples in this study is consistent with the findings of [35] where they
demonstrated that the Titanium implants have become bioactive once they get oxi-
dized in a calcium hydroxide solution.

Takadama et al., [36] concluded that the evaluation of the production of apatite on
the surface of the biomaterials submerged in SBF, as well as the elemental character-
ization of apatite by EDX spectrometry, were both qualitatively and quantitatively
effective in predicting the biomaterial’s in vivo bone bioactivity [37]. Using the SBF
model, they observed a variation in the development of calcium phosphates on Tita-
nium implants with different types of surfaces. Qiu et al., [2], reported that the
incorporation of Ga into pure Ti enhanced resistance to corrosion in both regular
artificial saliva and saliva with fluoride. The bioactivity property observed with Ti, Ti-
Ga and Ga-Si-Ti in the current study also agrees with the previous studies of [38, 39].
In these studies, they correlated the bioactivity characteristics of Cp-Ti and Ti-based
alloys with their good corrosion resistance and biocompatibility properties.

Tadashi Kokubo and Hiroaki Takadama, [33] also opined that the SBF method of
study could be of use in the development of new bioactive materials and also for
screening and forecasting their biocompatibility property in animal testing. In a
review by [40], it was concluded that the elements like Oxygen, Nitrogen, Calcium,
Phosphorus and Sodium implanted into Titanium alloys improved the mechanical
properties, bioactivity and the cyto-compatibility of Titanium and its alloys. The
increased precipitation and the elemental analysis of the apatite in the present study
were indicative of the Ti, Ti-Ga and Ga-Si-Ti alloys bioactivity. Moreover, among the
three alloy samples, the Ga-Si-Ti alloy sample found to be superior in bioactivity in
SBF, since it showed both the increased precipitation on its surface and a higher Ca/P
ratio in the precipitate. Hence based on this SBF model in-vitro study, it is suggested
that the Ti, Ti-Ga and Ga-Si-Ti alloys are suitable for in vivo study in experimental
animals.

4.4 Cytotoxicity of Ti, Ti-Ga and Ga-Si-Ti alloys

Newly synthesized biomaterials should undergo rigorous study to determine their
biocompatibility before their use in human body. In-vitro cytotoxicity test is used as
one of the screening tests for evaluating the biocompatibility of biomaterials and it is
often conducted using cell line such as SaoS-2, L929 and MG63. Prideaux et al., [15]
demonstrated the usefulness of SaoS-2 cells in their in-vitro cytotoxicity study for
determining the biocompatibility of biomaterials. Przekora, [41] reviewed the in-vitro
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cytotoxicity assay using SaoS-2 cell line in in-vitro model and concluded that SaoS-2
cell line was more suitable to evaluate the biocompatibility of biomaterials.

In the present study the properties such as adhesion, the viability and proliferation
rate of SaoS-2 cells on the surfaces of Ti, Ti-Ga and Ga-Si-Ti alloy samples were
studied. The adhesion of SaoS-2 cells on the surfaces of the alloys clearly indicated that
the biocompatibility of these alloys using in-vitro cell line models. The SEM images of
the study revealed that the cells were well attached over the surfaces of all the three
sample of the alloys.

The Alamar Blue viability assay and the proliferation assay in this study suggested
that the Ti, Ti-Ga and Ga-Si-Ti alloy samples can support and promote the cell growth
on their surfaces. Even though there were no difference observed in the adhesion and
proliferation of SaoS-2 among the three samples a slight decrease in the viability assay
was observed with Ga-Si-Ti alloy sample and this could be related to the alkaline
phosphatase activity of SaoS-2 cell line as reported by [42]. It is demonstrated in the
present study that all the SaoS-2 cells which were viable proliferated throughout the
cell culture experiment. This indicate the all the three alloys are not cytotoxic, among
the three Ti showed more proliferation than Ga-Si-Ti and Ti-Ga.This observation of
the present study is in agreement with [42].

This finding concurred with the observation of [43] where a decreased SaoS-2 cells
viability in the presence of SiO2. Many studies confirmed that the alloy Ti is non-toxic
due to their unique ability that its surfaces can form TiO2 has a stable passive film
layer, making it superior in terms of biocompatibility. In a review by [44] mentioned
that the Ti based biomaterials such as Ti and Ti 64 alloys exhibited good cell adhesion
in the in-vitro studies and they opined that the Ti and its alloys are more promising
biomaterials. Chandler et al., [45] evaluated the cytotoxicity of Gallium and reported
that Ga has no significant cytotoxicity. The present in-vitro cytotoxicity study also
revealed that the metals Gallium and Silicon were also non-toxic since the study
revealed that the samples Ti-Ga and Ga-Si-Ti showed adhesion and proliferation
similar to Ti alloy sample.

These observations were in agreement with the in-vitro cytotoxicity studies of [2]
for Ti-Ga alloy and [28] for Ti-Mo-Si alloy. Cochis et al., [46] also confirmed that
addition of the 2% and 20% Gallium to Titanium alloys containing 3% Silicon were
nontoxic in their cytotoxicity evaluation study. Even though review of literatures
revealed that the Ti, Ti based alloys biomaterials containing Gallium and Silicon are
biocompatible, there is no in vitro studies to demonstrate the biocompatibility aspect
of 15% Ga and 5% Silicon in Titanium alloy for comparison of Ga-Si-Ti alloy of the
present study.

4.5 Mineralization

Mineralization is a process by which cells deposit inorganic calcium and phosphate on
the surface of biomaterials and thismechanismofmineralization in the in-vitro research is
focused on the formation of bone nodules and around the implants [47]. In the present
study the Alizarin Red dye exposed the Calcium Phosphate mineralization of SaoS-2 cells
at 4th, 7th, 14th and 21st days of culture with Ti, Ti-Ga and Ga-Si-Ti alloy samples in the
cells. The SEMEDX examination indicated the presence of spherulites on the surfaces of
each of the three alloys and the quantitative analysis with Leica stereomicroscope showed
an enhanced number of calcified nodules on the Ga-Si-Ti alloy (212� 2.8) than Ti
(130� 4.36) and Ti-Ga (137� 2.65) alloys on 21st day of observation and during the
different days of study period. The statistical analysis showed a significant difference
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between Ti and Ti-Ga as well as between Ti and Ga-Si-Ti in calcified nodule formation. A
considerable difference was also detected between Ti-Ga and Ga-Si-Ti alloys. In this
study, it is clearly observed that theGa-Si-Ti alloys has amaximumcalcified nodules at the
end of 21st day of experiment. Hence it is inferred from the present study that the
presence of Silicon in Ga-Si-Ti alloy has enhanced the proliferation and Calcium, Phos-
phate nodule formation. He et al., [43] obtained similar results in the presence of Silica
nanoparticles with SaoS-2 cells. Martinez-Ibanez et al., [48] also confirmed the increase in
proliferation andmineralization with Si coated Ti alloy in their in-vitro study using
mesenchymal stem cells.

The current findings with Ga-Si-Ti also concurred with the work of [49] where
they observed a decreased viability and significantly enhanced proliferation and min-
eralization nodule formation in the presence of silicate ions. Hence based on the
observations of this in-vitro study on the adhesion, viability proliferation and Ga-Si-Ti
alloy with enhanced mineralization characteristics is in-vitro biocompatible and a
potential alloy for the manufacture of dental biomaterials.

4.6 In-vivo radiographic study

To evaluate the position of the implants in the implant bed, regular radiographs
were taken. Qualitatively by using radiographic images. The decreased grayscale is
indicating bone mineral loss, while an increase in grayscale indicates bone mineral
gain. Macroscopic variations in bone mineral density for a localized change can be
visualized in normal radiography if it is more than 12%. Hence the digital radiograph
was done to evaluate the bone density changes that can be detected with follow-up
radiograph by using digital radiograph even if there is 1–5% (Matteson et al. 1996).

Khojastepour et al., [50] and Han et al., [51] assessed the implant position and new
bone formation qualitatively using digital radiographs.

In the present study, the bone mineral density around the implant was evaluated
using the Posterior-Anterior view of whole-body radiography and Paralleling radiog-
raphy qualitatively and quantitatively. The quantitative evaluation was done by using
density calculation software.

In the posterior-anterior view of whole-body radiographic study on bone density
of medial cortical, lateral cortical, Trabecular bone and new bone formation along the
implant were calculated for the implanted bones with adjacent side normal bone on
the 14th, 28th, 42nd and 56th day after implantation in Ti, Ti-Ga and Ga-Si-Ti groups
and compared.

The PA view of the whole-body radiographic study on the bone changes around
the implants showed a substantial alteration in bone mineral density and the analysis
revealed the highest bone mineral density in the Ga-Si-Ti group when compared to Ti-
Ga and Ti group. The changes were markedly noted along with the trabecular bone
and newly formed bone densities between Ti and Ti-Ga on 28th and 42nd day and Ti
and Ga-Si-Ti on 28th, 42nd and 56th day, whereas during the investigation, there were
no significant differences in bone density between Ti-Ga and Ga-Si-Ti, indicating that
there is little change in the newly formed bone between the two groups.

When compared with implanted and adjacent side non implanted bone, no change
was observed in the medial cortical and lateral cortical bone mineral density, since
there was no variation in the nutrition and management of experimental rats.

Whereas with trabecular bonemineral density assessment, the Ti groups showed
decreased density on the 14th, 28th and 42nd days. This observation is correlated with
inflammation changes, whereas the radio-opaque appearance clinically on the 56th day
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proved that there is healing and osteocyte formation. This is in agreement with the
observation of [52] in which the whole body of rat radiographic evaluation was done.

However, the radio-opaque region was observed with Ti-Ga and Ga-Si-Ti groups
on the 28th day itself. This difference between Ti-Ga and Ga-Si-Ti group alloys is
attributed to the presence of Ga elements in Ti-Ga group alloy and Ga and Si elements
in Ga-Si-Ti group alloy and their role in osseointegration. This is in agreement with
the observation of [53].

The assessment of newly formed bone in Ti, Ti-Ga and Ga-Si-Ti group implants
revealed no mineralization changes on the 14th day and it was observed clinically as
radiolucent legion. Whereas the changes in newly formed bone in the Ti group were
found to be significantly increased on the 28th, 42nd and 56th day. However, the
density observed on the 56th day was near approximate to the cortical bone of non-
implanted bone on the adjacent side, whereas this observation was observed on the
42nd day in the Ti-Ga group and the 28th day within the Ga-Si-Ti group respectively.
This is similar to the observation in the in-vitro study on Si plays in bone anabolic
regenerative approaches by [54].

The bone mineral density study in the present experiment is also similar to the
study conducted by [50] in mice and based on this study it is suggested that the PA
view radiograph technique can also be used for the evaluation of the bone mineral
density of new biomaterials.

4.7 CT study

The bone mineral density of cortical, trabecular and newly formed bone around
the implants was measured in the Hounsfield unit in this CT investigation. On the
28th day, there was no significant difference between groups in cortical, trabecular, or
newly formed bone. On the 56th day, the Ti-Ga and Ga-Si-Ti implants had a high bone
mineral density in the cortical, trabecular and newly formed bone, whereas the Ti-Ga
and Ga-Si-Ti implants had a high bone mineral density in the cortical, trabecular and
newly formed bone. It is evident from the study that Ti-Ga and Ga-Si-Ti showed
increased bone mineral density, which infers that there was good osseointegration in
Ga-Si-Ti and Ti-Ga group implants than Ti implants. This is in agreement with the
observation of [55].

In the present CT Study, the study provided in-situ details of mineralization of
cortical, trabecular and newly formed bone and the osseointegration of the implants.
Hence it is inferred that the increased mineralization in trabecular bone observed in
the study is indicative of promotion of osseointegration by the presence of metal
elements Gallium and Silicon in Ga-Si-Ti alloy implants. This is in agreement with the
observation of [56].

4.8 Micro-CT study

However, the observation on trabecular volume (BV/TV), bone mineral density,
trabecular thickness, mean trabecular number, mean trabecular separation revealed a
better osseointegration in Ga-Si-Ti implant and it was also can be correlated with
histo-morphometric study. The observation on increase in trabecular bone volume
around the Ga-Si-Ti and other implants is in agreement with micro-CT study of [57]
Further in the present study the BV/TV is 25% and it corresponds with increase in
trabecular bone which is indicative of better osseointegration and it is good in all the
three groups.

172

Human Teeth – From Function to Esthetics



4.9 Histology and Histomorphometric study

Histological analysis revealed the new bone formation between the implant surface
and the existing bone. Good osteoblastic activity and mononuclear cells are observed
in Ti-Ga alloy implants. New bone formation around implants with Chondrogenic
foci, with lacunae and chondrocyte were seen. Intra-peritoneal injections of Alizarin,
Tetracycline and Calcein made it possible to evaluate the kinetics of bone growth and
bone remodeling histologically around the implants. A higher mineral apposition was
detected at 4 weeks was greater than that found at 8th weeks in all three groups. Bone
Implant Contact (BIC), Mineral Apposition Rate (MAR) and Osteoblast proximity
were the parameters evaluated. Ga-Si-Ti alloy implants have exhibited maximum
BIC � 98%. Ga has antiresorptive effects on bone and bone fragments, preventing
osteoclast resorption.

5. Conclusion

It is evident from the present investigation that the addition of Gallium and Silicon
elements with Cp-Ti alloy has improved the mechanical characteristics of Cp-Ti alloy.
Studies conducted in vitro demonstrated that all three alloys are bioactive and non-
cytotoxic. In the animal experiment, the enhanced osseointegration property of Ga-Si-
Ti alloy implants is related to the synergistic anti-resorptive action of Gallium and
osteoblastic property of Silicon, in addition to the benefits of Cp-Ti alloy.

This research concludes by stating that the combination of elements Gallium and
Silicon to Titanium has not only enhanced the mechanical and physical properties of
Cp-Ti alloy, but also the biological qualities of Cp-Ti alloy and that the newly synthe-
sized Ga-Si-Ti alloy implant may be a promising biomaterial in the dental field.
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Chapter 10

Diagnosis and Treatment Planning 
for Multiple Implants in Esthetic 
Zone
Divya Krishnamoorthi

Abstract

A new era in dentistry dawned when successfully osseointegrated implants were 
used to restore edentulous jaws by Branemark et al. This important discovery opened 
up avenues previously unimaginable in edentulous rehabilitation. The predictability 
and longevity of implant restoration have been irrevocably cemented in dentistry. 
Even with state-of-the-art technologies for implant planning and placement, the 
rehabilitation of the anterior maxilla has posed a particular problem because of the 
high esthetic demand and complex anatomy of the region. Since these two parameters 
vary highly in patients, a careful evaluation of the clinical scenario and comprehen-
sive history-taking should precede meticulous treatment planning to ensure accurate 
diagnosis and successful treatment outcomes. Both fixed and removable options are 
available for the rehabilitation of the edentulous anterior maxilla. This chapter aims 
to compare these options and prosthetic designs with an emphasis on diagnosis and 
treatment planning. A comprehensive checklist for easy decision-making regarding 
treatment planning will be presented.

Keywords: dental esthetics, dental implants, diagnosis, edentulous jaw, maxilla

1. Introduction

‘One of the most dangerous diseases is diagnosis’.

- George Bernard Shaw

Successful rehabilitation of partially edentulous arch by means of osseointegrated 
implants was popularized by Branemark et al. [1–3]. This launched a new era of 
management for the partially edentulous predicament. The rehabilitation of anterior 
maxillary teeth to date remains one of the most challenging situations in dentistry 
due to a number of esthetic and functional aspects of the restoration [2–4]. Both fixed 
and removable implant-supported prosthesis are used to treat this condition. High 
esthetic demand coupled with exacting patient expectations deems it necessary to 
invest considerable time in accurate diagnosis and treatment planning. This would 
ensure predictable outcomes and patient satisfaction. This chapter aims to compare 
available treatment options and prosthesis design for edentulous maxilla with 



Human Teeth – From Function to Esthetics

182

emphasis on diagnosis and treatment planning. This would be accomplished through 
an evidence-based review of factors influencing the clinical decision-making process. 
Criteria for decision-making parameters with regard to removable v/s fixed prosthesis 
will also be put in place.

2. Special condition in maxilla

Historically the use and research of implant prosthesis were conducted predomi-
nantly on the mandibular arch, due to reduced denture-bearing surface and function 
of the tongue contributing to the instability of mandibular dentures. A multitude of 
designs was evaluated from implant-supported complete dentures to subperiosteal 
implants to provide better patient stability and comfort [5].

The accommodation to maxillary denture was easier than the mandibular counter-
part, in part due to better retention, stability, support, and esthetics. When implant 
rehabilitation was attempted, the principles established for mandibular implants 
were adopted. This meant screw-retained cantilever pontics were fabricated in spaces 
with excessive resorption and long standard abutments were installed with prosthesis 
on top. Though acceptable in the mandible, in the maxilla it left open interproximal 
spaces compromising esthetics [5].

This is complicated by factors like (1) the resorption pattern of the maxilla, where 
following extraction the horizontal bone resorption is twice as pronounced as vertical 
(2) anatomical limitation for implant placement due to the vertical distance between 
the alveolar crest and the nasal sinuses in the anterior maxilla and (3) pneumatization 
of maxillary sinuses which limits implant placement in posteriors [6]. The long-term 
prognosis for implants in the maxilla is less secure than that of the edentulous mandi-
ble. The poor bone quantity, quality, and high esthetic demands complicate diagnosis, 
treatment planning, and treatment in the anterior maxillary region [7].

3. Diagnosis

The most important decision to be made while rehabilitating an edentulous max-
illa is whether to restore it with a fixed or removable prosthesis. All diagnostic criteria 
must be evaluated before formulating a treatment plan. Parameters such as bone 
quality and quantity, lip support, lip line and esthetic demands, etc., to be evaluated 
are described in detail by Zitzmann and Marinello [8] implant placement should be 
deferred until a definitive diagnosis and treatment plan have been framed.

Checklist for implant rehabilitation:

1. Patient factors

a. Patient preference

b. Phonation

c. Ability to effectively perform oral hygiene

d. Economics



183

Diagnosis and Treatment Planning for Multiple Implants in Esthetic Zone
DOI: http://dx.doi.org/10.5772/intechopen.110726

2. Extra oral examination [9]

a. Facial and lip support

b. Esthetic plane

c. Maxillomandibular relationship

d. Smile line

e. Lip length

f. Vestibular space

g. Horizontal tooth display

3. Intraoral examination

a. Quality of mucosa

b. Thickness of mucosa

c. Quantity and quality of available bone

d. Incisal papilla position

e. Interarch space

f. Speech disruption

g. Tooth size to arch size discrepancies

3.1 Patient factors

If the patient presents with an existing denture, it could act as one of the best 
diagnostic tools. The denture must be examined thoroughly objectively for retention, 
support, stability, vertical dimension, the tooth selection and arrangement, phonetics 
and esthetics. Patients option on the same should also be carefully noted down.

Tendency to prefer fixed restorations over removable have been demonstrated 
previously, but the responsibility of determining the best treatment option lies with 
the restorative dentist after careful evaluation of all the parameters [8].

3.2 Extra-oral examination

3.2.1 Facial and lip support

The resorption pattern of maxilla generally proceeds in a cranial and medial 
fashion, rendering a retruded position of maxilla in anterior region. Assessment 
must be done with and without the existing denture from both front and profile view. 
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Inadequate facial support may be corrected by buccal flange of removable restoration. 
Lip support is provided by shape of alveolar ridge and cervical crown contour of the 
anterior teeth (Figure 1).

A diagnostic set up must be prepared to better evaluate anterior teeth, position 
and relation to lip. Often depending on the severity of the resorption, there may be 
discrepancy between the anticipated position of teeth and the ridge. This must be 
considered while planning the implant position as so to satisfy patient expectation of 
function, esthetics and phonation. Which trying to overcome larger discrepancies, 
extensive grafting and removable prosthesis with flange may be of use, the associated 
limitations and risks must be clearly explained to the patient [9].

3.2.2 Esthetic plane and maxillomandibular relationship

“E” plane represents a line drawn from the nose tip to the chin tip. For a pleas-
ing appearance the upper lip and lower lip must be 4 m and 2 mm behind the line 
respectively. There are mild changes amongst ethnic groups. It may be generalized that 
closer the lips are to the “E” plane the more dominate the teeth and lips will appear, the 
farther behind the “E” plane the lips are, the more dominate the nose and chin appear.

Based on this for a patient with Class 2 maxillomandibular relationship, where 
maxilla is prognathic, having convex profile care must be taken not to anterior teeth 
large or too white as to make them further dominant. And vice-verse should be 
considered for a concave profile patient, having Class 3 maxillomandibular relation-
ship, where the mandible is prognathic. Lighter shades may benefit these patients by 
balancing the stronger nose and chin [9].

3.2.3 Smile line and lip length

The orofacial muscular tonicity and lip mobility during speech and smile deter-
mines the smile line. An average smile as described by Tjan et al. displays 75–100% of 

Figure 1. 
Extraoral and intraoral factors.
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maxillary incisors and interproximal gingiva. Low smile line displays less than 75% of 
the incisors, and high smile displays additional gingiva [9, 10]. Vig and Brundo classified 
patients into 5 groups based on upper lip length and presented the corresponding tooth 
display [11]. They concluded that average lip length of 21–25 mm displayed 2.18 mm 
and 1 mm of maxillary and mandibular teeth. Short lip length of 10–15 mm exposed 
4 mm of maxillary teeth and 0.7 mm of mandibular teeth. Whereas long lip length of 
31–35 mm showed only 0.25 mm maxillary incisor and 2.25 mm of mandibular incisors.

Ridge display during smile presents a challenge in rehabilitation as gingiva- resto-
ration junction would be in visible zone. Lip and support must be evaluated as they 
influence the tooth exposure during smile and speech. A long lip in most instances 
covers the anterior reducing the exposure during smile, favorable for rehabilitation 
of anterior. Whereas a short lip exposes anterior and meticulous planning with be 
required to satisfy esthetic parameters.

3.2.4 Vestibular space and horizontal tooth display

When a patient presents with an existing denture, the smile must be evaluated 
with and without the denture. The movement of lips and display zone of smile must 
be noted. The lips function as curtains than frame the teeth during smile. Smile 
esthetics is affected by the amount of tooth and soft tissue displayed both in verti-
cal and horizontal dimension. Assessment must be made include posed/voluntary 
smile which is static and an involuntary or dynamic smile. The lip is often much more 
animated in an involuntary smile. Excessive display or gummy smile is less attractive 
and often challenging to rehabilitate as the junction between the prosthesis and the 
soft tissue may be in the smile zone and discernable. Use of removable prosthesis in 
such cases with pink acrylic seamlessly forming a scaffolding of interdental papilla 
and attached gingival would be much preferred [12].

Frush and Fischer described buccal corridor space as the space between the buccal 
surfaces of posterior teeth and corners of the mouth in smile. This negative space has 
influence on smile esthetics as well. The presence of this space creates a much more 
natural smile as opposed to denture like smile created by elimination of the space all 
together. It is suggested that a minimal buccal corridor space is more attractive [13, 14].

3.3 Intra-oral examination

3.3.1 Quality and quantity of mucosa

Loss of tooth is accompanied with the resorption of interseptal bone, and bone 
remodeling around the socket. Often the interdental papilla is flattened or is missing 
due to lack of interproximal contact. The loss of interdental papilla in most scenario 
is an irreversible damage [15]. Achieving pre-extraction papillary architecture is 
unlikely and the patient must be made acutely aware of this.

The quality of mucosa should be evaluated by palpation, radiographs and sound-
ing [16]. Gingival biotype was classified by Seibert and Lindhe as thick, thickness 
of more than or equal to 2 mm and thin, having thickness less than 1.5 mm [17]. 
Thin gingival biotype presents consider challenge in molding and thoughts must be 
directed towards soft tissue grafting to change the biotype to thick. Thick biotype is 
easier to mold and helps hide the abutment margins and facilitates proper emergence 
of the prosthetic crown.
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The loss of interdental papilla may be compensated by manipulating the soft tissues 
by the use of ovate pontic. Or by the use of gingival colored porcelain or acrylic resin.

3.3.2 Bone quality and quantity

The resorption in maxilla follows a centripetal pattern. In severe resorption 
cases this results in maxilla which is superior and palatal to the original position of 
the dentate alveolar ridge. This creates a biomechanical disadvantage while placing 
anterior implant where prosthesis must most definitely be placed in pre-extraction 
tooth position with a labial cantilever. This also poses a problem in posterior region 
where the ridge may be in cross bite condition. This would result in prosthesis in cross 
bite or with excessive facial cantilever. Hence a sound assessment of the bone quality 
and quantity should precede any treatment planning [18].

A classification based on post extraction ridge changes of mandible was proposed 
by Atwood [19], though quantitative, lacking enough details to help in detailed treat-
ment planning, lead to classification by Lekholm and Zarb to be popularized [5]. Both 
maxilla and mandible was classified into 5 shapes (A–E) based on the degree of resorp-
tion and 4 patterns (1–4) based on quantity and type of cortical bone present. Shape 
A represents minimal resorption and E severe resorption, type 1 having thick cortical 
area and type 4 thinnest. The Quality of bone often dictates the treatment planning. 
Edentulous maxilla generally comprises of type 3 or 4 bone quality, may prescribe 
placement of additional implants, in anticipation of failure of one or more. Another A 
Therapeutically Oriented Classification- HVC Ridge Deficiency Classification delivers 
therapeutic recommendations for both hard and soft tissue deficiencies [20].

As visual inspection cannot reveal the density, and volume of the bone underneath 
the soft tissue, radiographical examination is mandatory. Cone beam computer 
tomography (CBCT) reveal three-dimensional architecture for precise planning of 
surgical and prosthetic phases. The CBCT may be performed with gutta percha or 
metal markers for maximum advantage from the scan. These markers are placed per-
pendicular to the occlusal plane in acrylic resin duplicates of diagnostic denture. The 
exact trajectory of the bone can be evaluated using CBCT making treatment planning 
easier and unfailing [21].

Long standing edentulism of posterior maxilla may result in pneumatization of 
maxillary sinuses, reducing the quantity if bone available for implant placement in 
this region. Corrective procedure like maxillary sinus lift and ridge augmentation can 
be performed [22]. The donor site for the augmentation mostly likely depends on the 
volume of bone required. Commonly utilized site is iliac crest when augmenting both 
sinuses, requiring additional surgical procedure and less acceptance amongst patients. 
Alternatively, information from the CBCT may be used to direct the implant away to 
alternative sites with voluminous bone making the procedure minimally invasive [23]. 
Zygomatic, maxillary tuberosity and pterygomaxillary implants can be used as an 
alternative treatment option. Zygomatic implants engage the zygomatic bone infero-
lateral to the orbital rim, along with anterior implants they can provide anchorage to 
maxillary prosthesis.

3.3.3 Incisal papilla position

Anterior maxillary implant placement is further complicated due to the ana-
tomical variations in dimension of incisive canal and foramen. The canal has two 
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openings—the incisive foramen and nasopalatine foramen. The nasopalatine nerves 
and vessels transverse the canal. Accidental damage to this anatomical structure may 
cause nervous tissue injury, sensory dysfunction and even non osseointegration of 
implants. The size, position, shape and number of foramina are varied in population. 
The presence of wider foramina along with thin alveolar bone may require surgical 
intervention (Figure 1). Careful clinical and radiographic assessment assisted by 
CBCT must be made [8].

3.3.4 Inter arch space

Available interarch space commands the prosthetic design. Different designs, 
different types of prosthesis require different dimensional tolerance. The resorption 
pattern of alveolar ridge has been a considerable problem. Accurately mounted casts 
on semi-adjustable articular with facebow transfer can be used to study the interarch 
distance and make decisions regarding the prosthetic design type best situated for the 
situation (Figure 1).

A conventional overdenture requires 12–16 mm, of which 2–3 mm is reserved 
for the heat cure acrylic resin to provide sufficient bulk, and rest for the prosthetic 
teeth. When it is planned to connect, he implants additional 2–3 mm space is required 
to accommodate he superstructures. A screw retained prosthesis requires only 
10–12 mm space limitations may require reestablishing patient’s vertical dimension or 
change to occlusal plane [24].

3.3.5 Incisal edge position

Guidelines used in conventional complete denture construction can be used to 
determine the incisal edge position of the future prosthesis. Visibility of 2 mm anteri-
orly determines the anterior occlusal plane. Additionally, ‘F’, ‘V’ and ‘S’ sounds can be 
used to determine the correct vertical and horizontal placement of the incisors [25]. 
The average length of central incisor is 10.5 mm, clinical crown height may increase 
in elderly due to gingival recession. The in clinical of the anterior teeth should be 
determined based on the lip support required. After determining the crown height 
and angulation the available space from the crestal bone height should be calculated 
(Figure 1).

In case of minimal resorption, the cervical edge of the anterior teeth would coin-
cide with the crestal soft tissue level, in which case a fixed restoration would be ideal. 
A try- in should be done without the flange of the aid in this assessment. In case of 
large discrepancy between the crest and cervical aspect of try teeth, but lip support, 
pink ceramic can be used to overcome this discrepancy. To optimize the existence of 
both vertical and horizontal discrepancies removable prosthesis with flange may be 
indicated [25].

4. Radiographic diagnosis

As mentioned earlier the accurate assessment of bone quality and quantity is 
paramount for successful implant treatment. It affects implant selection, position and 
angulation. A CBCT with a radiographic stent or diagnostic set up with radiographic 
markers incorporated depicting the ideal implant position can be used. The incisal 
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edge of the radiographic marker represents the ideal position of the screw access 
channel of a screw retained fixed implant prosthesis located at the cingulum or the 
central fossa. All possible implant positions are marked with titanium pins (7 mm in 
length) after determining the ideal angulation using a surveyor. The markers should 
be incorporated so as to be perpendicular to the occlusal plane and end apically at the 
height of the planned clinical crown margin [24].

5. Treatment planning

A foolproof treatment plan should be devised after careful consideration of 
patient needs and expectations, and all the diagnostic findings addressed above. It is 
paramount that the treatment plan addresses the chief complaint of the patient. The 
expected final outcome should be communicated with the patient with utmost clarity. 
To avoid disappointment after undergoing an expensive and time-consuming treat-
ment patient education, informed consent after understanding and acknowledging 
the advantages, disadvantages and limitations of the plan is vital. Also, any expected 
modifications to the plan should be explained and signed off by the patient prior to 
the treatment [12].

Jivraj, Chee and Corrado have listed the factors to be considered in treatment plan-
ning for edentulous maxilla:

1. Esthetics and patient desires

2. Type of prosthesis

3. Number of implants

4. Implant distribution

5. Economics

5.1 Esthetic and patient desire

Understanding the patient’s motivation for seeking treatment is integral to the 
satisfying these needs. Promises must not be made before thorough diagnosis. in case 
a demand to replace a removable prosthesis with fixed is made by the patient, conse-
quence of missing denture flange must be explained to the patient. The flange may 
compensate the lip to teeth horizontal discrepancy, or vertical discrepancy of brought 
about because of severe resorption. In such cases a complete denture provides bet-
ter esthetics by reproducing the lost soft tissue especially interdental papilla in pink 
acrylic. This may be lost entirely when replacing with a fixed prosthesis, and patient 
may end up with unesthetic black triangles, due to missing interdental papilla in the 
esthetic zone. An effort can be made to create an illusion of interdental papilla by 
altering the contact point between the teeth and staining, or utilizing pink ceramics, 
the results may or may not be to the satisfaction of the patient. This must be commu-
nicated with the patient explicitly [12].
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5.2 Type of prosthesis

Implant prosthesis may derive support either from the underlying implant 
alone or from both the implant and foundation tissues. Implant prosthesis can be 
categorized as fixed or removable. Fixed prosthesis is metal ceramic prosthesis that 
are supported by the underlying implants and based on the discrepancy between 
the planned tooth position and the crest of the soft tissue may or may not require 
pink ceramic to simulate gingival contour. Removable prostheses are categorized 
as implant supported overdentures and implant retained overdentures [24]. An 
implant retained prosthesis is supported by foundation tissues and retained by the 
implant through ball or magnets attachments, bar and clips or precision milled 
components [12].

5.3 Number of implants

Consideration must be giving to a multitude of factors when planning the number 
of implants to be placed, some of them are:

1. Quality of bone

2. Anticipated force to be placed on the restoration

3. Relationship between the shape of the residual ridge and the dental arch form.

5.3.1 Quality of bone

Success of implant rehabilitation in maxilla is less than mandible. Recommendations 
for rehabilitation edentulous maxilla with fixed prosthesis is to place 6–8 implants at a 
distance of 10–15 mm, and with removable restoration 4–6 implants for both implant 
and implant and tissue supported restoration [24]. Maxilla is frequently composed of 
type 3 or 4 quality bone. When the quality of the bone is too poor for conventional drill, 
over engineering of the maxilla may be called for.

Long term edentulism in posterior maxilla leading to pneumatization of sinuses 
and refusal to ridge augmentation procedures, may drive the restorative dentist to 
consider either cantilever restorations or short dental arch concept [26, 27].

5.3.2 Anticipated forces

Facial and oral muscle tonicity must be taken int. o consideration when planning 
implant prosthesis. Any hypertrophy of oral musculature must be noted, especially 
of the masseter. Pronounced antegonial notch indicative of bruxer and likely high 
forces on the restoration must be anticipated. An over engineering would be advised 
in such cases.

The opposing arch must be carefully examined for anticipated occlusal contacts, 
presence of restoration or prosthesis. A rehabilitation opposing natural dentition is 
much likely to exert larger force than one opposing a complete denture. Larger the 
anticipated force more the number of implants should be allowed for [12].
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5.3.3 Relationship between shape of residual ridge and dental arch form

Dental arches and the residual ridge are classified as ovoid, square and tapering. 
An esthetic rehabilitation may require the restored dental arch form to deviate from 
the residual ridge shape. The arch form is determined by the last tooth on the pre 
maxilla and not the residual ridge form, which may in cases have to be placed facially 
to attain better esthetics.

An ovoid dental arch requires placement of one implant each at the canine position 
and at least one additional implant, preferably in the central incisor position. The 
premaxilla to accommodate 3 implants may have to undergo augmentation proce-
dures. The addition of the anterior implant in the central incisor position provides 
better resistance to forces and provides biomechanical stability to the prostheses 
design. This reduces the forces on the abutment screw, reducing the chances of screw 
loosening. In a square arch the canine, lateral and central incisor are placed more or 
less on the same plane. This reduces the forces between the cantilevered lateral and 
central incisors, and placement of one implant each at canine region may suffice when 
splinted with posterior implants to restore the square arch [12].

Rehabilitating a tapered arch is the most challenging situation, as the anterior 
implants witness the greatest forces, because the anterior teeth are cantilevered far 
facially. This dictates placement of four implants in the premaxilla to replace the six 
missing anterior teeth.

5.4 Implant distribution

Implant distribution and placement will be the determining factor in restoration’s 
emergence profile. Patients planned to receive removable or fixed restoration with 
considerable gingival ceramic can be forgiving to incorrect or placement of implants in 
interproximal position. The flange or pink porcelain will disguise the improper place-
ment. For rehabilitation with fixed prosthesis, it is imperative that implant placement be 
precisely planned and executed using surgical guides. Incorrect placement or placement 
in interproximal position causes esthetic and hygiene maintenance problems [4].

The distribution of implant along the arch is crucial for better load sharing. Antero 
posterior spread of the implant should be optimized and cantilever minimized. 
Splinting advantageous as it improves biomechanics of the prosthesis design. In case 
of implant retained prosthesis the placement becomes crucial as straight-line place-
ment would be required to successfully execute a connection for a bar, that does not 
impinge the palatal tissues. The distribution should be as to accommodate a clip to be 
placed in the denture [24].

5.5 Economics

Implant rehabilitation is a costly affair, and both fabrication and maintenance 
phase should be taken into account. Fixed restoration requires implant components 
and meticulous laboratory support and are hence costlier than their removable coun-
terpart. Though the maintenance phase requires less investment. While overdentures 
fabrication is cheaper, the maintenance is consistent, and hence it is questionable 
whether the economical indication of overdenture be justified. The cost factor of both 
phases must be made aware to the patient [12].

Table 1 summarizes the checklist to be followed for treatment planning in edentu-
lous maxilla for implant prosthesis.
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6. Conclusion

Diagnosis and treatment planning is a crucial step in rehabilitation of edentulous 
maxilla with implant supported or retained prosthesis. A myriad of factors affects 
the type of prosthesis design, implant number and distribution. Factors to consider 
before making a final treatment plan include parameters such as patient related 
factors like expectation and desire, extraoral factors like facial and lip support, smile 
line, and intraoral factors such as bone and soft tissue quality and quantity. And all 
these must be carefully considered, clinical and radiographic evaluation is must be 
done with at most sincerity and a treatment plan conceived must a line with patient 
expectation.

Checklist for implant rehabilitation:

Fixed implant prosthesis Removable implant 
prosthesis

1. Patient factors

a. Patient preference Most preferred With minimal palatal 
coverage is preferred

b. Phonation Most problems Fewer problems

c. Ability to effectively perform oral 
hygiene

Most demanding Easier

d. Economics More expensive initially Less expensive initially

2. Extra oral examination

a. Facial and lip support Present Needed from the prosthesis

b. Esthetic plane Convex profile Concave profile

c. Maxillomandibular relationship Angle class I/ II Angle class III

d. Smile line Low High

e. Lip length Long Short

f. Vestibular space Less visible Increased visibility

g. Horizontal tooth display Minimal Maximum

3. Intraoral examination

a. Quality of mucosa Keratinized Non keratinized

b. Thickness of mucosa Thick Thin

c. Quantity and quality of available bone Shape A/B Type 2/3 Shape C/D/E Type 3/4

d. Incisal papilla position Palatal Crestal/buccal

e. Interarch space 10–12 mm >12 mm

f. Tooth size to arch size discrepancies Absent Present

Table 1. 
Checklist to be followed for treatment planning in edentulous maxilla for implant prosthesis.
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Chapter 11

Simple Surgical Methods for Soft 
Tissue Management around Fresh 
Extraction Sockets during Socket 
Preservation
Fares Kablan

Abstract

Soft tissue volume and quality are considered important factors for functional 
and esthetic long-term outcomes around natural teeth and dental implants. However, 
achieving them is challenging for oral surgeons. Healing of an extraction site is 
combined with normal physiological ridge resorption and loss of interdental papillae 
scaffold. Therefore, the rehabilitation of these ridges with dental implants or pontic 
site of fixed dental prosthesis usually necessitates soft tissue management to achieve 
natural-looking tooth replacement. The aim of this chapter is to introduce two surgical 
topics that are used to preserve the soft tissue quality, volume, and architecture during 
teeth extraction procedure. The first topic is the “transient coronectomy” that is used 
to save the interdental papilla during teeth extraction, and the second topic is “The 
back-cut technique” that is used to enhance the socket seal of post-extraction sites.

Keywords: socket preservation, local flaps, interdental papilla, coronectomy, back cut

1. Introduction

The physiological healing process following tooth extraction results in hard and 
soft tissue losses and ridge contour deformation and has a detrimental effect on 
the subsequent treatment with dental implants or conventional prostheses [1–4]. 
Preservation of post-extraction socket has some clinical relevance in preventing physi-
ological bone resorption of the extracted site. Augmentation of post-extraction sockets 
requires a primary closure of the wound to promote proper ridge regeneration. To 
achieve that goal, different materials and methods are used to enhance the socket seal 
such as autogenic free soft tissue grafts [5–10], extraction-site granulation tissue [11], 
acellular dermal matrix [12, 13], collagen matrix and sponge [14], resorbable and non-
resorbable barrier membranes [15, 16], periosteal scraping, and local flaps [17, 18].

Surgical resection of skin lesions results in skin defects that can be treated with 
local randomized flaps [19]. The back-cut incisions have been used in skin surgeries 
to enhance the rotation and the advancement of the designed flap for easier closure of 
an open wound [20] cresent. Flap advancement and rotation are also used in the oral 
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surgery for reconstruction of soft tissue deficiency around teeth, dental implants, and 
bone grafts [17, 18].

The modern dentistry is alert to both esthetic and function of the treatment out-
comes. Loss of the interdental papilla has a great impact on the final restorative treat-
ment outcomes, especially in the esthetic zones. Therefore, treatment plans should 
consider maintaining and restoring the interdental papilla anatomy and architecture 
around dental implants and fixed partial denture pontic sites. Teeth extractions usually 
lead to sockets collapse, ridge resorption, and loss of interdental papilla volume and 
anatomy. Reconstruction of interdental papilla in the edentulous sites is considered one 
of the greatest treatment challenges facing the multidisciplinary dental team [21–25].

Several surgical and nonsurgical treatment modalities have been described for papilla 
preservation and reconstruction around natural teeth and around implants with their 
comorbidities and predictability [26–30]. Nonsurgical techniques include orthodontics 
that is usually used for teeth and root alignment [31–33] and restorative treatment aimed 
to correct the position of the contact point between two adjacent teeth that has a critical 
effect on the papilla [34]. Among the surgical techniques, free connective tissue graft and 
pedicle flaps are used for interdental papilla management. Azzi et al. in 1998 reported the 
use of subepithelial graft for papilla reconstruction [35] and the use of connective tissue 
graft that was harvested from the maxillary tuberosity and the palate in 2001 [36]. Socket 
grafting procedures have also been considered to preserve the ridge contour and to sup-
port the soft tissue in the extraction site [37]. As an alternative to socket preservation, the 
root submergence technique was described and used in order to preserve the periodontal 
tissue at the pontic site of fixed dental prosthesis [38, 39]. In the past, coronectomy was 
performed leaving submerged roots inside the ridge, in order to preserve the dimensions 
of the alveolar ridge and therefore to improve the retention and the stability of conven-
tional removable prostheses [40]. In addition, coronectomy is also performed in surgical 
extractions of impacted wisdom teeth at the lower jaw as an alternative treatment to 
minimize the risk of nerve injury and to reduce complications [41–43].

Additional use of coronectomy is described by the author as a novel method, 
which is delineated as “transient coronectomy.” This method includes the removal of 
the clinical crown of the subsequent extracted tooth by leaving the root submerged 
inside the ridge in order to prevent the collapse of the interdental papilla during the 
preparation of the temporary fixed prosthesis. The submerged root will be removed at 
the end of the treatment appointment.

The present chapter introduces two surgical tips for soft tissue management 
during tooth extraction. The first method is the “back-cut technique” that enhances 
mobilization of the flap at a coronal direction to obtain the primary closure of the 
bone-augmented extraction sites. This technique can be used for single or multiple 
extraction sockets without affecting the vestibular depth. The second tip is the 
“transient coronectomy” that carries out intraoperatively in order to preserve the 
interdental papillae during the treatment appointment and to enhance natural tooth 
locking around dental implants and natural teeth.

2. Back-cut technique

2.1 Technique presentation

A full thickness flap with intrasulcular incision is carried out around the extracted 
tooth with two releasing incisions obliquely, mesial and distal, that are extended 3–4 mm 
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apically to the mucogingival junction (trapezoidal flap) (Figure 1a). Two additional inci-
sions are performed at the base of the flap; the first incision is angulated distally 110–120 
degrees at the anterior releasing incision, and the second incision with the same angula-
tion is performed continuously with the distal releasing incision and angulated mesially. 
Those two additional incisions are delineated by the author as the “back cuts” (Figure 1b), 
and the flap design is delineated as the “back-cut technique”. This technique is performed 
in order to enhance the rotation and the advancement of the flap coronally covering 
the socket without periosteal-releasing incisions. As a result of the flap advancement 
and rotation, all the incisions (two releasing incisions and two back cuts) are dislocated 
coronally and create enough soft tissue for the socket seal (Figure 1c). The tooth might 
be extracted before or after the flap elevation. The next step is socket grafting with bone 
particles and the suturing of the flap. The sutures are first performed at the socket area 
(occlusally), followed by sutures at the releasing incisions of both the mesial and the 
distal, including the two back cuts in their new location. A wide base flap configuration is 
achieved at the end of the suturing job and looks like trapezoid flap (Figure 1d).

2.2 Clinical cases

2.2.1 Case 1

A 35-year-old patient was referred for the extraction of two maxillary teeth and 
socket preservation. Clinical and radiographic examinations showed extensive crown 

Figure 1. 
Schematic view of the “back-cut technique”. (a) Trapezoid flap; intrasulcular incision, and two releasing 
incisions. (b) Two additional incisions anterior and posterior performed as back cuts at the base of the trapezoid 
flap form the back-cut technique design. (c) Rotation and advancement of the flap at coronal direction covering 
the sockets as a result of the addition of the two back cuts. (d) The socket seal was obtained with a wide base flap 
following the final suturing.
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Figure 2. 
Back-cut technique, case 1. (a and b) Clinical and radiographic views, crown destruction with periapical lesions 
involved the left maxillary second premolar, and the first molar. (c)A trapezoid flap was designed and obtained 
by intrasulcular and two releasing incision. (d) Intraoperative view demonstrates the disability of the flap to 
cover. (e) Intraoperative view shows that the flap rotation and advancement coronally obtained by the back cuts 
will enhance the sockets seal. (f) Particulate bone substitute is used to fill the socket. (g) The sockets’ preservation 
with particulate bone graft. (h) The sutures at the occlusal part of the sockets obtained by flap rotation and 
advancement demonstrate the primary closure. (i) Primary closure at the bone-augmented socket without 
affecting the vestibular depth; a wide base flap was achieved. (j) Periapical view of the treated site at four months 
after the surgery demonstrates the bone graft.
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destruction of the second premolar and the first molar at the left maxilla accompanied 
with periapical lesions (Figure 2a and b). Trapezoid flap was performed by intrasulcu-
lar incision followed by mesial- and distal-releasing incisions (Figure 2c). Thereafter, 
the teeth were extracted, and followed by meticulous debridement of the apical lesions. 
However, the soft tissue covering of the fresh extraction sockets was not obtained by 
the trapezoid flap (Figure 2d), therefore, two back cuts were performed (Figure 2e) to 
enhance the flap rotation and for the advancement in enhancing the soft tissue seal of 
the sockets (Figure 2f). The sockets’ preservation was then carried out with an alloge-
nous particulate bone (Figure 2g). The back-cut technique was utilized for the primary 
closure of the augmented socket. The back-cut technique flap design allowed the socket 
seal, preventing the exfoliation of the bone particles from the socket (Figure 2h).  
Primary closure was obtained at the end of the suturing job (Figure 2i). During 
4-months follow-up postoperatively, the healing process went very well without any 
dehiscence of the surgical site or loss of the bone graft (Figure 2j). Thereafter, the 
patient was referred to his oral surgeon for implant placement.

2.2.2 Case 2

A 42-year-old patient was referred for the extraction of her first right mandibular 
molar and socket preservation (Figure 3a). Following trapezoid flap, two back-cut 
incisions were performed, the first anterior and the second posterior, at the extraction 
site. After tooth extraction and meticulous debridement of the socket, human-derived 
bone particles were used to fill the socket (Figure 3b and c). The extraction open 

Figure 3 
(a) Extraction socket of the first right mandibular molar with two back cuts: anterior and posterior. (b and c) 
Socket preservation with human-derived bone substitute. (d) Primary closure of the bone-augmented socket, via 
coronally rotation and advancement of the flap without affecting the vestibular depth.
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wound was closed primarily by rotation and advancement of the flap (Figure 3d). The 
earlier designed back cuts enhanced the rotation and advancement of the flap without 
periosteal scrub and without distortion of the vestibular depth.

3. Transient coronectomy

Transient coronectomy, which is described herein, is indicated when maxillary 
or mandibular teeth at the esthetic zones should be extracted and reconstructed 
by temporary fixed prosthesis. The subsequent final rehabilitation might be dental 
implant-supported or conventional fixed prosthesis.

3.1 Technique

Illustration case: A 50-year-old patient was referred for extractions of his six 
anterior maxillary teeth that had been used as abutments for an old porcelain-fused-
to-metal (PFM) fixed prosthesis and subsequent placement of dental implant. The 
treatment plan included the extraction of the teeth, socket preservation, and tempo-
rary restoration during the healing period. After 4–5 months, dental implants were 
placed for dental implant-supported fixed prosthesis rehabilitation. The transient 
coronectomy technique was used during the teeth extractions and the socket preser-
vation procedure and is illustrated in the following 6 steps.

Figure 4 
(a) High speed is used to cut the clinical tooth crown (CTC). (b) The clinical tooth crown (CTC) was cut over the 
level of the gingiva. (c) Grinding of the roots in a concave shape, and the interproximal root shelf was designed 
as the papilla outline. Abutment teeth were prepared. (d) Try in of the temporary bridge. (e) Passive setting of 
the temporary bridge inside the submerged roots, keeping the original interdental papilla outline. (f) Atraumatic 
extraction of the submerged roots. (g) 4 crowns were transected at the beginning of the treatment. (h) Sockets 
after the extraction of the submerged roots with minimal injury to the soft tissue. (i and j) Socket preservation; 
excellent preservation of the interdental papilla and the socket soft tissue. (k) Cementation of the temporary 
bridge, immediately after the suturing. (l) 3 months’ follow-up: good ridge contour. The interdental papilla was 
preserved in its original shape and volume.
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Step 1: Decortication of the clinical tooth crown (CTC) was carried out at 1–2 mm 
above the gingival margins in order to prevent injury to the soft tissue and resulted in 
submerged roots (Figure 4a and b). Step 2: The submerged roots underwent a careful 
concave shaving and trimming, leaving the interproximal thin walls to support the 
interdental papilla, without injury to the soft tissue (Figure 4c). Step 3: Relining of 
the prefabricated temporary fixed prosthesis was carried out to fit the designed sub-
merged roots outline; this maneuver supports the papillae and preserves the gingival 
architecture (Figure 4d and e). Step 4: Atraumatic extraction of the submerged roots 
was carried out (Figure 4f and g). Step 5: Socket preservation and soft tissue suturing 
were carried out (Figure 4h–j). Step 6: Cementation of the already relined temporary 
prosthesis was carried out (Figure 4k). The patient had been followed up frequently 
during the healing time during 4–5 months after the extractions (Figure 4l).

Dental implants were placed 5 months after the first surgery (Figure 5a), and fixed 
prosthesis supported dental implants was performed after an additional 4 months. The 
outcomes have been satisfying during the subsequent follow-up (Figure 5b–e).

In cases that the rehabilitation of the extracted tooth will be performed by con-
ventional fixed prosthesis supported abutment teeth, the final rehabilitation was 
performed 4 months after the socket preservation surgery.

4. Discussion

4.1 Back-cut technique

Extraction of one molar or more than two adjacent teeth creates an open wound at 
the extraction site. Spontaneous physiological healing of the socket will usually lead 
to socket wall resorption and soft tissue contracture. This can be prevented by bone 
grafting of the extraction socket. Bone grafts in the extraction sockets requires a primary 
closure to promote proper ridge regeneration. Primary closure of the socket is neces-
sary to prevent postoperative flap dehiscence and exposure and migration of the bone 
particles. Several methods have been described to achieve this goal [6–16]. Landsberg 
and Bichacho were the first to describe the socket seal surgery, utilizing soft tissue graft 
or biomaterials to restore the soft tissue volume and architecture [7]. Tal reported the 
use of an autogenous masticatory mucosal graft to seal the extraction sockets [8]. Others 

Figure 5 
(a) Implant placement (at 5 months). (b and c) Implants follow-up (after 4 months). (d) Temporary bridge over 
the implants. (e) Follow-up of 24 months: fixed prosthesis over the implants with good esthetic outcome.
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have used connective tissue grafts [9, 10]. Mardinger et al. described the use of intra-
socket soft tissue to cover the augmented sockets [11]. Rotated palatal flaps with full or 
partial thickness have been reported for the primary coverage of extraction sites [17, 18]. 
Moreover, alternative non-autogenous grafts are widely used in the socket seal surgeries. 
Kim et al. in 2011 described the use of collagen sponge and xenogenic bone grafts for 
socket preservation [14]. Additional materials are also successfully used such as acellular 
dermal matrix [12, 13] and different types of collagen membranes [14–16]. Rotation flaps 
with or without advancement are widely used in the cosmetic medicine to close open 
skin wounds. Rotation flaps with back cuts are also used to enhance the flap length and 
its movement over the primary defect. Nasseri and Murray in 2015 reported the cres-
centic back cut that contributes to the better mobilization of the flap, reduces the scar 
length, and shifts tensions away from the direction of the primary defect closure, while 
eliminating tissue redundancy at the flap’s base [20]. The back-cut technique presented 
in this chapter is used to achieve the primary closure of the bone-augmented fresh 
sockets. It provides the oral surgeon similar advantages as those reported in the cosmetic 
surgery. They increase the mobilization and the sliding of the flap over the open socket 
wound, lengthen the flap, and enhance the tension free primary closure over the aug-
mented bone. The designed incisions of the flap and their suturing method convert again 
the narrow base flap resulting from the back cuts into a wide base flap. This improves 
the blood supply to the flap base and eliminates the possible redundancy of the flap. The 
addition of mesial and distal back cuts, as described herein, to the original incisions of 
the trapezoid flap for socket seal surgeries eliminates the need for periosteal-releasing 
incisions in the inner side. Periosteal-releasing incisions enhance only the flap advance-
ment but miss the rotation ability. In addition, they jeopardize the blood supply and 
affect the healing of the operated site negatively. The ability to close the extraction open 
wound without periosteal scrub has several additional advantages that include: preser-
vation of the periosteal integrity and blood supply, the flap thickness and circulation, 
reduction of infections during the healing period. Moreover, the vestibular depth will not 
be affected, which will improve the oral hygiene throughout the subsequent site rehabili-
tation. It is well established in the oral surgery literature that primary soft tissue closure 
over the surgical site increases the predictability of bone regeneration at the treated sites 
[44]. Additional indications for this technique include soft tissue primary closure during 
immediate dental implant placement in fresh sockets, open sinus augmentation com-
bined with teeth extractions, and guided bone regeneration procedures.

In those cases where soft tissue augmentation is not mandatory at the extraction 
site and is used only to achieve primary closure, the back-cut technique can be used 
predictably, which eliminates the need for additional surgical procedures for harvest-
ing soft tissue grafts and their accompanying suffering such as pain, discomfort, 
hemorrhage, or infection. Moreover, the back-cut technique also eliminates the need 
for non-autogenous covering materials such as barrier membranes, mucografts, and 
acellular dermal matrix, and as a result, it reduces the potential side effects as foreign 
materials and their costs. The grafted bone volume at the sockets that are sealed by 
the back-cut technique was preserved during the healing period and subsequently 
during the dental implant surgery in the second stage. The inserted implants had an 
adequate new bone volume and quality at the recipient sites.

4.2 Transient corenectomy technique

The presence of interdental papilla has a crucial role in gingival and teeth esthetics 
and the patient’s smile. The etiology of interdental papilla loss is multifactorial, including 
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teeth extractions. Preservation or reconstruction of the lost interdental papilla as a result 
of teeth loss or extractions has been challenging for the dental treatment team [26]. In 
this chapter, the “transient coronectomy” is described as a novel approach to prevent 
papilla collapse during teeth extractions. The collapse of the interdental papilla and loss 
of the gingival contour occur immediately after the extraction of the teeth, so immediate 
provisionalization is recommended to optimally preserve the tissue during the surgical 
procedure and thereafter. In 2006, Margeas reported the use of natural teeth as provi-
sional following implant placement to achieve peri-implant gingival esthetics [45]. In 
2008, Taleghani et al. reported the use of a temporary bridge with an ovate pontic at the 
site of extraction to support the proximal papilla and the facial soft tissue and to enhance 
the healing gingival tissue [46]. For the rational to preserve the soft and hard tissues and 
to maintain the periodontal attachment complex, the root submergence technique has 
been reported and used in esthetic implant therapy with favorable esthetic outcomes  
[38, 39]. However, several complications were encountered with the applications of 
this technique such as periapical lesions, external root resorption, root caries, and late 
eruption of the submerged root that can result in the extraction of submerged root. As 
a result, late failure of the treatment that required more complicated reconstruction 
procedures may occur [47]. The transient coronectomy technique, as a novel concept, 
for the use of the submerged root intraoperatively is defined by the author as the 
“coronectomy” of the hopeless tooth clinical crown, and its extraction at the end of the 
treatment appointment is defined as “transient.” According to this approach, the clinical 
tooth crown (CTC) is transected at 1–2 mm above the gingival level in order to prevent 
injury to the soft tissue; thereafter, the final coronectomy procedure is accomplished 
by shaving and trimming of the residual tooth root carefully in a concave form to the 
level of the surrounding soft tissue, leaving the interproximal thin walls of the root 
to support the interdental papilla. According to this work platform, the outline of the 
trimmed submerged root will support the interproximal papilla during the relining of 
the prefabricated temporary fixed prosthesis (crown, bridge) with 100% fitting to the 
original location and shape of the interdental papilla. Moreover, the provisionalization 
will inhibit immediate papilla collapse that will otherwise occur rapidly if it is performed 
after entire tooth extraction. The removal of the roots later during the same appointment 
and socket preservation eliminates the risk of late failure that might be accounted in the 
scenario of leaving the root submerged. The transient coronectomy technique used by 
the author predictably maintains the interdental papilla topography and the gingival 
emergence profile during the treatment appointment, the healing period, and the 
subsequent treatments with final favorable cosmetic results.

An additional benefit of extraction of the submerged root after the relining of the 
temporary fixed prosthesis for the dental treatment team is the working in a clean 
environment. If the entire tooth is extracted at the beginning of the treatment, it will 
cause oozing during the treatment on the one hand, and the relining of the temporary 
prosthesis can contaminate the fresh sockets on the other hand.

5. Conclusion

Primary closure of the bone-augmented sockets was obtained and maintained 
using the back-cut technique with minimal costs and minimal postoperative morbidi-
ties. This technique is advocated in cases of socket seal surgery that involve extraction 
of adjacent teeth or even only one molar. The transient coronectomy technique during 
tooth extraction is a simple tool to accelerate interdental papilla preservation with 
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long-term outcomes. Both surgical methods provide the patients and the dental treat-
ment team with simple facilities to enhance the esthetic outcomes of rehabilitation of 
the extractions sites with minimal morbidity and costs.

Acknowledgements

Thanks to Dr. Abir Abu Subeh for technical support.
Thanks to Ms. Eiman Zriek for her illustration drawing of beautiful pictures.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



Simple Surgical Methods for Soft Tissue Management around Fresh Extraction Sockets…
DOI: http://dx.doi.org/10.5772/intechopen.110337

205

References

[1] Arau’jo MG, Lindhe J. Dimensional 
ridge alternations following tooth 
extraction: An experimental study in the 
dog. Journal of Clinical Periodontology. 
2005;32:212

[2] Van der Weijden GA, Dell' Acqua F, 
Silt DE. Alveolar bone dimensional 
changes of post extraction socket 
in human: A systematic review. 
Journal of Clinical Periodontics. 
2009;36(12):1048-1058

[3] Mecall RA, Rosenfeld AL. Influence 
of residual ridge resorption patterns on 
fixture placement and tooth position. 2. 
Presurgical determination of prosthesis 
type and design. The International 
Journal of Periodontics & Restorative 
Dentistry. 1992;12(1):32-51

[4] Mecall RA, Rosenfeld AL. Influence 
of residual ridge resorption patterns on 
fixture placement and tooth position. 
Part III: Presurgical assessment of 
ridge augmentation requirements. The 
International Journal of Periodontics & 
Restorative Dentistry. 1996;16(4):322-337

[5] Lekov V, Kenney EB, Weinlaender M, 
et al. A bone regenerative approach 
to alveolar ridge maintenance 
following tooth extraction. Report of 
10 cases. Journal of Periodontology. 
1997;68(6):563-570

[6] Misch CE, Dietsh-Misch F, Misch CM. 
A modified socket seal surgery with 
composite graft approach. The Journal of 
Oral Implantology. 1999;25:244-250

[7] Lansberg C, Bichacho N. A modified 
surgical/prosthetic approach for optimal 
single implant supported crown. Part 
1—The socket seal surgery. Practical 
Periodontics and Aesthetic Dentistry. 
1994;6(2):11-17

[8] Tal H. Autogeneous masticatory 
mucosal grafts in extraction socket 
seal procedures; a comparison between 
sockets grafted with demineralized 
freeze-dried bone and deproteinized 
bovine bone materials. Clinical Oral 
Implants Research. 1999;10(4):289-269

[9] Edel A. The use of a connective tissue 
graft for closure with over an immediate 
implant covered with occlusive 
membrane. Clinical Oral Implants 
Research. 1995;6(1):60-65

[10] Kablan F, Laster Z. The use of free fat 
tissue transfer from the buccal fat pad to 
obtain and maintain primary closure and 
to improve soft tissue thickness at bone-
augmented sites: Technique presenation 
and report of case series. The International 
Journal of Oral & Maxillofacial Implants. 
2014;29(2):e220-e231

[11] Mardinger O, Chaushu G, Ghelfan O, 
Nissan J. Intrasocket reactive soft tissue 
for primary closure after augmentation 
of extraction sites with severe bone 
loss before implant placement. Journal 
of Oral Maxillofactory Surgery. 
2009;67(6):1294

[12] Novaes AB Jr, Souza SL. Acellular 
dermal matrix graft as a membrane for 
guided bone regeneration: A case report. 
Implant Dentistry. 2001;10(3):192-196

[13] Batista EL, Batista FC, 
Novaes AB. Management of soft tissue 
ridge deformities with acellular dermal 
matrix, clinical approach and outcome 
after 6 months of treatment. Journal of 
Periodontology. 2001;72(2):265-273

[14] Kim YK, Yun PY, Lee HJ, Kim SG. 
Ridge augmentation using collagen 
sponge and xenogenic bone grafts. 
Implant Dentistry. 2011;20:267-272



Human Teeth – From Function to Esthetics

206

[15] Nunes FAS, Pignaton TB, Novaes AB 
Jr, Taba M Jr, Messora MR, Palioto DB, 
et al. Evaluation of a bone substitute 
covered with a collagen membrane for 
ridge preservation after tooth extraction. 
Clinical and tomographic randomized 
controlled study in humans. Clinical Oral 
Implants Research. 2018;29:424-433

[16] Pedroso Bergamo ET, Bordin D, 
Arbex L, Konrad D, Gil LF, et al. Ridge 
architecture preservation following 
minimally traumatic exodontia 
techniques and guided tissue 
regeneration. Implant Dental. 
2019;28:319-328

[17] Nemcovsky CE, Artzi Z, Moses O. 
Rotated split palatal flap for soft tissue 
primary coverage over extraction sites 
with immediate implant placement. 
Description of the surgical procedure 
and clinical results. Journal of 
Periodontology. 1999;70(8):926-934

[18] Tal H, Bichacho N, Kornowski Y, 
Nemcovsky CE. Rotated palatal flaps: 
A functional and aesthetic solution in 
endentulous sites. Practical Procedures & 
Aesthetic Dentistry. 2004;16(8):599-606

[19] Baker SR. Local Flaps in Facial 
Reconstruction. 2nd ed. Philadelphia, 
PA: Elsevier; 2007

[20] Nasseri E, Murray C. Crescentic 
back cut: A novel technique for 
the management of flap/defect 
discrepancies in rotation flaps. Journal 
of Cut Medical and Surrounding. 
2015;201519(6):588-591

[21] Gruder U. The inlay graft technique 
to create papilla between implants. 
Journal of Esthetic Dentistry. 
1997;9(4):165-168

[22] Tarnow DP, Eskow RN. 
Considerations for single-unit esthetic 
implant restorations. Compendium of 

Continuing Education in Dentistry. 
1995;16(8):1778-1784

[23] Chen MC, Liao YF, Chan CP. 
Factors influencing the presence of 
interproximal dental papilla between 
maxillary anterior teeth. Journal of 
Periodontology. 2010;81(2):318-324

[24] Kim TH, Cho YJ, Lee JY, 
Kim SJ, Choi JI. An analysis of the factors 
responsible for relative position of 
interproximal papilla in healthy subjects. 
Journal of Periodontal & Implant Sinica. 
2013;43(4):160-167

[25] Singh UP, Uppoor AS, Nayak DG, 
Shah D. Black triangle dilemma and 
it’s management in the esthetic 
dentistry. Dental Research Journal. 
2013;10(3):296-301

[26] Prato GP, Rotundo R, Cortellini P, 
Tinti C, Azzi R. Interdental papilla 
management: A review and classification 
of the therapeutic approaches. The 
International Journal of Periodontics and 
Restorative Dental. 2004;24(3):246-255

[27] Takei HH. The interdental space. 
Dental Clinics of North America. 
1980;24(2):169-176

[28] Zetu L, Wang HL. Management 
of inter-dental/inter-implant papilla. 
Journal of Clinical Periodontology. 
2005;32(7):831-839

[29] Cortellini P, Prato GP, Tonetti MS. 
The modified papilla preservation 
technique. A new surgical approach 
for interproximal regenerative 
procedures. Journal of Periodontology. 
1995;66(4):261-266

[30] Cortellini P, Prato GP, Tonetti MS. 
The simplified papilla preservation 
flap. A novel surgical approach 
for the management of soft tissues 
in regenerative procedures. The 



Simple Surgical Methods for Soft Tissue ManagementAround Fresh Extraction Sockets…
DOI: http://dx.doi.org/10.5772/intechopen.110337

207

International Journal of Periodontics 
and Restorative Dentistry. 
1999;19(6):589-599

[31] Blatz MB, Hurzeler MB, Stub JR. 
Reconstruction of the lost interproximal 
papilla: Presentation of surgical and 
nonsurgical approaches. International 
Jpurnal of Periodontics and Restorative 
Dentistry. 1999;19(4):395-406

[32] Kokich VG. Esthetics: The 
orthodontic-periodontic restorative 
connection. Seminars in Orthodontics. 
1996;2(1):21-30

[33] Inhgher JS. Forced eruption: 
Alternation of soft tissue cosmetic 
deformity. The International Journal of 
Periodontics & Restorative Dentistry. 
1989;9:417-425

[34] Wu YJ, Tu YK, Huang SM, Chan CP. 
The influence of the distance from the 
contact point to the crest of bone on 
the presence of interproximal dental 
papilla. Chang Gung Medical Journal. 
2003;26(11):822-828

[35] Azzi R, Etienne D, Carranza F. 
Surgical reconstruction of the interdental 
papilla. International Journal of 
Periodontics and Restorative Dental. 
1998;18(5):467-474

[36] Azzi R, Takei HH, Etienne D, 
Carranza FA. Root coverage and papilla 
reconstruction using autogenous 
osseous and connective tissue grafts. The 
International Journal of Periodontics & 
Restorative Dentistry. 2001;21(2):141-147

[37] Nemcovsky CE, Serfaty V. Alveolar 
ridge preservation following extraction 
of maxillary anterior teeth. Report 
on 23 consecutive cases. Journal of 
Periodontology. 1996;67(4):390-395

[38] Salama M, Ishikawa T, Salma H, 
Funato A, Garber D. Advantages of the 

root submergence technique for pontic 
site development in esthetic implant 
therapy. The International Journal of 
Periodontics & Restorative Dentistry. 
2007;27(6):521-527

[39] Mohadeb JV, Somar M, He H. 
Effectiveness of decoronation technique 
in the treatment of ankylosis: A 
systematic review. Dental Traumatology. 
2016;32(4):255-563

[40] Casey DM, Lauciello FR. A review 
of the submerged-root concept. 
Journal of Prosthetic Dentistry. 
1980;43(2):128-132

[41] O’Riordan BC. Coronectomy 
(intentional partial odontectomy of 
lower third molars). Oral Surgery, 
Oral Medicine, Oral Pathology, Oral 
Radiology, and Endodontology. 
2004;98(3):274-280

[42] Kim YB, Joo WH, Min KS. 
Coronectomy of lower third molar in 
combination with vital pulp therapy. 
European Journal of Dentistry. 
2014;8(3):416-418

[43] Porgel MA. Partial odontectomy. 
Oral & Maxillofacial Surgery Clinics of 
North America. 2007;19(1):85-91

[44] Moses O, Pitaru S, Artzi Z, et al. 
Healing of dehiscence-type defects in 
implants placed togother with different 
barrier membranes: A comparative 
clinical study. Clinical Oral Implants 
Research. 2005;16:210

[45] Margeas RC. Predictable periimplant 
gingival esthetics: Use of natural tooth as 
provisional following implant placement. 
Journal of Esthetic and Restorative 
Dentistry. 2006;18(1):5-12

[46] Taleghani M, Rashan S, Baker FL, 
Denson PS, Herrman AB. Nonsurgical 
management of interdental papillae loss 



Human Teeth – From Function to Esthetics

208

following extraction of anterior teeth. 
General Dentistry. 2008;56(4):326-331

[47] von Wowernn N, Winther S. 
Submergence of roots for alveolar ridge 
preservation. A failure (4-year follow-up 
study). International Journal of Oral 
Surgery. 1981;10(4):247-250



209

Chapter 12

Dental Implants: Immediate 
Placement and Loading in the 
Esthetic Zone
Nachum Samet

Abstract

Extraction of an anterior tooth is always a traumatic event for patients, regardless 
of their age. In the past, patients were required to wait long months for bone healing 
and for implant integration, using an uncomfortable removable denture. In the last 
decade or so, dentists came to the understanding that when done correctly and in the 
right cases, immediate placement and loading techniques can result in aesthetically 
pleasing temporary and long-term results, while maintaining supporting bone and 
soft tissues. In fact, it was found, that placing an immediate implant rather than wait-
ing can in fact prevent some of the bone resorption which happens after extractions.

Keywords: dental implants, immediate placement, immediate loading, aesthetic zone, 
temporary/provisional crown, ovate pontic

1. Introduction

Anterior teeth function in eating and speaking, of course, but also have a role 
in shaping facial aesthetics. In fact, many people see them as part of their personal 
identity. For these reasons, loss of an anterior tooth is always a traumatic event for 
patients, regardless of their age. To relieve their physical and emotional pain, patients 
seek a fixed restorative solution as fast as possible.

Patients who suffered severe trauma and lost multiple teeth are usually aware of 
the fact that it is almost impossible to restore their teeth to their original look. With 
a good explanation from a dentist, their expectation level can be adjusted so that it is 
realistic and so that they can accept a non-ideal restoration, which is both aesthetic 
and functional but not identical to the way their original teeth and gums looked 
before the trauma.

Patient expectation level is completely different when only one anterior tooth 
is lost. In these cases, it is clear to patients, regardless of their condition, that it is 
possible to restore both the “white” and the “pink” to their original state so that 
both the restoration and the gum-line look exactly like the homologous existing 
tooth.

The problem is that when a tooth is lost, two known phenomena happen: flatten-
ing and loss of proximal papillae as well as horizontal and vertical bone loss.
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Although there are techniques to restore lost soft and hard tissues, these tech-
niques are complex, require extremely high skills and experience, require long healing 
periods and are expensive. And on top of this, even in the best hands, these tech-
niques are not 100% predictable [1–3].

Two advancements opened the way to preserve both bone and soft tissue 
architecture in the anterior upper segment. One is the understanding that placing 
an implant immediately after extraction can reduce bone loss at the site, maintain-
ing the buccal aspect above the restored tooth as close as possible to the way it 
looked prior to the trauma [4–6]. Another way to preserve buccal bone and gingi-
val architecture is the “Socket-Sheild” technique. In this technique, the root is cut 
mesiodistally leaving its buccal aspect attached to the buccal bone, and the implant 
is placed behind it. Although found effective [7–9], this technique is extremely 
difficult to perform and requires conditions that do not always exist, therefore, it 
will not be discussed in this chapter.

Prior to treatment, and as in any medical and dental procedure, it is critical to 
start with a correct diagnosis. The entire site and its surroundings with a focus on 
the remaining root, the integrity of the buccal bone, the architecture of the gums 
around the site and any evidence of infection at the gum level or around the root must 
be evaluated. Taking photographs of the anterior region before treatment is highly 
recommended, both for further analysis and evaluation of the healing phase and 
medico-legal reasons.

The second most important phase is to carefully evaluate all possible treatment 
options and discuss them with the patient, who should be notified about the pros and 
cons of each option, including restoring the missing dentition with a fixed bridge, a 
removable device, or an implant. If an implant-based solution is chosen, the different 
treatment sequences: immediate placement, immediate placement and loading or 
late placement with or without immediate loading must also be discussed with the 
patient, presenting again the pros and cons of each option. And lastly, the patient 
expectations must be discussed, ensuring that he/she understands that no one can 
achieve 100% success rates in any medical or dental procedure.

Short and long-term success requires mastering both the “white stuff” (the 
crown) and the “pink stuff” (the gingiva surrounding the site). The control over the 
“white stuff” is almost always in the hands of a master dental technician. And indeed, 
dental technicians who are also artists can achieve amazingly wonderful aesthetic 
results when it comes to mimicking the natural shade, translucency, transparency and 
anatomical characteristics of the adjacent teeth. It is not always easy, but undoubtedly 
possible. In contrast, the control over the 3D position of the implant and the recre-
ation of correct emergence profile and gingival architecture is completely in the hands 
of the operating dentist or the dental team. The correct positioning of the implant at 
the site, its angulation, depth and especially the position of its opening is critical to 
enable achievement of the desired aesthetic and functional result. Next, a temporary 
crown with a unique gingival design, which ensures proper support for the gums and 
papillae, must be placed [10–15]. Following a period of healing and gingival matura-
tion, it is mandatory to transfer the exact achieved gingival architecture to the dental 
laboratory so that the final crown is made with the desired gingival shape to ensure 
long-term stability of the gumline.

This chapter aims to present the different stages of immediate placement and 
loading in the anterior aesthetic zone, focusing on critical influencing parameters that 
affect short- and long-term success.
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2. Stages of immediate implant placement and loading in the aesthetic zone

The long-term aesthetic success of a restoration in the anterior zone and its 
gingival architecture requires a thorough analysis of the condition of the injured 
area. Patients need to be informed and must understand their condition so that they 
develop realistic expectations related to the possible final outcome.

2.1 Evaluation of the site

Bone condition and height around the socket, especially in the buccal aspect and 
near adjacent teeth, are critical. Loss of bone in any direction, especially in the buccal 
area, severely affects the ability to simply restore site’s aesthetics. Loss of bone due to 
infection, periodontal disease, root fracture or crack or iatrogenic accidental damage 
to the delicate buccal bone during extraction may contra-indicate immediate place-
ment and loading of implants in such sites. In these cases, a staged approach, includ-
ing bone and/or gingival augmentation, may be required prior to implant placement. 
The type of gingiva is also important since it is easier to control thick biotype gingiva 
than thin biotype gingiva, although, with careful management, it is possible to 
achieve good results in any gingival type.

2.2 Implant design and drilling protocol alterations

Immediate implant placement and loading is an accepted and predictable dental 
procedure, with high success rates. As in other implant placement procedures, high 
initial stability is one of the most important factors related to their short- and long-
success rates.

There is a critical difference between the way immediate implants and standard 
implants gain their primary stability. While standard implants gain stability throughout 
their length, immediate implants gain stability through the threads of their apical section. 
This is a result of the fact that the diameter of the extraction socket is almost always wider 
than the diameter of the implant (Figure 1). Because of this, it is highly recommended 
that the dentist chooses an implant with deep and sharp apical threads, (Figure 2), that 
can cut through bone to ensure high initial stability. In addition, the dentist MUST alter 
the standard drilling protocol, taking into account the diameter of the apical core of the 
implant used, so that the osteotomy is not wider than this core. In other words, high initial 
stability is gained through these apical threads, and mild compression of bone at the 
apical section of the placed implant, utilizing the accepted concept of “Under Drilling” 
techniques [16, 17]. Since each implant system has different diameters at the apical section 
and different drill diameters, the dentist must study these parameters of the system used, 
to ensure that the osteotomy is small enough to ensure high implant stability while being 
large enough to allow the core of the implant to penetrate in.

Correct planning considering these parameters will ensure high initial stability 
(above 35NCM) to support immediate placement of a temporary restoration that 
enables aesthetics without being exposed to functional occlusal loads.

2.3 Drilling depth and implant position

The specific 3D position of the implant’s head is critical for an ideal restoration 
[18–20]. A depth of 3–4 mm is usually sufficient to allow the creation of a correct 
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Figure 2. 
An implant with wide apical screw design.

Figure 1. 
Areas of support for an anterior implant.
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emergence profile, without creating a deep gingival pocket that is too hard to maintain. 
It should be clear that screw-retained restorations are by far better than cement-
retained restorations as temporary restorations on immediate implants. One reason is 
that there is no cement involved in screw-retained restorations, so no cement may acci-
dentally be pushed into the fresh socket. The second reason is the ease of manipulation 
of screw-retained restorations and the fact that no vertical force needs to be placed on 
the newly placed implant while preparing and while trying-in the temporary crown. 
This means, while placing the implant, effort must be put to place the opening of the 
implant at the cingular area of the restored tooth and at an angle that would enable 
easy access to the retaining screw from the palatal side of the crown (Figure 3).

Regarding implant’s depth, many dentists are not aware of the difference between 
platform-stitching implants and standard internal hex ones when it comes to the posi-
tion of the restorative platform. While in standard internal hex implants, the crown may 
emerge from the implant’s platform or very close to it, in platform-stitching implants, 
there is a 1–2 mm gap between the implant’s platform and the base of the restoration 
(Figure 4). This means that when using platform-switching implants, the head of the 
implant must be placed deeper than when using standard internal hex ones.

2.4  Creating a temporary crown with an emergence profile that supports the 
gingiva

The alveolar bone is critical to support the gingiva. Lack of bone at the buccal 
aspect of the socket, at the proximal aspect/s or even at the palatal aspect may lead 
to gum recession and the creation of “black holes” and flattening of the gingival 
architecture [20, 21]. Therefore, it is critical to ensure that the socket is intact after 
extraction, and that bone surrounds it all around. When this is the situation, it is 
beneficial to support the gum tissue immediately after extraction with a correctly 

Figure 3. 
Screw hole at the cingulum area.
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made temporary crown, which will maintain the shape of the gums and papillae. 
The best and easiest way to do it is by using a screw-retained temporary crown, 
made with an “ovate pontic” emergence profile design at its base facing the implant 
(Figure 5) [22–25]. A standard and round-shaped healing abutment is not ideal since 
it creates a round opening in the gingiva that does not have the required gingival 
architecture (Figure 6). This means that when standard healing abutments are used, 
an additional surgical procedure may be required to achieve the desired gingival 
contour.

The design of a correct emergence profile requires an analysis of the 3D position 
of the head of the implant, its depth, and the level of support needed by the gingival 
tissues. 3–4 mm of depth is sufficient to create correct ovate-pontic shape that will 
support the gums (Figure 7). The gingival aspect of the temporary crown must be 
polished to prevent gum irritation and plaque accumulation, and the patient must 
be taught how to clean it. Since gingival tissues tend to shrink and change during the 
healing phase, some mild adjustments of the emergence profile may be required once 
osseointegrate is completed, to ensure aesthetically pleasing outcome.

Figure 4. 
Platform switching implant type.



215

Dental Implants: Immediate Placement and Loading in the Esthetic Zone
DOI: http://dx.doi.org/10.5772/intechopen.109458

Once the temporary crown is completed, it should be firmly attached to the 
implant, and the access hole must be sealed. Occlusal adjustment must ensure that 
minimal (if any) occlusal loads are placed on the crown during the healing phase. It 
is also recommended that proximal contacts are minimal and sufficient to prevent 

Figure 5. 
Ovate pontic design.

Figure 6. 
Tissue around a standard healing cap.
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food impaction between the temporary crown and the adjacent teeth. It is mandatory 
to explain to patients that the temporary crown is made for supporting the gums and 
for aesthetic reasons only and that biting, chewing or any other application of forces 
(such as during smoking, parafunction, nail-biting etc.) may cause implant failure.

The temporary crown must not be removed during the healing and osteointegra-
tion period and sufficient time must be given to allow gingival maturation. When 
done correctly, the gingival architecture is preserved, as seen when removing the 
temporary crowns (Figure 8a and b).

2.5 Transferring gingival data to the dental laboratory

To ensure that the lab technician fabricates a crown that is identical to the 
temporary one, the internal shape of the healed gingival architecture must be 
transferred to the laboratory. There are several published methods to do that. Both 
silicone-based impressions and intra-oral scanning are acceptable [26, 27]. In addi-
tion, it is recommended to transfer a physical impression of the emergence profile 
and the shape of the temporary crown (Figure 9), as well as photographs from a few 
angles. This allows the technician to better visualize the required shape and its actual 
environment.

Figure 7. 
Ovate pontic emergance profile.
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2.6 Long-term maintenance

Like any tooth, the tissues around an implant are dynamic and constantly change 
and are impacted by the accumulation of plaque, calculus and food particles and time, 
of course. Daily cleaning must include soft brushing, the use of floss, or a super-floss 
underneath the ovate-pontic shaped crown. In addition, patients need to understand 
the need to have periodic check-up visits and treatment by a hygienist to ensure short- 
and long-term success of any tooth and restoration.

3. Conclusion

The restoration of a single anterior tooth is one of the most demanding procedures 
in dentistry. Each aspect of the treatment influences the end result: from a correct 

Figure 8. 
a. Tissue of 28 year old patient after crown removal. b. Tissue of 80 year old patient after crown removal.

Figure 9. 
A technique to transfer crown shape to the dental lab.
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diagnosis to case selection, from the choice of a specific implant design to alteration 
of the drilling protocol, and from the clinical decision of where to three-dimension-
ally place the head of the implant to the shape of the gingival aspect of the temporary 
and final crown. Thorough understanding and correct implementation of these 
principles, coupled with the help of an artist dental technician can lead to long-term 
solutions for the benefit of our patients (Figure 10).
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Figure 10. 
Ten years follow up of an immediate loaded implant with final crown.
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Chapter 13

Implantogenomic: Conceptualizing 
Osseointegration toward 
Personalized Dental Implant 
Therapy
Ali K. Refai

Abstract

The spectrum of patients’ needs for dental implant treatment ranges between 
healthy individuals to those with complex diseases and compromised jaw bones. 
The aim of this review chapter is to introduce the application of personalized dental 
medicine to dental implant field as a therapeutic strategy that is best suited to indi-
vidualized patient’s genetic makeup “Implantogenomics” to enhance their longevity 
and clinical outcomes. The ultimate goal of personalized medicine and dentistry is 
tailoring targeted treatment to the patient’s individual genetic makeup and having 
predictive outcomes. This approach will transfer the traditionally known “one size 
fits all” to an actionable model, tailoring therapy to individuals in a homogenous 
stratified group. In this review chapter, in analogy to pharmacogenomics, personal-
ized dental implant and its implantogenomics concept have been proposed as a novel 
application of personalized dentistry. It is conceivable that the actionable model that 
integrates genomics and materiomics will accelerate the production of personalized 
implantable biomaterials and biomedical devices. Moreover, the convergence of 
multi-disciplines including biological sciences, material sciences, and computational 
tools may underpin the application of personalized dental implant therapy in the 
future. This approach will unleash the potential of advancing technologies to tailor 
dental implants targeting different subpopulations. Despite this optimistic goal, chal-
lengeable remains ahead of us where the conduction of well-directed scientific and 
clinical research is needed.

Keywords: osseointegration, personalized dental implant therapy, omics, materiomics, 
implantogenomics

1. Introduction

For more than 50 years, dental implants were employed for the treatment of 
patients who are both partly and wholly edentulous. This treatment modality has 
been shown to improve the quality of life of large populations and demonstrated to 
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perform very well, clinically, functionally, and esthetically [1–3]. Osseointegration is 
an essential factor in the success rates of dental implant-supported prostheses. The 
first known use of the term “osseointegration” was in the 1970s when Branemark 
defined it as a “Direct structural and functional link between organized, live bone 
tissue and the surface of a load-carrying artificial implant at the resolution level 
of the light microscope” [4]. At the bone-implant interface, osteoinduction and 
osteoconduction events are necessary for osseointegration to occur. The biological 

Term Definition

Artificial intelligence (AI) Specific machine learning algorithms, has the ability 
to make decisive interpretation of “big”-sized complex 
data and, hence, appears as the most effective tool 
for the analysis and understanding of multi-omics 
data for patient-specific observations and complex 
biological process

Biomaterialomics Integration of multi-omics data and high-dimensional 
analysis with artificial intelligence (AI) tools 
throughout the entire pipeline of biomaterials 
development

Materiomics Introducing an omics approach to biomaterials 
research where the convergence of materials science, 
biological science, and technological advancement 
(encompassing computational methods and 
experimental assays) hold the promise in the 
production of personalized implantable biomaterials 
and biomedical devices

OMICs A field of study in biology ending in -omics, such 
as genomics, proteomics, transcriptomic, or 
metabolomics. The related suffix -ome is used to 
address the objects of study of such fields, such as the 
genome, proteome, transcriptome, or metabolome, 
respectively

Personalizing dental implant The integration of multi-omics data and advanced 
biotechnologies to tailor biofunctionalized implant 
system; treating both healthy and compromised jaw 
bone with the same success and survival rates

Personalized Medicine Personalized medicine is an evolving field that uses 
diagnostic tools to identify specific biological markers, 
often genetic, to help determine which medical 
treatments and procedures will be best for each 
patient

Systems biology A holistic approach to deciphering the complexity of 
biologic systems. It is collaborative, integrating many 
scientific disciplines, including biology, computer 
science, engineering, bioinformatics, physics, and 
others, to predict how these systems change over 
time and under varying conditions, and to develop 
solutions to the world’s most pressing health and 
environmental issues

Table 1. 
Shows the main terminologies used throughout the review.



225

Implantogenomic: Conceptualizing Osseointegration toward Personalized Dental Implant Therapy
DOI: http://dx.doi.org/10.5772/intechopen.109159

mechanisms defining the three concepts are known to be connected yet distinct from 
one another [5].

Although osseointegration was defined as a time-dependent healing process, 
whereby clinically asymptomatic rigid fixation of alloplastic materials is achieved 
and maintained in bone during functional loading, osseointegration, a novel 
definition has emerged recently [6]. Albrektsson et al. defined “osseointegration 
as a  foreign body reaction where interfacial bone is formed as a defense reaction 
to shield off the implant from tissues” [7]. Understanding both the old defini-
tion and the new one necessitate conceptualizing osseointegration beyond its 
definitions.

To achieve such goal, this review chapter proposed an actionable model integrat-
ing various fields. The convergence of scientific disciplines including advancements 
in molecular biology in terms of “multi-omics data,” bioengineering in the term 
“materiomics and biomaterialomics,” and proper computational tools that will hasten 
the production of personalized implantable medical devices. Thus, the formulation of 
this strategic approach is critical toward personalized dental implant as a target future 
therapeutics. Moreover, the introduction of osseointegration’s new concept “implan-
togenomics” demonstrates patient-specific implants whereby reliable dental implant 
therapy is tailored based on the genetically unique individual. Table 1 shows the main 
terms used throughout the review.

2. Synopsis of wound healing around dental implants

The process of osseointegration involves a cascade of complex physiological 
mechanisms similar to intramembranous ossification and direct fracture bone 
healing [8]. After an implant is inserted into an osteotomy site, immediately protein 
serum is adsorbed onto the implant surface and forms conditioning layer. It is well 
known that the characteristics of implant surface determine the biological and 
molecular profile of the adsorbed protein layer. At the micro-environment between 
bone and implant surface, cells interact with this layer rather than with the implant 
surface itself [9, 10].

The protein adsorption stage is followed by coordinating and sequentially 
overlapping biological events. These biological events include mesenchymal and 
non-mesenchymal cellular interactions (i.e., recruitment, attachment, proliferation, 
and differentiation), soluble proteins and growth factors secretions, osteogenic cells 
proliferation and differentiation, osteoid production and matrix calcification, and 
bone formation and remodeling [11–14].

The principal factors that regulate the biological events of endosseous wound 
healing are the cells dominating the osteotomy site. Cells populate each stage of 
the healing process and are found to coordinate and communicate with each other 
by producing a myriad of signaling molecules including; cytokines, chemokines, 
growth factors, extracellular matrix proteins, hormones, and ions, which orches-
trated the osseous healing process at biointerface. The secretion of the signaling 
molecules is well controlled by the sequential activation of corresponding typical 
genes [14, 15]. In fact, the decisive underlying cellular and molecular mechanisms 
that regulated endosseous wound healing and osseointegration are yet to be fully 
understood [15, 16]. Figure 1 summarizes the biological events and the cellular and 
molecular mechanism of osseointegration.
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3. Gene markers and genetic networks of osseointegration

The biological processes of osseointegration (inflammo-immuno-angio-neuro-
osteogenesis processes) are directed by several genes expressed in an orderly 
sequence. Studies showed that gene expression profile after implant installation 
shifted from genes upregulated during immuno-inflammatory processes and cell 
proliferation to genes expression upregulated in favor of angiogenesis, osteogenesis, 
and neurogenesis processes [17, 18]. This alternation of biological processes may be 
attributed to the concept of “foreign body equilibrium.” It has been proposed that 
osseointegration is the result of an immune system’s reaction to a foreign body, which, 
at the right level of intensity, will balance itself out and allow osteogenesis to start on 
surface of the implant [19, 20].

Several in vitro and in vivo studies have demonstrated the influence of surface 
topography on gene expression of osseointegration. In brief, over the last two decades, 
the studies investigated the genetic basis of osseointegration have shown that the 
most observed genes were immunoinflammatory-related gene markers, extracellular 
matrix and osteoblast differentiation-related genes, bone formation, and remodeling-
related genes, transcriptional-whole genome-proteome profiles of osseointegration 
related to immune-inflammo-angio-neuro-skeletogenesis biological processes, 
micro RNAs and signaling pathways. These biomarkers recapitulated the reported 

Figure 1. 
Summary of the biological events and the cellular and molecular mechanisms of osseointegration.
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significant genetic markers and genetic networks associated with the biological 
processes of osseointegration [14, 16, 21–26].

Osseointegration encompasses a network of reactions that are dependent on a 
building system rather than a single pathway [20]. In this context, it is noteworthy 
that even though thorough studies have made significant progress in demonstrating 
the fundamental mechanisms underlying the molecular basis of osseointegration, as 
previously mentioned, the revolution of ongoing scientific research has highlighted 
the importance of other genetic networks related to osseointegration [25]. Whole 
genome microarray analyses have shown that the genetic networks that control osseo-
integration include other genes that function in coherent and/or independent path-
ways to complete the process of osseointegration around dental implants, in addition 
to the genes regulating osteogenesis and involving the expression of osteoblast marker 
genes. Other gene networks involved in the process of osseointegration include those 
that control the cross-linking of the bone collagen matrix, extracellular matrix-related 
genes associated with cartilage, and clock genes related to the peripheral circadian 
rhythm system. The modulation of those novel genetic networks was found to be 
topographical dependent and devoted to accelerate osseointegration [25, 27, 28].

4. The effect of implant surface properties on osseointegration

Implant surface properties including its topographical, chemical, mechanical, and 
physical are considered to be one essential factor to promote and maintain osseointe-
gration. Since the foundation of osseointegration phenomenon, many bioengineering 
techniques have been developed to modify dental implant surface characteristics. 
These modification techniques have been classified into subtractive and additive 
treatments. Subtractive treatments include machining, Sandblasting, acid etching, 
and laser ablation. Additive treatments include anodization, fluoride surface treat-
ment, nanoscale surface, plasma spraying, hydroxyapatite coating, electrophoretic 
deposition, biomimetic precipitation “peptides growth factors and ECM proteins”, 
and drugs incorporated “bisphosphonates and statins” [29–33].

Recent reviews have shown that dental implant surface modifications were 
enormously studied aiming to promote osseointegration in the last decades [16, 26]. 
Mechanistically, implant surface properties are able to modulate osseous healing 
by influencing the cells-implant interactions and then producing several genes and 
proteins that serve as key regulators to inflammo-immuno-angio-neuro-osteogenesis 
processes [16, 26, 34].

Quit recently, new interesting approach is surface loading with cells potentially 
gaining more attention in the future [35]. However, this type of functionalization has 
not been extensively studied, as its clinical translation is more challenging due to the 
cell preparatory requirements and regulations. In tandem with the progression of cell-
based therapy and personalized medicine, this approach may accelerate tissue repair 
in many clinical aspects [35].

5. Personalized medicine and dentistry

5.1 Personalized medicine

Personalized medicine is a contemporary evolving field in medicine and healthcare 
industries [36, 37]. Its aspirational goal is about tailoring medical treatment to the 
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patient’s individual genomic, anatomical, and physiological characteristics in order 
to provide a better quality of life and prolong life expectancy. Though the concept of 
current personalized medicine as new medical innovation was laid in tandem with the 
successful completion of the Human Genome Project (HGP) in the USA, in 2003 [37, 
38], the term personalized medicine was coined in the published works in 1999 [39]. 
Figure 2 shows the main elements of personalized medicine and dentistry concept.

The Human Genome Project (HGP) along with further projects (International 
HapMap Project (2002–2010), and the 1000 Genomes Project (2008–2015) 
authorizing personalized medicine to grow steadily in the medical practice and 
pharmacotherapy [37]. Among the main project achievements were discovering 
1800 disease-related genes, developing numerous molecule biomarker-based tests, 
identifying genetic variations which lead to an individual different response to 
environmental factors, as well as drugs and vaccines effectiveness [37, 38, 40–42]. 
Personalized medicine has been extensively reviewed in the pharmacogenetics “study 
of genetic causes of individual variations in drug response” and pharmacogenomics 
(impact of multiple mutations in the entire genome that may determine the patient’s 
response to drug therapy [43, 44].

Both pharmacogenetics and pharmacogenomics testing is involved as novel 
approaches in drug development and future registered therapeutic for a specific 
disease. For example, the implication of using pharmacogenetics and pharmacoge-
nomics in the fields of cardiovascular, pulmonary, oncological, and bone diseases and 
also feature the potential economic value of their development [44, 45].

For centuries, health care providers, namely physicians treated medical conditions 
based on identifying the signs and symptoms and prescribed drug therapy without a 
diagnostic pretest. This traditional approach is so-called “One Size-Fits-Alls,” which 
is doomed to failure. The failure has been attributed to several factors including lack 
of patient stratification, existing of genetic variation and treatment drug reaction, 
identifying risk assessment, understanding factors involved in disease development 

Figure 2. 
Personalized medicine and dentistry concept: Main components and its applications in medical and dental fields.
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“epigenetics” and taking in account patient’s profile “age, sex and weight” [36, 37]. 
Collectively, such factors are the reason for extensive differences in response to 
medication.

The employing of pharmacogenetics and pharmacogenomics testing in personal-
ized medicine will show which medication will have a positive effect and which one 
will have a negative effect. This approach will shift the paradigm from currently 
using “one size fits all” to individualizing drug target “a test and treat” approach. The 
consequence of such transformation is expanding the personalized medicine concept 
in the medical practice and healthcare industries [37, 46, 47].

Although there is no one uniform definition of personalized medicine because 
of lack of consensus on definitions and nomenclature, several agencies, institutes, 
and associations have provided a diverse range of definitions depending on the scope 
and the main elements of personalized medicine [37, 43]. Personalized medicine is a 
multifarious approach to patient care that not only improves our ability to diagnose 
and treat disease, but offers the potential to detect disease at an earlier stage, when 
it is easier to treat effectively. The full implementation of personalized medicine 
encompasses six domains (Table 2) [48].

The concept of personalized medicine [49] has been designated by many names 
in the literature [37, 50]; including precision medicine [51, 52], individualized medi-
cine [53], network medicine [54], predictive medicine [55], stratified medicine [56] 
as well as P4 medicine [57]. These terms have a similar meaning with some slight 
differences between them and used interchangeably as alternative and synonyms 
terms [37, 50].

5.2 Personalized dentistry

Like medicine, there is a growing attention toward personalized/precision den-
tistry. The personalized dentistry branches from personalized medicine as an emerg-
ing concept, a multifaceted, individualized data-driven approach to oro-cranio-facial 
care environment. The personalized dentistry will act as an actionable model in 
dentistry that represents a paradigm shift in dental practice from the one size fits all 
approach to tailoring therapy to individuals in a homogenous stratified group. Each 
group of individuals sharing similar risk factor data includes but is not limited to 
genomic, environmental, e-health record, and lifestyle [50, 58–62].

Domain Goal

1. Risk Assessment Genetic testing to reveal predisposition to disease

2. Prevention Behavior/lifestyle/treatment intervention to prevent 
disease

3. Detection Early detection of disease at the molecular level

4. Diagnosis Accurate disease diagnosis enabling individualized 
treatment strategy

5. Treatment Improved outcomes through targeted treatments and 
reduced side effects

6. Management Active monitoring of treatment response and disease 
progression

Table 2. 
Domains of personalized medicine adapted from Reference [48].
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Nowadays, the advances in personalized oral health focus on the creation of new 
digital technologies and medical devices, conceptualizing complex process align 
with understanding system biology, improving patient’s stratifications, identifying 
biomarkers as diagnostic and prognostic factors related to disease development and 
progression. In to aforementioned, personalized oral health concentrates on develop-
ing proper treatment planning and early disease detection as preventive strategies. In 
fact, the main goal of personalized dental medicine is tailoring treatment taking into 
account its application, dosing, and response to treatment according to individual 
characteristics [50, 63, 64].

Bartold explained the importance of implementing personalized dentistry as a 
custom dental management model for the future of dental practice in two folds. First, 
this approach will bring the field of dentistry in tandem with current medical prac-
tice. Second, personalized dentistry stressing on patient-centered care and improving 
patient health outcomes [65].

In the last decade, several researchers have been investigating the application of 
personalized dentistry concept to various branches of dentistry. Some examples of 
these studies include, head and neck cancer [66, 67], periodontics [68–70], restor-
ative [71–73], pedodontic [74–76], orthodontic [77, 78], TMJD [79], Public health 
and preventive care [80–84], prosthodontic [85], dental implant [16, 86–88], and oral 
rehabilitation and regenerative medicine [89].

In the context of advanced healthcare research in the medical field, personal-
ized medicine is escalating, whereas, in dentistry, personalized dentistry is still in 
its infancy. Several challenges have been attributed to delay implementations of 
personalized dentistry in the practice environment. According to Polverini, these 
challenges include gaps in education of the current knowledge related to the basis of 
personalized dental medicine, addressing issues such as reimbursement for preven-
tive dental procedures, insufficient an integrated electronic health record, difficulty 
in protecting patient genetic information, and differences in access to genomic 
medicine by certain populations. However, the dental profession should act in 
tandem with medical profession to pace toward innovation and harness advanced 
technologies to ensure the development and progression of personalized healthcare 
environment [62, 90].

6.  Personalized dental implant therapy: Introducing Implantogenomics 
Concept

The emergence of advanced technologies underpins the application of personal-
ized dental implant therapy as a novel dental approach to providing precise patient’s 
care. In fact, the presence of a broad spectrum of patients with various conditions 
include systemic diseases, special needs, and syndromic and elderly with compro-
mised jaws necessitate patient’s stratifications who share similar risk factors. Having 
such homogeneous groups and subgroups will help in developing proper protocol, 
treatment decision and prediction and tailoring precise patient-centered treatment 
strategy.

In 2020, we have proposed the personalized dental implant along with its new 
concept implantogenomics [16]. The current opinion review wishes to introduce the 
new concept to more audience in both medical and dental fields. In analogy to phar-
macogenomics, implantogenomics should accurately achieve three major components 
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prior to be implemented as a future personalized therapeutic strategy in the realm of 
implantology. First, stratifying individuals into subgroups based on a person’s unique 
genome, second, identifying specified prognostic and predictive biomarkers which 
characterized endosseous wound healing of each subpopulations, and third, applying 
genomic information to design dental implant suit each subpopulation.

It is conceivable that the actionable model which integrates multiple advancement 
technologies will leverage the development of new medical devices including dental 
implants in favor of regenerative medicine and dentistry. These include but is not 
limited to multi-omics data, advanced material science, biotechnologies, and con-
temporary bioinformatics tools along with artificial intelligence. It is suggested that 
the joining of bioinformatics and artificial intelligence will handle high throughput 
genetic data more precisely in terms of defining, categorizing and analyzing [91, 92]. 
The ultimate goal of personalized dental implant therapy is to have the four Rights. 
(1) Right treatment in terms of implant design and legitimate protocols, (2) Right 
patient in terms of patient stratification and minimal biological complication out-
comes, (3) Right time in terms of bio-physiological events, and (4) Right Positioning 
in terms of Jaw status. Figure 3 elucidates an actionable model of personalized dental 
implant therapy.

More recently, Albrektsson et al. proposed that personalized dental implant 
therapy and its implantogenomics concept may accelerate the development of genetic 
diagnostic tests as a target future therapeutic for residual ridge resorption (RRR) in 
elderly [16, 93]. In this regard, it should be mentioned that the application of person-
alized dental medicine to the realm of dental implant requires innovative leadership 
to direct wide-spectrum of scientific and clinical research as well as multidisciplinary 
and multicenter collaborations. Thus, the application of personalized dental medicine 
in the field of dental implant remains challengeable.

Figure 3. 
An actionable model. The personalized dental implant therapy- the convergence of multiple disciplines.
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7. Conclusions

The Integration of multi-disciplines including biological sciences, material 
sciences, and computational tools in actionable model may underpin the application 
of personalized dental implant therapy in the future. This approach will unleash 
the potential of advancing technologies to tailor dental implants targeting different 
subpopulations with more predictive outcomes. Despite this optimistic goal, chal-
lengeable remain ahead of us where conduction of well-directed scientific and clinical 
research is needed.
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Chapter 14

The Relationship between Dental 
Occlusion and “Prosthetic 
Occlusion” of Prosthetic 
Restorations Supported by Natural 
Teeth and Osseointegrated Dental 
Implants
Robert Ćelić, Hrvoje Pezo, Stanislava Senzel and Gracia Ćelić

Abstract

The concept of human dental occlusion represents much more than the mere 
physical contact of the biting surfaces of opposing teeth. It is not a static, unchanging, 
structural relationship, but rather a dynamic, real, physiological relationship between 
different tissue systems. It is best defined as the functional relationship between the 
components of the masticatory system, which includes the teeth, the periodontium, 
the neuromuscular system, the temporomandibular joints and the craniofacial 
skeleton. Biologically, occlusion represents a coordinated functional interaction 
between different cell populations of the masticatory tissue systems that differentiate, 
model, remodel, destroy and regenerate. When the functional balance of the mastica-
tory system is disturbed or when occlusion is restored by various types of prosthetic 
restorations, specific goals of occlusal treatment become important, especially today 
with the rapid insertion of dental implants. The aim of this chapter is to highlight the 
characteristics of dental occlusion in relation to the characteristics and requirements 
of ‘prosthetic occlusion’ for different types of prosthetic restorations supported by 
natural teeth, gingiva, alveolar ridges and dental implants. A particular focus in 
writing the chapter is the analysis of the scientific literature on the interrelationship 
between the so-called occlusion concepts and the biomechanical aspects of different 
types of implant prosthetic restorations.

Keywords: dental occlusion, occlusal concepts/schemes, prosthetic restorations, 
implant prosthetic restorations, dental implants, overload, biomechanics

1. Introduction

There is no doubt that the human dentition must only be considered in the context of 
the human masticatory system and the whole organism. Knowledge of the characteristics 
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of occlusion (tooth contacts at maximum intercuspation and movements of the man-
dible) and the interaction within the masticatory system are the basis for the development 
of so-called occlusal concepts, which have their diagnostic, therapeutic and clinical 
application in the daily practise of general dentists and specialists in dental prosthetics. 
The therapeutic capacity of dental occlusion is reflected in the fabrication of fillings made 
of different restorative materials, different types of prosthetic restorations supported by 
natural teeth, gingiva, alveolar bones of the maxilla and mandible, osseointegrated dental 
implants and other therapeutic devices such as different types of occlusal splints.

The term dental occlusion is often given the attribute “controversial” in profes-
sional and scientific literature. The contradiction is caused by different objective and 
subjective interpretations found in theories and empirical observations about occlu-
sion, by the insufficient number and inadequate design of scientific studies (lower 
level of scientific evidence) about occlusion, up to the argument of certain authors 
that the characteristics of occlusion, occlusal schemes and concepts have a very low 
clinical significance. They justify this with the fact that in most cases the patient’s 
masticatory system can adapt to minor changes at the level of occlusion [1–6].

However, common sense and daily clinical practise undoubtedly indicate that 
knowledge of the morphology and function of natural tooth occlusion cannot and 
should not be ignored, regardless of the current strength of scientific evidence. This 
knowledge, with certain modifications and specificities, certainly finds its application 
in the fabrication of prosthetic and implant prosthetic restorations.

2.  Characteristics of dental occlusion and occlusal concepts for different 
types of prosthetic/implant prosthetic restorations

Mandibular positions and movements in static and dynamic occlusal relationships 
of the maxilla and mandible have their diagnostic and therapeutic applications, espe-
cially in prosthetic patients with partial and complete tooth loss and in patients with 
the clinical picture of temporomandibular disorder [7]. The joint and tooth position 
(retruded contact position, RCP) of centric relation (CR), maximum intercuspation 
tooth position (MIP) and physiological rest are diagnostic and therapeutic reference 
positions of the mandible used in dental prosthodontics for the fabrication of prosthetic 
restorations supported by natural teeth, gingiva, and alveolar bone ridges [8–10].

The impossibility of reaching a consensus on the definition of centric relation 
among experts (prosthodontists, orthodontists, periodontists, oral and maxillofacial 
surgeons) in the field of occlusion is particularly controversial. The most common 
conclusion of the studies [11–15] is that agreement on the definition that best or 
most accurately describes the position of centric relation has not been fully reached 
and that further and repeated research is needed. Zonnenberg et al. [16] suggest 
abandoning the term “centric relation” in scientific and academic communication. 
The authors noted that everyone has a unique relationship that cannot be described 
in a single term. In healthy patients, this relationship is determined by the maximum 
intercuspation of the teeth (MIP) and should therefore be considered biologically 
acceptable. However, they acknowledged that there are individual patients who 
present clinically with mandibular instability because they have an unstable MIP due 
to dental and/or skeletal injury or due to malocclusion requiring treatment. In these 
patients, establishing a new jaw relation is an important part of appropriate occlusal 
treatment procedures. There are three main groups of patients to whom this applies: 
edentulous (or partially edentulous) patients who require a construction of partial 
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or full removable denture prostheses; patients who need full-mouth reconstruction, 
with or without implants; and patients who need full-mouth orthodontic and/or 
orthognathic therapy.

In addition, it is necessary to know the kinetics of the mandibular masticatory 
system in function with the masticatory muscles and temporomandibular joints, 
which are coordinated and controlled by the central nervous system. The evaluation 
of the occlusion is important in prosthodontics and restorative dentistry because the 
occlusal surfaces of the teeth to be restored must be functional units of the patient’s 
masticatory system. Specifically, the morphology of the cusps, fossae, grooves, and 
marginal ridges should support the mandible in the intercuspal position and where 
appropriate, during eccentric jaw movements and in functional activities such as mas-
tication. Restored teeth should not interfere with mandibular function in mastication, 
speech, and swallowing nor should they transmit excessive force to the attachment 
apparatus or the temporomandibular joint either in the intercuspal or eccentric jaw 
positions or during movement [17].

Occlusal contacts that occur between the teeth of the upper and lower dental 
arches during mandibular movements under the influence of the function of the 
masticatory muscles and the anatomy of the temporomandibular joints in the natural 
dentition can take place through the so-called occlusal concepts or schemes. The 
“ideal occlusion” for eccentric movements can be classified by three schemes accord-
ing to the tooth contact condition: mutually protected occlusion (canine guidance), 
group function, and balanced occlusion. The balanced occlusion concept is applied to 
complete denture patients while mutually protected occlusion and group function are 
applied for natural dentition and prosthetic restorations [18–21].

The partial or complete loss of natural teeth and the various types of prosthetic 
restorations (complete and partial dentures) that compensate for this loss alter the 
normal regulation of oral functions such as movements and position of the lower jaw 
or functions such as biting or chewing. In a completely dentate individual, sensory 
organs (receptors in the dental pulp and periodontal mechanoreceptors) perform 
fine proprioceptive control of jaw function and influence the control of magnitude, 
direction and force of the bite (e.g. adaptation of masticatory muscle activity to the 
hardness of the food). In completely edentulous and partially edentulous individuals, 
the number of periodontal mechanoreceptors is completely and significantly reduced, 
so that an important source of tactile sensory input through the central nervous 
system is lost.

Wearers of complete and partial dentures often have impaired masticatory func-
tion because the remaining mechanoreceptors from the alveolar bone, gingiva and 
palatal mucosa cannot compensate for the loss of periodontal mechanoreceptors. This 
leads to a change in the basic forms of movement during mastication, i.e., an impair-
ment of masticatory function in wearers of removable prostheses [22–26].

Fuentes et al. [27] come to a similar conclusion in their study. They claim that sub-
jects with prosthetic restoration, regardless of the type of restoration, show a reduction 
in mandibular range of motion (border and functional) compared to the movements 
of a fully dentate subject. Rivera et al. [28] compared the characteristics of masticatory 
cycles in wearers of removable complete and partial dentures and overdentures retained 
with two dental implants. They concluded that wearers of mandibular overdentures 
supported by dental implants showed masticatory performance very similar to that 
described in the literature in younger, fully dentate subjects. They emphasize that this 
type of prosthetic restoration improves sensory perception and provides wearers with 
a greater sense of comfort, retention, and stability. They also point out that the wearers 
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of removable implant prosthetic restoration (overdenture) showed increased chewing 
frequency and speed with smaller and faster chewing cycles.

Shiga et al. [29] studied the stability of mandibular movements during mastication 
in complete dentures, overdentures supported by dental implants and adult dentate 
subjects. The least differences in mandibular movements during mastication were 
found between adult dentate subjects and wearers of overdenture anchored by two 
implants. However, it was necessary to wear implant overdentures for 9 months to one 
year to adapt to the new chewing function.

These scientific findings gave rise to the term “osseoperception”, which is used to 
describe the sensations evoked by the mechanical stimulation of dental implants or 
a prosthetic restoration supported by dental implants. Osseoperception is defined as 
mechanoreception in the absence of a functional periodontal mechanoreceptive input 
but derived from temporomandibular joint (TMJ), muscle, cutaneous, mucosal, and/
or periosteal mechanoreceptors, and which provides mechanosensory information 
for oral kinesthetic sensibility in relation to jaw function and artificial tooth contacts. 
Patients with implant supported prostheses have improved tactile discriminative 
capabilities and report improved motor function [23, 24, 30, 31].

It has been found that the masticatory efficiency with implant prosthetic restora-
tions is very close to that of the natural dentition and that the maximum bite force 
with such a prosthetic restoration is equally high, if not higher [24]. However, in 
subjects with implant-retained prosthetic restorations, regulation of masticatory 
muscle activity was arranged in response to gradual changes in food consistency that 
occur during mastication [32].

In this context, there are differences between osseointegrated dental implants and 
natural teeth. Individuals with implant prosthetic restoration retain a good sense of 
dynamic loads (such as tapping on the tooth or contact between the tooth and a hard 
object) but an impaired sensitivity to static loads (e.g. spatial aspects) because the 
sensory signals underlying osseoperception are qualitatively different from those 
evoked when the load is directed at the natural tooth [24, 32].

2.1 Occlusal concepts in the fabrication of conventional complete dentures

Being a toothless person entails almost continuous morphological, functional, and 
behavioral changes in the tissues that support the complete dentures. This is particularly 
true of the oral mucosa and alveolar ridges of the edentulous maxilla and mandible, but 
the changes also affect the masticatory muscles, the temporomandibular joints and the 
lower third of the face. The above changes normally occur as part of the physiological 
aging process, but they can also be the result of inadequately performed therapy with 
complete dentures, where the changes can accelerate and aggravate the already difficult 
condition of edentulism. It should not be forgotten that chronologically, edentulous 
patients are mostly elderly people who are prone to polypharmacy due to their compro-
mised health status, which translates into a decrease in their overall quality of life [33].

The existence and definition of the concept of centric relation shares a similar con-
fused and controversial fate as the selection of occlusal schemes in the fabrication of 
complete dentures in edentulous patients. There are various classifications of occlusal 
schemes for complete dentures mentioned in dental textbooks, professional and 
scientific journals. For this chapter, it seems appropriate to use the classification of 
balanced and non-balanced occlusal schemes/concepts in the fabrication of complete 
dentures. Regardless of the type of occlusal scheme (balanced and non-balanced) for 
complete dentures, the goals of the chosen scheme are generally the same: maximum 
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retention/support and stability of complete dentures, adequate esthetics, adequate 
masticatory efficiency, sense of comfort and long-term preservation of oral tissues 
(gingiva and alveolar bone) due to optimal transfer of masticatory load to the loaded 
tissues [34–38]. In his 25-year study, Tallgren [39] found that the alveolar bone is con-
tinuously resorbed (resorption of the anterior mandibular ridge is four times higher 
than in the maxilla), which is the biggest problem for wearers of complete dentures.

In the latest edition (2017), “the Glossary of Prosthodontic Terms” [8] defines 
“bilateral balanced articulation” as: the bilateral simultaneous posterior occlusal 
contact of the teeth in maximum intercuspal position and eccentric positions. The 
concept of balanced or bilaterally balanced occlusion/articulation was created “under 
the pretext” of improving the stabilizing effect of complete dentures by achieving 
tooth contact on the non-working side of the dental arches during excursive move-
ments of the mandible [40, 41]. In individuals with normal dentition (Angle Class I), 
occlusal contact on the non-working side of the dental arches represents premature/
interferential tooth contact, which has a potential and pathological effect on the func-
tion of the masticatory system (association with temporomandibular disorder).

In contrast to the non-balanced occlusal schemes, whose representatives are the 
mutually protected occlusal schemes (canine guidance) and the group function of 
natural teeth [8, 42] and the concept of monoplane (neurocentric) occlusion without 
balance (with no compensating curves or posterior balancing ramp) [43, 44], the 
examples of balanced occlusal schemes are much more numerous. The confusion is 
compounded by the fact that different designs of the occlusal surfaces of artificial, 
predominantly acrylic posterior teeth (anatomical, semi-anatomical and non-ana-
tomical (flat) posterior teeth) are used to realize balanced and non-balanced occlusal 
schemes for complete dentures. However, the most mentioned types of balanced 
occlusion schemes for complete dentures are bilateral balanced occlusion, lingualized 
occlusion, anatomical occlusion, monoplane occlusion with balance (with medio-
lateral and antero-posterior compensating curves or posterior balancing ramp), 
buccalized occlusion and others [45–52].

Scientific studies comparing balanced and non-balanced occlusion schemes of 
complete dentures regarding variables such as retention, stabilization, masticatory 
efficiency of complete dentures, comfort of wearing complete dentures, resorption 
of the alveolar ridge (load transfer) and quality of life of edentulous patients also 
come to contradictory results. Some studies [53, 54] favor non-balanced occlusal 
concepts (e.g., canine guidance) over balanced occlusions and vice versa [55], others 
emphasize the advantages of balanced occlusions per se and over non-balanced 
schemes [38, 47, 56–63], and third studies record no differences between balanced 
and non-balanced occlusal concepts for complete dentures [64–69] and consider 
them clinically equivalent in the context studied.

However, the general conclusion based on the current state of scientific evidence 
shows that edentulous patients function well with complete dentures regardless of 
the type of occlusal scheme chosen (it seems to the authors of this article that two 
occlusal schemes can be distinguished in the literature: lingualized occlusion (e.g. 
in clinical situations with severe resorption of the edentulous alveolar ridges [63]) 
and canine guidance (patients with good alveolar ridges without neuromuscular 
problems [46]), in which anatomical posterior teeth are used. Thus, the choice of 
occlusal scheme for complete dentures is mainly based on a well-determined vertical 
dimension of the occlusion, on the clinical assessment of the occlusal scheme and the 
experience of the clinician, and on the expected good relationship between patient 
and clinician [38, 46, 70]. Until the contrary is proved.
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Figures 1–8 show the occlusion scheme (unbalanced occlusion—canine guid-
ance/group function) for complete dentures used by the so-called “Zagreb School”, 
Croatia. The occlusion scheme is based on compliance with the lingual or neutral 
space; correctly determined vertical and horizontal relationships using the physi-
ological rest position and centric relation; and Gerber’s reduced occlusion (the 

Figure 2. 
Setting teeth for complete dentures in the dental articulator: protrusion movement—“Zagreb School” (unbalanced 
occlusion—canine guidance/group function).

Figure 1. 
Setting teeth for complete dentures in the dental articulator: position of maximum intercuspation—“Zagreb 
School” (unbalanced occlusion—canine guidance/group function).
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supporting cusps of the upper (palatal) and lower (buccal) artificial (anatomical) 
posterior teeth are projected to the centre of the edentulous alveolar ridges—the 
load generated by the function of such a posterior dentition is shifted to the centre 
of the edentulous ridge and lingually/palatinally, thus acting as a stabilizer in full 
dentures). One of the peculiarities of this scheme is that the upper and lower second 
molars in complete dentures are not placed at the expense of the lingual or neutral 
space.

Figure 3. 
Setting teeth for complete dentures in the dental articulator: left laterotrusion movement—“Zagreb School” 
(unbalanced occlusion—canine guidance/group function).

Figure 4. 
Setting teeth for complete dentures in the dental articulator: right laterotrusion movement—“Zagreb School” 
(unbalanced occlusion—canine guidance/group function).
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2.2  Occlusal concepts in the fabrication of conventional fixed (single crowns, 
fixed bridges) restorations and removable partial dentures

Historically, occlusion and articulation are concepts/schemes that are constantly 
evolving. Bilaterally balanced occlusion, unilaterally balanced occlusion (group func-
tion) and mutually protected occlusion (canine guidance) are basic concepts of occlu-
sion used daily in clinical practise. In the fabrication of fixed prosthetic restorations 
and removable partial dentures, but generally in restorative dentistry, the concept of 
mutually protected occlusion (alternatively group function) is recommended by the 
education of doctors and various specialists in dental medicine. As restorative treat-
ment requirements may vary, the clinician should be aware of the combinations of 
occlusion schemes, their advantages and disadvantages and indications [71].

Otherwise, during the anamnesis and clinical examination of a patient who is 
to be treated with fixed restorations (single crowns, bridges), removable partial 
dentures (cast metal) or so called., combined removable-fixed prosthetic restora-
tions (e.g., surveyed crowns + various types of dental attachments + removable 
partial dentures), an analysis of the state of the existing occlusion is inevitable. 
Those types of prosthetic restorations usually involve a partially edentulous patient 
in whom the vertical dimension of the occlusion (the height of the lower third of 
the face) may or may not be preserved. Regardless of the clinical situation, the 

Figure 5. 
Marking of the occlusal contacts during maximum intercuspation (red articulation paper) in the dental 
articulator.
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Figure 6. 
Marking of the occlusal contacts during lateral and protrusive movements (blue articulation paper) in the dental 
articulator.

Figure 7. 
Distribution of static (red) and dynamic (blue) occlusal contacts in lower occlusal rim/full denture.
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static and dynamic occlusal relationships between the existing upper and lower 
dental arches (occlusogram) should be considered and recorded within the normal 
function (masticatory muscles and temporomandibular joints) of the masticatory 
system [24, 72]. Static occlusal contacts are the position and distribution of con-
tacts/dots/marks in the tooth position of maximum intercuspation on the occlusal 
surfaces of the dental arches, and dynamic occlusal contacts are the position of the 
path line that occurs during excursion movements of the mandible (in the canine 
guidance concept, the line is on the palatal surface of the upper canine and the 
labial surface of the lower canine on the working side). Static and dynamic analysis 
of occlusion may reveal the presence of premature occlusal contacts in the centric 
(shift between the retruded contact position and maximum intercuspation) and 
on the non-working sides of the dental arches (most commonly the maxillary and 
mandibular second molars) during laterotrusion and protrusion movements of 
the mandible. In the literature, the causal relationship between premature occlusal 
contacts and the prevalence of clinical signs and symptoms of TMJ disorders is 
controversial, but in any case, they should be excluded when performing any form 
of prosthetic rehabilitation [7, 24, 71].

Occlusal analysis can be performed in the patient’s mouth and on study plaster 
models in an adjustable dental articulator (with facebow transfer). As part of the 
occlusal analysis of the study models in the adjustable dental articulator, the vertical 
dimension of the occlusion (which may be adequate or reduced) can be assessed as 
part of the diagnostic procedure; resulting changes in the horizontal jaw relation 
(joint position of the centric relation); the degree of wear of the tooth structure on 
the remaining natural teeth as a result of parafunctional activity of the masticatory 
system in the form of bruxism; the change in the alignment of the occlusal/prosthetic 
plane; the presence of centric and eccentric premature occlusal contacts; the position 
of the teeth of the potential abutments of the prosthetic restorations (which may 
be inclined in all directions; in supraocclusion; in infraocclusion), etc. The above 

Figure 8. 
Distribution of static (red) and dynamic (blue) occlusal contacts in upper occlusal rim/full denture.
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parameters may also influence the prosthetic treatment plan (selection of the type of 
prosthetic restoration) and the choice of occlusal scheme. The clinician has the option 
of choosing all three types, from canine guidance to group function to bilateral bal-
anced articulation (e.g. when one jaw is edentulous and a complete prosthesis needs 
to be made and there is partial tooth loss in the opposing jaw that can be treated with a 
fixed restoration or removable partial denture) [24].

Static and dynamic occlusal contacts can be marked on the biting surfaces with 
thin articulating papers (in different colors) or with a shimstock foil. The resulting 
marks on the tooth surfaces provide information about their position, distribu-
tion, and intensity. When articulating paper is used to identify and verify static 
and dynamic occlusal contacts in the patient’s mouth, the procedure is not entirely 
reliable in terms of leaving an adequate trace of each mark on the biting surface of 
the teeth due to the moist environment in the oral cavity. Even if articulating papers 
with a thickness of 200 μm are used, they leave a trace of a larger and unclear surface, 
which makes them additionally “positively false”. Therefore, for testing and marking 
occlusal contacts, shimstock thickness (8–10 μm) or articulating paper thickness 
(12–40 μm) are more reliable, provided that a “dry working field” has been achieved 
on the occlusal surfaces [73–75]. Kernstein and Radke [76] also claim that the use of 
articulating paper in occlusal analysis is influenced by the clinician’s subjective and 
inaccurate assessment, as it is not possible to distinguish how the differences between 
heavy and light loads/bites on the articulating paper affect the intensity of occlusal 
contact marks. They propose a more objective method of occlusal analysis where it is 
possible to determine the relative occlusal force and duration of static and dynamic 
occlusal contacts. Devices (e.g., the T-scan device) for so-called computer-assisted 
occlusal analysis [77, 78] are capable of this type of occlusal analysis. It should be 
noted that these devices are currently used more in scientific research and are slowly 
finding their way into clinical practise.

When fabricating fixed crowns and bridges supported by natural teeth, the occlu-
sal settings are adapted to the static and dynamic occlusal contacts of the remaining 
natural teeth. If no natural canines are present (due to extraction or, for example, 
in individuals with Angle class anomalies II and III, where canine guidance is not 
realistic), the group function concept can be used for the above types of prosthetic 
restorations. In this case, with the group function concept, the central and lateral 
incisors take over the anterior guidance instead of the canines and “protect” the 
posterior teeth from overloading. In addition, a detailed occlusal analysis is important 
as it shows all tooth contacts and anterior guidance that should be maintained when 
preparing the teeth. It also allows clinicians to decide whether to maintain the existing 
occlusal scheme (conformative approach) or to modify the existing occlusal scheme 
(reorganized approach) [79].

After analyzing the occlusion of the existing condition of the masticatory system 
according to the same principles, the selection of an occlusal scheme (canine guid-
ance and group function) for a removable partial denture can be recommended. 
Therefore, in a partially edentulous patient in whom, the fabrication of a removable 
(metal) partial denture (RPD) or a combined removable fixed prosthetic restoration 
(metal RPD + surveyed crowns + dental attachments) is indicated, the objectives of 
establishing an appropriate occlusal scheme should be combined in such a way that 
the supporting teeth, gingiva and alveolar bone are functionally appropriately loaded 
(within the adaptability of the aforementioned tissues) and that they are harmonized 
with the morphology and function of the masticatory muscles and temporomandibu-
lar joints [80].
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3. Occlusal concepts in the fabrication of implant prosthetic restorations

In the recent literature, numerous factors are mentioned (e.g. bone quality and 
density; type, surface and design of dental implant; type of prosthetic restora-
tion and its passive fit on dental implants; skills and experience of the clinician; 
health status of the patient (influence of systemic diseases); oral parafunctions; 
smoking, oral hygiene and others) that can affect the long-term clinical success of 
implant prosthetic therapy. Among other factors, the biomechanical environment 
in which implant prosthetic restoration’s function is cited as a major cause (along 
with infectious factors) of initial and long-term bone loss around dental implants. 
Biomechanical loading refers to the way in which occlusal/masticatory forces are 
transferred to dental implants by different types of prosthetic restoration, which 
occurs during static and dynamic occlusal contacts, i.e. mandibular movements 
[5, 6, 81, 82]. Scientific studies [83–85] have shown that mandibular movements 
and function (by form and velocity), chewing efficiency (habitual chewing) are 
very similar in natural dentition and implant prosthetic restorations compared to 
wearers of removable conventional complete dentures thanks to the phenomenon of 
osseoperception.

In general and historically, the parameters of a therapeutically functionally opti-
mal occlusion to ensure longevity (test of time) and success of prosthetic restoration 
are as follows: (a) simultaneous bilateral occlusal contacts and even distribution of 
occlusal forces; (b) absence of premature occlusal contacts in the centric; (c) smooth, 
even, symmetrical lateral and protrusive movements of the mandible without pre-
mature occlusal contacts on the non-working sides of the dental arches [1, 4, 86–88]. 
In other words, the concepts of occlusion in natural teeth were transferred, with 
certain modifications, to the concepts of occlusion in implant prosthetic restoration. 
The clinician’s responsibility in selecting an occlusal scheme for implant prosthetic 
restoration is to minimize occlusal overload at the interface between the alveolar 
bone and the surface of the dental implant. In addition, an accurate diagnosis and 
treatment plan provides for an appropriate number and placement of dental implants 
inserted for removable and fixed implant prosthetic restoration, a passive fit of the 
prosthetic restoration supported by the implants, and progressive loading to increase 
the amount and density of bone around the implant to reduce the risk of loading 
beyond physiological limits [89].

Following the same principle, Misch [81, 89] introduced an occlusal scheme for 
implant prosthetic restoration at the end of the last century, called implant-protective 
occlusion (IPO) or medially positioned lingualized occlusion. The IPO concept 
considers several conditions to reduce the stress on the implant-bone interface. These 
include: the timing of occlusal contacts, the influence of the implant surface, the 
mutually protected articulation, the angle of the implant or crown body to the occlu-
sal load, the cusp angle of the crowns, the cantilever (offset) distances, the crown 
height, the crown contour, the protection of the weakest component and the occlusal 
material of the implant crowns. The following modifications must be considered 
when creating the “IPO scheme” for implant prosthetic restoration: The occlusal mor-
phology of the prosthetic restoration must direct the occlusal load in the axial direc-
tion, use a narrower occlusal plane, reduce the inclination of the tooth cusps, reduce 
the length of the cantilever in the mesiodistal and buccolingual directions and use 
crossbite occlusion in certain situations. In short, the principles of the “IPO scheme” 
are bilateral stability in the central (habitual) occlusion, even distribution of occlusal 
contact and load, no premature contacts between the centric relation and central 
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occlusion, realization of the “freedom in centric” (relation between functional/
supportive cusps and central fossae of the posterior teeth based on a flat plateau of 
1–1.5 mm), anterior guidance whenever possible; and free lateral and protrusive 
excursion of the mandible without non-working premature occlusal contacts [89].

Teeth with associated periodontium and surrounding bone are inherently biome-
chanically designed to absorb excessive occlusal/masticatory forces, which is not the 
case with osseointegrated dental implants without periodontium, which are therefore 
more sensitive to occlusal overload. The mobility of a natural tooth under axial masti-
catory loading is in the range of 25–100 μm, that of a dental implant is 3–5 μm. Under 
axial loading, the periodontium of a natural tooth allows the tooth to move according 
to the indicated range and the functional adaptation of the alveolar bone (“shock or 
stress absorber”). The dental implant “reacts” to the axial load with a linear deflec-
tion to the extent allowed by the elastic deformation of the alveolar bone. Therefore, 
the compressibility and deformability of the periodontium of a natural tooth under 
axial loading may make a difference in adapting to static and dynamic occlusal forces 
compared to osseointegrated implants. A natural tooth subjected to transverse or 
lateral loading can move rapidly by 56–108 μm, rotating in the apical third of the 
root, and the periodontium of the tooth tends to immediately reduce this direction of 
force from the crestal bone towards the root. On the other hand, the movement of the 
implant under the same lateral load is gradual, reaching a displacement of 10–50 μm, 
and the concentration of the force is greater at the level of the crestal bone around 
the shoulder of the implant, without the possibility of implant rotation. In addition 
to direction, occlusal forces may show differences in duration and intensity during 
normal or parafunctional activity of the masticatory system. Conditions of increased 
muscle activity due to bruxism, unbalanced static and dynamic occlusal contacts 
on different types of implant prosthetic restorations, lack of passive fit between 
prosthetic components (mesostructure), prosthetic restorations and dental implants 
are potential factors for prolonged and more intense occlusal overload, which conse-
quently increases the occurrence of biological and technical complications in implant 
prosthetic restorations [82, 89–93].

It must be said, however, that there are studies and opinions of authors [94, 95] 
who believe that the role of occlusal overload as a causative factor in the occur-
rence of peri-implant bone loss has not yet been scientifically proven and that this 
should be done by future studies. The relationship between mechanical loading and 
biological consequences (increase in peri-implantitis rate) on bone response has 
been established, but specific thresholds have not been correlated with prosthetic 
design (crown-implant length ratio, cantilever implant prostheses and splinting) and 
occlusal scheme guidelines.

3.1  Occlusal concepts in the fabrication of removable implant prosthetic 
restorations (overdentures)

The fabrication of removable implant overdentures in edentulous maxillae and 
mandibles represents a higher standard of treatment for completely edentulous 
patients. According to the ITI classification, there are three loading protocols for den-
tal implants [96]: conventional, early and immediate loading. When fabricating lower 
overdentures in the edentulous mandible, the standard protocols are the conventional 
and immediate loading protocols (2–4 dental implants placed) and for upper over-
dentures the conventional protocol (4 dental implants placed, mainly due to the lower 
quality and density of the upper edentulous alveolar ridge). From a biomechanical 
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point of view, the choice of an occlusal scheme for removable implant prosthetic 
restoration has the effect of reducing the magnitude of the load and the mechanical 
stress/strain force, especially in the crestal bone area around osseointegrated dental 
implants. As in the fabrication of conventional full dentures, occlusal schemes of 
bilateral balance occlusion and its variants are most frequently mentioned in the pub-
lished papers. The lingualized occlusion is recommended in clinical situations when 
the edentulous alveolar ridges are preserved, while the so-called monoplane (flat 
plane) occlusion is recommended in extremely atrophic ridges [97–100]. On the other 
hand, Aarts et al. [101] compared patient satisfaction with the physiological occlusion 
(in terms of features most similar to the concept of canine guidance (unbalanced 
occlusion)—used for complete dentures with anatomical posterior acrylic teeth [8]) 
and lingualized occlusion over a 3-year period of wearing a lower overdenture sup-
ported by two implants and an upper conventional complete denture. Most patients 
rated prosthetic restorations with physiological occlusion better, which justifies the 
authors in concluding that, in addition to the expected balanced occlusion schemes, 
unbalanced occlusion concepts can also be used for implant-supported overdentures.

There are no clinical scientific studies that favor balanced occlusal schemes over 
nonbalanced ones and vice versa. The reasons for this are that there are not many 
published studies comparing different occlusal schemes for overdentures supported 
by dental implants. The most common are comparisons of occlusal schemes between 
the lower overdenture supported by two dental implants and the upper conventional 
complete denture (no comparison in relation to the natural dentition, different 
types of fixed, removable prosthetic or implant prosthetic restorations and possible 
combinations); the small number of subjects participating in this type of research 
(shortcomings in the study design); and the objective finding that this type of clinical 
research on this topic is very difficult to conduct for ethical, financial and other 
reasons.

3.2  Occlusal concepts in the fabrication of fixed implant prosthetic restorations 
(single crowns, fixed bridges and full arch implant-supported restorations)

When fabricating fixed implant prosthetic restoration such as single crowns or 
bridges with a shorter span (maximum five to six units), the application of the occlu-
sal scheme is mainly determined by the loading protocol (conventional, early and 
immediate) of the dental implants and the status of the remaining natural occlusion. 
In such situations, the existing status of the natural occlusion (static and dynamic 
occlusal contacts) should be checked and recorded before starting implant-prosthetic 
therapy. If there is an indication for conventional loading, the occlusal characteristics 
registered on the natural dentition are applied after a phase of osseointegration. This 
would mean that the static occlusal contacts on the crown or bridge in the position 
of maximum intercuspation should be spatially distributed as close as possible to the 
axial axis of the inserted dental implant (reduced inclination of the tooth cusps in this 
type of prosthetic restoration to reduce the generation of damaging lateral forces due 
to leverage). Then, the distance between the single crown or fixed bridge in rela-
tion to the antagonist tooth/teeth is 30 μm (due to the lack of tooth periodontium), 
which avoids subjecting the prosthetic restoration to excessive forces during higher 
loading (e.g. bruxism). Adequate clearance between the centric relation position 
and the maximum intercuspation (1–1.5 mm) provides more favorable vertical load 
lines, reducing the possibility of premature contacts in the centric during function. 
The anterior and lateral guidance of the mandible (dynamic occlusal contacts) is 
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provided by the patient’s natural teeth (canine guidance or group function) and there 
are no premature working and non-working contacts during excursion movements 
of the mandible. In summary, the occlusal parameters mentioned are parameters that 
describe the occlusal scheme of implant-protective occlusion [5, 81, 89, 98, 102, 103].

However, in the indication for immediate loading of dental implants and the 
fabrication of single crowns and fixed bridges with shorter spans with preserved 
natural dentition, there are some changes regarding occlusion. First, this form of 
implant prosthetic therapy consists of two prosthetic phases. In the first phase, a 
provisional or temporary prosthetic restoration is fabricated on newly placed dental 
implants due to one or more lost teeth, using a “softer” prosthetic material such as 
polymethyl methacrylic (PMMA), composite, metal-acrylic or metal-composite. 
The aim of this approach with the use of “softer prosthetic material” is to protect 
newly placed dental implants from excessive functional and parafunctional forces 
(e.g. bruxism, severe clenching) in a partially edentulous patient [104, 105]. Second, 
for the same reasons, two occlusal loading protocols for dental implants have been 
proposed and applied: the immediate functional loading protocol and the immedi-
ate non-functional loading protocol. Immediate functional loading assumes that, in 
this case, a temporary single crown or a fixed bridge supported by a newly placed 
dental implant is in occlusal contact with the opposite part of the dental arch. The 
protocol of immediate non-functional loading implies that there is no occlusal contact 
(neither static nor dynamic contacts) between the provisional prosthetic restoration 
and the opposing dental arch [106]. The published scientific studies on this subject 
provide contradictory results and interpretations. There are studies [107, 108] that 
report lower survival rates of dental implants after immediate functional loading 
than after immediate non-functional and even delayed conventional loading. Other 
authors observe no differences between immediate functional and immediate non-
functional loading in terms of implant survival, peri-implant bone loss or soft tissue 
healing, especially in the mandible, at short or medium follow-up periods [109–113]. 
In contrast to the mandible, the immediate loading protocol for single crowns and 
fixed bridges is carried out more cautiously in the maxilla. Zarrabi et al. [114], in 
their randomized clinical trial comparing a non-functional immediate protocol and a 
conventional protocol in the posterior maxilla, found no differences in the follow-up 
results (1 year) of clinical and radiological parameters evaluating implant prosthetic 
therapy. Once the period of osseointegration has elapsed (3–6 months), provisional 
fixed implant prosthetic restorations can be replaced by definitive single crowns and 
fixed bridges made of different prosthetic materials, using occlusal schemes based on 
the principles described in the first paragraph of this chapter.

In modern digital dentistry, the so-called “digital workflow” allows the virtual 
design of different types of prosthetic restorations supported by dental implants in 
accordance with the principles of the chosen occlusal scheme. Figures 9–17 show the 
possibilities of virtual occlusal design in the fabrication of single crowns supported by 
dental implants in the partially edentulous mandible. In the specialized software, there 
is the possibility to perform mandibular movements in the virtual articulator and to 
adjust static and dynamic occlusal contacts to definitive prosthetic/implant prosthetic 
restorations. This reduces the need to grind the occlusal contacts in the patient’s mouth 
and compromise the mechanical integrity of the finished prosthetic restoration.

The fabrication of full-arch fixed implant prosthetic restorations in completely 
edentulous patients also has its own peculiarities and occlusal characteristics, especially 
since they can be made of different prosthetic materials (e.g. metal-acrylic, metal-
ceramic and all-ceramic prostheses). Between biological and technical complications 
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in implant prosthetic restoration, technical or prosthetic complications are more 
common, some of which can lead to occlusal instability and occlusal overload. This 
type of implant prosthetic restoration is most often applicable through a conventional 
and immediate protocol (e.g. All-on-4 concept) of loading dental implants with a high 
survival rate (95–100%) at a follow-up of at least five years or more [115–117].

Figure 10. 
Fabrication of fixed implant prosthetic restorations—virtual design of single crowns supported by dental 
implants. Display of modeling in the position of maximum intercuspation in the virtual articulator.

Figure 9. 
Fabrication of fixed implant prosthetic restorations—virtual design of single crowns supported by dental 
implants.
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For conventional loading, the characteristics of the occlusion scheme for definitive 
full-arch fixed implant prosthetic restoration are closest to those of implant-protec-
tive occlusion [81, 89], which combines the characteristics of natural dentition and 
lingualized occlusion.

Immediate loading is a little different. Temporary fixed implant prosthetic restora-
tions are made of a “softer” prosthetic material (e.g. PMMA or metal acrylic) and the 
occlusion requirements fall under the protocol for immediate loading. This means that 
the temporary fixed implant prosthetic restoration has established stable centric static 
occlusal contacts with the opposing dental arch. If cantilevers are present on fixed 
prosthetic restorations, the cantilevers should be left out of contact (10–30 μm). As 
this is a one-piece fixed prosthetic construction (in other words, the dental implants 
are connected or splinted by a prosthetic restoration), the distribution of static and 

Figure 11. 
Movement of the mandible in the virtual articulator (right laterotrusion).

Figure 12. 
Movement of the mandible in the virtual articulator (left laterotrusion).
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dynamic occlusal contacts is within the area (polygon) created by the connection of 
the installed dental implants. Splinting of dental implants with fixed restorations, 
passive fit of a fixed structure supported by implants, harmonized static and dynamic 
occlusal contacts (without premature interference) ensure successful completion of 
osseointegration of dental implants. After six months of osseointegration of dental 
implants, the provisional prosthetic restorations can be replaced and final fixed 
implant prosthetic restorations with different prosthetic materials can be started and 
completed.

Recently, Yoon et al. [118] in their review suggested occlusal considerations or 
guidelines based on the prosthetic material chosen when performing a full-arch 
fixed implant prosthetic restoration in both edentulous jaws. They presented five 

Figure 14. 
Point occlusal contacts on the supporting cusps of modeled single implant crowns to achieve optimal load transfer 
along the longitudinal axes of the inserted dental implants (right lateral view).

Figure 13. 
Movement of the mandible in the virtual articulator (protrusion).
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combinations of prosthetic materials and natural dentition, focusing on centric and 
eccentric occlusal relationships. In the situation where a fixed metal acrylic implant 
prosthetic restoration is fabricated in a centric relationship compared to a metal 
acrylic restoration, the following should be achieved: simultaneous bilateral contacts; 
“freedom in centric” (1–1.5 mm) and on the cantilevers and anteriors a distance of 
10 μm (thickness of the Schimstock foil); and during excursion movements: in lat-
eratrusion (group function); in protrusion (shallow anterior guidance) and without 
occlusal contacts on the cantilevers. Combination of full-arch fixed metal-acrylic 
bridge and natural dentition in centric relationship: simultaneous bilateral contacts; 
“freedom in centric” (1–1.5 mm) and on the cantilevers and anteriors 10 μm; in 

Figure 15. 
Point occlusal contacts on the supporting cusps of modeled single implant crowns to achieve optimal load transfer 
along the longitudinal axes of the inserted dental implants (left lateral view).

Figure 16. 
Point occlusal contacts on the supporting cusps of modeled single implant crowns to achieve optimal load transfer 
along the longitudinal axes of the inserted dental implants (occlusal view).
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excursion movements: in laterotrusion canine guidance if canines are preserved/
group function if canines are compromised; in protrusion shallow anterior guidance 
and no occlusal contacts on the cantilevers. The third combination of prosthetic 
materials shows centric and eccentric occlusal relationships when fixed implant 
prosthetic restorations are made of all-ceramic systems such as zirconia ceramics 
(zirconia framework design: fully contoured monolithic and veneering ceramics 
limited to facial/buccal). In centric relationship, simultaneous bilateral contacts 
are present; 10 μm distance at cantilevers; equal intensity of contact at anterior and 
posterior teeth; and “freedom in centric”. In case of excursion movements of the 
mandible, i.e. laterotrusion, group function; in case of protrusion, shallow anterior 
guidance and no occlusal contact at the cantilever. Combination of all-ceramics and 
fixed metal-acrylic prosthetics in centric: simultaneous bilateral contacts; 10 μm 
spacing on cantilevers and anterior teeth; and “freedom in centric”. In lateratrusion, 
group function; narrow anterior guidance of protrusions and without the presence 
of occlusal contacts on the cantilever. The last combination shows an all-ceramic and 
natural dentition. In a centric relationship: simultaneous bilateral contacts; 10 μm 
spacing on cantilevers and anterior teeth; and “freedom in centric”. In an eccentric 
relationship: in laterotrusion, canine guidance when canines are preserved/group 
function when canines are compromised; in protrusion, shallow anterior guidance, 
and no occlusal contacts on cantilevers. Türker et al. [119] compared three occlusal 
schemes (canine guidance, group function and lingualized occlusion) using finite 
element analysis (in vitro study) in full-arch All-on-4 restorations. The stress/strain 
forces transmitted from the occlusal contacts to the prosthetic restorations, the abut-
ments, and the screws during maximum intercuspation and excursion movements 
were measured. The most even distribution of forces on the mentioned prosthetic 
components was recorded with the group function. Different prosthetic materials 
have different mechanical properties in function and should be considered when 
designing an occlusal scheme for full-arch fixed implant prosthetic restoration. The 
article is transparent and very useful for clinicians working on this topic, although 
the authors themselves point out that the recommendations are “experience-based” 
and not “evidence-based”.

Figure 17. 
Final appearance of single implant crowns (screw retained) in the mandible (0cclusal view).
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4. Conclusion

The selection of an occlusal scheme for prosthetic restoration supported by natu-
ral teeth or osseointegrated dental implants in fully and partially edentulous patients 
must be adapted to each individual patient, with the aim of ensuring the longevity 
of the prosthetic restoration in accordance with the health and function of all com-
ponents of the masticatory system. The characteristics of the natural dentition in 
relation to the characteristics of the “prosthetic/implant prosthetic occlusion” in the 
fabrication of fixed and removable prosthetic or implant prosthetic restorations are 
presented and compared. The design of an artificial prosthetic occlusion or occlusal 
scheme aims to ensure optimal load transfer to supports such as natural teeth or 
dental implants, mucosa, and alveolar bone and to reduce the occurrence of biological 
and mechanical complications.

Unfortunately, it is almost traditional that when this topic is written about, the most 
common conclusion of published papers is that occlusion is an important and contra-
dictory factor in prosthetic therapy, but that there is no significant scientific evidence 
recommending one type of occlusal scheme over another [95]. The main argument for 
this is that it is difficult to design and conduct well-controlled long-term studies with 
large sample sizes to compare different occlusal schemes. Clinicians are on their own 
and must apply their knowledge of occlusion acquired in training, through experience 
and practise, and their common sense in their daily work. The good thing is that with 
this knowledge and skills about occlusion, the prosthetic restorations will work in the 
patient’s mouth. It will stay that way until future research proves otherwise.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 15

Elimination of Retainers in 
Anterior Zone in Removable Partial 
Dentures
Diego Muñoz, Christian Rochefort, Nicole Manzur  
and Sergio Cáceres

Abstract

Partial edentulism, one or more teeth missing, is one of the most common dental 
problems that can be found in the population. It has multiple resolution possibili-
ties depending on the individual characteristics of the patient. One of these options 
is the removable partial denture (RPD), which allows for solving complex clinic 
problems in a faster way and with a considerably lower operational cost compared to 
other treatment modalities. However, important discontentment has been reported 
among patients who have opted for this treatment. One of the discomforting factors 
for users of removable partial prostheses is the presence of visible retainers in the 
anterior area. In some cases, it could be possible to eliminate the retainers in the 
anterior sector, providing retention by mechanical friction and the choice of a 
removal axis.

Keywords: esthetic, retainers, metallic elements, retention, visibility

1. Introduction

Partial edentulism is one of the most common dental problems in the population, 
which can be solved in many ways, depending on the individual characteristics of 
each patient. Therefore, the options can be using prostheses on implants, fixed pros-
theses, and removable prostheses. Restoring with removable partial dentures allows 
the resolution of complex clinical problems, including extensive edentulous spaces 
and distal extensions, relatively quickly and at a substantially lower operational cost 
than other treatment modalities. However, it has been reported that many patients are 
not satisfied with this type of dental prosthesis [1].

Patients report that one of the most important features is the cosmetic aspect, so if 
direct retainers are visible when opening the mouth, they are commonly rejected [2].

All direct retainers must provide the following functions in order to be effective 
and not harm the abutment teeth or tissues of the denture foundation area: support, 
retention, cross-tooth reciprocation, fixation, and passivity [1, 2]. The literature 
makes it clear that dissatisfaction can be avoided if the basic requirements of minimal 
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dislodgement during masticatory function are taken into account when making the 
prosthetic element and if the esthetic demands of the patients can be met. On the 
other hand, it is not feasible to assume that by achieving an acceptable masticatory 
capacity with the prosthetic appliance, the esthetic shortcomings of the appliance can 
be tolerated [3].

On another point, retainers play a key role in removable partial dentures, provid-
ing direct retention. However, their esthetic component has been widely recognized 
as an obstacle to patient acceptance [4, 5]. Also, using a metal clasp in RPD has many 
disadvantages. They provide sites for bacterial plaque accumulation, can abrade 
tooth surfaces, and become deformed over time [6]. Therefore, circumferential metal 
retainers or clasp can challenge esthetic restoration when anterior teeth are present, 
helping to support and retain removable partial dentures [6].

There are numerous options for the complication caused by visible anterior clasp 
[7]; however, many of these alternatives do not offer similar retentive characteristics 
to those provided by circumferential clasps.

Despite the existence of the implant option to replace missing teeth, many patients 
are not candidates for these solutions. In this group are patients whose economic 
position does not allow the choice of treatment or whose general systemic health is 
too deteriorated to undergo dental surgery; and others with psychological or anatomi-
cal limitations. Patients in this category may receive a removable partial denture to 
replace edentulous areas [8].

The removable partial denture (RPD) is an orthopedic appliance intended to 
restore lost oral structures, which, without causing damage to the remaining compo-
nents, is installed and dislodged from the oral cavity at the patient’s will, which gives 
it the character of being removable. It must withstand the forces produced during the 
physiological acts of chewing, swallowing, and phonation that tend to dislodge it and 
restore the lost function and esthetic appearance [9–11]. RPD, for reasons of cost, 
time of fabrication, and because it is a nonaggressive and reversible treatment, is still 
widely used in patients who need partial tooth replacement [9–12].

Because this prosthesis is not rigidly fixed, it is subject to movement in response to 
loads in function. Since these movements induce stress and displacement of the pros-
thetic base, retainers are designed to control these possible movements [12]. Many 
prostheses are fabricated without the essential requirements for proper function to 
produce a better esthetic appearance. However, they need more stability [13, 14].

Properly fabricating parallel guide planes, well-defined rest seats, and a tangen-
tiograph (surveyor) are important factors to consider for the retention, support and 
stability of RPD [14]. Although RPDs are a favorable option for restoring many clini-
cal situations, many patients are dissatisfied with this type of prosthesis, especially 
when they are unstable during mastication [15]. Masticatory function and esthetics 
should be considered when planning prosthetic-based treatment without overriding 
one over the other. When anterior teeth must be used to support an RDP, or when 
they are visible when speaking or smiling, extracoronal retainers are not well accepted 
by patients for their esthetic demands and can challenge esthetic restoration [16].

With increasing esthetic requirements, more patients ask their dentists to position 
retainers closer to the gingiva, where the retentive areas tend to be more profound. 
The rigidity of cobalt chrome retainers makes them impossible to place in these larger 
retentive areas due to the unacceptable stress that would be placed on the abutments; 
therefore, their placement cannot be hidden, and they are likely to fit in an area that is 
still visible when the mouth is opened [17, 18].
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2. Classification of removable partial dentures

In oral rehabilitation, classifications have been proposed to allow the application 
of basic principles in the design of each partial denture so that not only mechanical 
aspects are taken into account but also the biological conditions of the oral tissues that 
will be in contact with the denture.

Partially edentulous arches have been classified by various methods. The primary 
objective of the classification is to facilitate communication about the combination of 
missing teeth to edentulous ridges among students, dental practitioners, and labora-
tory technicians. The most widely accepted classification for partially edentulous 
patients is that of Kennedy in 1925, who organized the different types of patients into 
classes numbered from I to IV [9].

Kennedy’s classification of Partially Edentulous Arch

• CLASS I: Bilateral edentulous areas located posterior to the remaining natural 
teeth.

• CLASS II: A unilateral edentulous area located posterior to the remaining natural 
teeth.

• CLASS III: A unilateral edentulous area with natural teeth remaining both ante-
rior and posterior to it.

• CLASS IV: A single, but bilateral (crossing the midline), edentulous area located 
anterior to the remaining natural teeth.

Considering this classification, patients with unilateral edentulous areas and teeth 
remaining anterior and posterior to them are established as class III [9, 11, 19].

According to the support and transmission of loads to the remaining oral tissues, 
RDP can be classified as follows:

2.1 Tooth-supported prostheses

These are prosthetic devices whose support or load path depends exclusively on 
the abutment teeth. For example, this is the case when there are edentulous spans 
delimited on both sides by teeth [20].

2.2 Tooth mucosa-supported prosthesis

Also called mixed-loaded track prostheses, these are prostheses in which the teeth 
and the surrounding soft tissues provide support. In this case, there is at least one free 
end [20].

2.3 Mucosa-supported prosthesis

In this type of prosthesis, the forces exerted by occlusion are transmitted directly 
to the bone through the alveolar mucosa. Total prostheses and acrylic prostheses 
generally have this type of support, since they do not have a rest seat for support and 
are seated directly on the mucosa [20].
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3. Components of the removable partial denture (RPD)

The components of an RDP are diverse. The selection and variation of each will 
depend on the classification of the edentulous arch and the particular characteristics 
of each clinical case [21].

3.1 Denture base

It is the structure primarily responsible for supporting artificial teeth. This 
component is located on the soft tissues and provides stability and retention, allowing 
the transmission of occlusal loads to the biological support structures. In Kennedy 
class III its function is only to support the artificial teeth, whereas, in a tooth mucosa-
supported prosthesis, it must also transmit the loads, provide stability, retention, and, 
in some cases, lip contouring [22].

3.2 Minor connector

The structure joins the major connector to the anti-rotational elements and the 
denture base to the clasp assembly. This mechanical element provides mesiodistal 
stability, since it is attached to the guide plane made in the abutment tooth. It also 
provides secondary retention to the removable partial prosthesis by means of friction 
between the guide plane and the minor connector [20, 22].

3.3 Artificial teeth

These elements replace the anatomy, esthetics, and function of missing natural 
teeth. The most commonly used teeth are acrylic; however, porcelain teeth can also be 
used [23].

3.4 Major connector

This is the prosthetic structure responsible for joining the RDP components 
from one side of the arch to the other. All prosthesis components are attached to this 
element, directly or indirectly. Its function in the tooth-supported prosthesis is only 
to connect, and in the tooth mucosa-supported prosthesis, it also provides support 
[24]. The central connector provides support, stability, and retention to the prosthetic 
appliance. To function correctly, they must meet specific structural requirements, 
such as rigidity, to prevent torsion, leverage forces on the abutments, and ensure bet-
ter distribution of forces on the supporting tissues [24].

3.5 Circumferential clasps assembly

This is the RDP unit responsible for resisting the displacement of the prosthesis 
from its final seating in the supporting tissues on which it rests. This complex involves 
an abutment tooth on which it will seat, mechanically preventing the prosthesis from 
shifting out of place in the patient’s functional movements, primarily in the vertical 
direction [25]. When the prosthesis is at rest, and there are no active vertical displace-
ment forces, the retentive arm is in a passive state relative to the abutment. Therefore, 
when adjusting a retentive arm for more retention, the tip of the active arm of the 
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circumferential clasp should be positioned as cervically as possible to exert a greater 
degree of retention [25].

4. Component elements of the clasp assembly

In a conventional RDP, the clasp assembly consists of the retentive arm, a recipro-
cating arm connected through a minor connector, and a rest (Figure 1) [26].

4.1 Retentive arm

It is the main actor in the retention of an RDP. The shape of the retentive arm 
must be such as to allow it to be flexible, so the initial two-thirds of the arm is rigid, 

Figure 1. 
Components of clasp assembly.
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part of which is located over the prosthetic equator, and a thinner terminal end, 
which sits in the retentive area under the prosthetic equator as it decreases in diam-
eter toward the tip, its flexibility increases. As a result, it can deform as it passes 
through the prosthetic equator, offering resistance to prosthesis displacement along 
its path of insertion and removal, which determines the functional forces [9, 11, 20].

The location of the retentive arm generally corresponds to the visible side of the 
abutment, that is, in the vestibular area. However, this may vary depending on multiple 
factors, mainly esthetics, which may be detrimental to its function if necessary [9, 11, 20].

4.2 Reciprocal or containment arm

This element is responsible for opposing the forces of the retentive arm on the 
abutment to prevent damage to the abutment. It exerts an opposing force on the 
retentive arm when the prosthesis moves out of place and neutralizes it. It is generally 
located on the opposite side of the retentive arm and toward the occlusal of the pros-
thetic equator line. Its thickness is uniform throughout and thicker than the retentive 
arm. In all load-bearing track cases, this element is rigid due to its construction’s shape 
and volume, allowing it to fulfill its primary function. The rigidity also allows it to 
contribute to prosthetic stability [9, 11, 20].

4.3 Rest

Its rigid structure comes from the minor connector and rest seat milled in the 
abutment teeth. In posterior teeth, it will be on the occlusal face, while in anterior 
teeth, it will be in the cingular or incisal area. The rest seat is a preparation on the 
tooth or restoration created to receive occlusal, cingular, incisal, or root support 
[5, 21]. It is responsible for transmitting functional forces to the abutment teeth act-
ing on the prosthesis along the axial axis of the prosthesis, preventing movement of 
the prosthesis into the soft tissues (intrusion), maintaining the positional relationship 
of the retentive arms concerning the prosthetic equator and also contributes to stabil-
ity [20, 22]. This structure must be rigid; therefore, it must have a minimum volume 
that fits into the milled support and does not interfere with the antagonist’s occlusion 
[20, 22]. The rest is considered one of the most important components because, in 
addition to providing support and controlling the prosthetic position of the oral tis-
sues, the support also helps to restore the occlusal plane [27].

5. Retention in RPD

In RDP, retention of prosthetic appliances is generally not a factor of concern. 
Through direct retentive arms, the parallelism of guide planes and indirect retention 
concepts, adequate retention is achieved, which is demanded by patients [28].

5.1 Direct retainers

There are two classes of direct retainers:

1. Intracoronal: These are mechanical devices placed in the casting of a full crown. 
They are usually reserved for RPD therapies that require exceptional effort to 
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produce ideal esthetics. There are precision attachments on the one hand and 
semi-precision attachments on the other.

2. Extracoronal: They engage an external surface of an abutment in a natural 
undercut or in a prepared depression. There are two categories of extracoronal: 
1) Clasp and 2) extracoronal attachment. Clasp are classified as circumferential 
or ackers (suprabulge) and bar clasp (infrabulge).

Retention is derived by placing a clasp arm into an undercut area so that it is 
forced to deform upon vertical dislodgement. Resistance of the clasp to deformation 
generates retention. Resistance is proportionate to the flexibility of the clasp arm. 
Nonflexible portions of clasp arms must be placed occlusal to the height of contour 
(suprabulge area) [29].

5.2 Indirect retainers

They are those elements of a removable partial denture, which prevent the 
rotational displacement of the prosthesis on the supports of the main abutment 
teeth. Indirect retainers usually take the form of rests, on the opposite side of a 
fulcrum line.

The retention and stability of an RDP depend on the retentive arms, the mesial 
bedding component for support, the rest seat within its bedding, and the contact of 
the minor connector against the guide planes. The tooth-to-base metal relationship 
must be maintained to allow positive contact.

Noted authors agree that the factors that determine the amount of retention, or 
if preferred, the tensile strength of an RDP, are given by the seating of the base, the 
number and distribution of teeth, the design, the material and quality of the retainer, 
the point of force application, the cervical convergence angle or depth of the retentive 
area, the location of the active arm tip at the convergence angle, its diameter, cross-
sectional shape and the texture of the surfaces on which the active arm of the retainer 
is placed [28].

The total resistance of the indirect retainer to removal reaches its most significant 
magnitude before the retentive arm reaches the largest diameter of the tooth, that is, 
the prosthetic equator, and decreases as it moves toward the occlusal surface of the 
abutment after reaching this position. The maximum force value reached corresponds 
to the retention force of the retainer, which in some studies has been determined to be 
around 500 gf (4.903 Newton) [30].

6. In vitro study for retention of RDP without anterior retainer

Rochefort et al. evaluated the retention and settlement of the RPD in an in vitro 
study assessing the possibility of removing anterior retainers in patients classified as 
Kennedy class III subdivision 1 (Figures 2 and 3).

In the study, they used ivory artificial teeth provided by Nissin dental products 
Inc. as prosthetic abutments in maxillary dental models in plaster type IV, where the 
main characteristic of these is to include in the design retainers in anterior abutment 
teeth that compromise esthetics (canine teeth or first premolars), which were sub-
jected to tensile tests to evaluate retentive strength (Figure 4).
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7. Conclusions

Given the tensile tests performed in the study, it was determined that it is possible 
to remove the anterior retainers without detriment to the retention of the prosthetic 
appliance while maintaining its functionality in the in vitro study. However, it may 
be a therapeutic alternative for patients showing abutments in anterior teeth that 
represent an esthetic requirement (Figures 5 and 6).

Figure 2. 
Removal of clasp from the anterior sector.

Figure 3. 
Front view of metal bases positioned on the plaster model without the anterior clasp.
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Figure 4. 
Side view of metal bases positioned on the plaster model without the anterior clasp.

Figure 5. 
Pulling device installed on the metal bases for testing.
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Figure 6. 
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Abstract

Human teeth play an important role in facial aesthetics. The modern society trends 
for more and more demanding aesthetics strongly reflect in teeth appearance. Perfect 
shaped, aligned, and white teeth are considered the business card of an appealing 
smile. Fixed prosthetics not only aim to restore the lost function of human teeth but 
also their aesthetics. The ideal in this matter is to provide an indirect restoration that 
perfectly matches the neighboring teeth or aims to improve the overall appearance 
of the patient’s teeth, depending on the situation. However, the choice of aesthetic 
materials and technologies has experienced a significant development in recent years. 
By far, dental ceramics are the state-of-the-art material when a high-quality indirect 
fixed prosthetic restoration is the goal. This chapter will provide information on this 
class of materials and their indications in fixed prosthodontics, focusing on novel 
manufacturing technologies, as well.

Keywords: fixed prosthetic restoration, dental ceramics, CAD/CAM milling,  
3D printing, prosthetic solutions

1. Introduction

Human teeth play an important role in facial aesthetics. The modern society trends 
for more and more demanding aesthetics strongly reflect in teeth appearance. Perfect 
shaped, aligned, and white teeth are considered the business card of an appealing 
smile.

Humans attempted to replace the lost teeth or to improve their look through teeth 
ornamentation since immemorial times. For instance, in ancient Egypt, “donated” 
teeth were tied to the patient’s remaining teeth with golden wires. Mayans used to 
adorn their teeth with precious stones or even painted them [1]. In the Middle Ages, 
the main procedure to treat dental issues was extraction, so, prosthodontics made of 
ivory, precious metals, and other materials were imagined. However, only rich people 
could afford them, and played mostly an aesthetic role, because they were quite 
uncomfortable [2].

In the eighteenth century, Pierre Fouchard, the founder of modern dentistry, 
attempted to use posts, manufactured removable dentures retained by arches, and 
proposed covering damaged teeth with gold crowns, coated with porcelain, for 
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aesthetic reasons. He founded the first workshop for dental prostheses, and trained 
jewelers as the first dental technicians. His vision opened the way for the first dental 
schools and for recognizing dental surgery as a separate medical profession [3].

In 1746, Claude Mouton used a post, retained in the root canal, covered by a gold 
crown [4], and in the late 1700s, Dubois de Chemant patented the “mineral paste” 
porcelain artificial teeth [5].

In 1825, in Philadelphia, commercial porcelain teeth were produced [6]. Later on, 
screw joint retention between the pontic and abutment was introduced by Winder, 
opening the way to bridge manufacturing [7].

Starting with the twentieth century, the evolution of fixed prosthodontics became 
fulminant. In 1903, Charles Land first introduced the porcelain jacket crown. In 
1907, William Taggart described the lost wax technique, which was a cornerstone for 
prosthetic dentistry [8]. In 1926, Ante’s law, postulated in 1926, still represents the 
standard principle for abutment selection [9]. The introduction of the high-speed 
by John Borden in 1957, operating at 300,000 rotations/minute, enabled much easier 
abutment preparation for fixed prosthodontics [10]. In 1962, porcelain fused to metal 
was introduced by Weinstein et al. [7]. In 1973, the Rochette bridge concept lead to 
the idea of minimal tooth reduction [11]. Starting in 1985, with the introduction of 
CAD/CAM systems, prosthetic dentistry experienced a tremendous transformation, 
both for patients and practitioners [12].

Fixed prosthetics not only aim to restore the lost function of human teeth but 
also their aesthetics, aiming to regain the patient’s overall comfort and satisfaction. 
For a successful result, every detail should be considered, starting with the patient’s 
interview, diagnosis, treatment plan, and subsequent phases, as well as follow-up 
once the restoration is placed.

The ideal in this matter is to provide an indirect restoration that perfectly matches 
the neighboring teeth or aims to improve the overall appearance of the patient’s 
teeth, depending on the situation. In the quest for the best result, various dental 
materials for prosthetic restorations have been attempted over time, including rubber, 
porcelain, aluminum, and later plastic.

However, the choice of aesthetic materials and technologies has experienced 
significant development in recent years. By far, dental ceramics are the state-of-the-
art contemporary material, when a high-quality fixed prosthetic restoration is the 
goal. This chapter aims to provide information on this class of materials and their 
indications in fixed prosthodontics, focusing on novel materials and manufacturing 
technologies.

2. Brief history of dental ceramics

Following Dubois de Chemant’s “mineral paste” porcelain teeth, in the beginning 
of the nineteenth century, Giuseppangelo Fonzi developed single-tooth dental 
prostheses, held in place thru an embedded platinum pin. The porcelain material, 
“earth-metal” as he called it, to distinguish it from Chemant’s type, was made 
available in 28 different colors [6].

The era of modern ceramic restorations begins in the 1900s when Charles 
Land patented the all-ceramic jacket crown, which, despite its low strength, was 
extensively used until the 1950s, when porcelain-fused-to-metal was developed by 
Abraham Weinstein [13]. This type of restoration provided adequate strength and 
reasonable aesthetics, however, diminished by the presence of the opaque layer.
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Early air-fired dental porcelain consisted of large-size particle powders, resulting 
in entrapped air bubbles and increased porosity. Upon the emergence of vacuum-
fired porcelain in the 1960s, its appearance improved, due to reduced internal 
porosity.

Adding leucite filler to feldspathic porcelain intended to tailor their thermal 
expansion/contraction behavior, to match it with the alloys they were fired on. It also 
contributes to slow crack propagation [14].

All-ceramic restorations gained interest once again in 1965 when John W. McLean 
attempted adding alumina (40–50%) to feldspathic porcelain, developing a new 
version of the all-ceramic jacket crown. Because of the alumina core, it had twice the 
strength of the traditional one, but still could be used only for anterior teeth. Its major 
drawbacks were due to high opacity, brittleness, and poor marginal adaptation [15].

During the 1980–1990s, several new ceramic technologies were introduced. Some 
of them were later abandoned, and some of them were further developed, resulting 
in the modern all-ceramic pressed and computer-aided design/computer-aided 
manufacture (CAD/CAM) systems.

The introduction of the Cerestore (Johnson & Johnson, New Brunswick, NJ, USA) 
“shrink-free” all-ceramic crown system and the Dicor (Dentsply International, York, 
PA, USA) castable glass-ceramic crown system in the 1980s provided innovative 
processing methods, such as pressing and centrifugal casting, and further stimulated 
the renewed interest for all-ceramic restoration. Both were later on abandoned, 
because of the high fracture incidence, doubled, in case of Dicor, by the difficult and 
high processing cost [16].

The high-leucite pressed ceramic IPS Empress 1 was introduced by Ivoclar 
Vivadent (Schaan, Liechtenstein) in the late 1980s. In this case, a heated ceramic 
ingot is being pressed into a mold, by means of a special pressing furnace (Figure 1). 
Despite its increased strength, IPS Empress 1 was still not suitable for usage in the 
posterior area, due to frequent fractures, but became popular due to ease of use and 
high aesthetic appearance. The second generation, IPS Empress 2, released in 1998, is 
a lithium disilicate ceramic, suitable for single and multiple-unit restorations of the 
anterior teeth. The IPS e.max system was introduced in 2005. It includes lithium-dis-
ilicate IPS e.max Press (Ivoclar Vivadent, Schaan, Liechtenstein), with high strength, 
which enables fabricating single-tooth restorations and bridges in the anterior and 

Figure 1. 
Pressing of a ceramic ingot.
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premolar area, as well as thin inlays, onlays, and veneers. The ingots are available in 
4 levels of translucency and 2 sizes and are subsequently stained or layered for better 
aesthetic results [17].

Back to the year 1989, Vita developed the In-Ceram system (Vita Zahnfabrik, 
Bad Sackingen, Germany), initially consisting of a glass-infused porous alumina 
ceramic core, indicated for the anterior region. To increase its aesthetic appear-
ance, the alumina core was later replaced with spinel, resulting in a restoration 
material suitable for the anterior teeth. The third variant of In-Ceram is zirconia, 
obtained by mixing alumina with zirconium oxide, gaining a doubled flexural 
strength, compared with the alumina type. Its indications include posterior crowns 
and bridges. Following sintering, the core is layered for gaining the final aesthetic 
result [18, 19].

Dental computer-aided design/computer-aided manufacture (CAD/CAM) appli-
cations also became available in the late 1980s-early 1990s. Since then, due to continu-
ous developments, the CAD/CAM technology, either subtractive or additive, has 
metamorphosed itself not only in the greatest success of contemporary prosthodon-
tics but also disseminated in other dental specialties, as well as in promising emerging 
domains, such as tissue engineering and regenerative medicine, with outstanding 
future applications in the dental field [20].

3. The CAD/CAM era

The godfather of digital dentistry and inventor of dental CAD/CAM is considered 
the French professor Francois Duret, who, in the 1970s, developed a CAD/CAM 
system capable to fabricate single-tooth restorations. The Duret system was later 
patented and marketed as the Sopha Bioconcept System, but it did not last long on the 
dental market, due to its cost and complexity [21].

The first viable dental CAD/CAM system was developed in 1987 by Werner 
Mormann and Marco Brandestini, under the name of Cerec (Sirona, Bensheim, 
Germany). It was initially chair-side, used to fabricate feldspathic ceramic inlays. 
The material used was Vita Mark I feldspathic ceramic (Vita Zahnfabrik, Bad 
Sackingen, Germany). The Cerec 1 milling unit used a grinding wheel. Short after, 
Cerec 2, equipped with an additional cylinder diamond, enabled manufacturing 
of partial and full crowns. Cerec 3 introduced the two-bur system, followed, in 
2006, by the “step bur”, gaining high precision. In 2000, inLab, its sibling for 
the dental laboratory, was released. The Cerec dedicated software developed, 
as well, the two-dimensionally displayed design of Cerec 1 and 2 became three-
dimensional in 2003, accompanying Cerec 3. The current version of Cerec is cur-
rently used worldwide, with a high rate of clinical success, and various choices of 
prosthetic restorations, including inlays, onlays, veneers, anterior and posterior 
crowns and bridges, copings, bridge frameworks, telescope crowns, bars, attach-
ments, provisionals, denture bases, as well as implant mesostructures and surgical 
guides [22–24].

Another pioneer CAD/CAM system is Procera AllCeram (Nobel Biocare, Zurich, 
Switzerland), developed by Matts Anderson and Agneta Oden in 1993. Introducing 
a new ceramic material, consisting mainly of alumina, subsequently layered with 
a feldspathic ceramic, enabled the fabrication of strong and aesthetic all-ceramic 
single-unit restorations. Later on, it evolved to multiple-unit restorations, and 
zirconia copings, as well. However, the technique is extremely sensitive, as it uses 
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enlarged dies to precisely match the shrinkage of the sintered copings. Currently, the 
centralized production Procera milling centers offer the advantage of possibility of 
producing high-quality restorations [25, 26].

Top dental manufacturers developed their own CAD/CAM milling systems, such 
as DCS Precident (Dental Concept Systems, Wesertal, Germany), Cercon (Dentsply 
Sirona, Charlotte, NC, USA), Arctica and Everest (KaVo, Biberach, Germany), Lava 
(3 M ESPE, Seefeld, Germany), ZenoTec (Wieland Dental, Pforzheim, Germany), 
and Tizian (Schutz Dental, Rosbach, Germany). Some started as only CAM or 
synchronous copy milling systems and have developed later on, adding up the CAD 
part and different milling units.

3D printing in dentistry was first used in the 1990s, but, until recently, ceramic 
materials were not suitable for this particular technology. Mainly, different types of 
resin-based materials and alloys were used for fabricating prosthetic restorations. 
By means of 3D printing, not only various prosthetics can be fabricated, but tissue 
constructs, as well [20].

CAD/CAM systems have three major components. The data acquisition unit col-
lects the data from the area of the preparation, adjacent, and opposing structures by 
means of intraoral scanners. The collected data, either through intraoral scanning or 
indirectly, by scanning a conventional impression or a model (Figure 2) obtained by 
means of a conventional impression, are converted into virtual models. The second 
component is the software, used for designing the virtual restorations on the virtual 
model (Figure 3), then sending the data as an STL file and computing the milling 
parameters (Figure 4). Third, the milling machine is used for manufacturing the 
restoration from a solid block of restorative material (Figure 5). In case of CAD/CAM 
additive manufacturing, the third component is a 3D printing device.

Since its beginning, more than 30 years ago, CAD/CAM subtractive systems have 
undergone substantial changes [27]. The data acquisition methods evolved from opti-
cal cameras to contact digitization and laser scanning. Various intraoral and extraoral 
digitizing systems are currently available. Complex designing software and the 5-axis 
modern milling machines, the possibility of dry or wet milling choice, enable the 
fabrication of complex shapes, including fixed and removable prosthetic devices. 
The development of novel ceramic materials, such as alumina and zirconia, with 

Figure 2. 
Scanning of a model.
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high strength and excellent machinability, as well as extending the materials range 
to different types of alloys, resins, and composite materials, currently offers a wide 
range of possibilities. Integration of the technological advances resulted in the three 
categories of currently available CAD/CAM systems: chairside, laboratory (Figure 6), 
and centralized production milling centers.

Figure 5. 
Milling of a ceramic block.

Figure 3. 
Designing the restorations on the virtual model.

Figure 4. 
Sending data, saved as an STL file, and choosing the milling parameters.
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CAD/CAM can be classified into open and closed systems, according to data 
sharing. The workflow of closed systems does not permit interchangeability with other 
manufacturers’ systems, the data acquisition scanner, virtual design software, and 
restoration manufacturing unit are provided by the same company. In case of an open 
system, the digital data generated by the scanner, transferred in a standard format, 
allows reading by different manufacturer’s milling units, offering more versatility [28].

Automation of fabrication, increased quality, short manufacturing time, reduced 
infectious cross-contamination hazards, and minimized inaccuracies are some 
advantages offered by the CAD/CAM technology. One major disadvantage of the 
chairside and laboratory systems is the high initial cost, a large-scale production 
being necessary for the investment to pay off. The solution stands in the acquisition 
of a scanner, scanning and designing the restoration in the laboratory, and then 
transferring data to a centralized production milling center for fabrication. In case it 
is needed, subsequent layering is accomplished in the laboratory [28].

4. Ceramic materials for CAD/CAM systems

All-ceramic restorations may be classified as dual restorations (bicomponent 
or ceramo-ceramic), which consist of two chemically different types of ceramics, 
which are mechanically and aesthetically compatible, and monobloc restorations 
(single-component or monolithic), consisting of one type of ceramic. In case of dual 
ones, the milled ceramic framework is subsequently layered with the second type of 
ceramic, to finalize its form and aesthetic appearance. In case of monolithic restora-
tions, only a surface makeup is used to ensure the aesthetics [29].

The large choice and structural variety of all-ceramic materials for CAD/CAM 
systems may represent a tough dilemma, as no material is ideal for all clinical situa-
tions, and the selection of the best option is of most importance for accomplishing the 
best prosthetic restoration [30].

According to their chemical nature, milled ceramics are classified into four 
categories: vitreous ceramics, glass-infiltrated ceramics, polycrystalline ceramics, and 
resin matrix ceramics.

Figure 6. 
Components of a laboratory CAD/CAM system.



Human Teeth – From Function to Esthetics

288

4.1  Vitreous ceramics

Vitreous ceramics are further divided into feldspathic ceramics and reinforced 
glass ceramics.

4.1.1 Feldspathic ceramics

Feldspathic ceramics, consisting of vitreous and crystalline phases, were the 
first used for CAD/CAM, as Vita Mark I blocks (Vita Zahnfabrik, Bad Sackingen, 
Germany) for Cerec (Sirona, Bensheim, Germany), but their unsatisfactory clini-
cal performance leads to the development of monochromatic, multiple shade Vita 
Mark II blocks and the multi-layered Triluxe, Triluxe Forte, and Real Life (Vita 
Zahnfabrik, Bad Sackingen, Germany), with better mechanical properties, but still 
only indicated for inlays, onlays, veneers, and anterior crowns. The main plus of 
feldspathic ceramics is their remarkable aesthetics, due to a blend of luminosity, 
shade, and saturation [30].

4.1.2  Reinforced glass ceramics

Reinforced glass ceramics contain different minerals: leucite, lithium-disilicate, or 
zirconia, as fillers, in their crystalline phase.

Empress ProCAD (Ivoclar Vivadent, Schaan, Liechtenstein) was the first block 
of leucite-reinforced glass ceramic, introduced in 1998, and substituted in 2006 by 
Empress CAD (Ivoclar Vivadent, Schaan, Liechtenstein), which contains 35–45% fine 
size leucite particles. It has better resistance to machining, but due to low resistance 
to flexion, its indications are limited to veneers and anterior crowns. Three types of 
blocks are available: low and high-translucency and multi.

The lithium disilicate-reinforced glass ceramic, provided in a pre-crystallized stage, 
is easily milled, and subsequently crystallized in the oven. The blue-colored IPS e.max 
CAD (Ivoclar Vivadent, Schaan, Liechtenstein) blocks thus gain the shade and translu-
cency of choice. The resistance to flexion is three times higher than that of the leucite-
reinforced type. Its indications include veneers, inlays, onlays, anterior and posterior 
crowns, and even three-unit anterior bridges, extending to the premolar area [31].

In 2013, lithium silicate-reinforced glass-ceramic doped with zirconium dioxide 
was released, aiming to combine the properties of the components. It has proven 
to display a higher mechanical resistance to the propagation of fissures in compari-
son with the lithium disilicate-reinforced glass ceramic, because of the inclusion 
of 8–10% zirconium dioxide particles. Two commercial products are Celtra Duo 
(Dentsply Sirona, Charlotte, NC, USA), in a completely crystallized form and Vita 
Suprinity (Vita Zahnfabrik, Bad Sackingen, Germany), in a partially crystallized 
phase, requiring an additional crystallization treatment after milling. It has better 
translucency compared to lithium disilicate-reinforced glass ceramics and is indicated 
for veneers, inlays, onlays, and anterior and posterior crowns [32].

4.2 Glass-infiltrated ceramics

The blocks for CAD/CAM milling, belonging to this category, were introduced in 
1993, based on the original In-Ceram Alumina, Spinel, and Zirconia ceramics (Vita 
Zahnfabrik, Bad Sackingen, Germany), with indications for crowns and bridges 
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frameworks, up to three elements, depending on the type. Subsequently, layering 
with a feldspathic ceramic is needed to obtain the final form and aesthetics [33].

4.3 Polycrystalline ceramics

Due to the fact that this type of ceramic is integrally composed of oxides, and 
does not include a vitreous matrix, they are characterized by excellent mechanical 
properties, as their dense crystal network opposes the propagation of fissures. It 
comprises of two types: alumina-based and zirconia-based.

4.3.1 Alumina-based polycrystalline ceramics

Alumina-based polycrystalline ceramics, introduced by Procera AllCeram system 
(Nobel Biocare, Zurich, Switzerland), consist of more than 99.5% aluminum oxide.

Vita In-Ceram AL for inLab (Vita Zahnfabrik, Bad Sackingen, Germany) pre-
sintered blocks consist of the same type of ceramic. They are easily processed, 
resulting in enlarged bridge and crown frameworks. Shrinkage occurs during the 
subsequent dense sintering process in a high-temperature furnace. The highly stable 
and precision-fit frameworks are indicated for anterior and posterior crowns and 
short anterior bridges, and are to be layered with corresponding ceramic [26].

4.3.2 Zirconia-based polycrystalline ceramics

Zirconia is a polymorphic material, showing three temperature-depending crystal-
lographic phases: monoclinic (from room temperature up to 1170°C), tetragonal (from 
1170 to 2370°C), and cubic (from 2370 to 2716°C). Noticeable volumetric changes 
are associated with these transformations. When sintered above 1170°C, during the 
monoclinic to tetragonal transformation, a 5% decrease in volume occurs. At cooling, 
the reverse phenomenon takes place, the change from tetragonal to monoclinic phase is 
accompanied by a 3–4% volume expansion, leading to a subsequent high level of stress 
within the sintered material, which often leads to fracture [34] (Figure 7).

In order to force it to maintain its tetragonal and/or cubic phases until reaching 
room temperature, stabilizing oxides: CeO2, MgO, CaO, or Y2O3 have been added.

This allows the generation of the multiphase partially-stabilized zirconia (PSZ), 
consisting, at room temperature, of cubic zirconia as the major phase, with mono-
clinic and tetragonal zirconia precipitates as the minor phase [35].

The presence of a small amount of stabilizing oxides, such as 2–3% mol of Y2O3, 
at room temperature, enables obtaining a monophasic material, which consists of 
tetragonal structured crystals only, known as tetragonal zirconia polycrystal (TZP) 
[30]. The Y-TZP zirconia blocks are frequently used materials for CAD/CAM dental 
applications, because of their high mechanical properties and thermodynamically 
metastable tetragonal phase [36].

Figure 7. 
Temperature-related phase transformation of zirconia.
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Zirconia has the capacity of auto-reparation, which makes it resistant to crack 
propagation. The mechanism is as follows: a propagating crack applies stress, which 
determines the transformation of the tetragonal particles into monoclinic ones. The 
phase transformation is accompanied by a 3–5% increase in volume, which results in 
compression at the crack tip, stopping and squeezing the fracture, and shielding it 
from its surroundings. This capacity to transform in response to stress makes zirconia 
a smart material [37].

The high flexural strength of Y-TZP and its fracture resistance recommend it as an 
alternative to metallic frameworks, with indications for long-range prosthetic pieces [36].

Because of its lower translucency, compared to glass ceramics, initially, the zirconia 
infrastructure was designed to be layered with feldspathic ceramic, but a relatively 
high percentage of fracture of the layering ceramic was detected (Figure 8). In order to 
solve the problem, monolithic restorations were attempted (Figure 9). Monochromatic 

Figure 9. 
Monolithic zirconia crown (1.6) and zirconia framework to be layered with feldspathic ceramic (2.6).

Figure 8. 
Layering of a zirconia framework.
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blocks, which can be colored if needed, and polychromatic zirconia blocks, which 
imitate the variation in color from dentin to enamel were put on the market. The 
first polychromatic zirconia block, Katana Zirconia ML, was released in 2013 by 
Kuraray Noritake (Tokyo, Japan). Much more, different types of zirconia blocks with 
increased translucency, such as Lava Plus (3 M ESPE, Seefeld, Germany), Cercon ht. 
KL (Dentsply Sirona, Charlotte, NC, USA), Zenostar T (Wieland Dental, Pforzheim, 
Germany), and Vita YZ HT, ST, XT (Vita Zahnfabrick, Bad Sachingen, Germany) are 
currently available. Another possibility is pressing fluorapatite glass-ceramic ingots 
onto CAD/CAM milled zirconia frameworks: IPS e.max ZirPress (Ivoclar Vivadent, 
Schaan, Liechtenstein), which allows pressing onto IPS e.max ZirCAD (Ivoclar 
Vivadent, Schaan, Liechtenstein), Zenostar Wieland Dental (Pforzheim, Germany), 
and other zirconia frameworks with a CTE of 10.5–11.0. The press-on technique is 
indicated for multi-unit bridges and crowns and implant superstructures [38–40].

Three chemically identical types of zirconia are available for dental applica-
tion, characterized by slightly different physical properties: green stage, pre-
sintered, or the completely sintered blocks. The zirconia powder is shaped into 
ceramic preforms using cold isostatic pressing, producing chalk-like non-sintered, 
green-stage Y-TZP blocks. Further stabilizing and condensing by sintering in 
special furnaces, results in pre-sintered blocks. Additional compression by hot 
isostatic pressing (carried out at 1000 bar and 50°C below the sintering tempera-
ture) removes residual porosity, resulting in dense, fully-sintered zirconia blocks, 
usually of gray-black shade, requiring subsequent oxidizing to restore their white-
ness [41].

Green-stage zirconia blocks can be milled using dry milling and carbide burs, 
pre-sintered zirconia blocks require wet milling and carbide burs, and fully-sintered 
zirconia blocks need diamond burs and wet milling.

Green and pre-sintered zirconia frameworks need milling in an enlarged form to 
compensate for the sintering shrinkage, and can be individualized by pigmentation, 
in the green-stage faze (Figure 10). The sintering takes place in special furnaces 
(Figure 11) [42].

Each type of zirconia has its advantages and disadvantages. Fully-sintered zirconia 
is denser, with less porosity and increased resistance to fracture. On the other hand, 
milling of fully-sintered zirconia is time-consuming, causes greater wear of the mill-
ing device, and is more expensive [43].

Figure 10. 
Zirconia blocks before and after staining and sintering. The shrinkage is easily observed.
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4.4 Resin matrix ceramics

Resin matrix ceramics, specially designed for CAD/CAM milling, were intended to 
match the elastic modulus of dentin. They are easily milled and adjusted, compared  
to CAD/CAM ceramics. Resin matrix ceramics consist of an organic matrix reinforced 
by inorganic filler particles [44, 45].

The three types of resin matrix ceramics are resin nano ceramic, glass-ceramic in a 
resin interpenetrating matrix, and zirconia-silica ceramic in a resin interpenetrating 
matrix.

Resin nanoceramics: Lava Ultimate (3 M ESPE, Seefeld, Germany) is indicated 
only for inlays, onlays, and veneers. Glass-ceramic in a resin interpenetrating matrix: 
Vita Enamic (Vita Zahnfabrik, Bad Sackingen, Germany) is described as a hybrid 
ceramic, consisting of a paired polymer network and feldspathic ceramic, in 86:14% 
ratio. It is indicated for crowns, inlays/onlays, veneers, and contraindicated for 
bridges, in cases of para-functional habits. Zirconia-silica ceramic in a resin inter-
penetrating matrix: Paradigm MZ100 (3 M ESPE, Seefeld, Germany) was introduced 
in 2000. It has 85% inorganic content, consisting of ultrafine zirconia-silica ceramic 
particles and 15% organic polymer matrix, and a patented ternary initiator system. 
In fact, it is a factory-processed version of the Z100 restorative resin¸ indicated for 
inlays, onlays, veneers, and crowns [46–48].

4.5 3D printed ceramics

The subtractive method has the advantage of using homogenous materials, but its 
major drawbacks result from material loss and high costs. Additive manufacturing or 
3D printing is an alternative technology that addresses the drawbacks of subtractive 
manufacturing in the CAM step. In this case, the prosthetic devices are fabricated 
by layering materials, and it enables manufacturing of ceramic, as well as polymeric 
materials and alloys, with lower costs [49].

Zirconia ceramics are suitable for 3D printing by different technologies: vat 
photopolymerization (stereo-lithography and direct light processing), selective laser 
sintering, material jetting, fused deposition modeling, enabling fabricating crowns, 
bridges, and implants [50].

Figure 11. 
Sintering zirconia frameworks.
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Vat Photo-polymerization uses a slurry of fine ceramic particles incorporated 
in a photo-curable solution. Because ceramic particles are inert to light emission, 
polymerization occurs exclusively in the organic phase, resulting in uniformly 
dispersed ceramic particles in the organic network. Each layer is photo-polymerized 
until the full 3D ceramic prosthetic is constructed. Following, de-binding is carried 
out to remove the remaining organic resins and sintering, which removes the 
pores between the particles, resulting in fully dense, high-performance zirconia 
prosthodontics [51].

Selective laser sintering (SLS) uses powder beds containing loose ceramic particles 
to construct the prosthetic restoration. The ceramic powders are either combined with 
a polymer binder, or no polymer binder is employed. In the first case, the laser melts 
the binder, bonding the ceramic particles together, followed by de-binding and sinter-
ing. In the second case, the laser beam directly sinters the ceramic particles, no further 
de-binding or sintering is required. Because of its high melting point, zirconia is 
difficult to process by SLS, and thermal stress might result in cracks development [49].

Material jetting technology allows manufacturing of ceramic restorations with full 
density, low porosity, high accuracy, complicated shapes, and minimal material usage 
at a low cost. It uses a suspension of ceramic particles, in form of droplets, which are 
selectively deposited onto a substrate by the print nozzle. When the droplets come in 
contact they experience a phase transition and solidify. The low porosity results in the 
formation of a solid portion [52].

Fused deposition modeling is a material extrusion-based technique, in which 
the ceramic material, in a filament form, is heated and extruded through a nozzle. 
It needs de-binding and sintering for densification. The flexible ceramic filament 
is difficult to obtain, because of the brittle nature of polymer binder and ceramic 
powder mixture. Surface roughness is the main concern for this technique [49].

5. Conclusion

Duret’s prediction regarding CAD/CAM, made in 1991: “The systems will continue 
to improve in versatility, accuracy, and cost-effectiveness, and will be a part of routine 
dental practice by the beginning of the twenty-first century,” proved to be accurate [53].

The evolution of CAD/CAM systems provided increasing user-friendliness, 
improved quality and complexity, a wide range of applications, and extended capa-
bilities. The new classes of ceramic materials, specially designed for usage with CAD/
CAM systems, enable fabrication of aesthetic and functional crowns and bridges [54].

The modern demands for aesthetic and function have channeled the evolution of 
fixed prosthodontics in seeking new paths of restoring patients’ comfort and health, 
doubtlessly, will reflect in the future perspectives of this field.
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From the Orthodontic Smile 
to the Perfect Smile: A New 
Categorization
Maria do Rosário Dias, Valter Pedroso Alves,  
Gunel Mammadova Kizi and Ana Sintra Delgado

Abstract

The facial symmetry from an esthetic standpoint is crucial. However, there are not 
much research that examine the malocclusion issue or the significance of the mouth 
and smile in the mental representation of the face. In this study, 151 kids and teenagers, 
both genders, aged 8 to 24, were asked to sketch two self-portraits of their mouths or 
smiles—before (and during) the usage of the orthodontic appliance. Participants seek 
therapy mostly for functional problems rather than cosmetic ones. The findings of this 
study provide insight into the significance of the mouth and smile for an individual’s 
sense of self and psychological well, where the maximization of the mental representa-
tion of the orthodontic smile emerges as a new categorization of the perfect smile.

Keywords: orthodontic smile, esthetic smile, mental representation, drawing content 
analysis, self-image

1. Introduction

It is still of great scientific curiosity to comprehend the significance and self-image 
that a smile psychologically conveys in people’s daily lives [1–3]. It is essential that the 
smile contribute to the facial harmony. There aren’t many empirical studies, neverthe-
less, that consider both the issue of malocclusion and the significance of the mouth 
and mouth in the mental representation of the self-image of the face. The face is the 
area of the body where actions and expressions are concentrated and can either inter-
nalize or externalize feelings and emotions [4]. Since a large portion of the person’s 
affection is communicated at this level during interactions and bonds with others, the 
expression on the face is pragmatic. Among these sayings. Among these expressions 
is the smile, the first psychic organizer and a crucial element in the development of 
one’s own self-image, is one of these expressions [5]. In fact, the ability to understand 
a patient’s facial expression through non-verbal language is crucial in the therapeutic 
environment of dental medicine since the gift of compassion communicated through 
a smile is difficult to measure empirically [6].

In a clinical environment, the “art of the smile” resides in the dentist’s capability to 
fete the positive beauty rudiments in each case and to produce a strategy that enhances 
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the attributes that fall outside the parameters of the prevailing esthetic conception [7]. 
A panoply of logical principles regarding the “smile” order need to come incorporated 
in the field of dental medicine orthodontics [8], to gain enhanced clinical results. 
Nonetheless, in the conception of esthetics is underscored a private perception of the 
beauty conception operated by the subject [9], in which the harmony of the smile 
plays an important part in the perception of the beauty of the face [10].

The smile is seen as a fundamental cognitive-affective ability and a trait in the 
development of a person’s personality, from birth to the conclusion of the life trajectory, 
according to Freitas-Magalhães [11]. Four different types of smiles have been identi-
fied by Freitas-Magalhães the broad smile, the neutral smile, the superior smile, and 
the closed smile. The superior grin and the closed smile appear to be most associated 
with inter-psychosocial relationships from an empirical standpoint. The broad smile 
and the neutral smile, on the other hand, are not seen as loving since they represent the 
extremes of the smiling spectrum. The wide smile reveals the dental arch in the upper 
and lower jaws, whilst the neutral smile conceals all facial emotions. The superior smile 
described by Freitas-Magalhães [11] appears to be equivalent to the smile arc described 
by Sarver [12] as a type of smile defined by the “relationship of the curvature of the 
incisal edges of the maxillary incisors and canines to the curvature of the lower lip in 
the posed smile”. While in a nonconsonant smile, the maxillary incisal are line is flatter 
than the curvature of the lower lip, according to Sarver [12], an ideal smile arc “has the 
maxillary incisal edge curvature parallel to the curvature of the lower lip”. According 
to Sabri [13], the balance between eight factors that make up the perfect smile should 
not be viewed as rigorous criteria, but rather as esthetic guidelines to aid orthodontists 
in treating specific individuals. Additional authors have offered definitions of the ideal 
and discordant smile [7, 12–15]. A younger-appearing smile is one in which the central 
incisors are longer than the lateral incisors, resulting in a larger interincisal space, while 
an older-appearing smile is one in which the top incisal edge looks straight during the 
smile. In the field of orthodontics, esthetic considerations and the attractiveness of 
the smile are crucial because they appear to motivate treatment more effectively than 
functional considerations [16, 17]. Nevertheless, the functional factor for orthodontic 
treatment motivation outweighed the esthetic factor, according to an empirical study 
[3] done at the Egas Moniz-Lisbon University Clinic by Do Rosário Dias et al. Indeed, 
in spite of the multitudinous references set up in the literature review that highlight the 
significance of the functional and biomechanical determinants of malocclusion as a 
distinguishing diagnosis, there’s still a lack of empirical studies that combine the case of 
malocclusion to the subject’s self- image perception of the face in terms of the existent’s 
psychosocial environment [18, 19], insofar as the orthodontic treatment leads to notori-
ous changes in the subject’s intrapsychic experience.

The current chapter fills in this information vacuum by attempting to explain 
the significance of the self-perception of the mouth and grin in both the individual’s 
mental representation of his or her own self-image and perception of the face as well 
as in his or her wellbeing. Additionally, this research has helped define the orthodon-
tic smile as a novel categorization linked to a beautiful, functional smile.

2. Subjects and methods

A descriptive and exploratory empirical study was conducted to get access to how 
the individual’s mouth and smile are seen in their own minds. The methodological 
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approach used a combination of quantitative and qualitative criteria to analyze the 
content of a group of patient drawings. The participants of the sample accurately 
recognized how the task (centered on the teeth) was being carried out, which indi-
cates that just one person drew the category teeth with the orthodontic device fitted 
(Figure 1) [1–3].

The convenience sample included 151 children and teenagers, aged 8 to 24, 
who had undergone orthodontic treatment at the Egas Moniz University Clinic in 
Portugal for a period ranging from 6 months to 1 year. The following questions 
guided patients in creating two self-portraits of their smiles and mouths: (1) 
“What was your mouth like before you had the orthodontic appliance?” (Moment 
1-[M1]); and (2) “How do you think your mouth will be when you remove the 
orthodontic appliance?” (Moment 2-[M2]). In addition, all participants answered 
a socio-demographic inquiry and provided a written answer to the question: “Why 
do you use an orthodontic appliance?” According to the selected sample, 302 valid 
drawings were collected and analyzed, half representing M1 and half representing 
M2. A qualitative content grid for the analysis of the 302 drawings was originally 
designed to study the pictorial representations found in the sample, with four cat-
egories: (1) “smile,” (2) “drawing of the figure (3) “appearance,” and (4) “teeth”. To 
further detail the content analysis, 10 subcategories were created: (1) “absence of 
teeth,” (2) “teeth without detail,” (3) “fractured teeth,” (4) “teeth with diastema,” 
(5) “crowded teeth,” (6) “crooked teeth,” (7) “teeth in saw,” (8) “misplaced teeth,” 
(9) “teeth with spacing” and (10) “gingival deformation” (Table 1). Other sub-
categories were created such as “size”, “contours/limits”, “opening of the mouth”, 
“lips”, and” jaw”.

It has been noted that research projects in the field of health sciences’ studies 
frequently follow the methodological guidelines of using drawings as a graphical 
instrument for qualitative research goals [16, 20]. Patients were instructed to depict 
only the mouth/smile in their drawings as a criterion for objectivity, concentrating the 
smile as the subject of empirical study [3, 17].

Following the theoretical presumptions of Sawyer et al. [21] and Pikunas [22], the 
data were statistically analyzed, and the sample was broken down into four groups of 
children and teenagers: “children” (8–12 years); “preteens” (13–14 years); “adoles-
cents” (15–17 years); and “emerging adults” (18–24 years) (Table 2).

The statistic treatment of the descriptive data was analyzed using the software 
SPSS–Statistical Package for the Social Sciences IBM SPSS Statistics, version 23 for 
Windows, Lisbon, Portugal.

Figure 1. 
Drawing of the teeth from a patient with orthodontic appliance.
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3. Results and discussion

By comparing the self-portraits of patients’ mouths and smiles before and after the 
placement of the orthodontic appliance, it was possible to understand the impact of 
the orthodontic appliance on the mental representation of the individual’s self-image, 
particularly that of the mouth and smile (Figure 2).

The findings point to variations in the mental representations of the mouth and 
the smile, namely in the drawings made before (M1) and after (M2) the usage of the 
orthodontic device, as well as in the expressiveness and expression of emotions in 
these two situations. The results of the content analysis of the written responses to the 
question “Why do you use an orthodontic appliance?” show that the primary motiva-
tion for using an orthodontic appliance is thought to be related to the functional well-
being of the oral cavity. A total of 103 written responses (68.67%) were collected. The 
content analysis of drawings in M2 appears to support this, showing the presence of 
a wide smile (M2 = 86.1%) and a sense of well-being (Figure 3). This places emphasis 
on the broad smile, which is seen to be the closest to the idea of happiness [12].

Male, n (%) Female, n (%) Total, n (%)

Children (8–12 years) 22 (29.3) 16 (21.3) 38 (25.3)

Preteens (13–14 years) 12 (16) 21 (28) 33 (22)

Adolescents (15–17 years) 25 (33.3) 19 (25.3) 44 (29.3)

Emerging adults (18–24 years) 16 (21.3) 19 (25.3) 35 (23.3)

Total sample (8–24 years) 75 (100) 75 (100) 150 (100)

Table 2. 
Frequency according to gender in all age groups (%).

Children Preteens Adolescents Emerging adults

M1 M2 M1 M2 M1 M2 M1 M2

Absence of teeth 0 0 0 0 0 2.3 8.6 14.3

Teeth without 
details

57.9 60.5 72.7 84.8 43.2 61.4 60 54.3

Fractured teeth 7.9 0 6.1 0 0 2.3 8.6 0

Teeth with diastema 10.5 0 24.2 6.1 27.3 0 8.6 0

Crowded teeth 55.3 2.6 45.5 0 40.9 6.8 40 0

Crooked teeth 89.5 21.1 84.8 9.1 88.6 20.5 88.6 20

In saw teeth 23.7 18.4 18.2 6.1 22.7 13.6 25.7 11.4

Misplaced teeth 89.5 21.1 90.9 18.2 95.5 15.9 88.6 14.3

Teeth with spacing 26.3 5.3 36.4 6.1 36.4 9.1 40 8.6

Gingival 
deformation

2.6 0 6.1 0 4.5 2.3 2.9 0

Table 1. 
Frequency of the subcategories found in participants’ drawings before (M1) and after (M2) use of an orthodontic 
appliance (%).
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The findings also show alterations in how people see their own mouths after using 
the orthodontic appliance (M2), as evidenced by more involved drawings, drawings 
that are more comprehensive and detailed, and drawings that have straighter mouths 
and better-aligned teeth. This fact may indicate that patients may have clinically 
induced discourse regarding the orthodontic smile given the time of the questionnaire 
in the treatment pathway (6 M - 1Y).

When comparing M1 and M2, Table 1 reveals three characteristics that show 
changes in the mental image of the mouth and smile both before and after the 
orthodontic device was positioned: crowded teeth, which were noticeable before 
the orthodontic equipment was used but completely disappeared after; crooked 
teeth, which are described in (M1); and misplaced teeth, which are also described in 
(ibidem). Apart from emerging adults, where there were no discernible changes, dif-
ferent scores were obtained in M1 and M2 for the graphical depiction of the category 
with a diastema. From M1 to M2, there was a noticeable decrease in dental spacing 
across all age groups. A normal distribution was discovered in all age groups accord-
ing to gender, per the statistical analysis carried out (Table 2), which appears to be 
consistent with the results of Rodrigues et al. [23].

In reference to the written response to the inquiry: “Why do you use an orthodon-
tic appliance? Correction of crooked teeth (68.7%), followed by the closure of inter-
dental gaps (12.7%), and malocclusion (12.7%), was the most important response 
across all age groups. Participants were least likely (0.7%) to cite improving breathing 
or loving braces (Table 3).

Overall, results point that the improvement of oral health is another justification 
for the use of the orthodontic appliance (9.3%), surpassing esthetic motivations such 
as to be good looking (8.7%) or to have beautiful teeth (7.3%). The findings indicate 
that the improvement of oral health (9.5%) is a more compelling reason to utilize 
an orthodontic appliance than cosmetic factors like having beautiful teeth (7.3%) or 
being attractive (8.7%). However, the investigation uncovered a few unique charac-
teristics for each age group: The desire to have the ideal smile surfaced as a significant 

Figure 2. 
Self-portraits drawn before (M1) and after (M2) the placement of an orthodontic appliance.

Figure 3. 
Drawings of a patient which illustrates dental arcades converted to jaws and absence of lips in M1 and M2.
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issue for preteens (15.2%) and emerging adults (22.9%), but not as much for teenag-
ers (2.3%), who appear to be less motivated by the esthetic motive for the ideal smile. 
Only emerging adults have acknowledged it as an incentive for improving physical 
difficulties, such as muscular soreness (5.7%), since it is uncomfortable. The find-
ings also imply that in the children’s age group, the primary justifications for using 
orthodontic appliances are connected to the treatment of crooked teeth (73.7%), poor 
occlusion (15.8%), interdental gaps (15.8%), and to have attractive teeth (15.8%). 
Braces were not highlighted for reasons like increased self-confidence, wellbeing, 
relief from muscular soreness, or enjoyment in this age range. In the preteen age 
group, straightening crooked teeth appears to be the primary motivation for using 
an orthodontic appliance (63.6%), followed by closing gaps between teeth (18.2%), 
achieving the ideal smile (6.1%), and being attractive (12.1%). In this age group, no 
mention was made of the categories of improved self-esteem, reduced muscle pain, 
better breathing, or enjoyment of braces. The repair of crooked teeth is once again the 
category most frequently cited as the primary justification for orthodontic treatment 
in the teenage age group, followed by poor occlusion (9.1%) and oral health (9.1%). 
Adolescents seldom bring up the topics of having perfect teeth, dealing with muscular 
discomfort, improving their respiration, or loving braces as being pertinent. Finally, 
the rising adult age group likewise cites the repair of crooked teeth as the primary 
reason for receiving orthodontic treatment (54.3%), followed by the desire to have the 
ideal smile (22.9%), poor occlusion (17.1%), and excellent looks (17.1%). In this age 
range, there was no mention of better breathing or wellbeing.

The results also show that the smile category (Figure 3) is primarily illustrated 
by the teeth category (in terms of dental arcades) in contrast to the lips subcategory’s 
absence (M1 = 70.9%; M2 = 70.8%), with an exaggeration of the upper and lower 
dental arch. This shows that people are worried about the condition of their teeth, 
which are viewed as clinical objects and make up the dental arches.

Children Preteens Adolescents Emerging adults Total (%)

Correction of 
crooked teeth

73.7 63.6 79.5 54.3 68.7

Interdental spaces 15.8 18.2 4.5 14.3 12.7

Correction of 
malocclusion

15.8 9.1 9.1 17.1 12.7

To have the perfect 
smile

5.3 15.2 2.3 22.9 10.7

Oral health 13.2 3 9.1 11.4 9.3

To be good looking 2.6 12.1 4.5 17.1 8.7

Beautiful teeth 15.8 6.1 0 8.6 7.3

Well-being 0 3 4.5 0 2

Improve self-esteem 0 0 2.3 2.9 1.3

Muscle pain 0 0 0 5.7 1.3

Improve breathing 2.6 0 0 0 0.7

Enjoying braces 0 0 0 2.9 0.7

Table 3. 
Frequency of reasons to use an orthodontic appliance in all age groups (%).
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Drawings in M2 with more prominent labial commissures regarding the lips and 
complete visualizations of the top and lower dental arches demonstrate a reduction 
in the pictorial depiction of the partially open mouth, as shown by the appearance 
category’s openness of the mouth subcategory. The drawing and teeth of the figure 
category categories (Figure 2) support this idea since both have more visible teeth.

Additionally, more detailed drawings were submitted in the smile category in M2 
compared to M1: These findings go against other findings of the two studies con-
ducted by Gonçalves and Torres at the University Clinic Egas Moniz-Portugal, which 
highlighted the esthetic element and the pursuit of the “perfect smile” as the driving 
forces behind orthodontic treatment among patients. According to research by Dias 
et al. [1], children utilize orthodontic appliances mostly to address crooked and 
malocclusion teeth and interdental gaps, with adolescent patients being the only ones 
who care about having a flawless smile. The percentage of the upper and lower lips 
that are visually represented by the participants in the lip’s subcategory has increased 
from M1 to M2 by 2.7%. Additionally, there was a notable increase in the representa-
tion of normal lips (M1 = 16.5%, M2 = 21.9%), which was offset by a drop in the 
number of thin lips (M1 = 4%, M2 = 2.6%) and thick lips (M1 = 6%, M2 = 2%).

The category with the most noticeable alterations between M1 and M2 is teeth. 
Indeed, the fragmented, diastema, crooked, straight, and well-positioned category 
show the most notable alterations. Additionally, the straight and cracked divisions 
(Figure 4). Drawings of shattered teeth (M1 = 5.3%, M2 = 0.7%) and crooked teeth 
(M1 = 88.1%, M2 = 17.9%) show a much lower percentage in M2.

As a representation of reinvented smiles following the use of the orthodontic 
appliance, there is a significant percentage decrease from M1 to M2 in the subcatego-
ries of teeth with diastema (M1 = 17.9%, M2 = 1.3%), crooked teeth (M1 = 45.7%, 
M2 = 2.6%), and well-positioned (M1 = 91.4%, M2 = 17.2%) (Figure 5).

In the current study, we discovered that age appeared to be a preponderant 
 factor affecting subjects’ perceptions of the esthetics of the smile, which seems to be 
consistent with the viewpoint of several authors, despite gender having no effect on 

Figure 4. 
Decrease in predominance of fractured and crooked teeth illustrated by the drawing from different Patients in M2.

Figure 5. 
Drawing from different Patients which illustrates badly positioned teeth with visible diastemas in M1.
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results [23–27]. The correction of misaligned teeth, diastemas, and fractures are the 
main reasons for orthodontic treatment, according to results regarding participants’ 
mental representations of their mouths and smiles before (M1) and after (M2) using 
orthodontic appliances. Drawings reveal that M1’s smile was depicted by longer ante-
rior incisors, which created a line that dipped in the middle and rose in the corners. In 
contrast, M2’s smile was depicted by straight upper incisal edges and all teeth had the 
same vertical dimension. These factors support those mentioned by Goldstein [20] in 
relation to the younger-appearing smile and the older-appearing smile, respectively, 
distinguishing smiles based on age. According to the current study, the smile changes 
from appearing older in M1 to appearing younger in M2 after treatment (Figure 6).

Diastemas may be seen in drawings in M1 (Figure 5) but not in M2 across all age 
groups, as shown by Table 1. The exception to this rule is preteens. According to this 
line of reasoning, Rodrigues et al. [28] hypothesized that for children and adults, the 
presence of diastemas harmed the esthetic look and had a detrimental effect on how 
the smile develops. Almeida et al. [27] believe, on the other hand, that diastemas in 
children have a natural connotation, are present in deciduous teeth, and disappear 
naturally or with the help of a straightforward intervention.

Despite this paradox, children in the current study consistently depict the mouth 
and smile in M2 without any diastemas (Figure 7), which is consistent with the find-
ing of Almeida et al. [29].

Additionally, the superior smile as described by Freitas-Magalhães [11] appears 
to be the same as the representation of the smile arc in M2 as described by Sarver 
[7]. Most age groups in M1 exhibit the dental part fractures depicted in drawings 
(Figure 8), with emerging adults making up most of this subcategory (8.6%).

In general, the categories of crooked teeth rectification, malocclusion correction, 
and interdental gaps outline the primary motivating elements that decide the practi-
cal usage of an orthodontic device.

Figure 6. 
Younger-appearing smiles (M1) and older-appearing smile (M2).

Figure 7. 
Presence of diastema in M1 and absence of diastema in M2.
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According to the literature study, the appearance of the smile and the subject’s 
self-esteem are secondary determinants of psychosocial factors that support the use 
of an orthodontic device, with the degree of malocclusion serving as the primary 
predictor. According to some authors, malocclusions [2, 25–27, 30] appear to have a 
greater psychosocial impact than other parameters, indicating that subjects appear to 
be more concerned with the position of their teeth within the dental arch than with 
the esthetics of their smile [31].

According to the results of the current study, children and preteens typically seek 
orthodontic treatment to straighten their teeth. Additionally, missing teeth and a 
more pronounced anterior irregularity of the upper jaw are linked to children’s and 
teenagers’ unhappiness with their dental appearance. The survey also discovered that 
none of the participants in the adolescent age range cited the value of having attrac-
tive teeth as a justification for using an orthodontic device. These findings, however, 
appear to be at odds with those of Bica et al. [32], who found that many patients cited 
improving their facial appearance as a reason for seeking orthodontic treatment. Elias 
et al. reported similar findings, [33] adding that, depending on the characteristics of 
the age group examined, oral health and esthetics predominated in the self-image of 
the face.

Therefore, our findings support the notion that, in addition to structural and 
functional considerations, orthodontic treatment in emerging adults may also be 
motivated by oral health and esthetics.

Emerging adults listed orthodontic treatment as a factor for straightening teeth, 
having the perfect smile, correcting malocclusion, and being attractive, in that 
order of importance, while dispensing with health and breathing improvement as 
categorical determinants. These results are consistent with Delalibera et al., [34] 
which linked orthodontic treatment with emerging adults’ interpersonal interactions 
and concluded that people’s perceptions of dentofacial abnormalities could influence 
how well they fit in with society. Accordingly, teenagers (2.3%) and emerging adults 
(2.9%) cite the enhancement of self-esteem as the driving force for the usage of an 
orthodontic device, which may raise questions about the relationship between oral 
cavity esthetics and self-esteem, as suggested by Basha et al. [35]. The most com-
mon justification for receiving orthodontic treatment across all age groups was to 
straighten out crooked teeth.

4. Conclusion

The esthetic harmony that the smile offers is crucial for patients since having 
a beautiful face increases one’s acceptability in their psychosocial environment. 

Figure 8. 
The fractures of dental parts, mostly drawn in M1.
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It should be noted that when subjects underwent orthodontic treatment, they 
appeared to associate the smile category with the social display of a look with per-
fectly healthy teeth—the so-called “orthodontic smile”—in blatant contrast to the 
idea that the ideal smile from an esthetics point of view was less important for the use 
of an orthodontic appliance than the good functioning of the oral cavity. Therefore, 
the orthodontic smile—in the sense of a sound, functional smile—was more signifi-
cant than the ideal esthetic smile.

These findings add to our understanding of the role that the mouth and smile play 
in a person’s sense of self and psychological health, and they suggest that a perfect 
smile may be defined in new ways by enlarging our mental image of an orthodontic 
smile.

Therefore, we suggest the orthodontic smile as a new category for smiles used in 
orthodontic settings, considering the socially acceptable exhibition of excellent teeth.
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Chapter 18

Clinical and Phonetic Features of 
Dentognathic Deformations, Their 
Orthodontic Treatment
Alona Melnyk and Valerii Filonenko

Abstract

The substantiation of the current task of modern dentistry is presented, which 
consists of increasing the effectiveness of the treatment of dentognathic deforma-
tions accompanied by phonetic disorders through a multidisciplinary approach to the 
development and application of a complex of diagnostic and therapeutic measures 
based on the determined and clarified etiopathogenetic connections of dentognathic 
deformations with phonetic disorders, and causal mechanisms of the development of 
dentognathic deformations in cleft lip and palate and the importance of anatomic and 
morphometric characteristics of the tongue as a prognostic indicator of an effective 
orthodontic treatment as well are substantiated.

Keywords: dentognathic deformations, phonetic disorders, cleft lip and palate, 
multidisciplinary approach, orthodontic treatment

1. Introduction

Statistical data given in scientific sources testify to the high level of prevalence of 
dentognathic pathologies in Ukraine and the tendency of its growth [1–5]. According 
to the authors’ research, it reaches more than 80% [6–8]. During the examination of 
462 children aged 6–12 years in schools of Kyiv, anomalies and deformations of the 
dentognathic apparatus were found in 385 subjects, which is 83.3%. Distal bite is the 
most common pathology of the dentognathic apparatus, found in 58.2% (n = 224). 
Distal deep bite was 26.2% (n = 101), mesial bite—10.1% (n = 39), open bite—4.7% 
(n = 18), and transverse bite—0.8% (n = 3) [8].

The majority of dentognathic deformations are accompanied by phonetic  
disorders. They are caused by changes in the dentognathic relations of indicators of 
the functional activity of the masticatory muscles, circular muscle of the mouth, 
lips, tongue, and ear, nose, throat (ENT) organs [8–13]. Out of 385 people with 
dentognathic deformities, speech disorders were identified in 306 people, which 
was 66.2%. Out of 77 people with no orthodontic pathology, only 16.7% had speech 
disorders. Phonetic disorders combined with bite pathologies were found in 96.1%  
(n = 294), of which 52.0% (n = 153) had a distal bite, 31.3% (n = 92)—distal deep 
bite, mesial—10.9% (n = 32), and open—5.8% (n = 17) [8].
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The outlined factors are in a close cause-and-effect relationship; therefore, they 
require a simultaneous complex approach in solving the problem of treatment of 
patients with dentognathic deformities accompanied by speech disorders.

Today, new methods of orthodontic treatment have been developed for this 
category of patients using various types of myogymnastics and taping, as well as a 
program-methodical complex of corrective speech therapy work using innovative and 
original technologies [9, 12, 14, 15].

The use of well-known methods of orthodontic treatment without directed 
logopedic correction reduces the effectiveness of rehabilitation of patients with den-
tognathic deformations accompanied by phonetic disorders. Attention should be paid 
to the study of the relationship between inflammatory diseases of the nasopharyngeal 
and palatine tonsils, narrowing of the upper respiratory tract with dentognathic 
deformations accompanied by phonetic disorders, the state of functional activity 
of the temporal muscles, circular muscle of the mouth depending on the types of 
deformations and phonetic changes. Attempts to normalize the bite without logopedic 
correction and functional reconstruction complicate orthodontic treatment and make 
it impossible to achieve a stable result [16, 17].

When carrying out a complex medical and rehabilitation measures in children 
with congenital cleft lip and palate, it is important to study the conditions of develop-
ment of the dentognathic apparatus. According to statistical data, more than 500 
children with various types of cleft lip and palate and syndromes are born in Ukraine 
per year, in which almost 94% of cases have combined dentognathic deformations of 
varying severity in the sagittal, transverse, and vertical directions (Figure 1) [18, 19].

In order to increase the effectiveness of the complex treatment of children with 
cleft lip and palate, it is advisable to justify pathogenetically directed personalized 
orthodontic therapy based on the definition of medical and social predictors, a set 
of diagnostic criteria, experimental modeling of the stressed-deformed state of the 
tissues of the upper jaw, and its clinical and morphometric characteristics.

The tongue is a powerful muscular factor influencing the development of the 
dentognathic apparatus. In maintaining myodynamic balance, an important role is 
played by the functional state of the tongue muscles, which depends on its anatomi-
cal features, namely its shape, size, position, and hyper- or hypotonus. Anatomical 
and topographic features of the tongue are important when choosing the tactics of 
orthodontic treatment and corrective speech therapy work in children with deformi-
ties of the dentognathic apparatus [18, 20].

Figure 1. 
Combined dentognathic deformity with unilateral cleft lip and palate.
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Children with cleft lip and palate and violations of the anatomical and topographi-
cal parameters of the tongue have complex mechanisms of speech disorders, and the 
severity of violations of the phonetic component of speech varies from the damage of 
one group of sounds to their total violation.

In view of the aforesaid, there is a need for an in-depth study of the relationship 
between speech function disorders and deformations of the dentognathic apparatus, 
the development of modern preventive, diagnostic and therapeutic measures based 
on a multidisciplinary approach to overcome the identified problems, and in order to 
increase the effectiveness of orthodontic treatment—the development and justifica-
tion of a complex diagnostic and therapeutic measures based on a multidisciplinary 
approach.

2.  Clinical and laboratory research and principles of complex treatment 
of dentognathic deformations, and its results in accordance with the 
proposed complex of diagnostic and therapeutic measures

In order to study the influence of the state of the ENT organs on the formation of 
maxillofacial deformities and phonetic disorders, 155 children aged 6–12 years were 
subjected to rhinoscopy, pharyngoscopy, otoscopy, tonal and speech audiometry, 
tympanometry, and cone-beam computed tomography. Out of 155 subjects, 82 had 
dentognatic deformities accompanied by phonetic disorders, 73 subjects had phonetic 
disorders, orthodontic pathology was not observed [21].

Among 82 children with deformities of the dentognathic apparatus accompa-
nied by phonetic disorders, hypertrophy of the nasopharyngeal tonsils (adenoid 
vegetations) of the I degree was diagnosed in 51.2% (n = 42), the II degree in 
30.5% (n = 25), and the III degree—in 18.3% (n = 15). Among 73 children with-
out orthodontic pathology with speech disorders, adenoid enlargement of the I 
degree was diagnosed in 43.8% (n = 32), the II degree (n = 15)—20.5%, and III 
degree (n = 2)—2.7%. An increase in the size of nasopharyngeal tonsils was  
not detected in 32.9% (n = 24) without orthodontic pathology.

Adenoid growths of the I degree in children with existing orthodontic pathology 
are observed 1.2 times more often than in children without orthodontic pathology, 
the II degree—1.5 times, and the III degree—6.8 times, respectively. Children without 
abnormalities in the size of the nasopharyngeal tonsils were not observed among 
people with deformities of the dentognathic apparatus.

During a pharyngoscopy to determine the size and condition of the palatine tonsils 
in 82 children with anomalies and deformations of the dentognathic apparatus, accom-
panied by phonetic disorders, hypertrophy of the I degree was diagnosed in 42.7%  
(n = 35), the II degree in 32.9% (n = 27), and the III degree—in 24.4% (n = 20). A 
different degree of hypertrophy of the palatine tonsils was detected in all subjects with 
deformities of the dentognathic apparatus. Among 73 children without orthodontic 
pathology with speech disorders, an increase in palatine tonsils of the I degree was 
determined in 38.4% (n = 28), the II degree—in 16.4% (n = 12), and the III degree—in 
6.8% (n = 5). Disturbances in the size of palatine tonsils were not detected in 38.4% of 
children (n = 28) without orthodontic pathology.

Analysis of the state of the palatine tonsils indicates that hypertrophy of the I 
degree in children with existing orthodontic pathology is observed 1.1 times more 
often than in children without orthodontic pathology, the II degree—2 times, respec-
tively, and the III degree—3.6 times.
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The obtained data proved the presence of interrelationship of dentognathic defor-
mations with inflammatory diseases of the ENT organs, which lead to changes in the 
volume of the upper respiratory tract, articulation zones, speech breathing and cause 
disorders of sound and speech.

Otoscopy of 155 children showed that their tympanic membranes are gray in color 
with a shiny shade, not retracted, mobile. The average thresholds of tonal hearing dur-
ing tonal audiometry in the audiometer range of 125–8000 Hz ranged from 0 to 10dB. 
Suprathreshold tests corresponded to physiological values (Luscher test—1.5–2.0 dB, 
SiSi test—0%). In total, 50% legibility of air and bone conduction numerators was 
achieved at a sound pressure level of 15 dB and 100% legibility of the air conduction 
speech test at a sound test level of 30 dB. Therefore, according to the data of tonal 
and speech audiometry, no hearing disorders were detected, and speech tests proved 
normal hearing perception of speech in the subjects.

According to impedance measurements, 81.29% (n = 126) had a tympanogram of 
type “A” according to the Jerger classification, which indicates normal function of the 
auditory tube and auditory nerve. In 18.71% (n = 29), a tympanogram of type “C” was 
found, which indicates a violation of the function of the auditory tube with the occur-
rence of negative pressure in the middle ear cavity. Identified minor disorders of the 
condition of the middle ear did not significantly affect the hearing function. Compliance 
values ranged from 0.71 to 1.11 cm3 (with an average statistical value of 0.77±0.12 cm3), 
and intratympanic pressure ranged from −35 to +25 dRa. At a sound pressure level of 95 
dB, ipsilateral and contralateral acoustic reflexes were recorded in all subjects [21, 22].

After an otolaryngological examination in order to study the influence of the state 
of the ENT organs on the formation of dentognathic deformations and, if neces-
sary, after conservative and/or surgical treatment (adenoiditis, tonsillitis, etc.), 82 
patients aged 6–12 with dentognatic deformations and phonetic disorders were given 
a detailed clinical dental orthodontic examination according to the generally accepted 
scheme with the usage of objective and additional research methods [22–24].

Anthropometric measurements were carried out using the 3Shape Viewer com-
puter program on scanned models of the jaws of 82 patients with the determination 
of the length of the front part of the tooth rows before and after treatment by the 
method of M. Mirgazizov (n = 328), the transverse dimensions of the tooth rows 
using the Moorrees method before treatment in all 82 people (n = 164), after—in 71 
(n = 142), because 11 lost temporary canines as a result of physiological changes in 
the teeth [25–27].

Out of 82 patients with dentognatic deformities, with the consent of the parents 
and on the condition that there were no general contraindications, cephalometric 
study was performed in 45 patients, and cone-beam computed tomography in 30 
patients before and after orthodontic treatment.

A cephalometric study was carried out on 45 patients (n = 90) by the method of 
A. Schwarz using the computer program RadiocefStudio2, and superimposition of 
cephalometric images before and after orthodontic treatment was carried out accord-
ing to the structural landmarks of the supraorbital plane Cl-RO and Sе [26].

Cone-beam computed tomography of the skull of 30 patients was performed to 
determine the volume of the respiratory tract (paranasal sinuses) before and after 
treatment (n = 60) using a Gendex by iCAT CB-500 tomograph. A systematic analysis 
of changes in the respiratory tract was carried out by comparing tomograms before 
and after complex treatment, and the obtained data were processed in the graphic 
dental program SIMPlant (Materialise Software, Belgium) with the construction of 
multiplanar, panoramic, and 3D reconstructions.
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The functional state of the group of muscles, the activity of which suffers the 
most due to certain orthodontic pathology, was determined by the method of total 
(surface) electromyography using the eight-channel electromyograph “BioEMG III” 
of the company “BioResearch Inc.” (USA). Electromyograms of the surface part of 
the proper masticatory, anterior bundles of the temporal, sternoclavicular-mastoid, 
and anterior bellies of the biventricular muscles and the circular muscle of the mouth 
of 44 patients before and after treatment (n = 440) were studied and analyzed. The 
state of physiological rest, volitional contraction, and swallowing were subject to 
analysis [22, 28].

Diagnosis of the phonological aspect of speech was carried out in 155 patients, 
which were mentioned before, with phonetic disorders. The indicators of sound 
speech, the ratio of the most frequently detected distortions of sounds, and the aver-
age number of sound speech violations per child were determined [23, 24].

The 82 patients (38 patients with distal deep, 16—with distal, 18—with open, and 
10—with mesial bites) were subjected to orthodontic treatment using removable and 
fixed orthodontic appliances for 10–12 months followed by a retention period [22].

Mechanically active elements in Schwarz’, Andresen-Haupl’s and Flis PS.–
Filonenko VV. appliances (Patent of Ukraine for the utility model “Orthodontic 
appliance by Flis PS.–Filonenko VV. for the treatment of an open bite” No. 69548 
А61С7/00 dated 04.25.12) (Figure 2) were used for narrowing of tooth rows, inclined 
or biting planes in Schwartz appliances on the upper jaw—in the treatment of distal 
and distal deep bites, occlusal linings in Bruckl’s-Reeykhenbach appliances depending 
on the degree of reverse incisor overlap—mesial bite, Flis PS.–Filonenko VV. appli-
ances—open bite. Marco Ross-fixed appliances (Figure 3) were used for narrowing 
of the upper tooth row, lack of space for upper incisors, correction of malocclusion 
associated with narrowing of the upper dental arch against the background of dif-
ficult nasal breathing [22, 29].

Removable orthodontic appliances were recommended to be used freely for the 
first one or two days, after the adaptation period—necessarily during sleeping and 
all free time, with the exception of periods of staying at school, eating, and practic-
ing sports. The total time of usage during the day should have been at least 14–16 
hours [29].

Figure 2. 
Orthodontic appliance by Flis PS.–Filonenko VV. for the treatment of an open bite.
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In accordance with the proposed complex of diagnostic and therapeutic measures, 
the speech therapist carried out individual corrective work to overcome phonological 
disorders of speech, studied the semiotic component of speech, conducted speech 
therapy research methods (psychological-pedagogical—analysis of the child’s speech 
therapy examination cards, observations, conversations with children and parents; 
neuropsychological—tests to determine the level of formation of oral kinetic and 
kinesthetic praxes; tests to determine the state of sound speech formation).

Children without orthodontic pathology were prescribed 10 classes of logopedic cor-
rection three times a week, with deformations of the dentognathic apparatus and speech 
disorders—2–3 courses of 10 classes with breaks of 1–2 months. In 12 cases, standard 
vestibular plates of Dr. Hinz—MUPPY-P with a bead were used in addition to speech 
therapy classes, in eight cases—removable appliances with a bead, in nine cases—fixed 
Bluegrass appliances, in six cases—appliances for eliminating and preventing harmful 
tongue habits and training the muscle structures of the articulating apparatus (Patent 
of Ukraine for the utility model “Appliance for elimination and prevention of harmful 
tongue habits” No. 126393 А61C7/00 dated 11.06.18) (Figure 4) [22, 30].

We offered a set of diagnostic and treatment measures for patients with dento-
gnathic deformities accompanied by phonetic disorders, which consists of motiva-
tional, diagnostic, and treatment blocks [22, 25].

The motivational block envisages the formation of a positive result of orthodontic 
and speech therapy treatment; creating an atmosphere of emotional comfort among 

Figure 3. 
Marco Ross appliance in the oral cavity.

Figure 4. 
Appliance for elimination and prevention of harmful tongue habits and training the muscle structures of the 
articulating apparatus.



321

Clinical and Phonetic Features of Dentognathic Deformations, Their Orthodontic Treatment
DOI: http://dx.doi.org/10.5772/intechopen.109636

the orthodontist, the speech therapist, the child and his/her parents; formation of 
personally oriented treatment and corrective training.

The diagnostic block provides for the establishment of the type of dentognathic 
deformations based on clinical examination, anthropometry, electromyography, 
cephalometry, cone-beam computed tomography; determination of the state of for-
mation of the phonetic side of speech using neuropsychological and speech therapy 
tests; examination of the state of the ENT organs by the methods of rhinoscopy, 
pharyngoscopy, otoscopy, tonal and speech audiometry, tympanometry, cone-beam 
computed tomography, and impedance measurement.

The treatment block included orthodontic treatment with the usage of removable 
and non-removable orthodontic appliances depending on the type of deformities, 
the age of the patient, the degree of formation of the dentognathic apparatus, etiol-
ogy; phonetic correction with mandatory (orofacial gymnastics, formation of speech 
breathing) and correction-oriented (setting automation and differentiation of 
sounds) tasks; otolaryngological conservative and/or surgical treatment of adenoids 
and tonsillitis; control of the level of oral hygiene, therapeutic treatment of diseases 
of the hard tissues of the teeth, inflammatory processes of periodontal tissues, and 
the mucous membrane of the oral cavity. This made it possible to carry out complex 
multi-vector treatment of dentognathic deformations accompanied by phonetic 
disorders.

The criteria for evaluating the effectiveness of complex treatment of children 
with dentognathic deformities accompanied by phonetic disorders were based on the 
results of additional diagnostic methods, namely anthropometric, electromyographic, 
radiographic, and speech therapy.

After the orthodontic treatment, the results of the anthropometric measure-
ments of the scanned models of the jaws according to the method of M. Mirgazizov 
and Moorrees showed a change in the dimensions of the tooth rows. A statistically 
significant decrease in the length of the front part of the upper tooth row was noted 
in the treatment of patients with a distal bite by 2.51±1.39 mm, with distal deep bite 
by 1.06±1.05 mm, in the treatment of a mesial bite, a decrease in the lower one by 
1, 72±1.79 mm and an increase of the upper one by 3.43±1.36 mm; expansion in the 
area of canines on the upper jaw of patients with a distal occlusion by 3.32±1.03 mm; 
and a distal deep bite by 2.59±1.04 mm compared with the initial clinical picture.

Analysis of cephalograms using the A. Schwarz technique confirms positive 
changes after the treatment. The most informative improvements are related to the 
placement of the apical base of the lower jaw in relation to the base of the skull in 
the sagittal direction in the treatment of distal and distal deep bites (angle SeNB), 
the vertical position of the jaws in the treatment of open bite (angle B). The inclina-
tion of the axes of the teeth (angle 1SpP, angle 1MP) relative to the planes of the base 
of the jaws improved (Figure 5).

The narrowing of the upper jaw leads to forced retention of the tongue in the 
lower position, which interferes with its function and leads to speech defects.

The expansion of the upper jaw leads to the expansion of the bottom of the nasal 
cavity, which results in the expansion of the respiratory tract at all levels, which in 
turn causes an increase in the flow of air inhaled through the nose.

With the help of cone-beam computed tomography, it was objectively proven that 
the volume of the upper respiratory tract increased by 53.80±4.21% in patients from 
11.82±2.06 ml to 18.01±3.84 ml after expansion of the upper jaw at the alveolar level, 
which are shown on figures (Figures 6 and 7). These leads to a change in the position 



Human Teeth – From Function to Esthetics

322

of the tongue with its dislocation to the hard palate, which improves the results of 
orthodontic treatment and correction of speech. 3D reconstruction of the upper 
respiratory tract and superimposition of volumes before and after treatment were 
shown on figures (Figures 8 and 9).

Figure 6. 
Analysis respiratory tract, coronary section. Before treatment (a), after treatment (b), superimposition of pre-
treatment airway profile on cone-beam computed tomography of post-treatment image (c) shows an increase in 
airway volume in the anteroposterior direction and in length.

Figure 5. 
Superimposition of cephalograms with an open bite before and after treatment.
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Figure 7. 
Images of axial and frontal sections from the cone-beam computed tomography data before the start of treatment 
(a) and after treatment (b), demonstrating an increase in the area of the respiratory tract.

Figure 8. 
3D reconstruction of the upper respiratory tract and superimposition of volumes (before the start of  
treatment—volume reconstruction in red, after treatment—in blue; side view (a), front view (b).
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Changes in indicators of biopotentials of muscular structures of the articulating 
apparatus depending on the forms of dentognathic deformations, accompanied by 
phonetic disorders, testify to their correlation. The results of the electromyographic 
analysis of the state of the surface parts of the proper masticatory, anterior bundles of 
the temporal muscles, sternoclavicular-mammoid, anterior belly of the biventricular 
muscles, and the circular muscle of the mouth before orthodontic treatment indicate 
the group of muscles with the biggest functional impairment according to established 
orthodontic pathology and direct the work of the orthodontist and speech therapist to 
restore the neuromuscular balance of this particular group.

In patients with a mesial bite prior to orthodontic treatment, an increase in the 
bioelectric activity of the anterior temporal bundles (7.81±2.07 mV) and the proper 
masticatory muscles (2.29±1.03 mV) at rest and a significant decrease in the contrac-
tile activity of the latter during volitional compression (19.94±7.37 mV) were recorded; 
with an open bite—the amplitude of the biopotentials of the upper part of the circular 
muscle of the mouth is reduced at rest (3.21±1.07 mV) and during volitional compres-
sion as well (9.25±2.38 mV), an increase in the bioelectric activity of the anterior 
bundles of the temporal muscles at rest (4.62±1.13 mV); with distal and distal deep 
bites—the amplitude of biopotentials of the upper part of the circular muscle of the 
mouth at rest is the highest (5.24±1.17 mV and 5.04±2.01 mV, respectively).

After orthodontic treatment at the same time as logopedic correction, changes 
in electromyogram indicators were detected, which proved an improvement in the 
functional state of muscles and the effectiveness of the treatment by an average of 2.5 
times. Patients with a mesial bite at rest had a decrease in the bioelectric activity of 
the anterior bundles of the temporalis (2.11±0.97 mV) and the masticatory muscles 
(1.32±0.78 mV), an increase in their contractile activity during volitional compres-
sion (44.48±6.33 mV) as well; with an open bite—increase in the amplitude of the 
biopotentials of the upper part of the circular muscle of the mouth during volitional 
compression (12.84±3.51 mV) and decrease in the bioelectric activity of the anterior 
bundles of the temporal muscles at rest (0.87±0.22 mV); with distal and distal deep 
bites—a decrease in the amplitude of biopotentials of the upper part of the circular 
muscle of the mouth at rest (3.22±1.37 mV and 2.76±1.02 mV, respectively).

Figure 9. 
3D reconstruction of the upper respiratory tract and superimposition of volumes (before the start of  
treatment—volume reconstruction in red, after treatment—in yellow; side view (a), front view (b).
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Diagnostic screening of speech disorders was carried out and their dependence on 
dentognathic deformations was established. The average number of violations of the 
pronunciation of whistling sounds per child is the highest in mesial bite at the age of 
6–8 years—2.4 and in open bite at the age of 9–12 years—2.0, and sonorous sounds 
in the distal and distal deep bites at the age of 6–8 years old—1.7, at the age of 9–12 
years—1.1. The ratio of sonorous to whistling speech disorders in mesial bite at the age 
of 6–8 years is 6.0, in open bite—4.7, at the age of 9–12 years, 4.5 and 3.0, respectively. 
The lowest average number of sibilant sound-speech disorders was determined at the 
age of 6–8 years—0.4, at the age of 9–12 years—0.6 per child with all bite pathologies.

Staged work was carried out to overcome phonetic disorders of speech, which 
contributed to the normalization of the sound pronunciation of whistling, and sonorous 
and hissing sounds in various types of dentognathic deformations. The expediency and 
effectiveness of using the proposed non-removable appliance, which contributes to the 
training of the muscular structures of the articulating apparatus in combination with 
speech therapy correction, to improve kinetic and kinesthetic praxes in the temporary 
and first period of variable bite, was proven. The appliance includes a bracket soldered to 
two thin-walled cast perforated crowns designed to be fixed on temporary canines with 
a composite flowable photopolymer material (e.g., Filtek flow 3M ESPE, USA) or hybrid 
glass ionomer cement with a triple curing mechanism (e.g., Vitremer 3M ESPE, USA), in 
the middle part to which a functionally active element in the form of a bead is attached.

The advantage of the offered appliance, in our opinion, is the following: Fixation 
on temporary canines makes the appliance compact due to the reduction of the struc-
ture size, which in turn allows to facilitate hygienic care and improve the hygienic 
condition of the oral cavity, reduces the risk of caries in the non-mineralized cervical 
area at the stage of permanent teeth unformed root; compactness helps to increase 
the articulation zones of the tongue, trains the tip of the tongue, which speeds up the 
speech therapist’s work at the stage of producing sounds, and eliminates their inter-
dental pronunciation; the use of a functional element in the form of a bead allows to 
control the usual palatal position of the tongue and activate the work of the root of 
the tongue, because during a conversation the child involuntarily rolls it in the area of 
the palate, stimulating the muscles of the tongue.

The evaluation of the effectiveness of the diagnostic and treatment complex of 
measures offered on the basis of a multidisciplinary approach for patients with dento-
gnathic deformities accompanied by phonetic disorders proved the need to determine 
the condition of the nasopharyngeal and palatine tonsils and the effectiveness of 
orthodontic treatment at the same time as logopedic correction as well. Improvements 
in electromyography, anthropometric measurements of scanned jaw models, and 
cephalometry were noted in 86.6% of patients; analysis of cone-beam computed 
tomography data showed a significant increase in the volume of the upper respiratory 
tract by 53.8±4.2% in patients after orthodontic treatment.

3.  Predictors of the development of dentognathic deformations in cleft lip 
and palate, the basis of orthodontic correction

In most cases with cleft lip and palate, combined deformations of the dentognathic 
apparatus are observed. A congenital defect is the basis for the development of upper 
jaw deformity. Children with cleft lip and palate have at least one or more dento-
gnathic deformities due to the development or position of the teeth themselves or the 
development and mutual arrangement of the jaws.
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With cleft lip and palate, and unilateral cleft lip and palate, the following anoma-
lies or deformations are most often observed: primary adentia, more often upper 
lateral incisors; presence of natal/neonatal teeth; presence of supplemental teeth; 
anomalies of the eruption of teeth; abnormalities in tooth morphology, e.g., fused 
teeth; tooth size abnormalities, e.g., microdontia; abnormalities of individual teeth, 
e.g., enamel hypoplasia; abnormalities in the position of the teeth; crowding of teeth 
or vice versa—tremas; mesial bite; cross bite; deep bite or open bite.

It should be noted that changes in the development of the upper jaw quite often 
affect the position and size of the lower jaw.

An integral component of deformations is the functional component.
A comprehensive approach to the orthodontic rehabilitation of children, taking 

into account the multifactorial determination of unilateral cleft lip and palate, allows 
to reduce the severity of dentognathic deformities caused by both congenital defects 
and surgical intervention. Orthodontic support during all periods of the formation of 
the dentognathic apparatus in children with congenital malformations of the lip and 
palate makes it possible to restore the size and shape of the dental arches, ensuring the 
stability of the complex treatment results.

The reason for the formation of deformations of the dentognathic apparatus 
in cleft lip and palate is pathogenetic predictors, which lay the foundation for the 
formation of deformations from the birth of a child. They can be divided into groups: 
primary congenital defects of soft (upper lip, soft palate) and hard tissues (defect 
of the alveolar process, hard palate); the influence of the tongue and cheek muscles, 
feeding method (pacifier, presence of an obturator); primary surgical interventions 
(cheilo-rhinoplasty, veloplasty, uranoplasty). The cascade of changes forms cause-
and-effect mechanisms for the development of dentognathic deformations.

When studying the predictors, morphometric measurements of photograms and 
scanned models of the upper jaws of 72 children with unilateral cleft lip and palate 
were carried out.

Primary congenital defects of soft and hard tissues determine the presence of non-
unions of the tissues of the lip and palate. It was showed that the largest soft tissue 
defect was located in the area of the nasolabial complex, non-union fragments of the 
soft palate. The largest defect of hard tissues was found at the border of the hard and 
soft palate. The distance between the ends of the alveolar process varied between 2.31 
and 15.32 mm. The alveolar process of the large fragment deviated outward, while the 
small fragment shifted backward, which is due to the absence of both the muscular 
closure of the upper lip and the lack of its fusion with the vomer.

The influence of the pacifier on the mutual location of the fragments of the upper 
jaw and the position of the horizontal plate of the palatine bone was established. In 
most children with cleft lip and palate, who were artificially fed with the help of a 
pacifier, the shift of the alveolar process in the sagittal plane and the movement of the 
horizontal plates of the palatine bone to a vertical position were noted.

The development of the upper jaw in case of unilateral cleft lip and palate is also 
influenced by primary surgical interventions (сheilo-rhinoplasty, veloplasty, ura-
noplasty, uranostaphyloplasty), which restore the anatomical integrity of unfused 
fragments of the lip and palate, and create conditions for their functional capacity. 
The foundation for optimal orthodontic treatment is laid already at the stages of 
surgical interventions.

Cheilo-rhinoplasty is the primary surgical intervention performed on a child with 
cleft lip and palate. After primary cheilo-rhinoplasty, which is usually performed in 
3–5 months for unilateral nonunions, the main muscle constrictor of the oral cavity 
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is restored. It creates the conditions for regulating the mutual location of the unfused 
fragments of the upper jaw: It limits their further movements relative to each other, 
and optimizes and prepares them for the second stage of surgical interventions—velo-
plasty. Studying the dynamics of changes in the morphometric indicators of the upper 
jaw after veloplasty in children with cleft lip and palate showed changes in sagittal and 
transverse indicators of its dimensions. It was proven that cheilo-rhinoplasty, velo-
plasty, and uranoplasty affect the size of the defect by reducing it, but the risk zones for 
the growth of the upper jaw are the distances between the distal edges of the canines 
and between the points of the transition of the gingival mucosa to the hard palate in the 
area of the first molar, since in these areas there is a decrease in transverse sizes.

For orthodontic treatment of children with cleft lip and palate, orthodontic appli-
ances are used, the scientific justification of which took place at the beginning of the 
twentieth century [29, 31]. However, there is still no universal orthodontic protocol 
for the treatment of dentognathic deformities in cleft lip and palate. To eliminate bite 
deformities caused by congenital defects of the palate, to obtain a satisfactory overjet 
(sagittal overlap) and overbite (vertical overlap), expansion of the upper jaw (dental 
arch) is usually performed. For this purpose, a number of appliances are used, which 
include the following:

• sectional removable appliances with one or more screws, occlusive side plates, 
spring pushers if necessary;

• appliancess for rapid expansion of the upper jaw depending on the type and 
volume of the required expansion (Hyrax appliance with screw, Mcnamara 
appliance with occlusive side plates, Hyrex-expanderr, Mini expander, Fan-type 
expander, Bobded Fan Expander with occlusive side plates, Expander with dif-
ferential opening (EDO), etc.);

• stationary (non-removable) quad-helix/tri-helix appliances, etc. [26, 31–34].

The choice of orthodontic appliances in children with cleft lip and palate, espe-
cially in the period of variable bite, depends on the type of dentognathic deformities, 
existing conditions for fixation and socio-economic components.

Corrective speech therapy work with children with cleft lip and palate is carried out 
during the entire treatment and rehabilitation period and includes preparatory and 
main stages. The preparatory stage precedes the main one and is carried out in all age 
periods, and it involves the formation and development of basic psychomotor (kinetic 
and kinesthetic praxes), cognitive processes (visual, auditory gnosis, perception, 
auditory-speech memory, different types of thinking, spatial representation, atten-
tion), which are the basis for the child’s speech development. The main stage is aimed 
at the formation and development of all constituent components of speech: speech 
breathing, phonetics, phonemic processes, vocabulary, grammar, coherent speech.

4.  Interrelationship of the development of dentognathic deformations 
with anatomical and topographic indicators of the tongue, and 
prevention of dentognathic deformations in macroglacia

The action of the muscles of the maxillofacial area is decisive in the process of 
development of the dentognathic apparatus. The shape and size of the tooth rows 
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are determined by the direction of growth and the influence of muscle forces, which 
depend on the anatomical features of the muscles and their functional state. The 
functional state of the tongue muscles plays an important role in maintaining myo-
dynamic balance and depends on its anatomical features. They include the shape and 
size of the tongue, its position, and hyper- or hypotonus.

Deformations of the dentognathic apparatus in children of various ages develop as 
a result of congenital and acquired causes. One of them is macroglossia, which can be 
a manifestation of syndromic diseases, vascular malformations, congenital malforma-
tions, etc., which leads to a forced position of the tongue between the teeth rows, a 
change in the functional capacity of the tongue during articulation and eating, as well 
as the formation of conditions of constant excessive pressure on the lingual surface of 
the teeth and the alveolar process of the lower jaw.

Determining the state of formation of the tongue muscle tone, its anatomical and 
morphometric indicators, and its position are important for choosing the tactics of 
orthodontic treatment and corrective speech therapy work in children with dento-
gnathic deformities [35].

Cone-beam computed tomography, electromyography, and anatomic and mor-
phometric indicators of the tongue of 72 children aged 9–12, 44 with distal and distal 
deep bites and 28 without orthodontic pathology were performed. Adapted speech 
therapy functional tests were used to diagnose tongue muscle tone [20].

When examining children without orthodontic pathology, we determined 
the average thickness of the front, middle and back 1/3 of the tongue, which 
were 29.1±0.16 mm, 42.3±0.06 mm, and 44.4±0.08 mm, respectively. Average 
length m. genioglossus was 17.9±1.41 mm, and the total length of the tongue was 
60.6±0.12 mm.

Anatomical and morphometric indicators in children with distal and distal deep 
bites showed that the thickness of the front, middle, and back 1/3 of the tongue were 
22.9±0.11 mm, 42.1±0.09 mm, and 44.1±1.05 mm, respectively. Average length m. 
genioglossus—19.7±1.08 mm, total tongue length—54.1±2.16 mm.

The given data indicate a significant decrease in the thickness of the front 1/3 of 
the tongue, the total length of the tongue, and a significant increase in the length of 
m. genioglossus in children with distal and distal deep bites compared with children 
without orthodontic pathology.

Adapted speech therapy functional tests revealed an increase in tongue muscle 
tone by 65% among children with distal and distal deep bites. Hypertonus of the 
tongue was indicated by a change in its position and shape, increased mobility, and 
subtle differentiated movements, especially its tip. Displacement of the tongue back-
ward to varying degrees was determined in all subjects with distal and distal deep 
bites. Among them, in 85% the tongue took the form of a “hill,” in 15%—a “sting”. In 
all patients, when trying to hold the tongue in a resting position, a muscle contraction 
was observed on the lower lip.

The results of electromyographic studies indicate an increased muscle tone of 
the tongue in children with distal and distal deep bites, which coincides with certain 
changes in mimic muscles.

Changes in the anatomical and morphometric indicators of the tongue are the 
main factors for moving its root to the back-lower position, which contributes to 
reducing the volume of the oral cavity, reducing the length of the lower dental arch, 
and increasing the tone of the tongue. The functional state of the muscles of the 
tongue has a direct correlation with the shape and size of the tooth rows and their 
type of closure.
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To prevent the development of bite deformations caused by a violation of the tone 
and position of the tongue, well-known orthodontic appliances are used, for example, 
standard vestibular plates of Dr. Hinz, removable orthodontic appliances with sup-
port for tongue (the tongue guard), glued to the inner surface of the upper or lower 
teeth medical alloy spikes that force the tongue to seek the correct position during 
swallowing, speaking, and at rest.

The action of preventive appliances in children with macroglossia of various 
origins is aimed at limiting the effect of excessive pressure of the tongue on the teeth 
and the alveolar process of the lower jaw from the lingual side, which contributes 
to the stabilization of the position of the teeth and prevents their movement at the 
alveolar level without injuring the tissues of a significantly enlarged tongue. A device 
comprising an element for limiting excessive tongue pressure and support elements 
is offered. The element for limiting excessive pressure of the tongue is made in the 
form of a cast-perforated buckle modeled after the shape of the lingual surfaces of the 
lower teeth, and the supporting elements are made in the form of cast crowns (Patent 
of Ukraine for the utility model “Appliance for the prevention of bite deformations in 
children with macroglossia” No. 146224 А61С7/00 dated 27.01.21) (Figure 10).

Clinical indications for the usage of the offered appliance are the prevention of 
bite deformities in children with macroglossia of various origins, by limiting excessive 
tongue pressure and stabilizing the conditions for movement at the dentoalveolar 
level of the lower jaw at the stages of surgical treatment in temporary and variable 
periods of bite.

5. Conclusions

In order to timely detect dentognathic deformities with phonetic disorders and 
carry out preventive and therapeutic measures, it is necessary to conduct preven-
tive examinations of children in preschool and school, followed by their referral to 
orthodontists, speech therapists, children’s dentists, otolaryngologists, and manda-
tory monitoring and summarization of statistical data.

In case of detection of hypertrophy of nasopharyngeal and palatine tonsils of II-III 
degrees, children with dentognathic deformities accompanied by phonetic disorders 
require otolaryngological treatment simultaneously with orthodontic correction.

Figure 10. 
Appliance for the prevention of bite deformations in children with macroglossia.
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For children with dentognathic deformations accompanied by phonetic disorders, 
it is advisable to determine the bioelectrical activity of the chewing, and temporal 
and circular muscles of the mouth in a state of relative physiological rest and during 
voluntary compression, which is necessary to determine the volume of muscle load of 
the articulating apparatus during corrective work of a speech therapist.

In the final period of temporary and the first period of variable bites, for training 
the muscular structures of the articulating apparatus in combination with speech 
therapy correction, it is advisable to use a fixed appliance containing a bracket sol-
dered to two thin-walled cast perforated crowns intended for fixation on temporary 
canines, in the middle part of which a functionally active element in the form of a 
bead is attached.

Developed on the basis of a multidisciplinary approach, the diagnostic and thera-
peutic complex of measures for patients with dentognathic deformities accompanied 
by phonetic disorders proved the need for coordinated corrective and developmental 
speech therapy work.

Dentognathic deformations in children with cleft lip and palate are cause-and-
effect and depend on the type of defect, method of feeding, methods and age of 
surgical interventions.

The study of anatomical and morphometric characteristics of the tongue is a 
prognostic indicator of effective orthodontic treatment and requires differentiated 
corrective speech therapy work to develop kinetic and kinesthetic praxes.
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the original work is properly cited. 
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Practical and Theoretical 
Considerations for Dental 
Restorative Materials
Tanvi Satpute

Abstract

Dental materials are essential for most of dental treatment modalities. 
Understanding the science and chemistry behind the materials and their properties 
can enable the operator to employ the dental material to its maximum advantage. 
Contemporary dental materials have evolved significantly from the conventional 
variety, but there is always room for refinement since the inadequacies of the current 
dental materials in function are recognized only with the advent of advanced dental 
materials testing methods. As a result, continuous improvement and modification 
of dental materials is essential. Caries is a process of continuous demineralization 
and re-mineralization. Recurrent caries is a common occurrence around the tooth-
restoration margin. It most likely indicates that the current dental materials are 
inadequate in their applications. As a result, augmenting conventional dental materi-
als with additional advantageous properties is critical. This chapter aims to reflect 
on the empirical status of direct restorative materials frequently used in the field of 
restorative dentistry.

Keywords: dental materials, material science, permanent dental restoration,  
dental restoration failures, operative dentistry

1. Introduction

Direct restorative materials are classified by the ADA Council on Scientific Affairs 
into four categories: amalgam, resin-based composites, glass ionomer, and resin-
modified glass ionomer (Figure 1) [1].

Amalgam is particularly well suited for Class I and II restorations in teeth sub-
jected to high chewing forces [2–4]. Amalgam restorations have several advantages 
over other direct-placement materials, which include wear resistance, tolerance to 
a wide range of clinical placement conditions and excellent load-bearing properties 
contributing to its high survival rate [2–4]. However, some primary issues limiting 
the longevity of amalgam restorations are secondary caries, increased incidence of 
bulk and tooth fracture, cervical overhang, and marginal degradation [2]. Until the 
late 1960s, when resin-based composites were introduced, amalgam was the material 
of choice for all but the most esthetically demanding restorations. Dental composites 
are the most esthetic direct filling material available, as they mimic the color and 
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translucency of natural teeth. Originally, these esthetic materials were only intended 
for anterior restorations. As their popularity grew and the materials improved, they 
were used in nearly all classes and types of dental restorations. Glass ionomers are 
tooth-colored filling materials that can be used to fill cavities with low load require-
ments. They are frequently used to repair non-carious erosion or abrasion defects in 
the tooth near the gingiva [ 5 ]. They are also used for pediatric restorations, which 
have low service longevity requirements [ 6 ]. Glass ionomers are also commonly 
used as cavity liners or bases, protecting the underlying tooth pulp in deep fillings. 
Resin-modified glass ionomers as compared to conventional glass ionomers have 
superior physical and mechanical properties and better handling characteristics [ 7 ]. 
Unlike traditional glass ionomers, which have short working and long setting times, 
the dentist has more control over the working and setting times of resin-modified 
glass ionomers. This removes some of the material’s technique sensitivity, making it 
easier to achieve a successful restoration. They are used for Class I, Class II, and Class 
III restorations, primarily in the primary dentition, as well as Class V restorations, 
liners, and bases. Other applications include fissure sealants and bonding agents for 
orthodontic brackets.  

  2. Properties of dental materials 

 The selection of a dental material is based on the physical properties required 
and the unique functional demands placed upon it in a specific clinical application. 
For instance, in evaluating a fiber post, a clinician would not be that interested in 
characteristics such as abrasion resistance, solubility, or even compressive strength, 
but would be highly interested in these characteristics if evaluating a composite filling 
material. Similarly, when a clinician is faced with the selection of dental materials 
for use in the permanent restoration of severely broken down teeth, esthetics should 
be secondary to the mechanical and physical properties necessary for that particular 
application [ 8 ]. 

 Since many complex forces occur and tend to deform the material (tensile, 
compressive, shear, bending forces), the knowledge and interpretation of how these 
materials behave under such forces are relevant to understand the performance of 
the material. When a specific force or stress is applied to a body, it causes a reaction 
of equal intensity but in the opposite direction, which can be quantified. Stress can 
be calculated using the force-unit-area relationship because the shape and dimen-
sions of the specimens under test can be measured. The stress can alter the original 
dimensions structurally. Strain is defined as the rate at which the original dimension 

  Figure 1.
  Direct restorative materials a. Class II amalgam restoration b. Class II composite restoration c. Class V Glass 
Ionomer restoration.          
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gets altered due to deformation. The stress–strain ratio of a material is important in 
determining its mechanical behavior. Each material has a stress–strain proportional 
relationship, resulting in a stress–strain curve. If there is stress relief during loading 
and no permanent deformation occurs, it demonstrates elasticity. This proportion 
continues until a limit point, defined as a proportional limit, is reached, and deforma-
tion is defined as elastic deformation (  Figure 2  ). This is the greatest amount of stress 
a material can withstand without permanently deforming. Because stress–strain is 
proportional until this point, there is a constant proportionality. It is the ratio of the 
stress–strain curve within the elastic limit that determines a material’s elasticity. The 
modulus of elasticity, also known as Young’s modulus, is a measure of this proportion-
ality. Young’s modulus represents the stiffness of the material [ 9 ]. When the applied 
load exceeds this point, however, irreversible deformation takes place, resulting in 
permanent or plastic deformation. Each material has a resistance to deformation, and 
after that point, it will rupture. The ultimate strength value is obtained at this point.  

 Other clinically relevant properties of direct restorative materials include tensile 
strength, diametral compressive strength, compressive strength, Poisson’s ratio, 
flexural strength, resistance to fatigue, and hardness strength. 

 Tensile strength refers to the resistance of the material to a load when a body is 
subjected to axial forces in a straight line and opposite directions (  Figure 3  ) [ 8 ,  10 ].  

 It is an important feature of metallic materials because they can deform under ten-
sile forces until fracture occurs, indicating the workability of an alloy. Brittle rupture 
under low tension is a characteristic of fragile materials [ 11 ]. Tensile strength is not 
recommended in such cases to evaluate the material’s reaction due to its low cohesive 
condition. An alternative method of tensile strength is calculated by compressive 
testing. It is also known as the diametral compression test for tension or the indirect 
tension test [ 7 – 9 ]. Materials must be investigated under this condition because the 
majority of mastication forces are compressive in nature [ 10 ]. As a result, this test is 
used to contrast dental amalgam, impression materials, investments, and cement [ 12 ]. 
When a material is subjected to axial loading, it also experiences lateral strain [ 10 ,  11 ]. 
Poisson’s ratio indicates that during the elastic range, cross-sectional change is pro-
portional to deformation. Brittle materials show little permanent reduction in cross-
section during tensile test situations than more ductile materials (  Figure 4  ) [ 7 ,  8 ].  

  Figure 2.
  Stress–Strain curve. Proportional limit (A), elastic deformation (point A), and plastic deformation (between 
points A and B). Point B represents the moment of rupture of the material under tensile condition.          



Human Teeth – From Function to Esthetics

340

 A material’s flexural strength is its ability to bend before breaking. It is obtained 
when a material’s ultimate flexibility is reached before its proportional limit [ 13 ,  14 ]. 
Clinical situations generate flexural forces, and dental materials must withstand 
repeated flexing, bending, and twisting. Because dental materials are subjected to 
chewing stresses that can result in permanent deformation, high flexural strength is 
desirable. The behavior of these materials under the action of relatively low but inter-
mittent stresses demonstrates their fatigue resistance [ 7 ]. Cracks form when defects in 
the microstructure of a restoration or specimen are subjected to high or low stresses, 
and these cracks can lead to material fracture. Hardness is not a material property 
that can be precisely defined in terms of fundamental mass, length, and time units. A 
specific measurement procedure is used to determine the value of a hardness property. 
The depth or area of an indentation left by a specific shape indent with a specific force 
applied for a specific time is the most common way to determine hardness. 

 The four most common standard test methods for expressing a material’s hard-
ness are Brinell, Rockwell, Vickers, and Knoop. Each of these methods is divided into 

  Figure 3.
  The direction of forces in tensile, compressive, and shear stress.          

  Figure 4.
  Diagrammatic representation of Poisson’s ratio.          
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scales based on the applied load and indenter geometry. Hardness tests are widely 
used in dentistry and have important applications. A hardness test, for example, can 
determine how mineralized a dental substrate is [15, 16]. This test can also be used to 
determine the polymerization level of resin composites and resin cement.

Another property relevant to composite resin is the thermal expansion coef-
ficient, which may influence composite adaptation to cavity walls [17]. When there 
is a mismatch between the thermal expansion coefficients of composites and enamel 
and dentin, stresses can be generated at the interfacial bond during exposure to hot 
and cold food and drinks [18]. Color stability and viscosity are also important proper-
ties for composites because they affect the esthetics, handling, and placement of the 
material, respectively [19].

The complexity of the oral environment, as well as the geometric diversity of cavi-
ties filled with restorations, make it difficult to precisely define clinical failure processes 
and associate routinely measured mechanical properties with dental material perfor-
mance. It is not an easy task to identify the relevant laboratory tests to predict the clini-
cal performance of restorative material. The clinical difficulties are multifactorial, and 
there are likely to be significant interactions between the factors. As a result, one must 
have a thorough understanding of the clinical factors and the magnitude of their impact 
on long-term performance [13]. Even though mechanical tests have not yet reached the 
level of clinical simulation, they are an important parameter in analyses, so familiarity 
with the major laboratory tests for evaluating dental materials is essential [12].

3. Dental materials science: research, testing, and standards

Because they serve different purposes, the materials used in the mouth interact with 
different tissues and are exposed to different environments, resulting in a wide range of 
chemistries. Such materials must be manufactured, processed, and tested to be clini-
cally safe. A ‘test’ is used in the context of a statistical examination of data to determine 
the probability of an outcome against a formal ‘null hypothesis,’ and thus potentially 
to falsify it. The term “test” can be used to characterize a dental material or product in 
direct comparison with others, but it can also be used to compare with some defined 
or threshold value of the tested property, and it is in this context that international 
standards are frequently and correctly used. The term “research” can refer to a very 
basic approach, such as developing new chemistry or discovering new mechanisms of 
action. A clear demarcation between the two domains is not always possible [20].

When designing the testing, careful consideration must be given. Test planning 
for all materials must be meticulous and specific to the material type and use. Blanket 
or routine testing with no understanding of why the testing is being performed is 
not cost-effective and does not provide useful information to readers or users of 
these materials. There are certain interactions of the material being tested with the 
substrate which can be difficult to simulate in vitro [21]. The context of the material 
used, location, and exposure are important during laboratory testing and experiment 
design, and this must be recognized and implemented through simulation for all tests, 
whether physical, chemical, mechanical, or biological.

The test suite must be comprehensive and integrated to cover all relevant 
aspects—single-factor work that ignores system complexity and interdependence 
is rarely helpful and may result in the “salami slicing” of the research [22]. Material 
characterization and reference to literature about the material’s composition are 
essential in every experimental plan, as is covering theoretical expectations for the 
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subsequent testing. Hence surface testing should also be included in addition to bulk 
(object) testing because changes and effects may occur only at the surface.

The longevity of the material should also be taken into account since the age at 
which failure occurs is also important, hence data from surveys of the ages of func-
tional restorations should also be scrutinized. Ideally, longitudinal studies should 
be performed to study the longevity of a specified population of restorations. The 
longevity of restorations has been recorded in different ways previously e.g., by not-
ing the percentage of restorations remaining after a specified number of years or by 
recording the mean or median age. All methods may be useful, but a common method 
needs to be selected to allow for comparison between and among data from different 
surveys. The median longevity has been concluded to be the most common way of 
recording longevity, and it is recommended that this value should always be recorded 
to allow for comparative estimates [23].

For biological testing, the choice of bacterial strains and cell lineages should be 
appropriate to the location of material placement, and, whenever possible, both 
microbiological and biological testing is required to ensure that, while the material 
may be antimicrobial, it is not toxic to the host [24]. Hence one has to keep in mind to 
modify or update the currently established protocols for testing newer materials.

4. Failure of restorations

A complex of bacterial cells adhering to one another in an enclosed polymeric 
extracellular matrix is known as a biofilm [25]. Replacement of the existing restora-
tion and further tooth structure loss are two effects of oral infections brought on by 
biofilms involving previous or old restorations. Dental caries is caused by pathogenic 
biofilms that attach to the tooth surface or restorative materials using specific bind-
ing proteins [26]. Plaque buildup at the tooth/restoration interface enables microbial 
invasion and biofilm formation that results in another carious lesion. The recurrence 
of carious lesions around restorations is influenced by a variety of factors, including 
dysbiotic biofilm growth, difficult access for cleaning between teeth, and surface 
characteristics of the dental restorative material [27]. The production of acids by 
plaque biofilms near the restoration margins is a risk factor for restoration failure 
[28]. Failure-related restoration replacement accounts for 50–70% of all routine 
restorative procedures. Many approaches have been investigated to reduce biofilm 
formation over polymeric restorative materials and at tooth/material interfaces [27]. 
For example dental composite restorations are the first line of minimally invasive 
options for the treatment of dental caries in tooth structure However, polymeric 
materials are highly susceptible to bacterial attachment and colonization, leading to 
dental diseases. In previous reports, the prevalence of secondary caries associated 
with polymeric restorative materials has reached 60%, and it has been recognized as 
the most common reason for resin composite restoration failure and replacement [27].

One strategy to provide a durable, long-lasting restoration is the incorporation of 
antimicrobial agents to control and/or eliminate these secondary infections. Similarly, 
any strategy that could disrupt the formation of biofilms would be considered clinically 
valuable as a route to control infections related to biofilm accumulation [28, 29]. Different 
classes of agents in the development of antibacterial materials are- Contact based anti-
bacterial materials, release-based anti-bacterial materials, dual contact, and release-based 
anti-bacterial materials, on-demand anti-bacterial materials, materials with bacterial 
resistant surfaces, and materials with bacterial release surfaces (Figure 5) [27].
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   5. Incorporation of practice-based groups 

 Given that the majority of dental treatments in the world are performed in dental 
offices, there is therefore an imbalance between the treatment output and research 
output. It can be assumed that dental practice can have an increasing impact on clini-
cal dental research. Since dental practice is “real world”, a technique or material must 
be accepted under practical conditions for it to be successful and hence they should be 
evaluated in this context [ 31 ]. 

 Research methods such as meta-analyses, systematic reviews, or randomized con-
trolled clinical trials are less likely to be used by general dentists, as they require knowl-
edge of statistics. and research methods which are often not within the reach of the 
physician. The use of practice-based networks to evaluate the effectiveness of materials 
and techniques in dental practice can be very productive. Several practice-based research 
groups are presently in operation in the UK and the USA, generally carrying out evalu-
ations of the handling of materials, with increasing emphasis on the clinical evaluation 
of restorations. PREP (Product Research and Evaluation by Practitioners), BRIDGE 
(Birmingham Research in Dental General Practice), and GRID (Glasgow Research 
Initiative in Dental Practice, A West of Scotland-based practitioner research group) are 
a few of the practice-based groups. Perhaps the best-known group of practice-oriented 
researchers is the Clinical Research Association (CRA), founded by Gordon Christensen 
30 years ago. To undertake research work in dental practice, trainees must be trained in 
the standardization of procedures, calibration in prosthetic evaluation, and the scientific 
method. All these groups include general practitioners and they hold annual meetings 
to propose and discuss ideas for new projects. They perform fact-based assessments of a 
variety of dental materials, as well as laboratory assessments [ 32 ]. 

 Hence randomized clinical trials and retrospective and prospective clinical 
evaluations which can be readily carried out in dental practice, where the patient 
base is likely to be substantially greater than in dental schools or hospitals can prove 
to be very helpful. Moreover, the patient base in dental practice represents patients 
of various patterns of attendance, from different walks of life, and different levels 

  Figure 5.  
  Antibacterial killing strategies can be achieved via different approaches. The contact-killing mechanism 
can be provided by quaternary ammonium compounds posing highly positive charged surfaces to disrupt 
accumulated microorganisms (A). Antimicrobial peptides (AMPs) and antimicrobial enzymes (AMEs) 
can conduct contact-killing by invading the cellular membrane and targeting the main cellular components 
(B). Antimicrobial peptides can also conduct antibacterial action via their positively-charged surface. The 
antibacterial action via ion release can be provided by release-based (C) and on-demand (D) antibacterial 
materials. Materials interfering with bacterial adhesion can be designed using bacterial-resistance and 
bacterial-release surfaces (E, F) [ 30 ].          
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of oral hygiene and caries experience. Whereas patients in dental hospitals may not 
be considered to represent a typical patient population, since they generally elect to 
attend such institutions because they have the time available for treatment by stu-
dents (i.e., the retired or unemployed) and may often have attended many courses of 
treatment, in which their oral hygiene will be reinforced (i.e., their oral hygiene may 
be better than that in the general population).

Cross-sectional studies have also been used in general dental practice to pro-
duce useful and meaningful results, with Ivar Mjör being the main proponent of 
this research approach [33]. These cross-sectional studies have the advantage over 
randomized controlled clinical trials in terms of generating data that may include 
large numbers of recoveries in many different patients, performed by dentists with 
many different qualifications and experience. A recent example of this type of study 
examined the impact of different UK rehabilitative care funding methods on the 
age of recovery at replacement, with rehabilitations placed in the National Health 
Service being replaced at a lower age than the restoratives placed in other funding 
methods [34].

It is essential to follow an established protocol to standardize and eliminate any 
deviations. Board members must use the materials as directed. This way, the manu-
facturer can get feedback on the company’s material handling from this particular 
group of practitioners. Members can place the restoration under typical routine con-
ditions, perform a baseline assessment, and arrange to recall the patient for review by 
a trained and calibrated independent assessor who will review the restoration using 
the modified United States Public Health Service criteria. Patients and practitioners 
can be reimbursed for their costs, and the time the practitioner’s office is inactive 
during a patient examination can be considered the primary expense incurred by the 
practitioner [32].

6. Conclusions

The way dentistry is practiced worldwide is changing as a result of the daily 
advances made in science. Without scientific research, clinical trials to evaluate the 
benefits and drawbacks of particular materials and methods would not be feasible, 
and we might end up using therapies that are ineffective and potentially harmful. 
Since dental well-being is crucial for general health, maintaining national and inter-
national standards for dental health depends on the development of new treatments 
and medications. The creation of a new generation of enhanced biomaterials with the 
potential to change how dental caries are currently managed has a bright future.
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Chapter 20

Human Teeth Is Useful Even after 
Its SHED! So, Why Discard It?
Meghna Bhandary, Rachaita Chhabra, K. Ananya Rao  
and Mohammed Shahid

Abstract

A few decades ago, if one underwent a knee injury that makes walking  painful 
or had an atrophied kidney, then, he/she was condemned to a life hooked on to 
machines, or on constant medications. However, in today’s era, teeth can be grown 
in a Petri dish; heart and liver replacements are possible with no risk of rejec-
tion because the organs are made of the patient’s own cells. This is the promise 
of regenerative medicine and tissue engineering. The entire idea of regenerative 
medicine is based on the presence of stem cells in the body or the ability to intro-
duce stem cells into the body without causing harm. These can be obtained from a 
variety of body and dental tissues. Deciduous teeth often discarded as biological 
waste is proven to possess Stem cells (SHED) that have promising applications in 
tissue engineering and regenerative medicine. Hence, their contribution toward 
the field of regenerative medicine and dentistry is immense. This chapter summa-
rizes SHED’s regenerative potentials and therapeutic applications; and also focuses 
on its potential future scope in regenerative dentistry. Furthermore, procedures 
involved in SHED-induced therapy, from SHED collection to SHED banking, have 
also been explained.

Keywords: stem cells, stem cell from exfoliated deciduous teeth (SHED), tooth, 
regeneration, repair, dentin pulp regeneration, therapeutic, biodentine

1. Introduction

“The Regenerative Medicine revolution is upon us. Like iron and steel to the indus-
trial revolution, like the microchip to the tech revolution, stem cells will be the driving 
force of this next revolution”.

-Cade Hildreth.

Staggering progress in the field of regenerative medicine has sowed the seeds 
of cell-based therapies for various diseases which cannot be cured by conventional 
methods. Stem cell therapy deals with the functional revival of specific tissue and/ 
or organ in patients who are suffering from severe injuries / chronic diseased con-
ditions, in a state where the body’s own regeneration feedback is not satisfactory. 
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The entire argument of regenerative medicine is built on the presence of stem 
cells in the body, or the ability to institute stem cells into the body without causing 
harm. Given that stem cells can be obtained from a variety of sources, the search 
for an ideal source that offers excellent therapeutic potential while requiring less 
invasiveness and immune rejection is unending. Even a tooth which is naturally 
discarded can be used as a great source for stem cells. Hence a better understanding 
of the nature and mechanism of stem cell is crucial for their application in cell-
based therapy.

1.1 What are stem cells and why is stem cell therapy so much of interest?

Our bodies are the ultimate factory. Every cell has its own function to play, 
and the fate of each cell is determined at the embryo stage which then cannot be 
changed. However, the discovery of stem cells has paved the way for regenerative 
medicine. Stem cells are those immature cells which can differentiate into any type 
of cells as they are not specialized [1]. Therefore, they can be used in the repair and 
regeneration of dysfunctional tissues. For instance, they can help treat neurological 
diseases by making new brain cells to treat people with Parkinson’s disease, or they 
could be used to repair the damaged immune system, or even reverse paralysis/ 
regrow lost limbs.

Therefore, stem cell research can help to:

• Understand how diseases and ailments manifest by observing the maturation 
of stem cells into cells of bone, heart muscle, neurons, and other organs and 
tissues.

• Stem cells can be directed to differentiate into specific cells capable of 
regenerating and repairing damaged or diseased human tissues (regenerative 
medicine). Hence, Stem cell therapy may benefit people with spinal cord 
injuries, type 1 diabetes, Parkinson’s disease, Battens disease, Amyotrophic 
lateral sclerosis, Alzheimer’s disease, heart disease, stroke, burns, cancer, and 
osteoarthritis [2].

• Scientists can employ some types of stem cells to evaluate the drugs’ quality and 
safety before administering investigational medications to humans. This form of 
testing will most likely immediately affect medication development for cardiac 
toxicity testing first. New fields of research examine the efficacy of employing 
human stem cells that have been engineered to differentiate into tissue-specific 
cells for testing new medications. For the testing of novel medications to be 
accurate, the cells must be programmed to acquire the characteristics of the type 
of cells the drug is designed to target. For example, nerve cells could be gener-
ated to test a novel medicine for a nerve disorder. Tests could determine if the 
new medicine had any effect on the cells or if they were damaged.

2. Classification of stem cells

Depending on the origin/source of the stem cells, stem cells are divided into 
 various types;
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2.1 Embryonic stem cells (ESCs)

They are pluripotent stem cells derived from the blastocyst’s inner cell mass. The 
blastocyst stage, with 50–150 cells, occurs 4–5 days after conception. Embryonic stem 
cells are able to develop into any type of cell, except those of the placenta (Figure 1).

ESCs derived from mouse blastocysts have been studied for 2 decades and shown 
to differentiate into various cell types including fat cells, brain, nerve, insulin-pro-
ducing cells of the pancreas, bone cells, endothelial cells, and heart muscle cells [3]. 
Human ESCs under appropriate culture conditions have demonstrated remarkable 
abilities to self-renew and produce multipotent cells. The cells are studied extensively 
in the treatment of diabetes, heart diseases, genetic disorders spinal cord injury, mus-
cular dystrophy, heart illness, and vision/hearing loss. However, it possesses the risk 
of developing adverse effects such as tumors and unwanted immune responses. Hence 
the scope of ESCs is still under debate and research to understand how to prevent the 
rejection of transplanted cells is fundamental.

2.2 Adult stem cells/ somatic or tissue-specific stem cells (ASCs)

ASCs, also called somatic stem cells, are undifferentiated cells that can self-renew 
and generate all the cell types of the organ from which they originate. An adult stem 
cell is derived from adult tissue samples. Hence, their use in research and therapy is 
not considered to be controversial unlike embryonic stem cells derived from embryos.

ASCs are the gold standard for clinical applications and are being tested and 
accepted for a growing number of conditions. ASCs have been shown to have thera-
peutic benefits in clinical trials and progress towards fully tested and approved treat-
ments. Phase I/II trials conducted suggest potential cardiovascular benefits from bone 

Figure 1. 
Human embryonic stem cells differentiation. Image source: Biorender.com.
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marrow–derived adult stem cells and umbilical cord blood–derived cells. Striking 
results have been reported using adult stem cells to treat neurological conditions, 
including chronic stroke. Positive long-term progression-free outcomes have been 
seen, including some remission for multiple sclerosis, as well as benefits in early trials 
for patients with type I diabetes mellitus and spinal cord injury. ASCs are also being 
used as vehicles for genetic therapies, such as for epidermolysis bullosa. One of the 
limitations of ASCs includes that they cannot be manipulated to produce all cell types, 
which limits their use in treating diseases (Figure 2).

2.3 Induced pluripotent stem cells (iPSCs)

The limitations in ASCs led to the creation of novel pluripotent cells termed 
induced pluripotent cells from the adult cells by the process of reprogramming the 
genes. ASCs can be fused with embryonic stem cells to generate induced pluripotent 
stem cells. Other somatic cells can also be altered to become pluripotent. iPSCs can 
differentiate from ESCs. Their gene expression and chromatin differ from ESCs. 
These cells are important because they may be utilized to create cells from almost all 
organs for each patient in therapeutic treatment. Besides, they also prevent the use of 
more ESCs which might cause ethical issues. It also helps to study new genetic dis-
eases by generating iPSCs from their adult or somatic cells (Figure 3).

Hepatocyte–like cell derivatives, dendritic cells, macrophages, insulin–produc-
ing cell clusters similar to the duodenal islets of Langerhans, and hematopoietic and 
endothelial cells are currently produced from murine and human iPSCs, in addition 
to the already listed types of differentiated cells [4–7]. Reprogrammed iPSCs derived 
from peripheral blood cells could effectively develop into hematopoietic lineage cells 
[8]. Human β cell-derived iPSCs possess epigenetic memory and may develop into 

Figure 2. 
Sources of adult stem cells. Image source: Biorender.com.
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insulin-producing cells more readily [9]. Dopamine and motor neurons can also be 
produced from human iPSCs by directed differentiation in vitro [10, 11].

2.4 Mesenchymal stem cells (MSCs)

MSCs are a type of adult stem cell that can develop into mesodermal (osteocytes, 
adipocytes, and chondrocytes), ectodermal (neurocytes), and endodermal cell lines 
(hepatocytes). Some of the potent sources of MSCs include bone marrow, adipose 
tissue, synovial fluid, umbilical cord tissue, peripheral blood, placental tissue and 
dental pulp. MSCs can be extracted readily and yield more than other stem cells, 
making them beneficial for cell proliferation, differentiation, and tissue regenera-
tion under severe immunological circumstances. These also have immunomodula-
tory features as they secrete cytokines and immune receptors, which regulate the 
microenvironment in the host tissue. MSCs can treat chronic diseases by producing 
cells of diverse cell lines, immunomodulating, and secreting anti-inflammatory 
chemicals. Thereby, showing promising results in preclinical studies for various 
medical conditions. Research continues to explore their potential in regenerative 
medicine (Figure 4).

MSCs have been studied for a wide range of therapeutic applications, including 
tissue repair, regenerative medicine, and cell-based therapies for various medical 
conditions. Some of the medical conditions that MSCs have been studied for include:

1. Myocardial infarct ion: MSCs have been studied for their potential to promote 
heart tissue repair following a heart attack [12].

2. Spinal cord injury: MSCs have been investigated for their potential to promote 
the repair of damaged nerve tissue and spinal cord injury [13].

3. Autoimmune diseases: MSCs have been demonstrated to have anti-inflammatory 
and immunomodulatory properties, which may make them helpful in treating 
autoimmune diseases, such as multiple sclerosis and lupus [14].

Figure 3. 
Evolution of induced pluripotent stem cells. Image source: Biorender.com.
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4. Type 1 diabetes: MSCs have been examined for their potential to help preserve 
insulin-producing cells in type 1 diabetes patients

5. Lung diseases: MSCs have been reviewed for their potential to help repair lung 
tissue in conditions such as chronic obstructive pulmonary disease (COPD) and 
acute respiratory distress syndrome (ARDS).

6. Multiple Sclerosis (MS): MSCs have been shown to have anti-inflammatory and 
immunomodulatory properties, which may make them helpful in treating MS. 
This autoimmune disorder affects the central nervous system.

7. Lyme disease: MSCs have been analyzed for their potential to help repair tissue 
damage and reduce inflammation caused by Lyme disease, a bacterial infection 
transmitted by ticks.

8. Parkinson’s disease: MSCs have been examined for their potential to help pro-
tect and repair nerve cells in the brain that are damaged in Parkinson’s disease, 
a degenerative disorder that affects movement.

9. ALS (Amyotrophic lateral sclerosis): MSCs have been investigated for their po-
tential to help protect and repair nerve cells in the spinal cord damaged in ALS, 
a progressive neurodegenerative disease that affects nerve cells in the brain and 
spinal cord [15].

10. Rheumatoid arthritis: MSC-based therapies via administration of exogenous 
MSCs or targeting of the endogenous MSCs in the joint are strategies that are 
being pursued to trigger/enhance repair of the damaged joint tissues, with the 
aim to restore joint homeostasis.

Figure 4. 
Regenerating abilities of mesenchymal stem cells. Image source: Biorender.com.
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11. Osteoarthritis: Intra-articular injection of infrapatellar fat pad-derived mesen-
chymal stem cells is effective for reducing pain and improving knee function in 
patients being treated for knee osteoarthritis [16].

Various research on adult stem cells led to their discovery in different dental 
tissues. Stem cells extracted from dental tissue have been shown to possess similar 
properties to MSCs derived from other sources. Hence, considering dental stem cells 
are easily accessible. Currently, there is extensive research focusing on dental stem 
cells and their clinical applications.

2.5 Dental stem cells

Dental stem cells offer a very promising therapeutic approach to restoring struc-
tural defects. To date, eight unique populations of dental tissue-derived MSCs have 
been isolated and characterized. Postnatal dental pulp stem cells (DPSCs) were the 
first human dental MSCs to be identified from pulp tissue. Gradually, other dental 
MSC-like populations were also reported (Figure 5).

• Dental Pulp Stem Cells (DPSCs): The first dental MSCs from the dental pulp 
tissue of impacted third molars were isolated two decades ago [17]. These adher-
ing cells are fibroblast-like and MSC-like [18]. They are valuable cells in regen-
erative medicine because of their strong proliferation capacity and multi-lineage 
differentiation potential [19].

• Periodontal Ligament Stem Cells (PDLSCs): PDL is a specialized issue located 
between the cementum and alveolar bone. Fibers of PDL, attach the tooth to the 
jaw and plays a vital role in maintaining and supporting the teeth. PDLSCs may 
be recovered from dental roots or the perivascular space of the periodontium. 
They possess characteristics of MSCs to self-renew and develop into cementum, 
PDL, alveolar bone, peripheral nerves and blood vessels. In vitro PDLSCs were 
able to differentiate into osteogenic, adipogenic and chondrogenic cells [20].

• Dental Follicle Stem Cells (DFSCs): The dental follicle surrounds the tooth 
germ before the eruption [21]. It has progenitor cells of the periodontal ligament, 

Figure 5. 
Sources of dental stem cells. Image source: Biorender.com.
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cementoblast, and osteoblast [20]. DFSCs are isolated from 3rd molars and 
expressed various biomarkers such as Notch 1, STRO-1 and Nestin. They demon-
strated multilineage potential to undergo osteogenic, adipogenic, and neurogenic 
potential in vitro.

• Alveolar Bone-derived MSCs (ABMSCs): Alveolar bone is embryonically pro-
duced from the dental follicle and resembles a thickened ridge with tooth sockets 
[21]. ABMSCs show a similar osteogenic differentiation capacity to BMMSCs 
but lower chondrocyte and adipocyte differentiation [22]. They express surface 
markers CD73, CD90, CD105, and STRO-1 but do not express hematopoietic 
markers CD14, CD34 and CD45 [21]. They are used along with bioceramics scaf-
folds for bone tissue engineering applications.

• Stem Cells from Apical Papilla (SCAP): Stem cells from apical papilla (SCAP) 
from incompletely developed teeth were extracted in 2006 [23]. The apical 
papilla is loosely attached to the apices of immature permanent teeth and has 
fewer cells and vessels than pulp tissue [24]. These stem cells have higher pro-
liferative potential than PDLSCs and DPSCs [25], self-renewal ability, and low 
immunogenicity. After implantation of SCAP into immunocompromised mice, 
in a carrier matrix, due to the presence of odontoblast-like cells typical dentin 
pulp-like structure was formed. In regenerative dentistry, SCAPs can generate 
osteogenic, odontogenic, neurogenic, adipogenic, and chondrogenic cells [26].

• Tooth Germ Progenitor Cells (TGPCs): TGSCs are found in the dental mesen-
chyme of the third molar tooth germ at the late bell stage [21]. TGSCs have similar 
multilineage differentiation capacity to other dental MSCs like differentiating into 
osteoblast/ odontoblast, chondrocytes, and neurons. TGPCs can differentiate into 
cells with morphological, phenotypic and functional characteristics of hepato-
cytes in vitro suggesting that TGPCs can be used to treat liver diseases [27, 28].

• Gingival MSCs (GMSCs): Gingival-derived mesenchymal stem cells (GMSCs) 
originated in the spinous layer of the human gingiva. They are multipotent, 
self-renewing, and immunomodulatory [29]. Regenerative dentistry uses gingiva 
stem cells because it is easily accessible during dental operations [20].

• Stem Cells from Human Exfoliated Deciduous teeth (SHED): SHED is a 
unique source of stem cells as deciduous teeth are usually discarded as biological 
waste, they can be readily accessible without any invasive procedures. Over the 
last decade, SHED have been identified to be highly proliferative, clonogenic 
cells capable of differentiating into a variety of cell types including neural cells, 
adipocytes, and odontoblasts [30].

3.  Why there is such an interest in stem cells from exfoliated deciduous 
teeth?

Pulp from naturally exfoliated deciduous teeth may be like an umbilical cord provid-
ing a rich and distinctive source of stem cells showing a multipotent nature. SHEDs 
exhibit a much higher proliferation rate, faster population doublings and greater osteo-
inductive capacity than DPSCs, adult MSCs and PDLSCs. They can differentiate into 
a variety of cell types including odontoblasts, osteoblasts, adipocytes, chondrocytes, 
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neural cells, hepatocytes, endothelial cells, β-cells, and dentin and pulp-like tissues. 
SHEDs express the same cell markers as ESCs such as OCT 4 and NONOG, which makes 
them have a significant impact on clinical applications. Evidence indicates that functional 
recovery and remodeling in lesions not only rely on their multipotency but also on their 
protective and anti-inflammatory action by the paracrine mechanism of grafted SHEDs. 
In this context, SHEDs have shown to function as an immunomodulator by suppressing T 
helper 17 cell functions. Transforming growth factors TGF-β1 and β2, fibroblast growth 
factor FGF-2, and Col I and III are highly expressed in SHED as compared to DPSCs.

The primary difference in the pulp of primary and permanent teeth is the occur-
rence of physiologic root resorption of the deciduous teeth. The transition from decidu-
ous teeth to permanent teeth is a unique and dynamic process wherein the resorption 
of the deciduous teeth is coordinated with the development and eruption of permanent 
teeth. Deciduous teeth without any visible root resorption were unable to proliferate in 
vitro, whereas those in an advanced state of root resorption showed good proliferation 
and differentiation potential [31]. Due to its unique stemness of capability of multi-
differentiation, self-renewal, developing into other cell lineages and easy accessibility, 
without major morbidity to host and minimal ethical concern, SHED has been widely 
investigated in the field of regenerative medicine and tissue engineering (Figure 6).

4. Applications of SHED in research

Owing to its multipotent, no/reduced ethical conflicts and minimally invasive to 
obtain has opened a wide area for research. Research spans across categories—Dental 
materials, wound healing, dental tissue engineering, treatment of chronic diseases like 
diabetes, and Wilson’s disease, treatment of autoimmune diseases like SLE, and enceph-
alomyelitis, adjunct to surgical treatment e.g., cleft lip and palate, pediatric surgeries like 
biliary atresia.

4.1 Cell culture studies

• The proliferative, osteogenic, and immunomodulatory potentials of MSCs iso-
lated from the dental pulp of SHED and fragments of the orbicularis oris muscle 
(OOMDSCs) treated with an inflammatory IFN- γ stimulus were evaluated, and it 
was determined that SHED and OOMDSCs lack immunogenicity and have immu-
nomodulatory properties that are enhanced by inflammatory stimulation with 
IFN- γ. This opens new perspectives for the therapeutic use of these cells [32].

• Response of stem cells from human exfoliated deciduous teeth (SHED) to three 
bioinductive materials conducted in vitro determined functional differentiation 

Figure 6. 
Exfoliating deciduous teeth with root resorption possess SHED. Image source: Biorender.com.
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potential (osteogenic/odontogenic) of various biomaterials on SHED and 
concluded that all the tested materials are bioinductive to SHED. Enamel Matrix 
Derivative (EMD) can be used in dentistry for various vital pulp therapies as that 
of Biodentine and Mineral Trioxide Aggregate (MTA) with predictable as well as 
enhanced success rates [33].

• Biological interactions of a calcium silicate-based cement (Biodentine™) with 
SHED were studied. SHED attached effectively to the crystalline surface of 
Biodentine specimens, exhibiting a spindle-shaped phenotype. Different con-
centration and time-dependent expression patterns of odontogenic genes were 
observed under non-inductive and inductive (osteogenic) conditions, with sig-
nificant upregulation of DSPP and Runx2, BMP-2, BGLAP, and MSX. A gradual 
increase in the development of mineralized tissue was observed [34].

• Cytotoxicity and bioactivity of various pulpotomy materials on stem cells from 
human exfoliated primary teeth were investigated and SHEDs showed significant 
cell viability in the presence of Biodentine when compared to other materials. 
In addition, SHEDs maintained their mesenchymal phenotype in all conditions 
although their capacity to migrate was higher in the presence of Biodentine. 
Cytotoxicity and bioactivity of various pulpotomy materials on stem cells from 
human exfoliated primary teeth [35].

• The effects of MTA, Biodentine™, and calcium hydroxide on the viability, 
 proliferation, migration, and differentiation of stem cells from human 
 exfoliated deciduous teeth were investigated. The results demonstrated that 
the three capping materials are biocompatible, maintain viability, and stimu-
late proliferation, migration, and differentiation in a key dental stem cell 
population [36].

4.2 Animal studies

• SHED investigated for wound healing effect on mouse model revealed enhanced 
wound healing promotion [37].

• SHED conditioned medium Ameliorated Experimental Autoimmune 
Encephalomyelitis in a mouse model of multiple sclerosis [38].

• SHED teeth reduce tissue-infiltrating inflammatory cells, improving clinical 
signs in experimental autoimmune encephalomyelitis. SHED infusion improved 
EAE clinical score by reducing the number of tissue-infiltrating IFN-γ + CD8+, 
IL-4 + CD8+, IFN-γ + CD4+, and IL-4 + CD4+ T cells in the central nervous 
system (CNS). In addition, SHED can modify CD4+ T cell responses in the 
periphery, indicating that SHED may be investigated as a component of cellular 
treatment for autoimmune illnesses related to the CNS [39].

• SHED transplantation into the caudal vein of Diabetic Goto-Kakizaki (GK) rats 
revealed improved nerve function, thereby alleviating persistent neuropathic 
pain (mechanical hyperalgesia). SHED transplantation can prevent the develop-
ment of DPN by participating in tissue regeneration, increasing local blood flow, 
and conferring neurotrophic protection [40].



359

Human Teeth Is Useful Even after Its SHED! So, Why Discard It?
DOI: http://dx.doi.org/10.5772/intechopen.110769

• SHED and SHED-converted hepatocyte-like- cells (SHED-Heps) were trans-
planted into Wilson’s disease model Atp7b-mutated Long-Evans Cinnamon 
(LEC) rats, reduced copper-induced oxidative stress via ATP7B- independent 
stanniocalcin 1 secretion, suggesting a possible role for paracrine effect. 
Therefore, SHED-Heps can be a novel effective source to rescue and prevent 
Wilson’s Disease with fulminant hepatic failure by restoring the deficient ATB7B 
function and diminishing copper-induced oxidative stress [41].

• Intravenous infusions of SHED can effectively alleviate the autistic-like symp-
toms of impaired social novelty preference (SNP) and obvious social stress in 
SHANK3 mutant beagle dogs accompanied by an increase in the level of serum 
IL-10 and a decrease in the level of IFN-γ [42].

• SHED transplanted in carbon tetrachloride (CCl4)-induced liver fibrosis model 
mice directly transformed into hepatocytes without cell fusion and improved 
hepatic dysfunction [43].

• The application of implants pre-adhered with SHEDs improved and accelerated 
early osseointegration around the implant with an improved total bone-to-
implant contact (BIC%) and interthread bone, resulting in thicker and denser 
trabecular bone in adult beagle dogs [44].

5. Therapeutical applications of SHED

It has been found that SHEDs showed alleviating effects on nervous system 
diseases, including Spinal cord injury, Parkinson’s disease, Trigeminal neuralgia, 
Cerebral ischemia, Alzheimer’s disease, and Encephalomyelitis. Owing to the capac-
ity to interact with the local inflammatory microenvironment, SHEDs have also 
embraced remarkable modulatory effects in various autoimmune and inflammatory 
diseases such as rheumatoid arthritis, diabetes, acute kidney injury, liver fibrosis/
acute liver failure osteoarthritic, heatstroke, and acute respiratory distress syndrome 
(ARDS) could also benefit from SHEDs for the protective effects underlying immu-
nomodulatory activities.

5.1  Evidence supporting SHEDs potential in autoimmune and nervous diseases 
via paracrine and immunomodulatory

Effects of SHED on Parkinson’s disease: Transplantation of neural-like spheres 
derived from SHEDs into the striatum of parkinsonian rats significantly improved 
the behavioral disorders, the number of TH-positive (tyrosine hydroxylase) cells and 
the protective effect on endogenous dopaminergic neurons, indicating SHED spheres 
were of potential therapeutic value [45].

Effects of SHED on Acute liver failure: Intravenous administration of SHED-CM 
improved the condition of the injured liver and the animals’ survival rate by induc-
tion of anti-inflammatory M2-like hepatic macrophages [46].

Effects of SHED on Heatstroke: Intravenous administration of SHED exhibited 
therapeutic benefits for heatstroke in mice, related to decreased inflammatory 
response, decreased oxidative stress, and increased hypothalamic pituitary adreno-
cortical axis activity.
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Effects of SHEDs in the treatment of retinal degeneration: It has been confirmed 
through paracrine secreta that SHEDs exert neurotrophic, angiogenic, immunoregu-
latory, and antiapoptotic functions in injured tissues. SHEDs and SHED-CM showed 
therapeutic effects on Retinitis pigmentosa (RP) by improving retinal visual function 
and delaying the degeneration of photoreceptors by antiapoptotic activity. Therefore, 
SHEDs may be a promising stem cell source for treating retinal degeneration [47].

5.2 Other therapeutic effects of SHED

• Hair Regeneration: There is increasing evidence that mesenchymal-epithelial 
interactions in early morphogenesis stages of both tooth and hair follicles show 
many similarities. In vitro, SHED shortened the hair regeneration cycle and 
promoted the proliferation and aggregation of dermal cells. When epidermal 
and dermal cells were freshly extracted and co-cultured with SHED, several 
signaling molecules in hair follicle regeneration were detected and it was found 
that the expression of Sonic Hedgehog (Shh) and Glioma-associated oncogene 1 
(Gli1) was up-regulated. It seems that SHED may boost the prosperity of hairs by 
increasing Shh/Gli1 pathway [48].

• Kidney Injury: SHED therapy is useful for ischemic kidney damage. In vitro studies 
showed that SHED significantly could reduce MCP-1 secretion in tubular epithe-
lial cells caused by H2O2 and hence could be utilized for acute kidney injury [49].

• On wound healing and wound itching: SHED along with basic fibroblast growth 
factor (b-FGF) in a nude mouse full-thickness skin defect model significantly 
accelerated wound healing. SHED-derived exosomes were investigated for their 
contribution to immune response and wound itching during healing. The effects 
of SHED-derived exosomes on inflammatory wound healing were examined using 
lipopolysaccharide (LPS)-induced wounds in a mouse model. SHED-derived exo-
somes facilitated LPS-induced wound closure and relieved wound itching. SHED-
derived exosomes containing miR-1246 also enhanced autophagy by regulating 
macrophage function through the AKT, ERK1/2, and STAT3 signaling pathways. 
Therefore, SHED-derived exosomes promote wound healing with less itching in 
an LPS-induced wound model by stimulating macrophage autophagy, which has 
implications for the treatment of inflammatory wound healing [50].

• On Photo aging: SHED were investigated for its effect on wrinkles caused by UV-B 
photodamage, SHED or SHED-conditioned medium injected subcutaneously 
reduced the wrinkles compared with the control group. In addition, SHED had 
effects on human dermal fibroblasts (HDFs) by increasing collagen synthesis and by 
activating the proliferation and migration activity of HDFs, suggesting that SHED 
or SHED conditioned medium can be used for the treatment of photoaging [37].

• On Type II Diabetes Mellitus: SHED administration reduced Glycosylated serum 
albumin and hemoglobin level significantly. Further research revealed there was 
a low reply to SHED administration in hypercholesterolemia and low C-peptide. 
As serum lipid level and baseline islet activity are major factors for treatment in 
Type 2 DM patients, it can be concluded that SHED administration is an assured 
and efficient treatment for islet activity and glucose metabolism recovery in 
T2DM patients [51].
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• On Liver Impairment: Liver transplantation is an end treatment for incurable 
liver involvement. Stem cells are important as a suitable cell source for liver 
renewal. SHED administration significantly improved liver disorders and caused 
anti-fibrotic and anti-inflammatory influences. SHED could directly transform 
into hepatocytes and be suitable for liver renewal. SHED administration and bio 
three-dimensional printers that can produce scaffold-free three-dimensional 
images of the liver and diaphragm are innovative regenerative medicine treat-
ments for uncontrolled pediatric surgery, such as biliary atresia and diaphrag-
matic hernia [43].

• On nerve impairment: Numerous common therapeutic applications of SHEDs 
have been identified, although their emphasis has been on neuroprotection rather 
than neuroregeneration. SHEDs and their medium may impact neural disorders 
by multiple mechanisms, including cell replacement, paracrine effects, angiogen-
esis, synaptogenesis, immunomodulation, and apoptosis inhibition. SHED-exos 
is a suitable regeneration agent for neuronal disorders [52]. SHED transplantation 
can inhibit peripheral c-Jun in the trigeminal ganglia (TG) and have analgesic 
effects in trigeminal neuralgia. The phosphorylation of c-Jun improved hyperalge-
sia and allodynia, suggesting that SHED transplantation could improve trigeminal 
neuralgia [53]. SHED-conditioned media promoted the regeneration of sciatic 
nerve defects in rats. SHED-CM promoted axon development, peripheral nerve 
tissue angiogenesis, SC migration, proliferation, and activation, and neuron 
survival. Therefore, SHED-CM promotes peripheral nerve regeneration through 
multiple processes, resulting in functional recovery, and maybe a promising 
strategy for the clinical treatment of Peripheral Nerve Injury [54].

• On Brain Injury: SHED-Exos could decrease neuroinflammation by replacing 
microglia M1/M2 polarization in animal models. SHEDs based therapies emerge 
as a potential therapy option for neurodegenerative disorders because of their 
homing, engraft, differentiate and generating factors for CNS improvement [55].

• On Bone formation: Transplanted SHED with hydroxyapatite/tricalcium phos-
phate into calvarial defect restored the parietal continuity dynamically contrib-
uting to bone formation [56].

• On Systemic Lupus Erythematosus: SHED administration could reverse SLE-
associated defects in MRL/lpr mouse. SHED had significant effects on inhibiting 
T helper 17 (Th17) cells in vitro. At the cellular level, SHED transplantation 
elevated the ratio of regulatory T cells (Tregs) via Th17 cells. It can be concluded 
that SHED is an accessible and feasible mesenchymal stem cell source for treating 
immune disorders like SLE [57].

6. Scope of tissue engineering in dentistry using SHED

Recent advances in stem cell research especially in the field of dentistry have led to 
the onset of an entirely new era in which even an entire tooth can be regrown. This is 
just one of the several approaches that hold promise for tooth regeneration.

As far as pediatric dentistry is concerned, decay is one of the most common prob-
lems faced. Most often a pedodontist ends up performing a pulpectomy procedure 
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which involves the complete removal of the pulpal tissue and filling it with an ideal 
obturating material. Now, with technological evolution, researchers are using stem 
cell therapy for regenerative pulpotomies which can restore the vital pulp, which 
bypasses the need of going through painful invasive dental procedures. Following are 
some scope and potential applications of SHED in regenerative dentistry.

6.1 Dentin Pulp complex regeneration (DPC)

The DPC consists of the outer hard tissue layer, which is composed of orientated 
cells (odontoblasts) that secrete a specific matrix to form new dentin, and the inner 
soft tissue layer, which is composed of vital pulp tissue that comprises a network 
of microvasculature, nerves, and fibrous elements. Therefore, regeneration of 
the Dentin Pulp Complex entails a cascade of events involving odontogenesis and 
angiogenesis. SHEDs have a greater capacity for the formation of Dentin Pulp 
Complex cells, including osteoblasts, chondroblasts, adipocytes, endothelial cells, 
nerve cells, and odontoblasts [58–60]. SHEDs have demonstrated the ability to 
develop into functional odontoblasts and endothelial-like cells [61]. SHED’s capacity 
to develop into odontoblasts is defined by the expression of dentin matrix protein-1 
(DMP-1) and Dentin Sialophosphoprotein (DSPP) [60, 62]. The goal of DMP-1 is 
to maintain dentin mineralization, DSPP stimulates odontoblast development in 
stem cells by phosphorylation of SMAD 1/5/8 and nuclear translocation via the P38 
and ERK1/2 pathways [63, 64]. Regenerating the missing interface between two 
distinct tissues (dentin and pulp), as seen in the Dentin Pulp Complex, is one of the 
main challenges of regenerative dentistry. It is crucial to provide a perfect environ-
ment that encourages the aggregation, proliferation, and differentiation of these 
disparate tissues. The ultimate regeneration of the dentin-pulp complex requires 
successful innervation and revascularization. In this context, various scaffolds have 
been employed to support cell growth and functionality in the transplanted area. 
Tissue engineering methods involving SHED, growth factors and scaffolds have been 
researched to regenerate DPC. SHED has shown the ability to regenerate pulp- and 
dentin-like tissues utilizing scaffolds and stem cells in animal models. SHEDs are 
also able to increase the angiogenesis process by forming vascular connective tissue 
structures and expressing and synthesizing VEGF. This ability is crucial in maintain-
ing pulp viability as it can supply oxygen and nutrients needed for cell metabolism 
for tissue regeneration. Also, Exosomes extracted from SHED aggregates (SA-Exo) 
showed to significantly improve pulp tissue regeneration and angiogenesis in vivo, 
it also promoted endothelial differentiation and enhanced the angiogenic ability of 
HUVECs [65, 66].

6.2 Dentin Pulp regeneration

Dentin Pulp Regeneration aims to revitalize necrotic, infected, or lost pulp teeth 
by restoring the morphology and function of the pulp. Ideal pulp regeneration should 
possess natural structures such as nerve, fibers and blood supply, allowing nutri-
tional, defense, sensation, and immunological functions to be restored. SHED have 
been utilized for pulp revascularization in regenerative endodontic procedures over 
the years. The conventional endodontic treatment in an immature tooth with pulpal 
necrosis is often challenging owing to its open root apex and thin root canal dentin. 
In addition, there is a risk of obturating material overflowing into the periapex. 
Regenerative endodontics (pulp revascularization) in an immature tooth aims to 
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promote continued root development by generating new tissues. SHED seeded onto 
the synthetic scaffolds formed well-vascularized pulp-like tissue in vivo on a tooth 
slice model [67].

To restore the vitality of a tooth, elements with regeneration properties in the pulp 
are required. SHED not only produced mesenchymal stem cell-specific markers, but it 
also caused odontoblastic differentiation and increased the formation of endothelium 
and fibroblasts. The regenerated pulp tissue built by SHED had similar cellularity and 
architecture of the physiological dental pulp [68]. The combination of SHED, Platelet 
Rich Fibrin, and Chitosan enhanced the migration, proliferation, and odontoblastic 
differentiation of dental pulp cells. Therefore, the combination of SHED, PRF, and 
Chitosan scaffold as a new method for pulp regeneration in a clinical environment 
appears promising as 3D tissue engineering. SHED were implanted in empty root 
canals of mini pigs to determine whether a full-length dental pulp is regenerated. 
After 3 months of implantation, the histological analysis showed that full-length 
dental pulp tissue was regenerated which contained the odontoblast layer and blood 
vessels. The regenerated pulp showed a similar tissue structure to the normal pulp. 
Furthermore, blood vessels and nerves were regenerated as confirmed by positive 
expressions of CD31 and neurofilament (NF) in regenerated pulp tissues. In addition, 
positive expressions of CGRP and TRPV1 cells indicated the regenerated pulp might 
have sensory nerves. These results indicated that implantation of SHED was capable 
of regenerating full-length dental pulp with blood vessels and nerves in a large animal 
model [69].

6.3 Bio root regeneration

Techniques based on cell-based tissue engineering have made significant advances 
in the field of tooth regeneration. However, regeneration of the complete tooth has 
proven to be laborious; consequently, tooth root regeneration is advocated as a more 
practical and promising alternative for tooth restoration than the regeneration of the 
entire tooth. The tooth root serves a vital role in chewing and maintaining the tooth’s 
stability, which is the structural foundation of a functional tooth. Bio-engineered 
tooth root (bio root) mediated by stem cells has shown to be a promising treatment 
for tooth loss. Multiple studies have demonstrated that Dental Follicle cells are 
appropriate seeding cells for the development of bioroots. SHEDs can be regarded as 
a prospective seeding cell for use in bio root regeneration in the future [70]. The com-
parison of ultrastructure revealed that SHEDs participate in active cell metabolism 
and the autophagy process, which are essential for stem cell immunological defense, 
self-renewal, and apoptosis [71, 72]. In addition, they possessed protein synthesis and 
secretion capabilities that were superior to those of dental follicle cells, resulting in 
the establishment of a microenvironment that is favorable to tissue repair and regen-
eration, a breakthrough in the field of nerve regeneration [54, 73, 74].

6.4 Periodontal regeneration

SHEDs treated with dentin matrix can regenerate periodontal tissue composed 
of periodontal ligament fibers, blood vessels, and new alveolar bone [70]. Due to 
their high proliferative capacity, the strong immunosuppressive ability of multiple 
differentiation, and minimal carcinogenic potential, exfoliated human decidu-
ous dental stem cells have been employed to restore periodontal tissue and repair 
alveolar bone abnormalities [75].
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6.5 Reconstruction of Cleft lip/palate (CL/P)

Autogenous iliac bone grafting has been demonstrated to heal alveolar cleft defects; 
however, surgical intervention is required. Hence, the creation of a less invasive technique 
is anticipated. Consequently, Alveolar bone regeneration methods in patients with CL/P 
employing human bone marrow mesenchymal stem cells (hBMSCs) have been attempted, 
and the transplantation of hBMSC in a canine alveolar cleft model has demonstrated the 
ability to regenerate bone [76]. SHEDs have higher osteogenic potential compared to bone 
marrow stem cells [77]. SHEDs, human dental pulp stem cells (hDPSCs), and hBMSCs 
were utilized to induce bone regeneration in immunodeficient animals with calvarial bone 
abnormalities. However, animals treated with SHED scaffolds had the greatest amounts of 
osteoid and the widest distribution of collagen fibers. During cell culture, MSCs can secrete 
paracrine substances into a conditioned medium (CM). MSC-CM contain the growth 
factors insulin-like growth factor-1 (IGF-1), transforming growth factor 1 (TGF-1), and 
vascular endothelial growth factor (VEGF), which influence the features and behavior 
of regenerating bone cells [78–80]. It is possible that both transplanted MSCs and their 
paracrine actions contribute to tissue regeneration. SHED-CM demonstrated mature bone 
development and contained tissue-regenerating factors with functions in angiogenesis and 
osteogenesis. Deciduous dental pulp stem cells (DDPSC) associated with a hydroxyapatite-
collagen sponge showed closure of alveolar defects during the secondary dental eruption in 
a clinical setting. Thus, SHED could be an ideal source of cells for alveolar cleft reconstruc-
tion due to its capacity to regenerate bone with minimal surgical invasion [81].

6.6 Temporomandibular Joint Osteoarthritis (TMJOA)

Exosomes secreted by SHEDs (SHED-Exos) demonstrated to suppress inflamma-
tion in TMJ chondrocytes. The anti-inflammatory effects of SHED-Exos were verified 
using western blotting and RT-qPCR. SHED-Exos down-regulated the expression of 
IL-6, IL-8, MMP1, MMP3, MMP9, MMP13, and dis-integrin and metalloproteinase 
with thrombospondin motifs 5 (ADAMTS5). Thus, they can be a novel therapeutic 
agent for TMJ inflammation [82].

7. Limitations / challenges of stem cell research

Even though stem cell offers a wide range of therapeutic potentials in regenerative 
medicine, one cannot deny the fact that it does possess limitations and challenges 
because of different ethical and other issues related to stem cell research. Some of 
them are listed below:

1. The most crucial challenge to stem cell research is the ethical issue related to 
the use of embryonic stem cells. Due to these issues, there are even political and 
religious obstructions to stem cell research. Stem cell research has come under 
some controversy due to the ethical problems associated with how stem cells are 
obtained. It is known that while obtaining the stem cells from an embryo, the 
embryo, in the end, is discarded, which raises ethical issues. However, due to the 
discovery and use of adult stem cells and induced pluripotent stem cells, the use 
of ESCs has decreased and so have the ethical issues.

2. The source of some stem cell lines might have mutations which increase the 
chances of mutations in the transplants.
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3. It is also difficult to transplant the stem cells produced in the laboratories to the 
target cells.

4. ESCs also do not permanently renew themselves in vivo, but instead, differen-
tiate soon into different lineage progenitor cells of the three embryonic germ 
layers.

5. Self-renewal of these cells can be achieved in vitro under artificial conditions, 
which inhibit their differentiation.

6. It is also challenging to obtain enough stem cells with the ability to differentiate 
into the desired cell type.

7. The differentiation of embryonic, as well as adult stem cells, even if guided by 
the addition of differentiation factors, inevitably involves a certain amount of 
spontaneous differentiation into various cell types

8. Additionally, the differentiation is not synchronizable yet, leading to a mixture 
of cells in various stages of development.

However, the advent of stem cells derived from less invasive tissues without 
immune rejection has widened the opportunities for cell-based therapies.

8. Then, why not discard primary teeth after they SHED?

According to the data presented above, SHED have regenerative abilities compa-
rable to umbilical cord stem cells, implying that they have a high potential for treating 
some life-threatening diseases. Exfoliated teeth are also an unexpectedly unique 
resource for stem-cell therapies such as autologous stem-cell transplantation and 
tissue engineering due to their ease of access and lack of ethical concerns. Banking 
SHED cells is thus extremely beneficial (Figure 7).

9. SHED Banking and its advantages

Storing your child’s own teeth stem cells could give them access to a huge range of 
treatment opportunities throughout their lifetime

• It provides a guaranteed matching donor (autologous transplant) for life. There 
are many advantages of autologous transplant including no immune reaction and 

Figure 7. 
SHED and its importance.
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tissue rejection of the cells, no immunosuppressive therapy needed, and signifi-
cantly reduced risk of communicable diseases [83, 84].

• Saves cells before natural damage occurs.

 ○ Simple and painless for both child and parent.

 ○ Less than one-third of the cost of cord blood storage.

 ○ SHED are adult stem cells and are not the subject of the same ethical concerns 
as embryonic stem cells [83, 84].

 ○ SHED cells complement stem cells derived from cord blood. Even though cord 
blood stem cells have proven useful in the regeneration of blood cell types, 
SHED is capable of regenerating solid tissue types that cord blood cannot, such 
as potentially rebuilding connective tissues, dental tissue, neural tissue, and 
bone [85–88].

Figure 8. 
Isolation protocol of SHED. Image source: Biorender.com.
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 ○ SHED may also be beneficial for the donor’s immediate relatives, such as 
grandparents, parents, uncles, and siblings [84].

Certain tooth selection criteria must be followed before SHED banking, which is 
crucial for the successful isolation and characterization of cell lines to maintain 
viability.

1. A tooth that is extracted for orthodontic purposes. (Extraction to relieve crowd-
ing and allow permanent teeth eruption)

2. Tooth extracted/ exfoliated should be vital and devoid of any pulpal necrosis 
(indication of cell viability)

3. Tooth extracted/exfoliated should be free of any mobility either due to trauma/
pulpal pathology

4. The tooth extracted/exfoliated should be free of any periapical infection (Figure 8).

10. Procedure

We have outlined the detailed process involved in SHED banking for its applica-
tion in stem cell therapy.

10.1 Collection, isolation, and preservation of SHED

1. Tooth collection

1. Stem cell isolation: Step by step of Stem cell Isolation is explained below.

2. Stem cell verification and viability testing
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Figure 10. 
Typical step-by-step cryopreservation protocol. Image source: Cryopreservation Basics: Protocols and Best 
Practices for Freezing Cells. Stem cell technologies.

Figure 9. 
Stem cell verification and validation.



369

Human Teeth Is Useful Even after Its SHED! So, Why Discard It?
DOI: http://dx.doi.org/10.5772/intechopen.110769

The viability of the isolated cells is then tested (Figure 9).

3. Stem Cell Storage

Stem cell storage refers to the collection and cryopreservation of stem cells from 
source tissue for use in stem cell treatments or clinical trials in the future. Methods 
used for Stem cell storage are cryopreservation or magnetic freezing [89].

10.2 Cryopreservation

This routine procedure generally involves slow cooling in the presence of a cryo-
protectant to avoid the damaging effects of intracellular ice formation (Figure 10).

Figure 11. 
Magnetic freezing step by step protocol.
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10.3 Magnetic freezing

These above steps are followed by Stem cell differentiation, characterization, 
and validation of required cell types prior to their application in cell-based therapies 
(Figure 11).

11. Conclusion

Stem cell therapy has made significant advances in regenerative medicine and den-
tistry. It has simplified the treatment of many diseases that were previously difficult 
to treat. Cord blood stem cells are used to treat over 85 different blood and immune 
diseases, including Leukemia and Neuroblastoma. Considering the scope of stem 
cells in regenerative medicine, it is imperative to opt a source of stem cell which is less 
invasive and has promising future in regenerative therapies without immune rejec-
tion. SHED has been shown to be as distinct as cord blood stem cells. Multiple studies 
demonstrate that SHED can differentiate into odontoblasts, neurons, hepatocytes, 
endothelial cells, β-cells, and other cell types. This vast array of cell types generates 
an abundance of options for the application of SHED in tissue regeneration processes. 
SHED has demonstrated a wide range of therapeutic applications due to its ease of 
harvesting, lack of bioethical concerns, and excellent expansibility. Also, using one’s 
own stem cells (SHED) reduces, if not eliminates, the risk of developing immune 
reactions or rejection after transplantation, as well as the risk of contracting disease 
from donor cells. However, Prior to SHED-based therapies becoming a clinical reality, 
it is necessary to have a deeper understanding of the mechanisms underpinning dif-
ferentiation processes. Considering the tremendous use of SHED in stem cell therapy, 
will banking of SHED or the cost of stem cell banking justified and reasonable? The 
answer is—Why not, if money is not an issue? If a naturally discarded tooth can have 
such broad therapeutic applications in the future, why not save it? Regardless, the 
ultimate fate of SHED cell banking will be decided by the patient or parent.
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Abstract

Artificial intelligence (AI) is the branch of computer science dedicated to building 
systems to perform tasks that normally require human intelligence. AI tries to solve 
problems and learn similar to humans. The field of AI has experienced phenomenal 
development and growth over the past two decades; with the latest developments 
in digitized data collection, machine learning, and computing infrastructure, AI 
applications are expanding rapidly, especially in areas that are thought to be reserved 
for experts in their fields. Artificial intelligence has started to take place rapidly in 
dental clinical applications. The use of artificial intelligence in dentistry has enor-
mous potential to improve patient care and drive major advances in healthcare. AI 
in dentistry is being researched for various purposes, such as identifying anatomical 
and pathological structures, diagnosing diseases and predicting treatment results, 
and selecting materials to be used. Advances in AI offer healthcare benefits, such as 
reducing postoperative complications, improving quality of life, and reducing the 
number of unnecessary procedures. It can also play a great helping role for dentists in 
increasing the accuracy of diagnosis. This chapter aims to explain the current applica-
tions and future predictions of artificial intelligence in dentistry, which is one of the 
most current topics of recent times.

Keywords: artificial intelligence, machine learning, deep learning, dental research, 
future dentistry

1. Introduction

The term artificial intelligence (AI), defined as “the ability of a device to perform 
functions normally associated with human intelligence, such as reasoning, learning, 
and self-development,” continues to occupy a large place in our lives at an ever-
increasing pace [1].

The first question was asked by Alan Turing in 1950 as “Can machine think?” and 
then the term was first used by John McCarthy as "Artificial Intelligence” [2].

The complexity of neural networks in a functional human brain has always been a 
topic of interest to many researchers in different fields [3]. With the development of 
science over time, many advanced technology products have emerged that imitate the 
functions of the human brain, but it is still not possible to fully simulate the human 
brain today [4]. Despite the many difficulties experienced, “artificial intelligence” (AI) 
has gained great importance in all areas of life with its irrepressible progress [5, 6].
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Artificial intelligence (AI) studies, which continue to develop at an ever-
increasing pace, are candidates to change and advance dentistry, as in many disci-
plines. Some of the situations that accelerate the developments such as the increase 
in computer power, the ease of access to universal information, and the availability 
of big data ready to be processed with AI applications in the field of health; it is the 
use of terms such as “digital transformations,” “digitalized workflows,” “technical 
developments” both in social life and in dentistry [7]. AI studies basically aim 
to imitate the cognitive processes of human intelligence by using machines and 
software-type algorithms to manage possible problems and complex tasks solved 
by human mind and skill [8, 9].

AI is actually a science under Computer Science or Computer Engineering. The 
sub-branches of AI are symbolic or machine learning. Machine learning is an algo-
rithm that refers to the study of computer models that improve their performance 
by learning from experience without using explicit instructions, so it needs sample 
data to make predictions or decisions [10]. Preparing datasets for AI requires large 
amounts of data to be processed to improve accuracy. The experts must invest time 
and effort in making data suitable for effective learning. Deep learning and statistical 
learning are sub-branches of machine learning.

Machine learning (ML) is a branch of artificial intelligence in which systems learn 
to perform intelligent tasks without prior knowledge or hand-made rules, identifying 
patterns in samples from a large dataset without human assistance. This system can 
optimize its adjustable functions by defining a goal and achieving it. In this process, 
known as training, a machine learning algorithm is exposed to random samples. It 
then defines patterns that it can apply to new images as it gains experience by gradu-
ally adjusting the “tunables” toward the correct answer. Machine learning is basically 
like an adult showing a child several photos of cats, and eventually, the child learns 
the patterns of recognizing a cat in new images [11].

Deep learning (DL) is a sub-branch of ML. In this system, it is aimed to learn not 
only a model, but also a hierarchy of malleable models that are built on top of each 
other. The combination of dies creates a “deep” system that is much stronger than a 
flat, “shallow” system. For example, a child does not identify a cat in a single and indi-
visible pattern-matching step. The child sees the edges of the object first and defines 
a sketch with simple shapes such as eyes, nose, and ears, making a specific grouping. 
Among these components, larger groups emerge, such as the head, trunk, and legs. A 
particular grouping of these large groups also defines the whole cat [12].

Developments in computer technologies have increased the studies on AI and the 
interest in the subject. In this way, scientific studies have been facilitated, and neuro-
psychological, psychological, and similar behaviors can be perceived in three dimen-
sions, especially for a better understanding of the brain. Thanks to the recording of 
sudden metabolic activities in the brain tissue with magnetic resonance imaging, 
some predetermined mental functions can be investigated and the results obtained 
make great contributions to a better understanding of the working principle of the 
brain. In the future, it will be possible to contribute more to the development of AI 
techniques with the results obtained from the studies carried out to illuminate the 
working principle of the brain.

Since dentistry is one of the areas where technology is most widely used, it is a 
very open area for developments in technology and the adaptation of AI applications. 
In recent years, AI applications have been widely used in dentistry, ranging from the 
diagnosis of caries, and the detection of various pathologies, to robotic surgery and 
dental implant construction [13–18].
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The compatibility of dental radiology with image processing methods has made 
AI studies even more prominent in the field of radiology. There are many studies in 
AI that is applied on 2D and 3D (2D/3D) radiographic images. Detection of gingival 
diseases and evaluation of risk groups; automatic marking of anatomical structures 
and performing cephalometric analysis; diagnosis of certain diseases such as osteopo-
rosis, which can be detected in X-rays of the jaw, etc., applications are just some of the 
studies on this subject [19].

With the rapid developments in the field, AI studies, which have started to 
radically change the sectors, will inevitably transform dentistry. The purpose of this 
section is to review the current and potential uses of AI applications in dentistry, to 
discuss the opportunities it will offer to improve oral and dental health of the com-
munity, and to examine its possible contributions to the economy and education.

2. Artificial intelligence applications in dentistry

As described in the previous section, AI is currently used in dentistry and in is 
explained in detail.

2.1 Dentomaxillofacial radiology

Dentistry examines the conditions and pathologies seen in the mouth, teeth, 
and jaws by establishing a relationship between clinical, systemic, and radiological 
findings. The patient's anamnesis and complaint history, digital radiography images, 
and, when necessary, intraoral/extraoral photographs are recorded. Oral diseases such 
as dental caries, gingival diseases, inflammatory conditions, cysts, and tumors are 
commonly evaluated with these instruments. The schematization of the detection of 
dental caries on radiographs by AI algorithms is shown in Figure 1.

Digital radiographs, radiographic images produced by X-ray irradiation are 
digitally encoded and easily translated into computational language [20]. Thanks 
to this digitalization in radiographs, the development of artificial intelligence in the 
field of radiology has accelerated and increased. Dental radiography, that is, intraoral 
radiographs, panoramic, cephalometric and advanced imaging technique, and cone 
beam computed tomography (CBCT), are collected for diagnosis, treatment plan-
ning, and treatment evaluation purposes during routine dental practice. As such, 
these large datasets offer a rich resource for scientific and medical research, especially 
for use in AI development work. In radiology practice, findings are visually evalu-
ated and interpreted by radiologists according to the characteristics of the images; 
however, this assessment can often be subjective and time consuming. In contrast, AI 
methods provide automatic recognition and quantitative analysis of complex patterns 
in imaging data [21]. Therefore, AI can be used as an effective tool to help clinicians 
make more objective and reproducible assessments of radiological images.

While radiographs are interpreted by dentists, first of all, certain radiological 
features of normal tissues and pathologies are recognized and distinguished from 
each other, and then, preliminary diagnoses and differential diagnoses are created 
by overlapping the obtained radiographic information with clinical findings. The 
first recognition and discrimination process is basically a pattern recognition func-
tion. Some radiographic analyses can now be done automatically, thanks to the fact 
that machine learning techniques allow computers to recognize patterns [22]. On 
the other hand, the function of justifying the outputs obtained in the radiography 
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interpretation process cannot yet be fulfilled due to the nature of existing machine-
learning approaches [23].

Artificial intelligence applications are particularly promising in the field of 
dentomaxillofacial radiology. Recent research on artificial intelligence in the field 
of dentomaxillofacial radiology has mostly used algorithms capable of image clas-
sification, detection, segmentation, recording creation, and enhancement [24, 25]. 
AI-based algorithms developed in this field are generally aimed at diagnosis, image 
analysis, and image quality improvement. A large amount of data is needed to obtain 
accurate results. In addition, the participation of experienced radiologists is very 
important to create accurate and consistent datasets.

With artificial learning models, it is possible to detect the structures to be exam-
ined in radiography, to separate (segmentation) or classify the desired data in the 
image from other data [26]. These uses of artificial learning models are schematized 
in Figure 2. There are application examples of these usage areas for specific tasks in 
dentomaxillofacial radiology. For example, in the field of dentomaxillofacial radiol-
ogy, various studies have been carried out on artificial intelligence in many different 
subjects such as dental caries [13, 27], periodontal diseases [28, 29], vertical root 
fractures [30], periapical pathologies [24], osteosclerosis, odontogenic cysts and 
tumors [31], maxillary sinus pathologies [32, 33], or diagnosis of temporomandibular 
joint diseases [25].

In the imaging of maxilla and mandible jaw bones, all existing teeth and surround-
ing support tissues, panoramic radiographs are the most widely used radiological 
diagnostic tools. Due to the complex anatomical structure of the region, examined 
by panoramic radiographs, displaying in 2D may cause superpositions and may cause 
incorrect and incomplete interpretations. In recent years, these radiographs are 
among the research data that have an important place in artificial intelligence stud-
ies. With a convolutional neural network (CNN) developed to detect benign tumors 

Figure 1. 
Illustration of dentinal caries marked (blue boxes) on Bitewing radiographs.
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in the jaws on panoramic radiographs, researchers have developed an algorithm that 
can diagnose with similar accuracy with specialist dentists [14]. In another study, 
an algorithm was developed for the diagnosis of osteoporosis by using the same 2D 
panoramic radiographs and it was stated that the radiographs determined by the 
algorithm distinguished osteoporosis with excellent accuracy when compared with 
specialist dentists [34].

In another study using panoramic radiographs, an AI system was created to detect 
idiopathic osteosclerosis (IO). As a result of the study results, the sensitivity, preci-
sion, and F-measure values were 0.88, 0.83, and 0.86, respectively; the developed AI 
algorithm has the potential to accurately detect IOs in panoramic radiographs [35].

In cases clinical examination and 2D radiographs are insufficient, the 3D imaging 
method commonly used by dentists is cone beam computed tomography (CBCT). In 
a study in which the detection of periapical lesions with AI algorithms was performed 
with an accuracy of 92.8%, with an algorithm that detects periapical lesions using CBCT 
images, the detection and numbering of teeth in volumetric data are also performed [24].

Radiographic imaging has a very important place in the field of dentistry, 
both for diagnostic purposes and to provide appropriate treatment. In cases such 
as implant planning, orthognathic surgery, and surgical applications planned 
for various pathologies, radiographic images are analyzed as part of treatment 

Figure 2. 
(A) The classification (mark as yes or no) of the lesion on the periapical radiograph is schematized. (B) The 
segmentation (orange staining) of the lesion on the periapical radiograph is schematized. (C) The detection (blue 
box) of the lesion on the periapical radiograph is schematized.
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planning. The development of artificial intelligence in these areas is highly valu-
able. Dentomaxillofacial radiologists continue to play an important role in artificial 
intelligence research, as specialists, who know the basic principles and characteristics 
of radiographic imaging, can interpret radiographs for various diseases. The data 
detected by artificial learning will reduce both the rate of inaccurate and incomplete 
diagnosis and the daily workload of dentists, considering the increasing medical data 
in radiology practice.

2.2 Dentomaxillofacial surgery

It is the branch of dentistry that treats and rehabilitates pathological conditions, 
trauma, and developmental anomalies in the mouth, teeth, and jaws. Impacted third 
molar tooth extraction is one of the most common surgical procedures. One of the 
most common postoperative complications in third molar surgery is facial swelling. 
In a study by a group of researchers, an artificial neural network model was devel-
oped to predict the probability of facial swelling after extraction. In 400 extraction 
procedures performed by a surgeon, surgical factors (individual characteristics of the 
patients such as age, gender, medical and dental status, the relationship of the third 
molar with the second molar and ramus, the degree of impaction in the bone, the 
type of incision, the removal of the tooth in single or multiple pieces, the duration 
of the procedure, etc.) were determined. While 300 patient data were used in model 
training, 100 patient data were used in the testing phase. In this study, the estimation 
accuracy of the probability of swelling was reported to be 98% [36].

Investigating the ability of CNNs to automatically detect mandible fractures on 
panoramic radiographs is a current issue in oral and maxillofacial surgery [37]. In 
a study investigating the detection and classification of mandible fractures (e.g., 
condyle, coronoid, ramus) on panoramic radiographs, with F1 scores ranging from 
0.6 to 0.87, the lowest fixation sensitivity was achieved in coronoid fractures, while 
the highest sensitivity was obtained in condyle fractures [38].

Diagnosis and treatment of temporomandibular joint (TMJ) diseases are one of the 
most difficult issues for dentists. In a study aiming to create an artificial neural network 
model that is predicted to distinguish between TMJ internal irregularities and normal 
joint, using TMJ clinical examination findings, the model was trained and tested to 
detect unilateral/bilateral anterior disc displacements with and without reduction. 
The sensitivity and specificity of this developed model range from 37% to 100% [39]. 
In a new diagnostic tool to accurately detect temporomandibular joint disc displace-
ment with artificial intelligence, proposed by Kao et al., cited the InceptionV3 and 
DenseNet169 models as the best performing models. In this study, a two-step procedure 
was proposed involving the inference of probable location and binary classification of 
the disc, emphasizing that larger studies using data from different hospitals or countries 
are needed to fully validate their system. It has been stated that the use of deep learning 
neural networks in the automatic detection of temporomandibular joint disc displace-
ment from sagittal MRI images are a promising technique to assist radiologists [25].

In a recent study using magnetic resonance imaging (MRI), in condyle, articular 
eminence and disc segmentation, the AI model has been reported to have a perfor-
mance close to that of specialist doctors. In addition, this study also mentioned that 
CNN-based segmentation models can be a reliable tool to help clinicians define the 
basic anatomy in TMJ-MRIs [40]. Automatically locating the articular disc and sur-
rounding structures with an AI algorithm has the potential to improve the reliability 
of TMJ-MRI interpretation and save time.
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One of the most commonly used methods to eliminate tooth deficiencies is dental 
implant application. A dental implant is a treatment method developed to replace 
missing teeth, with long-term success and high survival rates. Although dental 
implants have high success, mechanical and biological complications can occur. A 
study was conducted in 1996 using the ML method to classify eight different dental 
implant systems based on various parameters such as implant diameter, length, and 
cross-sectional area [41]. In recent years, CNN has been used to classify different 
implant systems [42]. There are several studies showing that CNN is highly effective in 
classifying similar shapes of different types of implant systems in dental radiographic 
images [42–44]. The quality of the bone area to be implanted is one of the most impor-
tant factors that directly affect the success of the implant. The sparseness or density of 
trabecular bone can directly affect the success of implant surgery. Because of the great 
importance of preoperative determination of trabecular bone morphology, a study 
group aimed to classify trabecular bone quality. In this study, bone morphology was 
classified using CBCT images and it was reported that the algorithm made predictions 
with twice the accuracy of expert dentists in the results obtained [45]. The lack of a 
gold standard in the classification of the groups and the heterogeneous distribution of 
the groups in the dataset were stated as the limitations of the study. Despite these limi-
tations in the study, implant planning has been evaluated as a study that contributes to 
the computer-aided design and production of implant-based prostheses [45].

Robotic systems have become a part of daily life; although it has been on the 
agenda for a long time in the field of medicine, minimally invasive surgical proce-
dures such as heart valve repair and gynecological interventions are applied world-
wide with the developments in autonomous robot systems. Autonomous robots plan a 
sequence of actions with AI methods to perform a specific task on their own. Implant 
surgery is moving toward fully automating implantology upon the implementation of 
possible robotic applications. On the other hand, due to the inadequacy in the number 
of studies on this subject, these methods have not been widely used because accuracy 
and reliability results are not sufficient yet [17, 46].

Orthognathic surgery is one of the areas where AI applications find their place in 
oral and maxillofacial surgery. With the widespread use of intraoral scanners, digital 
imaging in orthognathia has changed radically. Use of AI applications in orthognathic 
surgery workflow; it can also provide improvements in areas such as obtaining and 
interpreting maxillofacial imaging, treatment planning, personalized orthodontic and 
surgical appliances, and treatment follow-up [47].

In light of these developments, we think that the use of AI in surgical applications 
will gradually increase and its current uses will gradually improve.

2.3 Prosthetic dentistry

In functional and esthetic losses caused by deficiencies in teeth and surrounding 
supporting tissues, it is the branch of dentistry in which applications are made to 
restore the lost esthetics and function of the patient by being treated with appropriate 
prosthetic materials. The preparation and construction stages of prosthetic restora-
tions consist of a series of processes that require high precision, which can be carried 
out with conventional or digital methods, CAD/CAM (computer-aided design/
computer-aided manufacturing), which has been widely used in the production of 
prosthetic restorations, especially in recent years. It refers to a manufacturing tech-
nique that uses computer skills in the design and production of materials required for 
prosthetic treatment.
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Intelligent software is often one of the issues needed to optimize the digital steps 
of CAD/CAM systems. It is concluded that the novel soft computing optimiza-
tion process described in a study will increase the efficiency of firms in optimizing 
machine parameters for industrial processes and will significantly reduce the costs 
of preparing and adjusting machine processes [48]. AI applications to the dentist in 
prosthesis production; it helps in designing the best and most esthetic prosthesis by 
evaluating many variables such as anthropological calculations, face measurements, 
and patient expectation [49].

When standard CAD/CAM technologies are applied in implant prosthesis cemen-
tation, various problems can arise, such as positional errors, cementation errors, and 
errors that may occur during occlusal correction with an abutment [50]. In a study 
aiming to eliminate these errors and time losses, 91% survival and 93% success rate 
using an AI model in the manufacture of zirconia implants for posterior teeth [51].

In a study in which the segmentation network structure for tooth preparations 
was designed with the CNN model, which can automatically extract the margin line 
by learning the characteristics of the margin line region of the tooth preparation, an 
accuracy rate of 97.43% was reached [52].

It has been reported that results with acceptable accuracy were obtained in a study 
aiming to design a single molar dental prosthesis that mimics the morphology of a 
natural healthy tooth by learning the tooth characteristics from the remaining teeth, 
thanks to a developed AI algorithm. According to the results of this study, the applica-
bility of artificial intelligence in the design of single-molar dental prostheses has been 
demonstrated, and it has been emphasized that the accuracy of biomimetic artificial 
intelligence-designed dental prostheses can be further increased with further training 
and optimization of the algorithms [53].

Advances in AI applications promise to autonomously create innovative dental 
restorations that meet the highest standards in terms of fit, function, and esthetics. 
Advances in this area will also have a significant impact on orofacial and craniofacial 
prostheses.

2.4 Periodontology

It is a branch of dentistry that examines the health, diseases, diagnosis, and treat-
ment of the soft and hard tissues that support the teeth. Periodontitis is one of the 
most common oral diseases that can cause alveolar bone loss, tooth mobility, and tooth 
loss [54]. The diagnosis of periodontitis can be made by clinical examination and 
radiographic examination of periodontal tissues [55]. Due to their complex structure 
and low resolution, detecting and analyzing periodontal bone loss (PBL) on radio-
graphs is difficult even for experienced dentists [56]. Therefore, the application of AI 
for automated assist systems in dental radiographic image data may allow for more 
reliable and accurate assessments of PBL. Lin et al. developed a computer-aided diag-
nostic model that can measure the degree of PBL using a hybrid-featured engineering 
process [55, 57]. Promising results have been shown in these studies, as artificial intel-
ligence models used in various subjects such as classification of periodontal conditions, 
detection of PBL, and classification of peri-implant diseases and conditions show 
comparable and even better results than manual analysis of PBL [29, 58, 59].

Microbial dental plaque accumulating on tooth surfaces is one of the main causes 
of gingival diseases. Therefore, it has an important place in the scoring of periodontal 
diseases. In one study, a CNN algorithm was developed to classify the amount of 
microbial dental plaque in intraoral photographs obtained with a Quantitative Light 
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Effect Fluorescence (QLF) camera. It has been reported that the model that performs 
high in the training set has lower success in the test set. On the other hand, although 
the intra-observer and interobserver agreement of dentists was high in manual QLF 
analyzes, it was emphasized that this CNN model was superior in terms of cost and 
time when the number of images was high [60].

We predict that artificial intelligence in dentistry will continue to maintain its 
popularity in the field of periodontology and will show greater developments in the 
coming years.

2.5 Orthodontics

It is the branch of dentistry that diagnoses and treats the placement irregularities 
of the teeth and the development and position disorders of the jaws. In a study, the 
extraction requirement before orthodontic treatment was modeled using an artificial 
neural network, and it was concluded that the accuracy increased significantly, 
especially as a result of the use of the decision-making model with pretraining [61].

In a study to estimate the mesiodistal widths of unerupted teeth, the deep learning 
model (DL) used and the Moyers table (MT) were compared. According to the results 
obtained in the study, the prediction performance of the DL system for unerupted 
mandibular canine and premolar teeth was at an acceptable level with an accuracy 
of 49.5%. It is thought that AI models may offer a potential alternative to existing 
methods in estimating erupted tooth size and provide diagnostic support for mixed 
dentition analysis in tooth patterns [18].

Cephalometric image analysis is widely used to evaluate the skeletal anatomy of the 
human skull for treatment planning and evaluation of treatment outcomes [62]. Many 
anatomical landmarks usually need to be defined manually for cephalometric analysis. 
AI technology has been developed in automatic cephalometric anatomical points and 
skeletal relationship classification to reduce the burden on the clinician and save time.

The developed AI models allowed not only to identify anatomical points, but also 
to measure or analyze anatomical points in cephalograms. In a study conducted in 
2015 using knowledge-based algorithms, an AI model capable of automatic cephalo-
metric measurement has been developed. According to the results of this study, there 
was no significant difference between automatic and manual measurements [63]. The 
highly successful results demonstrated by fully automated cephalometric analysis 
systems have demonstrated the potential of AI application as a cephalometric orth-
odontic diagnostic tool.

In a recent CNN-based AI study, Sella Turcica segmentation and classification 
using CBCT images yielded results with a high percentage of accuracy [64]. Using 
artificial intelligence algorithms, it can be predicted that the detection of anatomi-
cal signs with orthodontic importance will save orthodontists time and facilitate 
diagnosis.

2.6 Endodontics

It is a branch of dentistry that consumes all components of pulpal and periapical 
pathologies from their etiology to their treatment. Areas such as anatomical variations 
of root canals, canal shaping techniques, and materials used in treatments are some 
of the topics that are researched and continue to be developed in endodontics. The 
role of artificial intelligence in the diagnosis and treatment planning of diseases in 
endodontics is increasing.
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Due to the clinical examination of the root canal morphology, radiological imag-
ing is closely related to endodontic treatment. Panoramic radiographs, which are 
2D imaging methods, may be insufficient to understand root canal morphology. In 
a study aimed at estimating the number of distal roots of mandibular first molars, 
which are single in the majority of the population and sometimes may have accessory 
canals, on panoramic radiographs, two separate CNN algorithms were created and 
their estimation performances were compared. There was no significant difference 
between the performances of the two models, and it was reported that both had high 
accessory root discrimination performance on panoramic radiographs [65].

Determining the location of the root canal openings is one of the important stages 
of root canal treatment. Clinicians use magnifying glasses or operating microscopes 
to detect these small canal entrances. In a study for the location and classification of 
canal orifices, researchers reported that the model detected canal orifices with 94% 
accuracy and differentiated upper and lower molars with 90% accuracy. The study 
indicates that root canals can be detected and classified in real-time via software [66].

One of the main stages that determine the success of root canal treatment is the 
determination of the working length of the canal. In another endodontic study, 
researchers tried a new approach to reduce the error in the step of determining canal 
working length on radiographs. In the experimental setup as in vitro, the extracted 
teeth with access cavities were placed in the extraction sockets of the cadavers, 
and intraoral films were taken by reaching the root tip with the canal tool. Then, 
two endodontists examined the apex of the teeth with a microscope and the apical 
foramen with radiographs, and the working length was divided into three classes as 
“short, in situ and long” according to the position of the canal file. The reliability of 
the measurement of the working length was questioned by training the model with 
tooth length and approximate and detailed images. It was concluded that the position 
of the file can be reliably determined using AI [67].

Correct determination of working length is very important for successful root 
canal treatment results [68]. A method used to evaluate working length, radiogra-
phy, digital tactile sense, electronic apex locators, patient response to a paper point 
inserted into the root canal system, and CBCT imaging [67, 69–71]. Clinical dentists 
most commonly prefer radiography and electronic apex locators. The clarity of the 
image in digital radiography and several other factors that affect how radiographic 
interpretations are made are essential for the correct interpretation of the anatomy of 
the root canal system [72]. Otherwise, it may lead to misdiagnosis [73]. Saghiri et al. 
used a human cadaver model to replicate a clinical setting and examined the accuracy 
of run-length assessment by an artificial neural network. Compared to the actual 
working length measurements, where the stereomicroscope was used as the gold stan-
dard after tooth extraction, the model was more accurate than the determinations of 
the endodontists, and it was concluded that neural networks are an accurate method 
for determining the working length [74].

2.7 Restorative dentistry

It is a branch of dentistry that treats structure and deformities caused by dental 
hard tissue (enamel, dentin) diseases with protective, restorative, and esthetic 
methods. The fact that dental caries is still one of the most common diseases in the 
world causes studies in this field to be among the popular research topics. The most 
commonly used method to support the clinical examination in the diagnosis of dental 
caries is radiological examination.
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AI can provide assistance in recognizing some pathologies such as proximal caries 
and periapical pathologies that cannot be detected on radiographs due to noise, 
artifact, and low contrast in images [75]. There are many studies that have achieved 
high-performance results (86–97% accuracy) in the classification of dental caries on 
radiographs [75–79]. Different DL-based CNN methods have also been developed to 
detect dental caries on periapical radiographs [13, 80].

Detection of caries that arise on the chewing surfaces (occlusal) of the teeth 
and have not yet progressed to the interfaces can be successfully made by clinical 
examination. The high enamel density due to the anatomy of the region may cause the 
demineralization area formed by caries to remain hidden in the radiography. In a study, 
a deep learning model was designed to diagnose caries in photographs of occlusal 
caries recorded with an intraoral camera. Since the samples of intraoral photographs 
obtained in vivo are low in number, the model has been strengthened with data 
augmentation and transfer learning methods [81]. In another pilot study, the transil-
lumination method used for caries diagnosis was examined. Although the diagnostic 
performance of the designed CNN algorithm is not bad, the sensitivity and specificity 
tests indicate that it is not yet reliable enough to be used in clinical practice [82].

2.8 Pediatric dentistry

It is a branch of dentistry that deals with the examination and treatment of first 
and permanent teeth in infants, children, and young adults.

In a study on the assessment of oral health in children using machine learning, 
researchers developed an algorithm for assessing children’s oral health status and 
treatment needs. Oral health status and treatment needs were estimated by process-
ing the data obtained through a questionnaire prepared for children and their parents 
with machine learning algorithms. It has been proposed as a method that can be used 
for screening purposes in schools [83].

In the literature, there is a study stating that software that can predict individual 
pain level and analgesia responses for postoperative pain management has been 
developed by using artificial intelligence models in the field of anesthesia [84].

Assistive tools have been developed to facilitate communication in age groups who 
have difficulty in describing their pain, in children with it is difficult to communicate, 
and in individuals with disabilities [85].

One of the areas studied extensively by the European Academy of Pediatric 
Dentistry (EAPD) is molar-incisor-hypomineralization (MIH) [86].

In the study published in 2022, aiming to update the current European Academy 
of Pediatric Dentistry (EAPD) 2010 policy document on “Best Clinical Practice 
guideline for clinicians dealing with children presenting with molar-incisors-
hypomineralization (MIH); ” MIH etiology has a multifactorial etiology including 
systemic medical and genetic factors, and more focused laboratory research and 
prospective clinical studies are needed to elucidate additional factors. Successful 
prevention and treatment options have been researched and established. Regarding 
treatment options, there are many alternative options such as composite restorations, 
metal crowns, and laboratory indirect restorations. There are factors depending on 
the severity of the defects and the age of the patient that play a role in the selection of 
the appropriate treatment [87]. A deep learning-based convolutional neural network 
(CNN) was developed for the automatic detection and classification of teeth affected 
by MIH in intraoral photographs. It could accurately categorize teeth with MIH with 
an overall diagnostic accuracy of 95.2% [88].
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The dental plaque that causes many oral diseases (e.g., caries, gingivitis, and peri-
odontitis) is one of the important issues in protecting the oral and dental health of 
children [89, 90]. Dental plaque consists of bacterial masses on tooth surfaces; dental 
plaque is often difficult to distinguish, as these masses usually occur at the gingival 
margin and in the interproximal areas [91].

A deep learning-based artificial intelligence model has been used as a current 
approach to detect plaque in primary teeth. As a result of plaque detection examinations 
on intraoral photographs; it was stated that there was no significant difference between 
the developed AI model and the pediatric dentist in diagnosing dental plaque in decidu-
ous teeth, and the AI model showed clinically acceptable performance in detecting 
dental plaque in primary teeth compared to an experienced pediatric dentist [92].

Determining the most appropriate treatment procedure for primary teeth in 
pediatric dentistry is directly related to the presence or absence of permanent tooth 
germ [93]. Developmentally missing or extra permanent teeth are an important 
issue in the selection of endodontic or restorative rehabilitation for primary teeth. 
Evaluation of the performance of the deep learning system for permanent tooth germ 
detection in panoramic radiographs is among the subjects studied. A total of 4518 
panoramic radiographs of children aged 5–13 were used in a study addressing this 
issue. Permanent tooth germs were detected with a deep learning-based approach in 
panoramic X-rays, using the YOLOv4 model, with an extraction time of 90 ms, with 
an average precision of 94.16% and an F1 value of 0.90, with a high level of signifi-
cance. In this way, it is thought by researchers that it can facilitate the early diagnosis 
of missing teeth or supernumerary teeth and help dentists find more accurate treat-
ment options while saving time and effort [94].

2.9 Forensic dentistry

Determination of gender and age from skeletal remains is an important issue in 
forensic studies. Age estimation is an important aid, from identifying individuals 
and injured persons in natural disasters to resolving forensic cases [95, 96]. Teeth are 
hard and not easily destroyed tissues in the human body, and their shape remains 
unchanged and intact after the individual dies. For this reason, forensic dentistry has 
an important place in identification. Comparison of tooth numbers and shapes in a 
dental radiograph taken from a cadaver with previous records is one of the methods 
used effectively [97].

In forensic medicine literature, teeth have proven to be a meaningful tool in identify-
ing people [98]. Studies suggesting that neural networks can serve as a reliable method 
for determining age and gender also indicate that more research is needed to determine 
their accuracy [99–101]. In one of the studies on this subject, it was found that neural 
networks showed 95% accuracy in distinguishing gender in the anthropological skull 
[99]. Successful results have also been obtained in studies using trained neural networks 
to calculate skeletal age from hand-wrist X-rays [100, 101]. AI algorithms can also be 
used to analyze bite marks and predict mandible morphology [102].

In a study for age and gender estimation, 1142 digital X-ray images, 80% of it were 
used for educational purposes and the remaining 20% of the dental images were used 
for test cases, achieving 96% accuracy [103].

In a recent study, Patil et al. discussed the use of root length in age determina-
tion, which has not been researched until that time. In the study, it was stated that 
the Deep Learning model outperformed the Machine Learning model and the right 
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third molar tooth mesial root length is a good indicator of age. It is emphasized that 
the training dataset should be expanded to include more radiographs from multiple 
sources in order to further refine, diversify, and bring the algorithms into clinical 
practice [104].

3. Artificial Intelligence in dentistry education

Artificial intelligence applications, which aim to change the traditional structure 
of dental education in faculties, are still an area open to research. Intelligent teach-
ing systems provide new opportunities for education in universities, improving 
the quality of learning in dentistry education. It is obvious that learning, teaching, 
measurement-evaluation, and feedback methods have changed and improved. Today, 
many technological developments supported by artificial intelligence are rapidly 
taking place in the challenging education process of dentistry. Clinical decision sup-
port systems are effective information technology that reduces clinical errors, helps 
dentists make better medical decisions, and thus increases the quality of treatment. 
This technology holds the strongest position among promising fields of study, as it 
can help inexperienced dentists and students to form stronger convictions about the 
treatment process.

The field of intelligent teaching systems has made significant progress today. AI 
applications are often used to create scenarios that mimic clinical work on patients and 
minimize any educational hazards. It is observed that the preclinical virtual patient 
feedback given to the students has improved significantly. The main goal is to create 
high-quality learning environments, allowing students to evaluate their work and 
compare it to the ideal one. Numerous studies have been conducted on the effectiveness 
of these systems, and it has been shown that students develop a competency-based skill 
level more quickly with these systems than with traditional simulator units [49].

Dentistry students receive preclinical training to develop their manipulative skills 
before they come into contact with the patient. In the skill development studies on the 
traditional phantom models used during this training, the student learns by receiving 
feedback from the trainer. Instead, when the same practices are experienced with a 
virtual patient under the supervision of a trainer, the feedback that the virtual patient 
provides to students can improve the quality of learning. Studies examining the 
effectiveness of these systems have shown that students reach the expected skill level 
more quickly [49].

Today, along with the development of robotic models that can verbalize pain, 
move the head with pain, make jaw and tongue movements, and simulate functions 
such as bleeding and saliva flow. In dentistry education, the use of robotic models 
has increased in preclinical laboratories to develop students' basic motor skills [46]. 
Increasing studies in this field and decreasing software and hardware costs of robotic 
instruments will enable more widespread use of robotic applications in dental 
faculties. In AI applications in the field of education, as well as improving education, 
the inclusion of AI-based subjects in the curriculum is also a very important issue. 
Considering the ongoing research in almost every branch and the applications that 
are starting to come into use, it is clearly revealed that dental candidates will be both 
users and developers of these applications in the future. Introducing dentistry stu-
dents to basic AI terminology and working principles will contribute to the advance-
ment of this field developed with human intelligence.
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4. Conclusion and evaluations

4.1 Future prospects

Hybrid intelligence is a term that refers to the combination of human and machine 
intelligence with the aim of advancing human intelligence. It is based on the prin-
ciple that humans can work in harmony with artificial intelligence to solve difficult 
problems. The use of a newly developed hybrid intelligent image fusion method to 
combine multimodal images for better diagnosis and treatment planning will become 
widespread [21].

The diagnostic performance of AI models varies between the different algo-
rithms used. Although the AI models used have high success rates, it is still neces-
sary to verify the generalizability and reliability of these models using adequate, 
representative images from multiple institutions before using these models in 
clinical applications.

Artificial intelligence digital systems have indisputably changed the future predic-
tions and development direction of dentistry [46]. It is obvious that computer-based 
neural networks play a supporting role in the decision-making and minimizing of 
errors during the execution of dental treatment planning for dentists, but it should be 
noted that more research and application are needed.

In short, although there are both technical and ethical difficulties in artificial 
intelligence, the fact that it is a very open field for development and progress makes 
artificial intelligence worth researching. The risks are especially high in the health 
field. There are great concerns about data protection, data security, and the transfer 
of critical medical decisions to computers. However, artificial intelligence has the 
potential to revolutionize both healthcare and dentistry. In the upcoming period, it 
seems inevitable that artificial intelligence and dentists must work together in cooper-
ation. It is becoming a necessity of the age for dentists to follow current developments 
and integrate them into their clinical lives. On the other hand, the support of dentists 
is absolutely needed in order to carry the achieved developments further. Thanks to 
this link between dentists and technology, current developments will progress rapidly 
and become more useful.
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