Pagel

3

TOOTH STRUCTUR!

Prof. Dr. MSc. Aziz Abdullah

gl Cpadl Ay g Sl g8

5




Pagez

Chemical properties of enamel:

When the human enamel is normally and
completely formed, it is a highly mineralized, very
hard, and radiopaque tissue. The enamel is made up
of inorganic and organic components and water.

¢ The inorganic components consist of minerals,
mainly a calcium phosphate, specifi cally a
hydroxyapatite (93-96 % in weight and 85 %
in volume), with the crystal hexagonal shape
containing P and Mg ions and carbonate
compounds. Other minerals are Na, Cl, K, and
F; Zn, Fe, Sr, Ra, and Cu are found in trace
amounts.

¢ The apatite crystals, in various forms, are
sticking to each other with a very limited
organic matrix.

¢ The water (3—5 % in weight and 12 % in
volume) is linked to the organic matrix and also
placed around the apatite crystals, thus
facilitating ion exchange and molecular
transport.

Physical Properties of Enamel:

Hardness:

Enamel is the hardest tissue in the human body.

The enamel is nonelastic tissue with almost double
values than the dentin. It is intimately locked onto
the surface of the dentin and cannot function
without this support.

Solubility:

The ion exchange between the fl uids and the oral
surface of the enamel takes place in a nonuniform
manner due to the different density and different

orientation of the crystals and also because of the
different amount and quality of the various ions.

The superfi cial external layer is more resistant to
acids than those with organic content richer in
carbonates which are more permeable.
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In nature, the apatite is very unstable and easily
yields ions from the periphery of its crystals to the
environment and absorbs others. The activity of
ionic motion and consequent dissolution and
destruction of apatite crystals are one of the aspects
of the formation of the carious lesion. The
absorption of fl uoride ions can substitute the OH
radicals, forming the fl uoride—apatite, a more

stable and resistant to acid attack crystal, and this

is why the applications of fl uorides can help in a

more stable mineralization of the enamel and

dental caries prevention

Permeability:

The permeability of the enamel is very low. Water
is present, in the spaces between the crystals, where
also molecules of organic dyes or radioactive
tracers can penetrate.

Color:

The enamel is translucent and its color depends on
its thickness and on the color of the underlying
dentin. The enamel of human permanent teeth may
be up to 2—3 mm in thickness over the tips of cusps
and about 1-1.3 mm thick over the lateral surfaces.
It is 1 mm or less in the deciduous teeth.
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In young people the enamel is whiter and more
yellowish in the elderly. In absence of the
underlying dentin, as the incisal margin of anterior
teeth, the color is more bluish.
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Ultrastructure of the Enamel:

The ultrastructure of the enamel is formed of
conglomerate of many units of enamel prisms
(from 4 to 13 million depending on the volume of

the tooth). A prism has a cylindrical shape and it is
in intimate contact one to another; they are
arranged in overlapping wavy rows starting from
the enamel—-cement junction up to the cusps.
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In cross section the prism has a typical key-hole
aspect, the so-called head and tail; the disposition
of the head of the prism between the two tails of the
neighbor prisms leaves a very small empty space
that is fi lled by organic substances. Each prism is
covered by crystals and interprismatic substance
with longitudinal arrangement called the sheath of
the prism.

The enamel-dentin junction:

The enamel-dentin junction is the border area
between the enamel and the dentin. At microscopic
observation it shows a wavy line with a more or less
pronounced concavity facing the enamel. This
arrangement favors the most intimate union of the
dentin and the enamel. In correspondence of the
cusps, the junction is crossed by numerous terminal
branches of the dental tubules.
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Enamel modification are observable on the surface
of the enamel; the so-called perichimita or
incremental lines are layers of prisms spaced every
20-80 pum overlapping from the enamel-cement
junction to the internal layers of the enamel that are
formed by the eruption onwards.
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Pulp—Dentin Cmiiplii

Pulp—dentin complex is a specialized connective
tissue of the tooth. Both the pulp and dentin
originate from the mesodermal tissue derived from
the dental papilla. The dentin is a highly
mineralized and avascular tissue; on the opposite,
dental pulp is a highly vascularized tissue, with rich
innervation.

The dentin forms the largest part of the tooth, being
the bearing structure of almost the entire length of
the tooth. The dentin surrounds the pulp tissue,
from the pulp chamber up to the radicular canal.
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The initial stages of odontogenesis begin in the
external area of the dentin and continue with a
centripetal direction; effectively, the odontoblasts
move towards the inside of the tooth, leaving
during their path their cytoplasmatic extension,
called the odontoblast process, included within the
secreted organic matrix of the primary dentin.

The dentin consists mostly of an irregular weave of
collagen fi brils intimately interwoven with
hydroxyapatite crystals. The dentin progressively
mineralized due to the deposition of hydroxyapatite
crystals to form the dentin tubules that represent the
basic architecture of the dentin.

Each odontoblastic process is located in one
dentinal tubule and its cellular body do not remain
included in the produced tissue, but in the outer
layer of the pulp, and this is why these two tissues
are closely related to one another and are so named
pulp—dentin complex

The inner layer of the dentin, the predentin, is not
mineralized.

Chemical Properties of Dentin:

¢ The dentin is composed of 70 % inorganic
material, 18 % organic matrix, and 12 % water
in weight.

¢ The inorganic material consists mostly of
hydroxyapatite crystals, whose size is 50—-60
nm in length and 20-30 nm in width; carbonate
and traces of other elements (F, Na, Mg, C, Ba,
Al, Z, K, Fe) are also present.
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The fluoride concentration in the inorganic phases
seems to be influenced by the content of fluorine
ions in the diet and by the amount of time of tooth
exposure to the same fluorides.

¢ The organic matrix consists essentially of type
I collagen and non-collagen proteins that also
work as regulator of the mineralization of
dentin  (proteoglycans,  phosphoproteins,
glycoproteins, gamma-carboxyglutamic acid,
etc.); there is lack of type III collagen fibers.

The type I collagen represents 80-90 % of the
organic ~ matrix.  Proteoglycans  (protein—
glycosaminoglycan complexes) act as regulators of
the fi brillogenesis during the dentinogenesis and,
therefore, for the organization of the predentin
matrix, with a specifi c role for the inhibition of the
formation of the mineral phase.

Phosphoproteins (PP-H) play a role in the front of
mineralization of the dentin, facilitating the
formation of hydroxyapatite crystals for their
ability to bind Ca and P;  the
gammacarboxyglutamic acid has the same role to
bind proteins (Gla protein).

Other organic components are lipids (cholesterol
and phospholipids), citric acid, and lactates.

Physical Properties of Dentin:

# The dentin is less mineralized and more elastic
than enamel, but it is stiffer and more
mineralized than the cement and the bone.

¢ Dentin has a pale yellow color, thus affecting
the color of the crown.

¢ It is very permeable for the presence of the
tubular system that crosses it for the whole
thickness, from the pulp to the enamel-dentin
and dentin—cement junction. The presence of
dentin tubules also affects conductivity and
thermal diffusivity of the dentin; however,
because of its compact shape, the presence of
dentin tubules does not allow the passage of
liquids and microorganisms.

¢ The tubular structure and organic collagen

matrix
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Ultrastucture of the Dentin:

The dentin can be divided, from the border with the
pulp to the junction with the enamel, into three
regions, each one with specific characteristics: the
predentin, the circumpulpal dentin, and the mantle
dentin.

Predentin:

The predentin is a non-mineralized layer (15— 40
um thick) of the dentin, placed just above the pulp
and below the circumpulpal dentin. The predentin
is continuously formed and persists throughout the
life of the tooth; its formation is followed by the
simultaneous mineralization of the dentin at the
same speed with which it is formed, so that the
thickness of the predentin remains constant.

The type I collagen fi brils are arranged parallel to
the boundary line between the pulp and dentin, to
form an overlapping network intertwined in a
messy way.

During the early stages of dentin mineralization, at
the border with circumpulpal dentin, crystals of
hydroxyapatite are deposited inside and around the
collagen fibers of the predentin, in the form of
spherical clusters growing in centrifugal direction.
These structures are called calcospherites and
represent the mineralization front of the dentin
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Circumpulpal Dentin:

It is the main and more calcifi ed mass of dentin,
located between the predentin and the mantle
dentin. The type I collagen fi brils are arranged
perpendicularly to the dentinal tubules; they
increase in number and diameter towards the
junction with the enamel, becoming more compact.

Some thin areas of circumpulpal dentin present
hypomineralized and not mineralized matrix; these
areas are formed as the result of the lacking
coalescence of the calcospherites and appear as
irregular or roughly spherical and apparently empty
spaces, called interglobular dentin.
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Mantle Dentin:

It is the thin peripheral layer of dentin (thickness of
about 15-20 pm) placed just below the enamel-
dentin junction and above the circumpulpal dentin.
It is the fi rst dentin to be formed and differs from
the circumpulpal dentin for a different arrangement
and a greater diameter of the collagen fi brils (0.1—
0.2 um).

The collagen fi brils are perpendicularly aligned to
the enameldentin junction and are covered by
glycosaminoglycans. Aperiodic fibrils (type III
collagen) are present among the collagen fibrils.
The mantle dentin is less mineralized of the
circumpulpal dentin.

Dentinal Tubules:

Dentinal tubules present different size and
distribution in different areas of the tooth. Their
diameter is about 2-3 pm in proximity of the pulp,
and it is reduced to 0.5-0.9 pm in proximity to the
junction with the enamel.
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their number varies from about 45,000 per mm~ in
the proximity of the pulp to 29,000-35,000 per
mm? in the intermediate part, up to about 20,000
per mm? close to the enamel.

The reduction in diameter is due to an increase of
the peritubular dentin, while the decrease in the
number of tubules is only apparent, because of a
gradual increase of the surface area of the tooth
towards the enamel—dentin junction. In fact, also
considering the decrease in tubular diameter, the
distance between two adjacent tubules is 15 um in
the outer periphery of the dentin and only 6 pm in
proximity of the pulp.
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The number and the diameter of the tubules affect
the reaction of the pulp and many properties of
dentin, such as the sensitivity and permeability.
Dentin permeability is proportional to the product
of the number of tubules for their diameter and
increases towards the pulp exponentially, since the
dentinal tubules progressively increase precisely in
number and diameter towards the pulp.

The tubules have a curvilinear S-like path, with the
first external convexity facing in the occlusal
direction but substantially perpendicular to the
outer surface of the tooth. In correspondence of the
apical one-third of the root and above the horns
pulp and below the respective cusps, the curvatures
are almost absent.

Contents of the Dentinal Tubules:
Odontoblast Process:

Each tubule is crossed by the cytoplasmic
extension of the odontoblast, the odontoblast
process.

In contrast to the cell body, the odontoblast process
contains few organelles and a fairly developed
cytoskeleton, characterized by microtubules (27
nm in diameter) and actin microfilaments (5-8 nm
in diameter).
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Periodontoblastic Space:

The periodontoblastic space is a space included
between the wall of the dentinal tubule and the
odontoblastic process. The space is very small in
the vicinity of the pulp because the odontoblastic
process occupies the whole dentinal tubule and its
thickness increases moving away from predentin.

This space contains the dentinal fluid that may be
considered a transudate or filtrate of the capillaries
of the pulp. The presence of dentinal fluid is the
base of the hydrodynamic theory of the dentinal
hypersensitivity.
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Hvpomineralized Sheath (Lamina Limitans):

The wall of the dentinal tubules is covered, from
the border with predentin up to the junction with
the enamel, by the hypomineralized sheath (often
referred to as the lamina limitans or
hypomineralized inner layer).

The hypomineralized sheath has a high content of
glycosaminoglycans and high resistance to the
demineralization processes of the tooth and to the
treatment of the dentin with collagenase but not to
that with hyaluronidase.

SEM  observation shows the peritubular
hypomineralized sheath as a continuous coating or
in the form of thin fibrils.
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Peritubular Dentin and Intertubular
Dentin:

The peritubular dentin is a hyper-mineralized layer
of the dentin that lines the inner wall of the dentinal
tubules. The intertubular dentin is the dentin
present between the dentinal tubules.

PC-Std

Vac-High

The intertubular dentin is less mineralized than the
peritubular. The peritubular dentin, being an
intratubular dentin, is deposited continuously
throughout the life of the tooth. It is not present in
the predentin and in the interglobular dentin.

Into dentinal tubules of the circumpulpar dentin the
thickness of peritubular dentin gradually increases,
from the border with predentin towards the enamel-
dentin junction.

The collagen fibrils are poorest than in intertubular
dentin, while greater is the content in
glycosaminoglycans and glycoproteins.

The peritubular dentin has higher concentration of
mineral ions (Mg, Ca, and P), whose average
content per unit volume appears to be 40 % higher
than in the intertubular dentin.

Intertubular dentin has the fi brils of type I collagen
(from 0.5 to 0.3 um diameter) of the intertubular
dentin, so arranged perpendicular to the axis of the
dentinal tubules; the crystals of hydroxyapatite,
10-90 nm long and 4-17 nm thick, are arranged
with their axis parallel to the axis of the fi brils
themselves. The proteoglycans constitute part of
the fundamental substance.
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Dentin Development:

Depending on its development stage, the dentin is
divided into primary, secondary, and tertiary
dentin.

Primary Dentin

The primary dentin is produced during the
odontogenesis until the eruption of the tooth into
the oral cavity. The process of dentinogenesis
begins from the predentin, the inner noncalcified
organic matrix of the dentin positioned on the
surface of the pulp tissue and containing the
odontoblasts.

Secondary Dentin

After the eruption in the oral cavity, the formation
of the dentin continues, albeit slowly throughout
life, as the secondary dentin, gradually reducing the
extension of the pulp chamber.

Tertiary Dentin

The tertiary dentin is a reactive response of the
dentin to external stimuli. Irritative, moderateacute
and/or repeated stimuli of any nature, including
incorrect tooth brushing, attrition, erosion, carious
process, trauma, or deep conservative restorations,
can induce the odontoblasts from the affected area
to produce the reactive dentin, just called tertiary.
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The amount of tertiary dentin produced seems
proportional to the amount of primary dentin
affected or removed, and its structure may vary in
relation to the intensity and duration of the irritative
stimulus (acute or moderate or mild) and finally to
the damage suffered by odontoblasts.

The tertiary dentin can be tubular (in the cases of
medium irritative stimuli without damage to the
odontoblasts) or atubular (in the cases of acute
irritative stimuli). The dentinal tubules can be quite
irregular or sometimes show a partial or total
atypical sclerosis.
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Sclerotic Dentin:

Due to aging, the dentin can undergo physiological
modifi cation called physiological dentin sclerosis.

These modifycations may also happen as a reaction
to mild irritative stimuli (such as advancing chronic
decay), and in this case the dentin is named reactive
sclerotic dentin.

The sclerosis process is consequent to the slow
production and deposition of a calcified material
that progressively occludes the dentinal tubules
The calcified crystals have characteristic form of
large cuboidal or rhomboid crystals (200—600 nm).
The calcified area is harder, less sensitive, and
more protective against irritative stimuli.

Eburnated Dentin:

It is a reactive sclerotic dentin that is exposed to the
external environment for progressive loss of
external covering dental tissues, for chronic caries,
or for other mechanical stimuli (erosion and
abrasion). Eburnated dentin is a very hard and dark
but also smooth and cleansable surface.

Dead Parts:

Consequently to moderate and/or repeated irritative
stimuli, the odontoblastic process may suffer,
shrinking and degenerating, as a consequence of
deposition of tertiary reactive dentin or dislocation
of the odontoblast body.

Incremental lines:

The incremental lines are spaced about 4—6 pm and
correspond to the rhythmic succession of activity
and quiescence phases of dentin deposition and
represent the daily increase of tissue. Observation
at optical microscope of tooth sections can show
dark lines with an approximately perpendicular
path to the dentinal tubules.
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Dental Pulp:

Dental pulp is a connective tissue, highly
vascularized and richly innervated, contained into
the pulp chamber of the crown and root canals. As
other connective tissues, the pulp is composed of a
population of different cells immersed in
intercellular organic matrix characterized by
fundamental substance and fibers.

The organic matrix amounts to 25 %, while the
remaining 75 % is represented by water. The main
proteic components are the type I and III collagen
fibers.

Pulp tissue is contained in a rigid cavity (dentin
walls) with high tissue pressure (interstitial
pressure) of 20-25 mm/Hg.

Dental pulp is organized in three well-defined
areas. From predentin towards the center of the
pulp chamber, successive layers include the
odontoblast layer, the subodontoblastic layer
(including an acellular area and an area rich in
cells), and the main mass of the pulp.

Laver of odontoblasts:

The pulp is characterized by the presence along its
border of the bodies of odontoblasts, the cells
responsible for dentinogenesis during both
odontogenesis and throughout the life of the tooth.

The odontoblasts are postmitotic cells composed
by a body and by a cytoplasmic process which
engages in the respective dentinal tubule. The layer
of the odontoblasts is constituted by a single row of
odontoblast bodies arranged below the predentin.

In an already erupted tooth, the odontoblasts ensure
not only the constant formation of secondary dentin
but also the formation of tertiary dentin. Different
phases of intense metabolic activity are alternated
with periods of quiescence.
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Subodontoblastic Area

This area is most developed in the coronal pulp

and young people and consists of two different

arcas:

The poor of cells area (about 40 um) is rich in
capillaries and amyelinic nerve fibers that, under
the layer of odontoblasts, constitute the
subodontoblastic neural plexus (of Raschkow).

From this plexus, amielinic axons rise, wrapping
around the body of the odontoblasts, penetrating
into the dentinal tubule on the odontoblastic
process for a short distance.

The area rich of cells is characterized

by the presence of a thick layer of fibroblasts and
indifferentiated mesenchymal cells that, in case of
pulp reactivity, may differentiate into odontoblasts
and participate in the formation of tertiary and
sclerotic dentin. Lymphocytes are also present in
this area.

Main Mass of the Pulp:

The main mass of the pulp is formed by fibroblasts,
lymphocytes,  macrophages,  undifferentiated
mesenchymal cells, rare mast cells, and
intercellular matrix.

Cells:

The fibroblasts are the most numerous cells,
especially in the old pulp of the teeth. There are
undifferentiated mesenchymal cells. Also “helper”
and “suppressor” T cells, dendritic cells, and
immune cells are present and essential for the
initiation of immune response.

The polymorph cells and macrophages are also
found in cases of pulp inflammation or in case of
enamel dysplasia.
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Intercellular Matrix:

The fundamental substance of the pulp is formed
by different proteoglycans. The fibers mainly
consist of type I collagen and type III and constitute
34 % of the total protein.

In the young pulp the fibrils, with a diameter of 10—
20 nm, have an irregular arrangement and are
diffusely present.

As age progresses, in line with the reduction of
cellular component, the collagen fi brils (40-70
nm) are united in compact bundles of fibers present
in the central region of the pulp and in the apical
third of the root. The apical part of the pulp
becomes more fibrotic than in the coronal part.

Cement:

The cement is a thin layer of calcified, compact
connective tissue which is formed by specific cells,
the cementoblasts.

Cement allows the attack of the collagen fibers of
the periodontal ligament on the root surface.
Together with the alveolar bone, gingiva, and
periodontal ligament, it is a part of the periodontal
tissue called periodontium that surrounds the tooth,
contributing to its stabilization.

The cement is often described as a particular type
of bone tissue, but it 1is significantly and
substantially different because it is avascular. the
cement is a tissue with high plasticity.

Physical Properties of Cement:

The cement has a pale yellow color and is less hard
and mineralized than both enamel and dentin; it is
very similar to the bone tissue, but less flexible.

Chemical Properties:

The inorganic part is about 65 % in weight; the
residual part is made of about 23 % organic
material and 12 % water.

The inorganic material is characterized by small
crystals of hydroxyapatite similar to the dentin’s
crystals and by less chemical elements.

The organic material consists essentially of
collagen fi bers (95 % of type I) and proteoglycans.
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Ultrastructure of cement:

The cement is formed and deposited continuously,
although very slowly, during the whole life of the
tooth.

It is very thin (15-20 um) at the cervical line and
thicker at the apical one-third, improving thickness
from about 200 pm at 20 years up to 600 pm in
adulthood. A greater.

the cellular cement and the acellular
cementum:

They differ not only for the presence or absence of
cells but also for the localization, the extension, the
thickness, the mineralization, and the relation with
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the periodontal ligament.
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enamel-cement junction:
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& At the level of the cervical line, the border
between enamel and cement is not always clear.

¢ In 30 % of cases, the cement partially covers
the enamel beyond the cervical line.

& In 10 % of cases, the two tissues are not in
contact, leaving an area of exposed dentin.
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