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SUMMARY:

Objectives: The main objective of this study was to analyse the composition of the dental
enamel in its complete form regarding mineral chemistry, biochemistry, cell biology and
genetics. This objective was achieved by integrating all this scientific fields to dental enamel
and thanks to this high-mineralized tissue, scientists have been able to perform a huge
amount of studies and for many reasons; it is represented as an exemplary model for

biological, biochemical, and mineral and genetics studies.

Methodology and results: An extensive bibliographic review has been carried out in the
CRAI-Library UEM using numerous scientific articles in English from 2010 to 2020, including
these following keywords as: genetics, biochemistry, biology, mineral chemistry, dental

enamel, amelogenesis, mineral structure and excluding terms such as dentin, pulp...

Conclusion: Thanks to scientific researchers that allowed and provided us a huge amount of
details around dental enamel properties and thanks to scientific development that has an
important part to play in populations and health. During the ten past decade, science have
been improving and increasing so much that all details brought around dental enamel
permitted an integration of mineral chemistry, biology, biochemistry and genetics to dental

enamel.



RESUMEN :

Objetivos: El objetivo principal de este estudio fue analizar la composicidon del esmalte
dental en su forma completa en cuanto a quimica mineral, bioquimica, biologia celular y
genética. Este objetivo se logrd al integrar todos estos campos cientificos al esmalte dental y
gracias a este tejido altamente mineralizado, los cientificos han podido realizar una gran
cantidad de estudios y por muchas razones; se representa como un modelo ejemplar para

estudios bioldgicos, bioquimicos, minerales y genéticos.

Metodologia y resultados: Se ha realizado una extensa revision bibliografica en la CRAI-
Library UEM utilizando numerosos articulos cientificos en inglés de 2010 a 2020, incluyendo
las siguientes palabras clave como: genética, bioquimica, biologia, quimica mineral, esmalte

dental, amelogénesis, mineral. estructura y excluyendo términos como dentina, pulpa ...

Conclusion: Gracias a los investigadores cientificos que nos permitieron y nos brindaron una
gran cantidad de detalles sobre las propiedades del esmalte dental y gracias al desarrollo
cientifico que es fundamental en nuestra vida diaria. Durante la ultima década, la ciencia ha
ido mejorando y aumentando tanto que todos los detalles introducidos en el esmalte dental
permitieron una integracion de la quimica mineral, la biologia, la bioquimica y la genética en

el esmalte dental.
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1. INTRODUCTION:

1.1. Thesis structure:

The thesis has been organised such as the introduction has been outlined in the first part.
This one provides a basic examination around dental enamel structure and composition.
Then, general aims and objectives have been outlined in part 2. The fourth part will be
results classified by a table determining the type of article founds, and then discussion

follows. The last part will provide a conclusion.

1.2 INTRODUCTION TO ENAMEL:

1.2.1 Basic tooth structure:

The tooth is composed of three major layers: Enamel, Dentin, and Pulp (Figure 1)(1). Enamel
is a translucent substance that constitutes the outer part of the crown of the teeth and
which covers dentin. It acts as a barrier to highly protect the tooth from external substances

as sugar, acid drinks and other threats....(2)
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Figure 1. Image showing a schematic drawing of a tooth.(3)



1.2.2 Enamel:

It is the hardest and the most mineralized structure in the human body(4). In addition,
enamel is one of the four main components that build up the tooth along with dentin,
cement and the dental pulp. It is a visible dental structure, supported by an underlying layer
of dentin that cannot be related to tissue because it is not vascularized nor innervated, and
in fact it is mineralized(5). Enamel is a mineralized cell-free tissue protecting the pulp-dentin
complex. Its thickness varies from 2.5 mm opposite the cusps, to become more refined at
the level of the neck but also at the level of the cement-enamel junction.(6) The enamel is
composed of 96% mineral matter, and the rest is water and organic matter(7). The mineral
part is mainly constituted by a network of calcium hydroxyapatite crystals which crystallize in
the hexagonal crystal system(1). These crystals that are found in the enamel are about 25
times larger than those found in dentin. Crystal size is a very important factor in the extreme
hardness of enamel, in contrast to dentin. The high mineral percentage is not only
responsible for its hardness or strength, but also for its friability. On another hand, Dentin,
which is less mineralized, is essential as a support and compensates for the weaknesses of
the enamel (8). For a long time it was thought that enamel was a complex chemical system,
but it did not have much dynamics. Today we know that enamel participates in many
processes such as: lons transport from saliva to dentin (crosses the enamel and could modify
its structure) or ion exchange reactions with the responsible saliva phenomena of
demineralization and remineralisation(9). Enamel is not an inert system at all. When we look
at the ultra-structural and therefore nano-structural level, we see that it is a unique self-
assembly in the mineral world (acellular, avascular and non-innervated enamel).(9) Enamel is

the hardest and most densified structure in the body. Dental enamel is an example of



organic material that unites at the same time mineral chemistry, biochemistry, cell biology
and genetics(10). The environment and enamel’s hereditary defects can induce destruction,
degradation or enamel malformations(11). Unlike most other biological mineralized
biological tissues, the enamel is not able of regeneration process due to the loss of cell
forming known as: Ameloblasts(10). The interface between physics, chemistry, and genetics
has been initiated for a long time and shown a huge world around dental enamel

properties.(10)



2. General aims and objectives:

The general aim of this study was to understand the complexity of the dental enamel
integrating the knowledge about its mineral chemistry, biochemistry, cell biology and

genetics.

3. Material and methods:

A search was conducted in CRAI-Library UEM, PubMed, and Medline using many scientific
articles in relation to our main objectives. A selective research has been made using the
filter: “Refine your research” so that our final project fulfils our objectives. First and
foremost terms as: Dental enamel, mineral chemistry, biochemistry, biology and genetics
have been included in our research. Secondly terms as mammalian, dentin or pulp has been
excluded. Our Scientifics articles have been searched in the category (Full text document) by
limiting the publishing date from 2010 to 2020 using English language. Once the results were
obtained, all those articles that after reading it were considered none useful information for
the present bibliographic review were eliminated, either due to an incorrect use of the term
"integrating" or because they did not delve into the issues concerning the objectives of this
work. The bibliographies of the most relevant articles were also analysed and sourced, this

way only the most significant information was chosen for this work.



4, Results:

More than 40 scientific articles were selected in order to conduct our study where the main
purpose was to analyse the enamel properties integrating mineral chemistry, biochemistry,
biology and genetics. The majority of these scientific articles are related to enamel
properties, others to chemical and biological characteristics, a group of articles to its
development  process according to genetic and others according to

demineralisation/remineralisation process.

DENTAL ENAMEL INTEGRATING MINERAL CHEMISTRY, BIOCHEMISTRY, CELL BIOLOGY

AND GENETICS

ACCORDING TO BIBLIOGRAPHY

(1), (4) ,(6),(7),(8),(9),(10), (13), (15),
GENERAL DENTAL ENAMEL COMPOSITION [l (16), (17), (18), (19), (20), (21), (22), (25),

AND PROPERTIES (29), (30), (31), (32).

(1),(2),(5),(7),(9),(12), (13), (14), (15),
INTEGRATING MINERAL CHEMISTRY (16), (18), (19), (20), (22), (30), (31), (32)

,(33),(34),(39), (40), (42), (43) (44), (46),

(1), (3),(9),(11),(12), (13)

INTEGRATING BIOCHEMISTRY AND CELL (15), (16), (19), (20), (21), (30), (32)

BIOLOGY
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(1),(6),(8),(9),(10),(13),(15), (16),

INTEGRATING GENETICS (20), (23), (24), (25), (26), (27) (28) ,(29),

(30),(31), (32),(35),(36),(37), (38).

Table 1: Table showing the repartition of each article according its principal characteristic.

40 -

35 1

25

15 A

10 A

O T T T 1
Dental Enamel Mineral Biochemistry and Genetics
composition and chemistry cell biology
properties

Table 2. Table showing the articles proportion according to its principal theme.
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5. Discussion:
5.1 Hydroxyapatite crystal structure:

Dental enamel is the most mineralized and strongest material in the human body with a
total of 96% of inorganic matter presented in form of mineral crystal(12). The main mineral
content of dental enamel is a non- stoichiometric calcium deficient carbonated
hydroxyapatite (HA) [Cal0(P0O4)6(0OH)2](13). HA is part of the calcium phosphate group,
which also have octacalcium phosphate (OCP), a precursor phase of HA and tricalcium
phosphate (TCP). Each unit cell of a hydroxyapatite crystallite has a central hydroxyl group
with by three calcium ions which are surrounded by three phosphate ions(2). The union of

six calcium ions makes a hexagonal form due to its enclosure.)(1).

Ca le e

Ca ||0

Figure 2.Image showing a diagram of the unit cell of a hydroxyapatite crystallite.(2)

Each atomic site in the HA crystal may include some substitutions: For example the Ca site in

the apatite structure can be replaced by metal cations, e.g. Na, K, Mg, Sr, Ba, Mn and Pb ,
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carbonate may substitute phosphate or hydroxyl ions .All these substitutions depend on
local carbon dioxide concentrations which occur during tooth development. Substitutions
have negative aspects, which receive the name of distortions, and they affect the apatite
solubility, which is an important factor to consider during the dental demineralization(14).
The crystallographic unit cell stoichiometry is made up of four columnar calcium Il ions, six
screw axis calcium | and six phosphates located around the hydroxyls, which occupy columns

on the screw axes. Its structure consists of mirror planes at z= % and % (1).

0 : / ~
° o‘,.*o (0001) ki
o [1100)

Figure 3. Schematic projection of the hydroxyapatite’s hexagonal structure in the
[0001], [2—1-10] and [1-100] axes, respectively.
(Ca2+ =blue, P= green, O= red and H= yellow). (Mg2+)(RMg2+.

Image taken from Crystallographic structure of human tooth enamel (15)

5.2 Enamel microstructure:

In enamel microstructure, heterogeneity exists due to the variation in the orientation of

prisms and the crystallites. In the apex/cusp regions of the tooth, the orientation of the
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crystallites is parallel with the direction of the prisms perpendicular to natural biting
surfaces(15). However, in the lateral enamel, crystallite direction is oriented far from the
prism axes towards the cervical margin. Deciduous enamel has less well-structured crystal
arrangement than permanent enamel, although prisms are smaller, the crystallites within
them are larger.(15)

The unique structure of the enamel responds to a highly organized architecture giving it its
hardness and great resistance to masticatory forces. Two types of enamel can be
distinguished according to their histological characteristics: prismatic enamel and aprismatic

enamel.(16)

5.2.1 Prismatic enamel:

Enamel is made of single crystals of hydroxyapatite. They represent the smallest identifiable
structural unit within the enamel (nanostructure of approximately 10 angstroms) and their
assembly gives rise to crystallites with a hexagonal section 50 times greater than that of
single crystals (microstructure of 500 angstroms). These crystallites will themselves interlock

to form the enamel prisms (3 micron section).(17)

We then dissociate two types of enamel according to the orientation of the crystallites:

Prismatic enamel: the crystallites are oriented parallel to the major axis of the prism.(17)

Inter-prismatic enamel: crystallites adopt an angle of about 60 ° (regarding the major axis of

the prisms). In the longitudinal section, the inter-prismatic substance covers the prisms on
both sides. In the cross section, the inter-prismatic enamel covers them completely or

partially, except at their base where the two structures are one. (18)
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5.2.2 Non prismatic-enamel:

On another hand, this type of enamel is simply made up of crystallites and remains devoid of
this histological feature (prisms). It is observed on either side of the prismatic enamel, thus
forming an internal non-prismatic enamel (opposite the enamel-dentin junction) and
external (coronary surface), extending over approximately 30 microns.(17) This structural
difference is explained by the different stages of amelogenesis. The pre-secretory
ameloblasts are at the origin of the first apposition of non-prismatic enamel next to the
dentin, thus participating in the formation of the enamel-dentin junction.(16) Subsequently,
the placement of the interprismatic enamel (by the secretory ameloblasts this time, an
extension of Tomes) makes it possible to constitute a lattice, which will be colonized by the
prismatic formations. The thin layer formation of external aprismatic enamel corresponds,

for its part, to a post-secretory maturation phase.(18)

INTERPRISMATIC ENAMEL

PRISMATIC ENAMEL

Figure 4. Image showing prismatic and interprismatic enamel, different crystal

orientation(18)
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5.3 Enamel chemistry:

Enamel, although devoid of cells, is not inert and ionic exchanges are perpetually made
between the enamel surface and the oral environment. The inter-prismatic substance with a
higher aqueous and organic content than enamel prismatic is the privileged place of these
exchanges.(19) These interactions are largely determined by oral ph. In the case of acidity,
the hydroxyapatite crystals forming the enamel matrix are dissolved and the phosphate /
calcium released within the oral cavity. On an opposite side, in the presence of an alkaline
pH, they are able to precipitate in contact with the enamel.(15) It is important to know that
fluoride ions are essential to fight against acid attacks. Integrated into the hydroxyapatite,
the resulting fluoroapatite crystals are more chemically stable, more symmetrical and
therefore ultimately more resistant. The mineral component of enamel consists in a basic
replacement of calcium hydroxyapatite, the stoichiometric formula for hydroxyapatite (HAP)
being (Cal0 (PO4 )6 (OH)2)(12). Within enamel a number of ions can be missing from HAP
and different elemental substitutions can exist within the HAP, for examples, calcium
replaced by sodium, magnesium, zinc... carbonate replacing phosphate, and fluoride
replacing hydroxyl(20). These defects and substitutions can impact the behaviour of HAP,

especially to its solubility at a lower ph.

5.3.1 Mineral phase:

It represents 96% of the enamel mass, or 87% of the volume. It is formed by major elements,
such as: calcium, phosphate, carbonates, sodium, magnesium, chlorine and potassium.

Minor elements such as fluorine, strontium, zinc... are also found. These can come from

16



environmental contamination.(21) Apatite crystal has two properties: it allows ionic
exchange and can also absorb ions on its crystal and thus give crystals of hydroxyapatites,

fluoroapatites, carbonatoapatites ...(16)

5.3.2 Organic phase:

The organic phase represents 0.6 to 1% of the tissue weight in mature enamel. It is
composed of residual non-amelogenin proteins and phospholipids. Proteins are mainly

glycoproteins different from keratin. It is made up of different proteins detailed below:

e Amelogenins, which are hydrophobic proteins that disappear with enamel maturation
and are replaced by hydroxyapatite crystals. They are distinguished by their
composition rich in amino acids (proline, glutamine, leucine and histidine) and are
involved in the control and direction of crystal growth.(16)

e Enamelins, which are phosphoproteins rich in glutamic and aspartic acids, serine and
glycine. They persist in mature enamel tissue and are located on the surface of
crystals.(16)

e Tuftelins, which are acidic proteins in enamel that belong to the enameline family.
They are particularly rich in glutamic and aspartic acids.(16)The organic matrix also

includes lipids: cholesterol, phospholipids and triglycerides.(17)

5.3.3 Aqueous phase:

Water is present in enamel in a free form (1% of tissue weight) or in a bound form (2.4% of

tissue weight).(16) Water is mostly found in inter-crystalline spaces and it contributes to the

17



formation of a protein shell around the crystallites. This hydrated matrix is essential for ionic

exchanges and diffusions.(18)

5.4 Enamel Histology:

On a microscopic scale, other particular structures need to be individualized: the Retzius
striae and the Hunter-Schreger bands. These secondary formations allow the enamel to

adapt to the masticatory forces in a remarkable way.(18)

5.4.1 Retzius striae:

Retzius striae or lines correspond to demarcation between two successive cycles of enamel
application. Spaced evenly, they are identifiable every 25 microns. Their characteristic
appearance in concentric formations makes it possible to assimilate them to the structure of
a tree trunk, witness of cyclical growth. On the surface of the enamel, these striations

undergo a slight inflection and form furrows called "perikymatias" which tend to disappear

with the natural wear of the teeth.(17)
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Figure 5. Image showing Retzius striae (indicated by arrows) on the left side. (22)
Figure 6. Image showing Perikymatis on the surface of the enamel on the right side.(22)

5.4.2 Hunter-Schreger bands:

The orientation of the enamel prisms is not uniform throughout its thickness. Initially
orthogonal to the surface, they undergo a change of orientation (approximately 2 to 3 °)
with each crossing of a Retzius striaes, in the direction of the enamel-dentin junction. This is
materialized under the microscope by the alternation of light bands (= parazonia) and dark
bands (= diazonia), called Hunter-Schreger bands.(23) When studying an enamel section, the
prisms sectioned transversely as to their axis will be more easily demineralized by acid dyes
and therefore give rise to dark bands (because they are colored). Conversely, the
longitudinally sectioned prisms will be less sensitive to acid dyes due to their orientation and

thus form the light bands.(24)
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Figure 7. Hunter-Schreger bands where we can see the alternation between light bands and
dark bands.(22)
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5.5 Enamel Cell Biology:
5.5.1 Dental germ formation:

In humans, the development of teeth results from a biological interaction of two cell groups
resulting from the ectoderm and ectomesenchyme. Indeed, each dental organ is the result
of cellular morphogenic movements and the cooperation of epithelial and mesenchymal
protagonists.(25) Dental germs will pass successively through the blade, bud, cup and,
finally, bell stages depending on the degree of differentiation of their epithelial cells. It is at
the bell stage that the mineralized tissues of the tooth (enamel) will be developed. Once the
morphogenesis and mineralization of the crown is complete, we will see rhizagenesis,

development of the supporting tissues of the tooth and finally dental eruption.(6)

. 3 e ABUD STAGE
e B CUPSTAGE

e CBELLSTAGE

e D AND E AMELOGENESIS

e FCROWN FORMATION

e G RHIZOGENESIS AND
| BN TSI

ERUPTION

e HTOOTH

Figure 8. Image showing the steps of tooth development.(18)
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5.5.2 Bud stage:

From the dental blade, ten buds will individualize per arch from the 7™ week of intrauterine
life. The dental lamina will partially involute, epithelial islands will persist to ensure the
morphogenesis of the permanent teeth, the permanent molars developing from distal

extensions (molar lamina) of the dental lamina of the premolars.(25)

5.5.3 Cap stage:

The proliferation of cells from the bud causes the germ to pass through cup stage. At this
stage, we can highlight: - an epithelial component at the origin of the enamel - an
ectomesenchymal component at the origin of the primitive papilla - and around this set, an

ectomesenchymal condensation at the origin of the follicle fibrous.(26)

5.5.4 Bell stage:

The bell stage is that of histodifferentiation and morphogenesis. At this stage, the tooth

germ is made up of the enamel organ, the primary dental papilla and the follicular sac.(27)

e The external epithelium: The cells of the outer adamantine epithelium form a row of
cubic cells joined together by hemi desmosomes and communicating junctions. They
are located at the periphery, separated from the follicular sac by a basement
membrane. (18) They do not participate in the formation of the enamel itself, but
have a function of internalizing precursors from the capillaries that surround the

organ of the enamel.(22)
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The stellate reticulum: the stellate-shaped cells delimited between the outer
adamantine epithelium and the intermediate stratum produces it formation. (18) The
cells in fact connected to each other as well as to the intermediate stratum cells by
intercellular junctions such as mosomes and communicating junctions. However, the
intercellular space remains important. Large spaces of interstitial fluid rich in
glycosaminoglycans and lipids separate cells from each other. This organization
allows the diffusion of precursors and nutrients first and secondly the formation of a
hydrostatic cushion protecting the internal adamantine epithelium from external
pressures.(8)

The intermediate stratum: It is made up of one or two rows of cubic or squamous
cells attached to the internal adamantine epithelium cells to which they are
connected by desmosomes and communicating junctions. These cells provide
glycogen, an essential element for the energy supply allowing all transfers in the
enamel organ.(18)

The internal epithelium: The internal epithelium cells lie on the basal lamina that
separates them from the primary papilla. In the bell stage the internal epithelium
cells have a similar structure to the external adamantine epithelium, their shape is
slightly more elongated.(25) The differentiation of this epithelium occurs under the
influence of the primitive papilla. The cells will first become pre-ameloblasts, then
pre-secretory ameloblasts, and finally secretors, which are involved in the
establishment of the enamel matrix. There is a junction zone between the internal
and external epithelium, called the reflection zone. These cells multiply actively and

cause the growth of the enamel organ.(28)
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5.6 Enamel Genetics:

5.6.1 Dental enamel formation: reminding:

Amelogenesis is by definition enamel formation process(12). During the crown stage of
development, enamel forming cells: ameloblasts, secrete a protein rich matrix during the
Secretory stage which is followed by a degradation due to a proteolytic enzymes and is then
replaced by hydroxyapatite during the Maturation stage(2). The internal enamel epithelial
cell goes through many morphological changes during enamel formation. The first stage is
the presecretory stage, which is characterised by columnar cells; They have a reversal of
polarity whereby the nucleus moves to the stratum intermedium end of the cell(1). The
dental lamina rapidly folds and penetrates the underlying mesenchyme to form the dental
placode, followed by the bud, cap, and bell stages(27). All these stages shape the crown, and
then are followed by the root’s development. The mesenchyme immediately underlying the
dental epithelium is derived from cranial neural crest cells(29). Very early in tooth formation
there is epithelial-mesenchymal molecular cross- talk initially orchestrated by the
mesenchyme, such that epithelial cells destined to create enamel start to differenti- ate to
form ameloblasts, and the underlying neural crest- derived mesenchyme differentiates into

cells that will form the remainder of the tooth(6).

Dental lamina Placode Bud Cap Bell

Figure 9: The principal stages of tooth formation. (6)
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5.6.2 Amelogenesis:

Amelogenesis is enamel formation with an ectodermal origin.(18)The ameloblasts that are
responsible for amelogenesis arise from the differentiation of cells in the internal dental
epithelium of the enamel. Human enamel is formed at a rate of approximately 4 um per day,
starting at the future location of the cusps of the tooth (enamel node; Figure 1) around the

3rd or 4th month of pregnancy.(30)
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Figure 10. Image showing steps of odontogenesis process.(30)

5.6.2.1 Ameloblasts:

- Pre-secretory ameloblast: During the pre-secretion period, the tooth acquires its shape
(morphogenesis). Coming out of its mitotic cycle, the pre-secretory ameloblast differentiates
and develops the elements necessary for protein synthesis and secretion. This stage was
classically seen as a period during which the ameloblast is preparing to enter an intense

phase of production.(22)

However, it has been shown that these pre-ameloblasts already begin to secrete enamel
proteins. The pre-ameloblasts constitute an internal adamantine epithelium at the internal

border of the enamel organ. In this vascularized organ, three cellular layers are observed
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from the outside to the inside: the external epithelium, the stellate reticulum and the

intermediate reticulum.(18)

- Secretory ameloblast: Also called a functional ameloblast, it develops, during the following
stage, at its apical part a cellular extension, the extension of Tomes. During this stage, the
entire enamel layer is formed. (10)The complex organization of the enamel is due to the
arrangement, orientation of the extension and the displacement of the ameloblasts on the
surface of the forming crown. Ameloblasts have two secretion sites. The enamel crystallites
organize themselves into interprismatic enamel or rods (or prisms) depending on where the
matrix is secreted. The distal part of the extension of Tomes is involved in the formation of
rods while the proximal part is responsible for the formation of interprismatic enamel
against a single necessary for the rods. Ameloblasts secrete constitutively, that is to say

continuously.(28)

- Post-secretory ameloblast: Most of the previously secreted organic matrix is enzymatically
degraded and eliminated during maturation. This biochemical mechanism allows the growth
in width and thickness of crystallites.(18) During this stage, the post-secretory ameloblasts
become shorter and wider. The ameloblasts stop secreting and regress once the enamel is
fully mature. This is called a “reduced” enamel organ that isolates the enamel from the
neighbouring connective tissue.(30) Thus, amelogenesis takes place in three stages, we
distinguish the cyto-differentiation of ameloblasts, the secretion of the enamel matrix, and
the mineralization and maturation of the enamel.We will describe these different steps, as
well as the genetic regulation and the role of enamel proteins in the process of

amelogenesis.
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5.6.2.2 Amelogenesis steps:

- Ameloblasts cytodifferentiation: During cytodifferentiation, cells differentiate and become
functional. It is also observed the resorption of the basal lamina between the internal
adamantine epithelium and the primary papilla.(31) At the end of the bell stage, the internal
adamantine epithelium is made up of a layer of cells called preameloblasts. Preameloblasts
are cells with a programmed number of mitoses, at their last division they become
presecretory ameloblasts. During this phase, the tooth acquires its shape, and the
ameloblast prepares to enter a phase of secretion. The presecretor ameloblasts are post-
mitotic cells, aligned in a palisade that rest on a basal lamina which foreshadows the future
enamel-dentin junction.(18) They develop organelles involved in protein synthesis and
secretion. Studies have shown that the presecretory ameloblast already participates in the
synthesis of enamel proteins but not yet in the formation of the first enamel layer.(18) These
elongated cells measure 70 um in height and approximately 3 um in diameter. As seen
previously, the nucleus is basal, the Golgi apparatus supranuclear, the endoplasmic
reticulum is poorly developed, but the number of cisterns is increasing. We see many
lysosomes appear. The desmosomes and communicating junctions, which unite these cells
apically, will be reinforced by the formation of tight tight junctions. The presecretory

ameloblasts then form a sealed cell compartment.(18)

The basal lamina fragments and becomes discontinuous. The apical end of the presecretory
ameloblasts changes and exhibits numerous evaginations. Indeed, this differentiation is the
consequence of interaction between epithelial cells and peripheral fibroblasts of the

mesenchymal papilla.
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- Secretion of the enamel matrix: The cells then goes to the secretory ameloblast stage,
which is functional. During this phase, the ameloblast actively secretes the various matrix
proteins. The entire layer of enamel will be formed and the secretory ameloblast is a
prismatic cell 70 um high.(30) Its basal third is rich in mitochondria and contains the nucleus.
This region does not show much change compared to the previous stage, it is still connected
to the cells of the intermediate stratum and ensures the transfer of precursors. (18) Its
central part, called supra nuclear, includes the endoplasmic reticulum and the Golgi
apparatus, the latter is long (50 um) and extends to the apical part where it releases its
secretory vesicles.(22) The transition from presecretory ameloblasts to secretory
ameloblasts is gradual. So before the extension of Tomes appears, a first layer of enamel is
deposited on a dentin, which has become compact. This initial layer of enamel is aprismatic
and measures 10 um thick. It forms the enamel-dentin junction. The cells of the stellate
reticulum disappear by apoptosis, bringing together the cells of the outer adamantine
epithelium and those of the stratum intermedium, which together form the papillary layer.
This phenomenon is important since it brings the vascularization of the fibrous follicle closer
to the ameloblasts. (8)This vascularization now represents the only nutritional contribution,
because the mineralized layers prevent a supply from the pulp. As the extension of Tomes
develops at the apical pole of the cell, the immature prismatic enamel will be deposited. Its
complex organization is due in part to the orientation of the extension and the displacement
of the ameloblasts on the surface of the developing crown. The enamel secretion will take
place in two successive stages: lateral secretion first, on either side of the extension of
Tomes, an interprismatic enamel network is set up. (18)Then in a second step, the cubicles

occupied by this extension will be filled with intraprismatic enamel. There is no difference in
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the composition of the organic matrix or the crystalline phase between the two types of
enamel. Several ameloblasts are involved in the development of interprismatic enamel,
while intraprismatic enamel is secreted only by an ameloblast. The migration of ameloblasts
causes the extension of Tomes to stretch. This will gradually disappear. The last layer of

enamel put in place will again be aprismatic.(18)

- Mineralization and maturation of enamel: During the secretion phase, transient young
enamel is put in place. The organic matrix of this enamel is 90% amelogenin. It also contains
ameloblastin and enameline, as well as other minor enamel proteins such as tuftelin. These
proteins as well as their role will be described below. The mineralization and maturation of
the enamel therefore consist of a growth in thickness and width of the crystallites, this being
possible by the degradation of the organic matrix and by the massive influx of calcium and
phosphate ions. Half of the ameloblasts will die by apoptosis. Post-secretory ameloblasts
spend 80% of their life as a folded cell. There is a coupling between the apical pole aspect
and the junction systems between cells. Indeed junction complexes can go from a tight
organization to a non-tight organization. When the cell has a wrinkled appearance, it will
have tight junctions at the apical level and looser (permeable) junctions at the basal level,
and vice versa for smooth-looking cells. The modulation phenomenon would allow: the
elimination of protein fragments, the balance between acidity and neutrality of immature
enamel and finally the supply of calcium necessary for the growth of crystallites. Indeed, the
folded cells will internalize the peptide residues resulting from the degradation of the
enamel matrix and thus they will complete their degradation. On the other hand, the
ameloblasts with a wrinkled appearance will initially secrete protons causing acidification of

the medium. This acidity is essential for the proper functioning of two enzymes secreted by
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these same ameloblasts: MMP-20 (an enzyme from the metallo-protease family) and a
serine protease also called kallikrein-4. As the enzymatic activity is optimal, the enzymes will

be able to degrade the enamel proteins.

However, the drop in pH would lead to the dissolution of the crystallites. The folded cells
participate in the neutralization of the pH, in a second step, by the secretion of bicarbonate
ions. Smooth-rimmed cells are also involved, allowing interstitial fluid to pass through
immature enamel through their loose junctions. The pH being neutralized, the crystallites
will be able to grow. Finally, modulation plays an important role in the acquisition of the
calcium necessary for the growth of crystallites. Calcium comes from the interstitial fluid
(from the bloodstream of the tooth follicle). The latter will be able to enter the enamel by
passing between the cells with smooth edges thanks to their non-waterproof junction
complex. Cells with a folded border are also actively involved in calcium transport. These
cells contain membrane calcium ATPases that allow the incorporation of calcium into the
matrix of the enamel being formed. Mature enamel is composed of an average of 96%
crystals, 3.2% water and 0.8% organic matter. When maturation is complete, the
ameloblasts stop modulating and regress, they become protective ameloblasts. These will
merge with the papillary layer and together form the reduced adamantine epithelium. Its
role is to isolate the enamel from the surrounding connective tissue until the tooth has
erupted. When the tooth hits the arch, part of the reduced enamel organ participates in the

formation of the junction structures that connect the periodontium to tooth.
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5.6.3 Amelogenesis imperfecta:

Amelogenesis imperfecta is an inherent disease that is represented by qualitative or
qguantitative enamel defect in the absence of systemic complication(32). Hereditary brown
enamel, hereditary enamel dysplasia, hereditary brown opalescent teeth are the other
terminologies used for Al. The prevalence varies from 1:700 to 1:14 000, according to the
studies done to the population. Amelogenesis imperfecta affects the whole ectodermal
component and it can be either autosomal dominant, recessive or X- linked mode of
inheritance(33). This malformation affects both dentitions: primary and permanent. In the
teeth affected by Al, the dentin and roots have a normal shape. In relation to the phenotypic
characteristics and mode of inheritance, Al is divided into groups depending upon enamel
appearance, structural and developmental defects: hypo plastic, hypo maturation, hypo

calcified, and hypomaturation-hypoplastic (34).

- Hypo plastic phase: They are defined by the defective formation of enamel, which is
composing the primary feature. The hypo plastic types can be characterized by enamel that
has grooves or furrows, large missing area, or part of enamel that are very thin over the
entire tooth crown. (35)Quantitative defect are seen when the enamel does not form in
normal thickness either due to local or general factors. Clinically, the crown size varies from
small to normal and small teeth may lack proximal contacts. The colour goes from normal to

opaque white — yellow brown.(36)

- Hypo maturation : Qualitative defect of the enamel is seen where the enamel is not
sufficiently mineralized.(15) The teeth have a normal morphologically shape at the time of

eruption, but eventually chip away posteruptively, especially in the occlusal areas.
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(37)Clinically, the colour of teeth here varies from creamy opaque to marked yellow/brown.
The tooth surface appears soft and rough leading to sensitivity due to dentinal exposure. A
common feature is find as: Open bite. The enamel thickness is normal but often chips off and

abrades away easily.

- Hypo calcified: Qualitative defect appear when the enamel is not enough soft and
mineralized. Comparing to hypo maturation type, the mineralization is markedly reduced.
Clinically, the crowns of the teeth in such cases appear to be opaque white to yellow-brown,
soft rough enamel surface, dental sensitivity and very poor aesthetics.(36) Due to severe
hypo mineralization, there may be early loss of enamel. The thickness of enamel appears to
be normal at eruption that often chips and but, tends to abrade easily post eruptive. It is find
a delay eruption of teeth, an anterior open bite of skeletal origin may be seen and an

accumulation of a large amount of supragingival calculus is find.(38)

5.7 Dental caries:

5.7.1 Enamel demineralisation:
Tooth decay is a disease caused by certain microorganisms in the oral cavity: cariogenic
bacteria in dental plaque are the infectious agents of this disease.(39) This dental plaque is
organized on the surface of the teeth from conglomerates formed of food debris,
desquamated cells and certain constituents of saliva on which bacteria act.(20) The oral
environment is a complex environment in which a very large number of microorganisms
coexist.(40) It is a multifactorial process that involves the simultaneous relation between
diet, plaque, time and the host; with the latter including a plenty of genetically related

factors from saliva quantity and quality to enamel composition and structure(2).
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Streptococcus mutants known as plaque bacteria have a function, which is to metabolise
dietary carbohydrates within plaque to produce organic acids such as lactic, propionic and
acetic acids that causes the pH reduction(41). If pH goes down below a critical value
determined by the calcium and phosphate concentrations in solution, this solution will
become under saturated with it will be demineralised.(42) The critical pH value is accepted
when 5.5 is reached but due to substantial individual variations such as the composition of

the solution surrounding enamel, this value can vary from person to person. (15)

5.7.2 Enamel remineralisation:

Early stopping or reversing the formation of caried lesions should be the main goal to
prevent the risk of demineralisation and in fact the need for any invasive interventions.
During enamel demineralization there is a mineral lost that can be restored by increasing the
pH of the oral environment(43). Salivary buffering induces and causes pH to rise till the point
when any carious destruction of the underlying tissue ceases (remineralisation). Saliva is rich
in Ca2+ and PO4 3- ions, which are deposited, in the carious lesion to repair the
damages.(42) Remineralisation of enamel occurs by precipitation, growth of partially
dissolved crystal or by the formation of new crystals. Non-cavitated enamel lesions keeps
most of their original crystalline framework of the enamel rods and the etched crystallites
serve as nucleating agents for remineralisation.(15) It is a natural repair process for non-
cavitated lesions. Everything relies on calcium and phosphate ions and in addition: fluoride,
to re-create a new surface on the existent crystal in the subsurface. The remineralized
crystals are less acid soluble than the original ones.(44). Around normal conditions pH goes

to 7, saliva is supersaturated with calcium and phosphate ions, making slow caries
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progression.(45)The lower is the pH, higher are the calcium and phosphate concentrations
required to reach saturation with respect to hydroxyapatite.(46) This is called the “critical
pH”, the point where equilibrium exists. There is no mineral dissolution and no mineral

precipitation. (44)

DEMINERALIZATION PROFILE DEMINERALIZATION PROFILE
MULTIPLE CARIOGINIC CHALLENGLS ~ MYDROXYAPATITL MULTIPLE CARIOGENIC CHALLENGES ~ FLUORIDATED HYDROXYAPATITE
. :; Resting pH = :'; Resting pM
M 65 ’\ M 65
A 60 f \ A 60
L 58 Critical pH s ERUILIBRIUM L 58
50 50
" 4s DEMINERALIZAT! » as Critical o
0 40 osmm ALIZATION
is s
CP PP PP PPLPIPPIPS °@‘900~90‘9000¢$\‘P\0¢P
MINUTES MINUTES

Figure 11.1 Image showing: Cycling of oral pH during cariogenic challenges in naturally
occurring hydroxyapatite.(44) LEFT PICTURE.

Figure 11.2 Image showing: Cycling of oral pH during cariogenic challenges in fluoridated
hydroxyapatite.(44) RIGHT PICTURE.

6. Conclusion:

The past decades of extensive research have provided the current understanding of dental
enamel properties. Materials Science offers a relevant approach for the natural mineralized
biological tissues and studies of enamel, technical improvements of the detection systems
and recent increases in resolution allow fine descriptions of the biological phenomenon.
Dental enamel is a model material for applying a physicochemical approach. Pathologies or
the environment can induce destruction, degradation or enamel malformations. Unlike most

other mineralized biological tissues, dental enamel is unable to regenerate naturally.
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Understanding the mechanisms of enamel degradation presents a scientific and economic
interest.

The interface between physics, chemistry and oral science has been very active for several
decades, with a significant revival in recent years due to access to very sensitive techniques
in materials science.

The help of many scientific articles allowed a better acquisition and understanding of what
dental enamel and its universe really are in all chemical, biological, biochemical or genetic
fields. As a result, we were able to relate these 4 fields in order to have a better enamel

description.
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Fecently reports on the major stability of the monoclinic
phase of hydroxyapatite compared with the hexagonal phase
hawve established it as the most observable structure of
hydroxyapatite in natural materials. such as hard tissues, In
this work, the structural and erystallographic analysis of the
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Intrishsction

Hydroxyapatite (FLAF) is of notably importance becaose il is
the major constitwent of mineralized tssues in mammalian
Bones and teeth. In human twooth enamel it comprises 90%
by volume whereas the other 4% i organic material (Le
Geeras, 1991, Water content varies feom 1% to 6% per weight
{Muster, 1992).

HAF is most frequently encountered as hexagonal (the
hexagonal HAF phase herealter) with space group symimetry
Pigim (Moo 176) and lattloe parameters of @ = 00945 nm,
¢ = (L6ES nm amd = 1207 (Kay et al. 1964: Sudarsanan
& Young, 1%6% Hupghes ef al, 1989}, Iis strocture conslsts
of mirrar planes st 2 = Y and % and an array of POy
tetrabedra held topether by Ca®" jons interspersed among
thiem, The Ca lons eccur in twodifferent sites: one in accurately
aligned columns (Ca** (1) and others in equilateral trinnglhes
(st {100, The OH lons ocoupy columns on the screw axes,

HAP also exists in monoclinie wnit cell {the maenoclinie HAP
phase herealier) and the reports indicate it as more ordered
and thermadynamically more stable than the hexagonal HAP

Conrespoitdenioe ) . [ose Revesdmsgn. mstivmo de Fisioa, UNARL Caouito de la
Brvestigacion s Od. Universicaria. Covoacan 451 Mesdon, DF . Slexion. Tel:
#5255 50 ESH T fax + 5255502 25008 o:mall: |reyesliskon unam s

phase (Ellioteral, 197 3: Trobows et al. . 2000 De Lecuw., 200:2:
Haverty et al, 20051 In addition. Takahsshl ef o, (20401}
have reported the phase transition between the monaclinde
amd hexagonal HAF phases as reversible,

Monoclinic HAP phase has the P2, b (Mo, 14h symmetry
spece proup and lattice parameters of @ = 00942 nm, b =
1.88% nm = 2o, ¢ = WGBS nm and » = 12007 ie the
menoclinic HAP unit coll parameters aresimilar tothose ol the
hexapgonal phass except by doubling of one of the hexagonal
axes and the absenee of the mirror planes rather there are
beglicle planes {Tkomia ef al., 199491, Other dilference i the OH
ion orientations: in the hexagonal phase they ane similady
arramged inall the columns pointing in opposite directions
because the mirror planes swhereas in the monocinic phase
all the CH1 jons are peinted in the same direction (say, upper
direction) in some columng boi the direction & reversed
(gay, hower divection) in the next column (Tkema ef al,
L 9G99).

Stodchiometrically speaking, HAP in humsan teodh enarmel
does ot corvespoind completely 1o the chemical formula
Caygo (PO ) 10H), bocause many elements such as Mg, Na, ©
amd Clare also included in bis unlt cell {Le Geros, 19% 1: Muster,
19492 Gutlerres-Salazar & Reyes-Gasga, 2003} Instead 1t i=
considered as carbonated apatite becawse the major Inorganlc
Impurity s the carbonate lons, which are lecated at the
Py tetrahedral sites (type 11 carbenate substitutionh or st
the (H™ sites (type | substitution) (Feki ef al. 1994%). The
carbon to oxypen ratie s close to unity, indicating that the
sigmal Tor carbon and oxypen must present different soorces,
such as the C0 Y concentration. The content of carbonate
in enamel has been sed im0 3.5 wi,% iLe Geros, 1991, The
Cal P ratio is sometimes close than in HAP (where it is of
167

The presence of Ma, Mz, Cland O has been explained rom
the well-knowm substittions in HAP: Ca® ™ (rp,2, =99 pm) by
sodinm (MNat ™ = 102 pndions: PO (rp® =113 pm)
by earbonates (OO 1 (Fpge” = 178 pin) and magmesinm
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f Citar como! Bomnett GF, Camarge HG, Ldpez Lo, Torres C, Deigado E.
Sirplifed chemical methed of dermireralizaticn in hisman demtal enarmsl, Rey
Cubana Estomatol. 2019;55{1}:13-24.

ABSTRACT

Intraduction: Abndged experimental metheds are required e sirmmlate early
deminaralizing lesions in a contralled and reproducibla wary, Oojectiva: Farfarm an
Im witro esaluation of & sSmpl= method of indpkent emamesl deminesrafization.
Methods: Randomized experimental study with & doulle factorial replicatsan design,
Twelwa third malars Trom P2altfy iman subjects ware selacied Tor damenaralization
in @ rmcemic lachic add solution. Samgles were then distributed rmandomly: Groeg 1
{51} {n= &) lactc acid =& pH 2.4 and Group 2 (2] (n= &) lsctic sdd at pH 5.4, Each
group was then subdivided (n= 3] to evaluate the efect of the solutoms st three
enposure times (7, 15 and 30 days) af 3750, Tha @valualion used sEereQmicrosiopas,
a digital x-rays apparatus with softeare for the digital analyss of images, and
polarizabon microscopy. &n mbegration of the resporss indees was formuolated and
ANCYA was performed, Results: visual, radiegraphic and histologscal firdings
shomed that Gl at time 1 through 3 displayed demineralization charaerized by
extense loss (90 3% to 100 %) of snameal intsgrity. Yisually, G2 at 7 days exhioited
apacity arsd hoss of brightress (16 %), with preservation of the surface structure of
the enamsl, Conclusians: 1T was showm that @mgloying lactic aCid for 7 days at pH
5.4 devedops a dinical, radiographic and histolagical injury similar ta an earky enamel
l=sior.

Keywords:! cdental enamed; lacic add; tooth demineralization; In wiro technéques;
duntal digital radiography; polarization microscopy.
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DENTAL ENAMEL FORMATION hl\lﬁ
IMPLICATIONS FOR ORAL HEALTH AND DISEASE

Rodrigo 5. Lacruz, Stefan Habelitz, J. Timothy Wright, and Michael L. Paina

Department of Basic Science and Craniofacisl Biology, College of Denbstry, Mew York Liniversity, Maw York, Mew
York; Departmant. of Prevantive and Restorative Dental Sciences, Universiby of California, San Francisco, San
Francisco, Califomia; Departmant of Pedatric Dentistry, School of Dentistry. Univarsity of Morth Carolna,
Chapel Hill, Morth Caroina; Herman Ostrow School of Dentistry, Center for Craniofacial Mokcuar Binlogy,
University of Sowtharn Calfornia, Los Angeles, Calfomia

Lacruz RS, Habelitz 8, Wright JT, Paine ML. Dental Enamsl Formation and Imgli-
cations for DOral Heakh and Disease, Fiypss Rer 87 539-083, 2017, Publshed May
3, 2017; doi: 1001152 physree D030, 201 8. —Dental ename is the hardest and
miost mineralized tissoe inextinck and exdant vertebrate species and provides masimuem
durabiity that allows teeth to nction as weapors and S or tools as well as for food
pracessing. Enamal deswmlopment and minealisation is an intricate process tightly reguiated by oolls
of the: ename| organ called ameloblasts, These beavily polarized cels form a monolsyer around the
desloging enama tissue and move as a single farming front o specified directions as they lay doan
a proteinaceous matric that serses as a template for orystal growth. Ameloblasts maintsin inber-
melldar connections creating a semispermeable barmor that st one end [basal /progmal] receves
nutrients and ions from bood wessals, and ak the opposite end [secretory apical Adistal] forms
eatracelhdar orystals within specified pH conditions, In ths migue eironment, ameloblasts
orchestrate crystal growth via mudtiple celuler actedties includng modulating the transpart of
minerals and ions, pH regulstion, proteclyss, and endooyboss. [nomany wertebrates, the bulk of the
enarme tssue wleme is first formed and subsequently mneralized by these same cells as they
retrarsform their morphology and function. Cell death by apoptosis and regression are the fabes of
many amalobiasts following enamed maturation, and what cels remain of the enamel organ are
shieed during tooth eruption, or are incorporated into the tooth's epithelial sttachment to the oral
gngiva. In this review, we eamine key aspects of dental enamel formation, from its deseloprmental
geness to the ever-inoeasing wealth of data on the mechansms mediating ionic trarsport, as wel
as the chnical cutcomes resulting from abnormal amelobiast function.

1. INTRODUCTION 939 tram physical, thermal, and chemecal forees thar weoald och-
. DENTAL TISSUES: HUBAN, RAT, ... 540 erwise be inqurious o the vatal tssoe in the underlyang den-
ml. AMELOGENESIS 940 ml pulp. Because the optical properties of enamel are also
., EVOLUTIONARY DRIGINS OF ... a4 derived fromy irs sprocruse and compositian [ 205}, develap-
. EMAMEL MATRIN PROTEINS ... 945 mental debects or environmental influences affecting enamel
. EMAMEL MATRIX ASSEMBLY a48 structure are ypically visualized as changes i its opacity
Wi EMAMEL-SPECIFIC PROTEQOLYTIC ... 251 andior collos, The impact of developmental insales on
Vi,  RESORPTIVE ACTIVITIES IM ... as1 enamel is critical because, unlike bone, once mineralized,
K. IMPORTAMNCE OF pH MAINTENANCE 953 erame] rissue is acellular and hence does o remodel,

. 0N TRANSPORT as7

Hl.  FLUORIDE AND DENTAL HEALTH 268 In mammals, dental enamel is the only epithelial-derived
M.  DEVELOPMENTAL ANOMALIES ... 263 tissie thar mineralizes in nonpathological sinaarions (bane
M. GENETIC DISEASES IMPACTING ENAMEL 371 and dengim, the ather principal mineralized vasaes, are de-
HIV. EMAMEL BIOMIMETICS 274 rived fram mesenchymal cells). Enamel forms within an
M. DONCLUSIONS 75

arganic marrx composed aof a unkquoe grouping of exrraced-
lular matrix proteins [EMPs) that show little homalopy o

I. INTRODUCTION

Denral enamel s the hardest subsgance in the haman bady
ard serves as the wear-resistant ourer laver of the denral
eronwn, It forms am insularing barrier thar protecrs the roorh

DO3E1-9333 717 Copyright & 2017 the American Physiological Society

by omg journalphysney (06 024 375003 54) on December 15, 2020
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proveins found in ather rissues. The enamel argan is formed
by a mixed population of cells. Among these are amelo-
blasts, which are primanly responsible for enamel forma-
man ad mmcralization, and form a monolayer thar is n
direcr contact with the forming enamel surface,
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This reviewr focuses on recent discoveries and delves in deiail sbout what s known about each of the proieins (amelogenin,
{nhkastin, anid lin} and 1 dmagrme mrariall 20 and kallikrein-relafed poptadase-4) thad are srended
it the enasie] malrix, Al an overvicw of ciame] developiiiest, this peview oowes o thise enamed geoleing by describesg
thelr momencliure. tissue exprasslon, fancilons. protenas: sciivation. and protsieas: substraie specifichy. These proteies and
their respecttve ol mice and human muiations are also evaluated 10 shed light on the mechamaems: that cause ponsyndromic
1 mrallor J amidipvmiin beperiece. Perftinenl iis ancadid L For ple, ko any of thise proliing

have & critical fanciion in addition oo teeir robe o enae] developmen? Does amelogenin iniciate crystallie growth, does it
inhibi crysiallite growths in widih and thickness. or does it do netther? Detailed examination of the noll mouse serature provides
unmistakahle gl andicr answgrs in thess quastions, and this daga = thoreughly analyzed. Strking conclusioss from this analysis

reved el widdely held paradiges of enamed G

are i

Thee foial sasction of this peview weaves e sevent Jild inlo

a plasdble new mechamisns by which these enases] matrin proteies support and promoie ensseel developamsen.

1. Introduction

Tecah develaprnent s & highly orchesraed process thar
begins with the defined placement of individual tecth of
apecific shapes and sizes within the jaw. Preckse signaling
pathway= to and from epithelial amd mesenchymal cells ame
required for ench tooth 1o initkate ard comtinue aloed (s
divelopmental path [1, 2], The complexity of these pathways
is reflected by their high rase of incompletion. Deficlency
al third molars, second premolars, ard lseral incisars is
commini. The reported incidence of selective agemesis varies
froen 16% to 96% for all but thind molars, Agenesis of
third neolars sccurs in approcimately 20% of the World's
popalation |3], Therefare, the sudy of weath develapivmt has
taught us how geres and Hssues inferact to form complex
dental ansctures bar ach ccoapies & prispecified place
within the jmw and has taught us aboat what can go wrong
with the inaricase developmenial sigraling patkosays.
Teeth are composed of three different mineralized tissues:
cementimm, dentin, and enamel Cementam i found nlmg
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the tosoth root and primarily serves o bald the tooth in place
by bieading collagen fibers (Sharpey’s fibers) that are contin.
uiass with the principal flsers of the pericdomal ligament,
These fibers are orientated more or less perpendicularly to the
cemeniuen sarfaos and play 2 major mobe in woth ancharage
[4]. Dentin is 2 bore-lidke matrix that forms the bulk of the
tosrtl. 1 is charscterized by chasdy packed dentinal nbules
ard is slightly harder tham bone but softer than enamel.
Drntin has an elastic guality thar provides dexiblivy thar
prevents fracture of the overhying brigthe enamel. Dentin and
evarnel are firwnly bound ar the dengim-eramel junction {ED
|4]. The enamel laver covers the crown of the tooth and is
uiique becsase it i the oaly epichelial desived calcified rissue
in vertebrates, ardd it is the hardest substance in the body.
Its bardness b5 betwesn that of iron and carbon stesl hut
has a higher elasticity [5]. Enamel hardness s a function of
its high mineral content. Unlike bone and dentin (20-30%
arganic material by weght), fully formed emamel contains
very linle protein (less than 1% organdc material) |6, 7).
Therefore, within the boddy, teeth are the most resistant 1
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Enamel is an exemplary material for physicochemical analyses of biological mineral. He-
reditary and environmental enamel defects as well as secondary decay processes induce
degradation and despruction ol ename] matter, This excepticnal mineralised lissoe is unsble
e regenerate due ta the boss of the cell forming enamel: the ameloblasts. Deciphering
mechanizms ol enamel degradation represent a scentific challenge of economic inberes,
The inverface bereeen physics, chemisany, and beomedical science has been initlated for a
long time. An updated review of 3 dassical and routinely available set of different techmigues
5 praposed o dllusmare the interlace beraeen oral sciences and physica-chemisiry. Research
in this fiedd has greatly evolved over the past decade thanks to variows extremely sensitive
technéques in Maperials Science available for tramslational research in biomedicine.
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L'#mail dentaire est un matériau modele pour appliguer une approche physicochimigue.
Des parhalogies au Fenviromnement peuvent induire une desoroction, une dégradation ou
des malformaisons amélaires, Condrairement 3 la plupart des awires tissas hickogigues
minéralisés, Pémail e incapable de e sEpdEndrer paturellement. Compremdre bes
mécanismes de degradation de Pémall présente un intérer soentifique e éoonomigue,
Cette revue se propose de donper un aperqu bibliographique des travaus des dic dermienes
années, Les dtudes de Mémall par des technigques physkjues ou chimiques dassigues o
dispoansbles ont ébé presentées et commentées 3 la lumidre d'exemples recents. Linterface
enbre la physique, la chimie ef La science orabe e50 rres active depuis plusieurs diécennies,
aver un important regain au cours de ces dernieres années en raison de laocds § des
techmiques eés sensibles de Ly science §es malerisug,
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Tooth Enamel
toath enamel is the hard

teeth are well protectes

From:

Fundamentals of Human Bone and
Dental Biology

Niels|Lynnerup, [Haagen D. Klaus, in Oriners |dentihcation of Pathological Condi-

tions in Human Skeletal Remains (Third Edition), 200%

Enamel

Enamel is the hardest material praduced by bio ogical processes, It is derived from
the epithelivm and forms the anatomical crown of a taoth. Compased of approx-
rmately 96% inorganic apatite ¢ rystals and 45 organic materia and water, this I‘Ilt:"l'r
milneralizad, acellular, and avascular tissue has been '.||.-||JL--:! b natural selection for
its abrasion-resistant properties, To these ends, enamel apatite erystals are packed
|:)t:l."|||l‘!l as paralle .||Ir|r|ul|||g cryatallite enamel rods and inter-rod enamel {Manes,
M7 Enarmel thickness varies an the dantal erown, |n-emt: thickast on the buecal
surfaces (about 2.5 mm) and thinner toward the cervix. Enamel is translucent and

varies in oalor fram vellowish to gray sh white, Am

slahlasts, or e-:rl.urrli.'-:|-"|.|'||||||g cells,
eventually disappear as the development completes. Accordingly, enamel cannat be
repaired or remodeled. An enamel defect or chippingfspalling damage is permanent,
Therefore, diseases that have an impact on enamel formation may leave permanent

“gears” in the enamel structure,
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Hydroxyapatite

Hydremyvapatibe [HAp] i acakium phasphate—dermed manera '_||l_';.|_'|"_i|"=: morphie-

ared composition similar to those of the human hard tisswes |55

Related terms:

Alloplastic Implantation

Shephen g PO, in Fastic hungeny Secr Niis Cherand Editsnn], A0LD

9 How is HA used in plastic surgery?

Hé is available in blodk form {porows or solid) and as granules. it is used most
camimigriby ba ay frEeng thse cantiar o the facisd skeletan or 55 a '.l:.:rll.'gl-.l'-l subslitule
in orthognathic surgery. Contouring of Ha blocks is performed with deral burs. Lag
e fealion &= supgeiied when HA Blgcks gne pliced in an anlay masines Bichu s
pstepintegration will not occur if the blocks are mobde.

Experimenally, porous HA Bocks and HA granubes are rapidly invaded by fibrovasc
wlar tissue, Hatalogic evidence of direct casecus undan belween implant and bore
iz z=en within 2 to 3 manths. HA is “osteccondwsctive” in that it prowides 2 matrio for
depasition of rew bane fram adjacent living bane, HA & nal “asbeogenic” because
it will mat indhuce bone farmation when placed in schapic sites swch as mauscle ar fat.

Ll;\-'lg_-:l_'ll'l |.--'_|i|_'\-g|.-;_||' e |-|_I";.:'.'.'-_I|"\- ahicrws a lack af resar plion al HA& imparis

Ha blacks are britile bot gain ragidly in steength as the implant pores ane invaded
by filbrovascular tissue, The ultimate compressie strength escseds the masticatary
farces of the jaws. Infectian is likely 10 aocur when there is a defcienoy af saff isee

DOwWErafe.
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Review of research on the mechanical properties of the
human tooth

Ya-Rong Zhang*, Wen Du*, Xue-Dang Fhou and Hai-Yang Yu

‘Bronze beeth’ reflect the mechanscal properties of ratural teeth 1o a certain extent. Their mechanical propesties resemble these of a
tough metal, and the gradeent of these properties lies in the direction from catside to inside. These attribules confer hruman Seeth with
wttactive mastication ability. Understanding the varkess machanical properties of human Beeth and dental materials |s the basis lor e

develapment of resborative matarials, In this sbudy, The elastic proparie, dynamic mechanical properiiog (visco-slasticilyl and
Trscture mechanical properties of ensenel and dentin wem reviswed b provide & more thorough understanding of The mechanical

properties of bumean {eeth.

international fowrns of Oral Science (2014) 6, 61-69; do:10 1038 jcs 2014 21 ; published 18 Aprl 2014

Heymoads: denin: enamal; taligus crack grosith; Iractura boughnass; machanical property

IMTRODLICTICN

‘Bramnee teeth’ reflect the mechanical propestss of nabara ek o a
crriam extenk. Their mechanical progeriies resemble those of 2 tough
metal. and they vary freen the outside o insde of teeth. These agiri-
buies confer human teeth with effective masiication abdicy,' The
unique eschanical properses of naturnal veeth enable them v perfonm
the functions al incsion, lcerilion, and grindisg ol feod dusing
mastication.” Tie date, o0 maerial that can commpletaly take the place
of human teeth with regard to biclogical and mechamacal properies
has mot vet been found. Flumam teeth have  more complicated stiric-
ture, berter mechanical propertics and bemer blocomparidicy than all
dennal i ials, imclhuding symihenic resin swierials,
eramic mroiberils aml dental alligs. Uhndiertanding the varioes medha-
nical properties of nabural teeth is the bass of dengal resloration mrere-
rials research amd can proside a reference for evalisting the mechanical
properties of mew dental materials” The dastic properties. dynamic
mechamical propenies {visoo-elasticiryh and fraciure mechanical prop-
erties ol Barran cesmel dnd demtin are revicwnd in this amscke, this
ling of the michasacal

previling a mery comprohmsie under
pregeriics of kaman teeth

The mechanical properties of basmman 1eeth are determined by their
druciure and composilion. The sbructure of nabesal tecth consists of
anamad, dentin, cemenium amd dimgal pulp, the first three of which
constitute the hard tissue of the human ootk and are characierized by
unique mechanical properties. The composition and strociure of teeth
are preseraed In Table 1.

% emamel rod, a “keyhole-like’ strecture with a diameter of
apprecimitely 5 pm, is perpendicular wo the denvinal-ename jumc-
tian™ and is massly compossd of hesagons prism hydnsyapatite
erystalswith a 68-nm lemgth, 26-nm diameter and 2-nm pratein ghick-
s, Thee hvdrmoapapaiie crpstala ai the centre are paralle] o the long
axis ofthe rod itsel; however, the crysials s the marginod the rod form
a 45 angle vo the axk.” Two crysials i the enamed meet ar sharp anghes
and formn a "fish-scabe” o 'keyhole Bl appearance relerred 1o as the
minl sheath. The nead shiath consistaal moee protis than other areas of
the mamel and is hypomineralized compared with the remainder of
the highly mameralired enamel Thus, the enamel Bas an anisstropic
mechanical property.

Drervtin is the s that lies | hihe ] aned sur £ thi
polp chamber and moot camals. The dkentin microstrociure consists of
dentinal wbules that radisse owiaard throwgh the dentim from the
el v the exterior cemeniums of ename] border. Peritubular dentin
and intercobalar demin coetain rich oodlagen fhees. The deminal
Tubukss are wrappal with perinibalic dearin, The sixe, guantity dd
wall thicknes of dentaral tubukes wary fFom outside b insidhe,”

Cemeraum has g structure devilar 1o that of bone tissoe but has
bowwer hardness than destin. The maln inorgank: composents of
cemenbum exisl in the lorm of agatites thal possarily conlasa cal-
it of colbgem anid non-

cium ion, amd it nis

collapen proieins ':.'A:rl;lmb.lrr- -:arn be divided inte acelular cemenium
and cellular cemenbam. The acellular cementum i fomed by the
cementunm kiming, which is tighaly ateckesd 10 the surface of the
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Crystallographic and Microstructural
Studies of Dental Enamel using
Synchrotron X-ray Diffraction and
Complementary Techniques

Samera Siddigui

(S Hons)

Supsrvised by Dy Mascon Al-Jawad and Dy Grabam Davis

A thesis submitied 1o the Universicy of London for the degree of Decior of Philosophy
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Enamel remineralization: controlling
the cories disease or treating early
caries lesions?s

Abgtrack: The cmphass cureenthy glven o new echnologics for enamel
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dental caries disease, which ocourred in the last century, were either not
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Biomineralization and Biomimicry of Tooth Enamel
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This review focuses on recent discoveries and delves in detail sbout what s known about each of the proieins {amelogenin,
luhkasting, and « lin} and {magrix mrartallof 20 and kallikrein-redated poptadase-4) that are secreted
i the eniastee] malsix, Afber an overvicw of enamel developuient, this review foowis o these ename proleins by describisg
their nomenclaiure, dssoe expresion, fanciions. proteimase sciivation, and protemase substrate specificity. These probeins and
their respective mmll mice and humam muiations are also evaluated 10 shed light om the mechamisms that cause nensyndromic
{ wrualfor i J amlopereiin beerfesle. Pertinenl 1 s add 1 For ke, chaany of thise proleing

have & critical fanction in addition to their robe in ename] developmen? Does amelogenin iniciae crystallive growah, does it
inhibit crystallite grosth in widih and thickness. or does. it do neither? Detailed examination of the noll mouse lnerature provides

unmistakable chyes andieor answers o these questions, and this daga s thoreoghly analveed. Stnking conclusiors froms this analyeis

el el widely held paradigess of

el lnrmalion are i

Thee furnal 2ection of this peview wedves e recen &ild inlo

a phymible new mechanim by which these enases] matris proteies support and promoie enamee] development.

1. Introduction

Tocth development is a highly orchestrated process that
begins with the defined placement of individual teeth of
specific shapes and sizes within ihe jaw Preckse signaling
pathway= to and from epithelial and mesenchymal cells are
required for each tooth 1o initsabe ard cominue aloeg its
developmental path [1, 2]. The complexity of these pathways
is reflected by their high rate of incompletion. Deficiency
al thind melars, seconsd premelars, amd lateral incisors is
commiie The reported incidence of selective agenesis varies
from 16% vo 84% for all bun third molars, Agenesie of
third meolars occurs in approximately 20% of the Worlds
poplation |3], Thretare, the sudy of looth devilopimimt has
taught us how gemes and tissues interact to form complex
dintal snscoares thar sach ocoapies & prispecifed place
within the jow and has taught us about what can go wrong
with the ingricase develapimental sigraling patkons.
Teeth are composed of three different mineralized tissues:
cementum, dentin, and enamel Cementam is found nlm_g

60

thee bosarth rad ansd primarily serves b bald the wooth in place
by himding collagen fibers (Sharpey’s fibers) that are contin-
uiazs with the principal bers of the pericdomal ligamaent,
These fibers are oriemtated more or less perpendicularly bo the
comantum sarface and play 2 major rake in ooth ancharage
|4]. Dentin is a bome-lidke matrix that foems the bulk of the
tosrth. s charscterized by cdhasely packed dentinal ndbales
ardl is slightly harder tham bone but softer than enamel.
Daentin has an clastic quality thar provides fexibaliny thar
prevents fracture of the overlying britile enamel. Dentin and
erarmel are firmly Bound ar the dentin-emamel junction (I2ED)
|4]. The enamel layer covers the crown of the tooth and is
umiiue becaase it ks the cnly epithelial derived calcified rissue
in wertebrates, ard it is the hardest substance in the body.
Its bardness Is herween thet of iron and carbon siee]l hue
has a higher elasticity |5]. Enamel hardness 1= a function of
its ligh mineral comtent. Unlike bone and dentin {20-300%
arganic material by weight], fully formed emamel comtains
very licile protein (less than 1% organdc material) &, 7).
Therefore, within the bedy, weeth are the mos resistang va
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INTROVLCTION

La complej micmesdrucioe imtermo el ssmalic, re
flejm o matvralesm el mecaresms detnds de w0 formaciin v
las exigeincios bisecisicns o lie gle s STl el rics-
i [Bersherper, 175 Es o comnn denmie b seerecidn de
gamphe por pang & loe aredoblpies, o formesidlas umg
wiie e ety , Setio o ellas s prisms del esmalie
bewiomies alarpgadios di rayectn madulads, fommeskos por cris-
fabes e hkdrosepapoin, Qi 8¢ estenden deade b undis
arredodedilingri hav b sugerficie {Oeborme, 1973; Lpnch
eral,, AR (Fig. b Al bacer incidir lus sobre la superficie
s il onginsdisalmene del comahbe, =on apres ke
bt cliris-oas wris, observadis principalmente por ol -
vt imggular de los prismes del esmedic. Dichas bnde
glaras v oegpras; son lis llamadas Heamdas de Humer-
Schcger (HHE) CAsricta of af., 3¥13) (Rg. I

Comn ya B sklo gnalizsdo con annenorkds] . aon
midilgElen lis extriectones & la Hiskdogie orol, qie: s én-
cusminm aachiibe e Teradankepir Misofoniea (Boa &
Favarrere. 301 K Endachos sdrrmdrecs sl n prosdomires el uss

e epimimoes v smiiEimes) dendes eeas denomin e s
mukcher veces proo deariplivies (R & Mevarms, 3518),
e amphamenin milizedas, coma es ol case de BHE
iFaneazii & Lise. 36068 von Keenggewald o al., 2000
Lireh ot ., 3510, 300 0; Teeng, 015,

El esjetivi ikl prescie caudio Nie renlie ul wili-
sr«ded irmine HHE con el fn de mesbificaro v propoemerus
rasev idrming histnkiges & wor inchids on Tenaimiogis
Miustiog beat o B Federative Inemationsl Programine for
Animicad Tenmnology (FIPAT].

AMALISIH IE LA TERMINGLOGLA ¥ INSCUSHON

El itrmira BHY, teearier a las hamlas dane-nsane
presertes on ol csmalie de wn dienie seccioaado
bongitudinaliente al momems b2 il b iz e &, Tor-

rrzalas por las seccimes te los proanas, pudiendn inverine

Upicked e Morfelog b, Tepanarens de Clesciss Bdacms Hiomsbdioss. Focon s de Clescios do 1s Saled. Ui sed de Talos, Takoa, Chile.

'Prepmes de [hcbrmbooe Crmor Sl okigs s, Pl il de Vioders, Ure eneled e (Le Feedors, Tersons, (ks
"k de Febabg e, Dbt e ol Ui o Bdeioon B, Pt s ot 1 i e ol L fidland. oo wlamd ol Talis, akea, Chile
Frox arimres |F: Becs Comilsidn de Eesdies Universkisd de Tao. Chile. B U S8 Becase: DU BOYT-ICH A Doowrsde: Feckoaral 0| 5- 211 5021,

HF: Bormrms DO TP Do oo Maranamid 5015010 ] S5,
1210

61



‘Mechanical behaviour of human enamel and the relationship

to its structural and compositional characteristics

Lihong He

A thesis submitted in fulfillment of the

requirements for the degree of

Doctor of Philosophy

Biomaterials Science Research Unit, Faculty of Dentistry, the University of Sydney

May 2008

62



e P g b 1K

Development of Teeth

e - Jaay HLE
D L A BT B L T B 1]

Kesearchisabe

(31 ] LY
a 9.32%
Timhors:
=gk Ler Elerard Fapes Hodang himgg
IRy b, T SO Wiy o M Wk Ciapang (il et s e sk ol Senne
AR AR T AR TV F R T W TR

[ smesomar | HIPwEeL |

Baiwvat ol Vi DB o O ot By oo o s i, ' O v b

[ roniiaia emsispenrs o1

|-- R Dont ol Kenh e phog e ey ad 1 F W T

o by Hyuk-dns Eib 07 g 2014

e i

63



e paka ko e b g b

KEEEA TN

W

Tooth Development: 1. Generating Teeth in the Embryo

Sl w1 el Uplide - fadwary 08T

7

&gy, b g

was{Eeanda )
ming's Sl Lowwnni
T CATWA O T

HE PR
Elsriyn T Coboarra

ing'n Callegn Londan
T P BEh 4T Ol

Zore of the srikers of chis puSlation e sl warbing on tess rel risd prejects:

S
| — Tozit Wirw projec
T —

| i Trischrarion e pra et

Al poamerd Bilhonsl n g this e won. 8 phoocied by L s Do e ke prembe MR

Tk o

wiEn
3T

Pl Lrim gk

“ Fhirit | Pyt Pl Wil

64

INFLERATIAL (BN OTaTass

ST P

AL



ACADEMIE DE NANCY-METZ

UNIVERSITE DE LORRAINE
FACULTE D*ODONTOLOGIE

Annee 2015 MNoTO18

THESE

pour le

DIPLOME D'ETAT DE DOCTEUR EN CHIRURGIE DENTAIRE

par

Maxime MIALE

Mé le 13 actobre 1989 4 Thionville (57)

| LE BIOMIMETISME : UNE APPROCHE MODERNE EN ODONTOLOGIE |

Présentée ¢t soutenue publiquement le 02 octobre 2015

Examinatcurs de la thése :

Fr LM, MARTEETTE Profeseur des LUniversilés Présudent
[r B, BALTHAZARD Mlaitre de Conférences .||,|E|:
Dr F.CAMELOT Assistant Hospitalier Universitaire Juge

65



B e Woei|
Review
Tooth Enamel and Its Dynamic Protein Matrix
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Feaved 26 Way ML Accopied: 30 Jure W3 Published: 33 |ume 3030 updring

Abstract: Tooth enamel is the ouler covering of beoth crowres, the hard est material in the mammalian
Bely, vurt Eracban: nesistant,. The exbrvsrely high covgent o 595wt cakium phisphats i bealthy
adult teeth is achimved throasgh mineralization of & prolciraceous mabnx that changes i abondance
and compisition. Enaselspocilic proleiees s proleaces are known o be critical lor peoper enamae]
formation. Recent progeomics analyses rerealied many ctfwer protess with their roles i eramael
formakion yet io be unrayveb:d. Although the exact protein composibon of healthy booth enamel &
still unkniwn, i = appanent hal compeomiead endered deviabes @ amoun and oempoeiicm of ik
organic material, Whyy these differences affect bath the minemilization process before focth enaption
and the peoperties of cruplad teeth will beosme apparent as prolesmsss protoooks ane adjesiod to
thar vamabiliby bifwsen ppsciios, ipoth pee, samgle size and gphismeral crganss corgent of Brmnng
tevth, This review summarizes the current knowledige and published proteomics data of healthy
and diseasid poastly ceamel, includisg, sdvancenments in lomnsic apglications e disese sodels in
animals, & surmmmary arsd dlisoussscn of fhe stahes guac bighbsits s recent proteamics. indings
ad vance our undersiating of the complesity and lemporal dhanges of estracellular matris composition
during eeth ivamid formation,

Keywonds: tooth enamel; enamel protesme; aselogening amelogenin-y (AMELYY cramed pepiide;
mrecdar bypemineralization; dental anthregedegy; dental fhemsis: s aBramin

1, Introduction

In mevent yeass, the number of proeing splicekad in sooth fomation and, in gastseulss,
tocth eramel mineralization has grown considerably. This i= partly due tostudies on gere espression,
partly based on sdvanoes in proseomic analyess of oo enarne] thal have provided anesgpand e listod
prubrines and pipsides. Whike these Andings devpim our srglerstanding, By abss highlighs grar somng
feature=s af the mémeralizing sooth enamel matrs, =uch a5 prodeins specific 1o sooth enamel. Cine key
il etwien tooth enmed, borse and denlin (s Dl the peoles saleis dhanges darisg efainel
forrmaben dramatically in bogh abundance and compaosilion, decressing from 55 poroend dry weosshs
bzirving in erupted boeth less than one peroent by wetght of protem as an endom bed fessil reoond of
caskegay [ L]

Tiwrth analvses are inoeasingly wsed in the biomedical field bo obtain individual histories of
Tealih anad exgpeosurne 8 adversities dusing prenalal as well as postnatal development [2,3]. This use
o lewrth s a biomarksr kverages several unicgee fabanes of heoth formabicn, inchading e knosn
timing of toodh development in humans during discrele periods In ontogeny, an incremental process of
forsation, B absence of luen-over after Sormation and thie sccessibality of shiad or extreiod weth |4].
Hiowever, Bhere 1= grovang ivderest m unlockimg the orgaede record preserved im leoth eramel, Thi=sisa
prerequisite wo beticr understand the factors coniributing to ename| formation but also gives aooees
#0 bestornaes of ipesasne B onganis hsacanks. Progeomic aralyses have Biscamee sribical s espand our

A L bl Sl BB, 10, S458; chai | TUTRA o THH 58 s md plovjosmod Apre
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Tooth shape formation and tooth renewal: evolving with the

same signals
Subca Tarnvall* wnd Irma Thaslafi*

‘gmmary

et are drand in almas sl wsrbsbesbey, snd ihey therefors
previce a gararal paradigs for the nudy of apesaiial organ
dlesaiiapareser vl £and U on, HEre, v e The destlopmenal
mechaniuma underking cranoge in exath complesity snd soath
firival Suring avolilios, SSinitg an ieoest Bl o fidh,
reptikes srd mamneals Mammak dfer fom other lieing
wnrighrates in that they have the movt complex btesth with
mstichnd capacy Tof peoth el A5 e deniis howsieir,
Errdted toah replacemsn in mammalt hae been compenoned
for in wme leas by the svshtion of cor@reoaly grosng leeis,
he devedipared il O which St Bh PERE TR PGl ey
parttevar of baodh replecerment.

Ewry wordi Evo-desn, Patierming. Tewth. Toath shags, Taoth
snplaniesn

Intresduction

For the past 1) pears, decth hove been msed eviensrvely = meskls
i idlyses pekiad o devedopscital paléiong, sgaleg i
rdiman, Dhrireg sy gobeyogoneds, e ik oreel of waeh
developrent (pdimioperesds] makes (ke meuse denlilien an
i ok dyskam o dhyverse epes of dessdiopimeamal shidize
A @ rpslt, wmh caratiaig 3 divelopmanial masdel that can ba
sidied 1 relative modabion. The wralik of dets on ewth
devidopient 15 rivaled by he cenral roke of demidoss o
drcirsmting tha evaltiosary history of vemchmies, Tha rolati
complelencss ol e verichnle Brsil reond = dee n ne o] pan
i the handness, amidl hesce proservai ling, of e, Funbenmoarne,
wrlike siber spibclial-bosed organs, sech as hair, sades and
feathers, wadh ane Fend (boaghead sorkbinle grodps, dies
proikfing 8 pemenl pesdipm for aedying ke eepdition and
developurie of epihedial orgars.

T b eps of loodh boiphegeness were deeimeal well os
Al yoars agnand ore hadcaly amila (el semkrates (o g Drawn,
Fs; Leche, DEDS) iFig. |). Bncile st Seeomon s regolaied by
epithclialimesenchymmal imera o e moeseaehyTi: Serives famn
i mowral crost, whemas iho optibeln may be ecicdermal o
cntislormal {Soekuz ol al, NNOE; Frpsr o o, 36F). The
byl shwmacr of thee il lama ey, thee e thest s neeif. preccdes
e mitmdien ol isdvowhual secth Tecth Becorse vishle denng dhe
Folkawing skgge o devekprienl, callbial the Bl el the ap sliges,
I ke b Dnd vid ekl LA D g v i s ohes g b oo A,
respreciivel v, appear. The cap siage in folleawed by the bell sage,
dursigg which dpedesapetlic Gip pallems dmngs Aller e
Teavrestbds if they cimp psatkam, thie toah gomsss 1o = Hnal 2@, and
mesers byiral odeeieblasis aad eprithel el ancloblass Sfferataie 2

Eoarei ool Moy P, Wl v o e Lt o M
P B e, PR 4 Pl

*dm ] e o g e L el 1, v D B o' 1

Mg b balmmeeeeia beyatnal ineerTese 03 o deavin aid onaneEl
respecnively, Thisa kard dionial iismses, mgethar wiih comaniam,
which is reule by cemenioblnk, have lapely similir cormpraiton
i all vemchrates, wdrh omame being apowe T8 b vapet i,

[Eesearch duneg e powt 81 year bes uncoversd the Herstive use
o krgely e wmree molevulr pillvdiys Desghoul ke vansis
amges ol wendh developmen lermeall and Thesdell, 2040 Bei
JFE; Tornrmers and Thesdedl, 20600 Mernbeers of ibe tmnsfemng:
groeth fictos [} OTGFE, fmobled grovath Tector (FGF, sonic
bikgabigs 5kh) and Wai sigealing pathagss g all reguissd
repcaicdly duning ek devcopmeeni, aad the abaliim of any of
Meee patlvaais pedils in @ devebeparenial aimest of 12k, e
canronly o thy bed sage, Thoss @ iToreni prabvaays am rmppraied
af several slages of fhe aelb developeneni s the orverll
regiilalory meraork b highly eersenved In cvabitio | msvall and
Thewlct®, J(NK); Fraser ot al, J0HE

Peliech of the padl rewinch m e Teeld hies e im Fear “lile
baory” aages off (e i dessrm ngon of ool beSorming seghes
imiitem ol docih fiemaien, deiermiration of ik shape md
regilation o keoth renesial. Whenas the: sirnbsss of ol - e g
regione ol e member of ek o an eoalm oy STelency ke
devrcass imevicwsd by Dovii-Bial of al., I8 docih shape
gprnpkeity aid wesh reeeal e thesigh tse (Fig 11
Wikras, wip [ an e increases in doreal complaniiy mnd otk
rerowing capurity, aral eview bolb lhe cvolutioery palieres md
declogrienial mehapisnn: anderlving (hese changes I8 feh
repdikes and rearerrals

Making & tooth: shage formation and shape
meadifaticn

Peaar b the inlalion o eoth deselopimenl e destal lamime
kR b alan Kraran s e odomiogenin badsd, sppeare winin thi
denial spiibeliom The buroma fores = g ikickenng of ibe
epilbedinm arel resterns the beothi-liediia g i laterally (Fig 11
Erer tirigh the miaksailsr reeshani=ma of iemal amira frratien
are cemenily enkrram, soveral saddics hove shoun that sonc
Bilgpetung: 4 Sk b o @i inary hamestos 2 0P e expicesed ia
T kel lmira m sereol tiea [Barinen s al, |99 Fraser oial o
00k Srmiih ot al, 3R Buchiova of al, 3006 Yok of al, DEEL
Fospny weithiin thee Damainag, inedinddsal seem one iniined, snd this
process can be seen, st leasd in rmarerrals, by & presdsal sesinciion
o Sh ared Pl capecianm o e spocile: dimmanres, ocforred b
plasades, (ha give rke W aEth

Affer ihe mmaiin of ienth . ihe mophology of
Edivklual testh i Fekls dimsrg Uhes Baal cop aad bl smigees (Fig. 11
Tz chrvliogamorial swagos ane orcial Dor fhwe sl of shean el
beewuse the coamert farctin of il depesd slmest enlimedy o ike
P e lnbed prion 1 el anpos. O afipiad, the ek
meaphrkgy changes imby dros ph s or danege. asd thare = me
remedicling ol the mimerabacd e, unbke e rod of e dkekdon
The kak of rerasdebg sles mples thar o evolimionans

mechliiewion of ienth morphalogy bappers. daning B osiagery,

67

[
4
s
(8
f )
-
=~
i
=
[
[a]



UINVEIJILC

“BORDEAUX

THESE PRESENTEE

POUR OBTENIE LE GRADE DE

DOCTEUR DE

L*'UNIVERSITE DE BORDEAUX
ECOLE DOCTORALE SCIENCES ET ENVIRONNEMENTS
SPECIALITE ANTHROPOLOGIE BIOLOGIGRUE

Par Elsa GAROT

DISTINCTION ENTRE PROCESSUS FATHOLOGIQUE
DE TYPE HYPOMINERALISATION MOLAIRE-INCISIVE
ET PROCESSUS TAPHONOMIQUE PAR DI FFERENTES
METHODES DE MICRO-ANALYSE DE L'EMAIL DENTAIRE

Sous la direcison de : Pairick BOUAS

Semlenu le 24 Movembre 2017

Blembres da jury :

M BOILEAL Mloric-Jiné, Peofsaeur, Universle ¢ Bordemin Examamlkor
M COUTURE-VESCHAMBRE Chrraine, Migin: de conlérimees, Universld & Bondesiin Esaimrle o
M. BLACCHIARELL] Bobsertn, Froliseser, Unreersilé de Paslicrs B pprortds
M. BLANTOM Devid Johis, Profeseeir, Universand de Bee B  Aicdmikss) Exarmanlkenr
M MULLER-ELLA kel Professsir, Dsivermint de Mice Sophia Satipolis B psiatedi
B BEOLUAS Poreck, Maite & coaffseinss, Laivemint de Bonkaaes [ e

B SEOLT Miclesl Directiiin & Reclerc ke, CHES, UMA 72608, Marselle Prid=si kil

68



SCIENTIFIC REP{E}RTS

OPEM

Eaperovsl !J'I.IJ!. Hijg
Accopidt 1% Lardary J00H
Frudl ratal vy 10 Bl Mol

Amelogenic transcriptome profiling
in ameloblast-like cells derived
from adult gingival epithelial cells

St g Mhant™_ Kyung-Jong Kang?, Jeng-Chan Lis?, ShinYaung Kim!,
Eyudomg Han'™ & Young-lec lang it

Deraal erosmel b highiy minersd irsd cawe corssring 1he tocth sefeos and icfarmsd by smelabisgis,
Amulzblait haswbown knosn s be imponibe ko debect in adel bzoth Becsuns thap sre shed by

APOgB IO i o P TR | A TR e Tl e P, CRad R D0 ThERE, BTk e airaTi abain
appropriste o lwirlace marken to ialvie smelchibak-lice cel in baoies. Ta cesrcames thees problesme,
apithelal calls wern sebectien by cuBrcatnd from the gngieal thidusr asd vsed as a stom oell ssueos Tor
amalphilrrie diffensan arion, ®hen girges epnbelial odHwens meated ik b g fied Do eniratian
af BKPI, BMFL, ard TG, the sxpresson of ameloblee-apeciic marcen wa incresess, and baih
Rk WA P ared Siad i graling patheas wise s tvited Ging ial agitbelal ol diflerenlialisd ista
amplchivrdive celis thoeigh spesd libmessnsigmal itsrginn. By R A- g aralyei, we regnrted 10
amplchimt-apachs qenas anodstes with il wrfece, ol sdresion, and sxtreceluler matrx fonctian
Theitor ol Sovfid & aikieds @b b vgelol for o d eteotan aod sl areos of giveehobda 1 Floe aell fegamn
dermial s

Dwraie, dertal pulp, periedental g, sed divtaleaanwd ane devbapad by recipracd Interactbans Beran
deanal opabel ke ared soxarsracapee Mearal cnoat call -derved oot e bama diffaranibda: ima edanin

hbsts, paniedened | i prosgen iza . comemichiaa, ag vl 5a vartams Shechlas. On ihe odher hand,
enamel -lormiag mrakeblasis diferenstais frem pdibelal cells erigiraling from oral scicderm. |n ke process
af marwd fematmn, the e eeanel cpithedun defeeminie ino andcblasis’ . Amedeblaic difreeiision
pemibly acoun after ihe imiial dendin matric preien secreiien and epoiten by edopicbluir™, The eramsd
mtre progcies |EMPS e Sepraded b e prodcimaes seorcted by ol st arsd replaced br minenb
during $he muturton sagr’. Heriwigh cpithdial roet shesthd'coptibchal ool povts of Slalascs (HERS'ERRM | havr
beeem reperi ke b wargue opl bebal ol | sapee™, Boae mamrs gromal cells, embrnnk skon ok arsl dan
eptlkehal ok aec allorml e seoris (i The corsfe s i off imreckeb it Industion mecbanian of sarkons priv

el s Westly regulated by grosth Geobors asd opiolimes, wech ai TG, FGFe Wels, el BRMPs ds well i
e e e Ml a ivsidris i Uhe epiticli i el e heane™, 1o divebok bt GiErrmatiog, BEP2 asd BY P
g secretend B ek dicie R haTial o dtobd aide aad plee Enpeivant rodes i Dhe s peesiban @0 ERPy sl nirmni

mal i Ferennd oo of arse obd@are =", msdabd o daTeseaiation b presamed by follmain b anagonoisg e
il i e Bt ol HSIPA oo the o el "'l_-l.l'll,lln.-\.llfl ol Fod D W vy Do B | iackiisiad r"!. actiin
& rronmi thie aserlyineg me ety Solliche of b Thias, @ Balane bt n BBIP aned acrivin 4. & mediinsd or
proguer apelohilaa & Berenciarkan’ <, I addinon, Knockoan of & AP receplen, AnpriadALEL, coms d@afective
et Frrmiatiod o el cnrera ' Bedoes P TR 1 atimablats thi gupresa ke and sscretion of FNVIPs
b amekebdsite Tha indild ke ot 2@ TG dgraling paibeay caies ioeeh aed sname] mabormaiog ' The
il shgasiing i kvesm 5 a8 intracd kil carnnecsl pat ey setsasd by TG dsepianiy mamkanchicigh
& koterereire recipled ceneplin, canprisnd of tppe §arad tovpe 1 erepa ™, Accerding to the sctlvazia al
secepier by TGR-1 and BMPy Smad20) aned Srrad)l%86, which am krerers s I'-.u;:ﬂ‘m“ Srrach [I-Smade}
are phcaphorylaied. seapecivey ars iken, o compler of phasphe- 1L Snads aad: repel wn i expressicn
af target prees in the rucheas! ™

Tisgarirrant of Harchiomedical 5cnee and BEZL PLUS Clchsl Anssscch Canier dar Aegenernive Wedicing,
Diandak Ua mersty, Checran, $1114, Savth Kore. 'DO-Thersgen miraie for MGS arsbnn [DTRE), Cheasar,
SLLLE, Sourth Korew Conmsparderes and requast for materials shoaid be sddremed 1o Y.-1 1 (ermast speng @
chareoae g br|

REFCATS|

T REA | A ool oag 1 D LD U1 S ST 5 BT L -1

69



Uhriginal Article

A Long-Term Clinical Study on Individuals with Amelogenesis

Imperfecta
DT aw)? Kirzioghs, T Emed

Departrwend of Pedisgn:
Dentisiry, Facully ol
Dentistry, Suléyman Demirel
Ulniversily, [sparta, Turkey

Dwde of Acceplance:
17-Jul-2018

InTRODUCTION

melogenesis imperfectn (Al is o mane condition

Backgrommd: The aims of this soedy are to present sociodemographic and
familial characienstecs, clinimal and systemic findimgs, dental treatmemt needs,
and concomitant deptal anomealies in patients with amelogencsis imperfecta (AL}
and o evaluate time-varying comditions m these loogserm follw-up patients.
Materials and Methods: Records of patients with Al who were examinsd in
the Departmeri of Pediatric Dentisiry between 1999 amd 2007 were reviewed.
Information  shout  sociodemographic  characteristics,  history  of Al and
cansanpuinity in family, systemic conditions, reasons for referral © the clinic, oral
hygiene habits and pingival healih, ocelusion findings, and performed treaments
were gathered. Dental anomalies in mdicgraphs were also evaloxied. Baseline and
final situations of the patients wene assessed. Santistical analyses wene performed.
Resmbts: OF 75 patients aped 3-15 years with follow-ups up to 12 years, 34
had Al in their families and 12 were bom from consamguinesas marmiages.
Mephrocalcinosis has been abserved in 5 patsents. Main reasons for referml 1o the
clinic wene related wo esthetic and hypersensitivity concems, Tweniy-iwo pariciis
hod gingivitis, amd during follow-up prooess, gingival problems could not be
complesely prevemied due io poor oral hygiene hahits, Vemical dimension loss,
apen-hite, and cross-bite were seem in 16, 15, and 1 patienis, respectively. OF the
patients, 63% expenenced restorative, 33% stainless sieel crown, 1% endodontic,
B% prosthetic reatments, and 24% had retreaiment nesds. Concomitant dental
anpmalics were  dens  invagingivs, tnurodentism, ectopic  erupibon,  delayed
emuption, hypodonisa, and pulpal calcification. Conclesion: Early disgnosizs and
imerventions comsidering the time-varying conditions with long-tenm follow-ups
provide significant improvemenis in clinical maintenance of patients with AL

Keywomns: Amelogenesis impenfo, cfdifnen, ilva-, Dealik, prognesis

The diagmosis of Al can be estblished by anamnesis
fidlowed by clinkeal amd radiopraphic evaluations and

with gemetic transmission, which affecis the enamel ppctic: pombyves.
stnecture, guantity, amd compositsan of primory and It has heen represered thot same additionnl deninl
permarsent weth.!' ls prevalence has been enounced 10 anomalies may  develop in petiests wallh ALPY

vary between /718 and 1704,000) depending an the study
population. I s been reported that this condanon b
mmiosmmal dominant, nutosomal recessive, or mrely, X
chromosome-linked inhertnes panems™ and that it ey
also he tramsmitied by consanguineous mamages.* (n
the other hand, different rescarchsens have eporiod e
Al may develop when & muiation ocours in genes!™*
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Hypersensitivity is n comman complaint in teeth dee
Lo the structure of enansel. The goals of resiment, wilk
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Amelogenesis imperfecta, hypoplastic type associated with some dental
abnormalities: A case report
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Amelogenesis Imperfecta-Hypoplastic Variant
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Amelogenesis imperfecta
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Signaling Networks Regulating Tooth
Organogenesis and Regeneration, and the
Specification of Dental Mesenchymal and
Epithelial Cell Lineages

MarialJussilaand lrma Thesleff

Durvidipstonilal Riokegy Program leatituie of Biokchncdogy, Baskiskus 1, RO Bas 58, Unrasity of Helenk,
Helunki FIR-DININ A, Fisdgnd

Corpkese mana sl pehekink

SLIMNARY

Teeth develop as ectodermal appendages fram epithelial and mesenchymall tissues. Toath
aiganapenesis i regulated by an ntricate network of cell-cell signaling during all sieps of
develnpment. The dental hard tissues, demtin, enamel, and cemenbum, are formed by uniguee
cedl byprees whose diffensngiation i intimately linked with morphagenesss, During esolution the
capacity for tooth replacemsent has been reduced In mammals, whareas testh hasve acquaned
moee camplex shapes. Mammalian teeth contain stem cells but they may mol provide a sounos
for bapengineening of human teeth, Themtore it i [kely that nondertal cells will have to b
reprogramned for the purpose of clinical sooth regeneration. Obviously this will reguine
uncherstarsling of the mechanisms of normal develspaent, The sipraling retworks miediating
thirepithlial-mesenchy mal interactions duning morphogerests am well charmcenzed but the
muokecular sigrabures of the adantagenic tisswes remain o be uncovered.,

Citline
I Morphogeness and cell 4 Regulation of taath replacement, continumis
differentiation during taoth development growth, and stem cells in leeth
1 signal networks and signaling centers 5 Fulgre challenges; stem Cell-based

bioengmeering of teeth
1 Regulation of the identity and .
i S LS
differentistion of odontogenic » Concluding remarks

masenchymal and epithelial coll lincames References
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Remineralization of enamel subsurface =
lesions using toothpaste containing tricalcium
phosphate and fluoride: an in vitro uCT analysis

Hidanon Hamba'=" @, Kalkl Makarmura', Toru Mikaldo?, Jurg Tagarme® and Takashi Muramatsy'

Abstract

Background: This study simed to compere the sfficsies of expanimental toothpastes contaning furctioralized ti-
calcium pheephate {[TCF) with and without Auaride far in sitro enamel remineralization undear pH-cycling conditions.

Matheds: Tocreate artificial white spot lesions, 36 bovine enamel spacimans were immarsed in a demineralization
solution for 10 daws. During pH-cwding for 12 das, the specimens were didded intg four groups Based an the asperi-
mantal toothpaste type used [a) FICP-fres, luonide-frae (TCP — F =1 il fICP-containing, fucride-free ITCF + F —
(cHFTCP-free, luonide-containing TCF — F4% and (dl FICP-containing, fusride-containing (ITCP 4+ F +), Micra-focus
®-ray comgned tormography [T scans of all specimens wene obtained befor demireralization, after gemineraliza-
tion, andd after pH-cycking. The mineral density and mineral kss |45 the ename| sabsurizoe lesions wene measuned
and the percentage of remineralization (4R} was calculated friom A7 after demineraization and pH-cwdling. Dine-vay
ANCTVA, with Tukey's test was uwsed for statkstical anabsis of the %R values. The reated enamed surface was inmvestigatad
vz scanning electron microsoopy [SERM)

Results: The [TCP — F —group presented with the kwest amourt of mineral gain after pH-cycling. In conrast,

the TP + F 4 graup: shawed the highest degree of remineralizaton within al lesion pans. The %R was highest in

the FTOR + F +graups (8.2 4 7.8, all #< 0001 ). SEM revasled the presence of small crgtals an the ensrmel ods in the
fFCP +F —and fTCP 4 F + groups.

Conclusbong The expeimental toothpaste containing TCF and fluoride increased remineralization of the artificial
eramel subsurface kesions during pH-oycling Furthermeene, TICP ard Aluoride appear 1o act independently on the
rernirerabization of eramel subsurface kesions, although they cosxisted in one oothpeste tpe,

Trial registration: This & not s human subject ressach.

Kaywords Micro-computad tomography, Enamel subsurface lesions, Mineral gensity, Remnineralization,
Furctizralized wicakium phosphate, Sodivm fuonide

Backgrounds

Dertal caries is @ mubifectorial disease caused by the
damaging effect of acids on the enamel surface [1, 2]. The
emamel is a relatively stable strscture charscterized by a
dvnamic balarce between demdneralization and remin-

"IL-::'W'“'-'“; "w'-'“':-*‘l':i;"': L) b T eralizatian |3, 4], Howeyer, a disruption in this balance
anTvmat| oo D i D1ty Casodagny annd Pufp Bxidouy, Todips

MhamiaCodinges, 345 1, Kovacly-M sk, Drdyestadan, Tk 1780067 can kead to the development of demineralized lesions
lagan in the enamel. Remineralization & a repalr mechanism
Full Il ol pathecs inigemuion sl atde §) the and of the srice that cocurs naturally in tooth lesions. In this process, the
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DentalRemineralization: Simplified
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State of the Art Enamel Remineralization
Systems: The Next Frontier in Caries

Management
Nebu(Philip)
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Abiriract

Thas principles of minmally invasee deniisirg clearky gictais
the nesd for chnically effective mesures g0 reminerabize
watly enasa| carss siam Whike fuonde-srsdiatsd remin-
eralization b The corneraare of Curenl Cir KIS Manasaiment
philosophises, & naumber of fee FEm s izt SITanegses
hawe been comemerdalized or &e under development that
claim to promaobe desper rem e ral zation of ledon s reduce
the potentisl reke sssocmied with Righ-Auorkde el care
preducty, and faciitate canies confrel cver s ifetime, Thes
nian-[hosrinfia ramina ralizirveg Wpdtema can be Beoadly calegs-
fiziad inp> biomimatic erame regenantiee tadFrcogas
aindl thie appeoaches that repak Canics hesions By anhancing
ucride aHicacy. This paper disousses the rathonale for -
flucride reminerabization and the mechanem of sction,
challenges, and maidence bahing some of the most promis-
ing acduances in prame remineralcation rerapes

o IWIN T Al i
bl b i Mkt e, il

Depal cames pathophysclogy is nol simply 3 conlim-
wil cumulstive less of pesth mingrals, bl mther o dy-
namic process Characterized by alteresing periods of de.
rnineralizatbon and remineralization. Leshon progresion
or reversal depends on the equilibrium beneeen demin
eralization-favouring pathological factors (cariogenic
Factern, fermentable carbohydraies, silvary dysfunc-
tinn amd the prefectnny fcioes (andihackerial agenis, sf-
liciinl sadrvd, reminerabzing ions) Bl lpthe balance -
wibds reimiseralization [ Fearherstone and Chadies, 2008
Hemineradizalbon can Gocur as a nabaral nepain process
where plagqoe’salivary calcium (Ca*™) and phosphaie
(P iions are deposited o orystal voddsof the demin-
eralized toath siruckune, resalting in net mineral gaim
Tha preseney of Free Queride {F Tions in the eeal envirem-
menl can drive e maorpamalion ol T and PO Bee
inte the crvsial latnios, wich the envuing Auorapsatine man.
eral significanily more resistant 5o a subsequen wcid chal-
lenge [ben Cate, 19594].

A beiver wnderstandhing of regenerative and physio-
chemacal mechanizms has influenced the developmend of
a pmmber of innosatver reminiraliceatn chno kg
that go bepond foorsde-medisted  remineralizalses
While tradivional floorsde.based remdneralimition. e
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Article
Remineralization of Demineralized Enamel and
Dentine Using 3 Dentifrices—An InVitro Study

wdanji . Ali Borzabadi-Parabani 20, Bdward Lynch 4, Feter Barsboom * and
Jan Ruben
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Albatrack: Cpectnes T monibor the electnonl pesistarce of arbfically demineralized enamel aned moot
chentire after expaoearne to different Aueridaied dentifrices and, using transversal mdcroradiography,
o quankfy remineraliztion. Materit dnd nthads: This o vt Bl invesh gabsen wsed 20 extractd
tewth {fousr grosaps of fve enchl Bach group was exposed bo one st derdifrice [Colgate ProiDens
300 ppm Fl, Codgale Winlenfnesh gel {100 ppim F, Fluocasil B&Fluond {2500 ppink F) and placeho
iwathout fluorklel] ree bmes daily fee thne mirmilis for 4 weeks.  In Bebaisn empisusye i
the 1e=1 dentifrices, tecth were stored in a saliva siorage solution. An Elecirical Canes Monitor
srmeacured the elecirical resstanoe at basding and during the Tour-week et peicd ab weekly inlesvals,
The measurements were ke tranaformesd and Dhincan's pugBiple raegze best applied. Bemineralization
was quantified using trareversal microradiography. feselts Log mean S0} electromic conmies monlbor
(ECM)y mivcnunsremis moermed a8 baselive amd after 4 woekes of sxpoommny b thir bis denbifrioos wone
A0TSR and 3 ARSI poebo-Fluocaril), 4 1001 88 and 4 8401836 ol gate Winberfresh gelL 4 81005
and & ZLN200 (Auwsecarl Bi-Flooed), s 4 AK0EE] and 376005) (Colgate Provillenl)l Cormespornding
messarrrrarn b= in denbre were 2 LHEET and 200871 {Masebo-Flhoacanl b, VETHLATY) mered 2201325
(Codgate Winterfresh zell. 2470120 and 1oS00E0 (Fluncarill, ard 2 10640000, ard 230107 for Colgabe
ProviDees, Lesaco depth [puen) afer mieroeadiogeaphy @ ename] wies TLE [Flacelo), 5068 {Caolgaie
Winterfresh gell, and 11063 (Fsescaril, and %31 ICodgate Provilent), and corresponding values m
denitine were 16%.7, 1M, THLT, and 1335 The corrclation of BECM and sicroradiographic parasciens
was negabee (p = 0005, Civclusim: Expoessre ofartibicially demineralized anamal and st deenting b
fluorkdasted dentifrices and saliva shorage solwtion reulied m remdreralization as follmes Colgabe
Wirsetlresh = Colgaie PreviDend = Flacebo-Huccasil = Fluocaril BisFluone. Ressdseralization in leeth
of the Maceba dentifnoe group may be attribubed 1o the preseroe of calcn and phosphate ions i
thie saliva shorge sodution
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Weaker Dental Enamel Explains Dental
Decay
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———— REVIEW ARTICLE —

Amelogenesis Imperfecta: A Review
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INTRODUCTION

Amekogeiesis Bmpariicia [AL] iz an isheribe] disaoedis
which affeci= only 1he ectodermal portion of the
tieeth, E., anamel with b varighls ccourmencs of
approximately 1/ 700- 10 4 000,54

Warinos lyssiFicstizrms hmm bean progosed hasd an s
phenotype, - ased on the climital, microradicgraphis
amil histopathaological fisdinge, ! heaml oo the
phemolype anid mode of inheritance ™= hased
an malcwlar dalist, bochessical remnll, mede ol
inheriiance. phenotype"™ " and based on modeoalar
alidiart paslvrdassileation of Be AMELX cnndilions ™
Most commonly scoepied classilication is the one beimg,
praposnd By Wilkop 1088wl lassified Al Enio

maanly 4 fypes, Lo, hypoplastic, hypomaberative, and
hypocilcilid 1ype based on devaloprenial stiges

ol anamal and by poplestic-by pomatoralion. with

laurackemiiem [Tidda 1].7

Hypaplasiic A coours dus ie defoci im enamel mairix
deposition, i the firsl slage of esamel ormation.
Clinically patiant presemls with thin enamel with
velbowigh-Erown, rough or smooth, [Lat ccclasal
sifices of the podlerse eeth dis e atistion, and
wills'withoul grooves and/pitting. T anassal will b
ilin, wall misaralizad and deneod chip Rediogeaplabcal Ly
thig aiamel hiut normel radsoedissity will be soan.
[Dhafinzie | mabris frmalion with & disluchasce in s
difTemntiatinon or vialility of anelehliis will B s
im hastobogy swion "1 Dellisenl by e al hypegd
Al are dizerilial = Thlile 2.

In hypomaimralive Al Enamal, malriz prsliain
i@ nprmal, hut s defict in lhe saturalive presiss
ol empmel's crvatal alnsdur so onamal madria s
rmmsfure. Climicallby motglsd yollowiss brown with
wusun diszolored fammw colonsd crown can be sean,
bard nurmal in exen and shape of the croem wth Sed,
pourly mineralized and dizcolersd pnamel which is
maEy ko pemetmale by the dontal probs, The thicknnas
af enamel may be normal. bol radicdensity s bess than
af dendin radingmphically, Microsoopicalby slfecstions
in snamal rod and rod shosth strociores will B
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Genetic and structural alterations of enamel and

dentin- amelogenesis imperfecta, dentinogenesis
imperfecta and dentin dysplasia
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Demineralization-remineralization dynamics in teeth and bone
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