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Defense Mechanisms of the

Dentin-Pulp Complex

The dentin-pulp complex can suffer changes
when exposed to different types of external
aggressors, such as the dental caries, traumas
with or without tooth fracture, tooth
preparations, attrition, abrasion, erosive tooth
wear, restorative materials, orthodontic
movement, and acid etching.

The dental pulp tries to block those
aggressors by means of three defense
mechanisms: dentin sclerosis, deposition of
tertiary reactionary and/or reparative dentin,
and pulpal inflammation.

The response of the dentinpulp complex to
the aggressors depends basically on the
pulpal condition and the maintenance of the
pulp vitality.

The maintenance of the dentin-pulp complex
vitality is essential, because it is responsible
for the response to the external stimuli.

Under external aggressions, first, the tissue
responds with local tubular sclerosis by
deposition of intratubular dentin on the
underlying region to the carious lesions,
which reduces the diameter of the dentin
tubules.

Clinically, the tubular sclerosis results in the
darkening of dentin color.

The tubular sclerosis is produced by light to
moderate irritating agents, such as slow
progression carious lesions, moderate trauma
after tooth preparation, abrasion, erosion,
attrition, and aging.

The tubular sclerosis will not happen if the

odontoblasts have previously been destroyed.

When the aggression is too intense, the
odontoblasts die and the corresponding
tubules are referred as dead tracts.
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The second line of defense of the dentin-pulp
complex is a deposition of tertiary reactional
dentin, with the intention to increase the
distance between the aggressor agent and the
pulpal tissue [98].

The structure of the deposited dentin matrix
depends on the activity of the carious lesion.

The more active the lesion is, the more
irregular the formed tertiary dentin will be.
This tertiary dentin generally presents more
sinuous and less numerous tubules than the
primary dentin, and sometimes they are
completely absent

It is characterized by being more mineralized
and less sensitive than the primary dentin due
to the lack of continuity of the tubules.

If the odontoblasts are destroyed due to
external aggressors, they are replaced by the
mesenchymal undifferentiated cells that
differentiate themselves in odontoblast-like
cells and secrete dentin matrix.

They may not take the column-like and
polygonal shape of the odontoblasts but a
cubic or flat appearance.

The resulting dentin has an interrupted
continuity of the dentin tubules, acting as
barrier against the penetration of external
irritants [176].

The pulp inflammation must be understood
as a defensive response that has by objective
to limit the aggressive agent.

The inflammation leads to vascular
alterations, as the vascular dilatation and the

increase of vascular permeability.

The anatomic location of the pulp, among
hard and nonelastic walls, associated to the
lack of the collateral circulation is a factor
that makes the pulp expansion difficult,
which is observed after the increase of the
blood flow (vascular dilatation) and vascular
permeability, resulting in the increase of the
pulpal pressure.
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On the vascular congestion, part of the
interstitial liquid is pushed outward with the
intention to accommodate the increase of
blood flow.

At the first moment, there is an increase of
the arterial flow (arterial or active
hyperemia), and at the next stage, there is a
reduction of the venous flow (venous or
passive hyperemia), producing the plasma
exudation and the cell migration,
characterizing the acute inflammation.

the inflammation is a more complex
phenomenon, controlled by the presence of
chemical mediators that act on the defined

stages and with specific functions.

The pain is a consequence of the pressure
increasing on the tissue due to the hyperemia,
the edema, and the release of the
inflammatory mediators (pain mediators).

>>The pulp initially responds to the different
stimuli with the dentin formation. If the
intensity and the frequency of the stimuli are
below the defense capacity of the pulp, there
will be an inflammation with different
intensities but with a reversibility potential of
the inflammatory process.

If the intensity and the frequency of the
aggression are above the defense capacity of
the pulp, there will be an irreversible
inflammation. This irreversible inflammation
can lead to the pulp necrosis.

The defense mechanisms of the dentin-pulp
complex, even when they are effective on the
maintenance of the pulp vitality, will have as
anatural consequence the pulp aging process.

At this case, there is a reduction of cellularity
and on the number of the vessels and nerves
on the pulpal tissue. Consequently, there will
be a reduction of the reparative capacity after
the conservative treatments, such as the pulp
capping and pulpotomy.
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Protective Materials
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The materials available to protect the dentin-
pulp complex have a large range of
composition, depending on its physical,
chemical, mechanical, and biological
behavior.

In order for a protective material to be
considered ideal, it must be capable to [111]:

e Protect the dentin-pulp complex from
thermal and electrogalvanic shocks

e Be bactericidal or inhibit the bacterial
activity

e Bond to the tooth structure and release
fluoride

e Remineralize the demineralized dentin
remaining after tooth preparation of teeth
with carious lesions of fast progression

e Hypermineralize the underlying dentin

e Stimulate the formation of tertiary
reactional or reparative dentin on the
deep lesions or pulpal exposures

e Be biocompatible maintaining the pulp
vitality

e Prevent the discoloration of the tooth,
inhibiting the penetration of metallic ions
from the amalgam restorations into the
surrounding dentin

e Avoid the penetration of toxic or
irritating substances from the restorative
materials into the dentin tubules and pulp

e Improve the marginal sealing of the
restorations, avoiding the microleakage
of the saliva and microorganisms into the
tooth/restoration interface

A protective material should also present a
modulus of elasticity similar to the dentin,
adequate mechanical strength, low solubility
and copolymerize with the resinous

restorative material.
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The dentist must evaluate the characteristics
and the properties of each material as well as
carefully evaluate the clinical case to be
treated.

The materials to protect the dentin-pulp
complex may be classified in the following
categories:

1. Sealers:

They are materials that produce a thin
protective pellicle that covers the tooth
structure recently cut during the tooth
preparation.

They are applied over all walls with the aim
to seal the dentin tubules.

Examples are the varnishes, dentin

desensitizer, and adhesive systems.
2. Liner:

They are materials applied in layers with a
thickness between 0.2 and 1 mm, over the
pulpal or axial walls.

They are used to act as a physical barrier to
the microorganisms and its by-products, to
seal the dentin tubules bonding to the tooth
structure, besides acting as a thermal and
electrical isolator.

They may also present a therapeutic action
through the antibacterial effect, fluoride
release, pain relief, recovery of the pulpal
tissue health, or stimulation the of the
calcified tissue formation.

Some examples are the calcium hydroxide
and glass ionomer cements.

They are generally applied only on the deeper
areas of the preparations.

3. Bases:

They are materials used to protect and/or
replace the dentin, allowing that a smaller
volume of the restorative material is applied.
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It can also be used to fill retentive areas in
preparations for the indirect restorations or to
give an adequate geometry for amalgam
preparations.

They are used in a thickness larger than 1
mm, according to the need to reconstruct
undermined walls.

Some examples are the zinc phosphate, zinc
oxide-eugenol, zinc polycarboxylate, and
glass ionomer cements, besides the flowable
composites.

The use of bases must be performed with a
caution for amalgam restorations, since the
larger the base thickness, the smaller the
fracture resistance of the amalgam
restoration will be [55, 80].

The adequate choice of the protective
material must be based on the evaluation of
the pulpal tissue condition and on the factors
that lead the indication of the protective
materials.

Cavity Varnish
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It is composed of a natural (copal or
colophony) or synthetic (nitrocellulose) resin
dissolved on an organic solvent, which can
be the acetone, chloroform, ether, etc.

It presents a moderate thermal and electrical
isolating property.

The cavity varnish can be considered a sealer
and used to protect the dentin-pulp complex
under the amalgam restorations.

The use of cavity varnish reduces the passage
of the electrical current and minimizes the
diffusion of metallic ions from the amalgam
restorations into the tooth structure, avoiding
the darkening of the tooth when low-copper
amalgam alloys are used.
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They allow an initial reduction of the
microleakage in association with amalgam
restorations, and would be indicated as a
protective agent in shallow cavities or in
association with other protector materials in
deeper cavities[26].

Due to the fact that the film thickness is very
thin, it does not act as a thermal isolator [75].

The use of the cavity varnish has been
drastically reduced, since the high-copper
amalgam alloys used today do not present a
significant y2 phase (Sn7-8Hg) and,
consequentially, suffer less corrosion
(deposition of metallic ions of tin oxide
and/or tin oxychloride) on the tooth-

restoration interface [2].

Although they were largely used in the past,
several studies showed that the varnish is not
capable to promote a good sealing of dentin,
even if applied on several layers.

In addition, it suffers dissolution with the
time, leaving an empty space on the interface
that must be occupied by the corrosion
products of the amalgam.

It is also less effective than the use of the
dental adhesives to reduce the marginal
microleakage [1].

Desensitizing Agents
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Some studies indicate the use of a
desensitizing agent after the application of a
liner or base, before amalgam restorations,
despite the preparation depth, replacing the

cavity varnish.

The goal of the desensitizer is to reduce the
dentin permeability and consequently the
movement of fluids through the dentin
tubules.

Among the available materials, there are the
aqueous solutions of 35% hydroxyethyl
methacrylate (HEMA) associated or not with
5% glutaraldehyde.
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The glutaraldehyde-based solutions promote
the precipitation of the dentinal fluid
proteins, through its denaturation, forming
plugs inside the tubules [143].

Some studies analyzed the use of GLUMA
Desensitizer (Heraeus Kulzer) after the full
crown preparation [57].

They concluded that tooth sensitivity was
significantly reduced in comparison to
preparation where the desensitizer was not
applied.

In relation to the biocompatibility of
desensitizer agent components, some studies
observed that glutaraldehyde and the HEMA
present cytotoxic, mutagenic, and cytopathic

effects [41, 70].

Another study suggested that the use of
desensitizer  containing  glutaraldehyde
and/or HEMA must be performed with care,
because they present a high diffusion
capability through the dentin, mainly on the
cases of young patients, as well as on very
deep tooth preparations, where the dentin is
very permeable [40].

Adhesive Systems
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The mechanism of action of an adhesive
system, as a protective agent to the dentin-
pulp complex, is based on obtaining a sealing
zone on the tooth surface, by deposition of a
homogeneous layer of resinous material
which occludes the dentin tubules [40].

When applied on shallow and medium depth
cavities, they are biocompatibility and
favorable for the maintenance of the pulp
vitality. However, on deep and very deep
preparations, its components can diffuse
through the dentin tubules and reach the
pulpal tissue.

Nonpolymerized residual monomers and
resin globules that are present inside the
tubules may reach the pulpal chamber by the
dentin fluid.
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Some studies showed that the direct contact
of the resinous components with cell or
pulpal tissue present toxicity. Therefore, the
adhesive systems must be used with care.

For the indirect protection, on the cases of
deep or very deep preparation, more
biocompatible liners or bases must be applied
before the adhesive system application.

The use of the adhesive systems as materials
for direct protection of the dentin-pulp
complex was described some years ago [84].

Even though some studies have showed
promising results on animals, the persistent
inflammatory response of the pulpal tissue
was verified on the cases of direct pulp
capping of human teeth, resulting in the
phenomenon of anachoresis, where the
microorganisms invade the inflamed pulpal
tissue with low defense capability.

Therefore, the cytotoxic and
immunosuppressive effects of the adhesive
system components and the possibility of
increasing of adhesive failures, in case of
pulpal tissue exposure, contraindicate the
use of those materials for the direct
protection of the dentin-pulp complex [173].

Zinc Oxide-Eugenol Cement
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The zinc oxide-eugenol cements (ZOE) are
generally available as a zinc oxide powder
and a eugenol-containing liquid.

The setting is based on an acid-base reaction
that consists in the hydrolysis of the zinc
oxide and a later reaction between the zinc
hydroxide and eugenol to form a chelate.

There are four different types of ZOE
cements:

Type I, used for temporary cementation;

Type 1II, indicated for
cementation of fixed prosthesis;

long-lasting

Type 111, indicated as a temporary restorative
material or base for the thermal isolation;
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Type 1V, for long-lasting
restorations up to a year [2].

temporary

They were largely used in the past and, still
today, are very useful on dental procedures
on the public health system as temporary
restoration.

Although they present a deficient marginal
sealing, they are effective on the sealing
against the biological leakage due to its
antibacterial properties [74, 119].

They must not be used in direct contact with
the pulpal tissue, because of its irritating and
cytotoxic effect [44].

The liner and bases prepared with this
material allow a good thermal isolation
[131]. However, they have non-satisfactory
mechanical properties and can increase the
microleakage under amalgam restorations
[55, 99].

In addition, the presence of the free residual
eugenol on the cement can interfere in the
adequate polymerization of composites, and
they should never be associated [2, 31, 179].

Based on the fact that materials with better
properties are available, such as the GICs, the
ZOE cements must be used only as a
temporary filling material or for temporary
cementation [111].

Glass Ionomer Cement

The glass ionomer cement is composed of a
powder and a liquid that when mixed
together start a setting reaction to form a
solid material [117].

On the conventional GIC, the setting reaction
is of the acid-base type, where the
polyacrylic acid attacks the surface of the
glass particles (fluoride-containing calcium
aluminosilicate), and  the
aluminum, sodium, and fluoride ions are

calcium,

released into the aqueous mean.
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The polyacrylic acid chains cross-links with
the calcium ions, forming a solid mass
(calcium cross-links).

In the next phase, the calcium is replaced by
the aluminum ions in 24 h.

The sodium and fluoride ions do not
participate on the cross-links of the cement,
but they combine to be released as sodium
fluoride.

The cross-linked phase becomes hydrated
throughout time, with the same water used
for the mixture, adding strength to the cement
(maturation process).

The portion of the glass particles that did not
react is covered by a silica gel (silica gel
sheath), formed by the leaching of cations
from the outer portion of the particles.

This process may last for up to 7 days [2117].

Right after the mixture of the material, the pH
is acid, but it tends to neutralize in 24 h [34].

On the resin modified glass ionomer cement
(RMGIC), additionally to the acid-base
reaction, a mechanism of chemical and/or
light-activated polymerization was
incorporated to the material, so that some of
the disadvantages of chemical curing
materials were minimized.

Therefore, hydrophilic monomers and the
methacrylate modified polyacrylic acid are
used and allow fast curing of the material
when light-activated.

On some systems, during the monomer
polymerization process, a chemical reaction
also occurs, promoted by an
activator/initiator system, that has an
advantage to assure the complete curing of a
resinous component even in the absence of

light.
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The GICs present several positive properties
for a protective material, such as the
chemical bonding to the tooth structure,
fluoride release, and the antimicrobial effect.

The conventional GIC presents coefficient of
linear thermal expansion similar to the tooth

structure, while on the RMGIC, this
coefficient varies according to the
percentage of the resinous component

incorporated to the material [116].

In relation to the cytotoxicity, the
conventional one has been proven to be less
toxic than the one modified by resin [3, 153].

The incorporation of HEMA on the
composition increases the cytotoxicity of the
material, probably due to the residual
uncured diffuses through the dentin tubules,
which is related its low molecular weight [3].

Some studies verified that the RMGIC is
toxic to the culture of human pulp cells, and
it is not recommended on the cases of direct
pulp protection [90]. However, other studies
verified that the RMGIC did not cause an
inflammatory reaction on the pulpal tissue
when applied as a liner on deep Class V
preparation, and they can be used as a
material for the indirect protection of the
dentin-pulp complex [74, 152, 154].

Although less toxic, the conventional GIC
should not be used as a material for direct
protection as well, because it presents certain
toxicity when in direct contact with the
pulpal tissue, even though it is very
biocompatible when used for indirect
protection, even in deep preparations.

Before using the conventional GIC, a 10—
25% polyacrylic acid conditioner should be
applied on the tooth surface, for 15-30 s,
followed by washing for 20-30 s and drying
with a gentle air stream.
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When the conventional cement is applied as
a liner or base, the restorative material is
applied over, protecting it from the syneresis
and water absorption phenomenon.

when the conventional GIC is applied
completely filling the preparation, getting
contact with the saliva, there is a need for
surface protection of the material with a layer
of some impermeable substance, such as the
cavity varnish, clear nail varnish, or dental
adhesives.

When the RMGIC is used, there is no need
for a surface protection, because the resinous
matrix reduces drastically the syneresis and
water absorption by the material, resulting in
the so-called umbrella effect.

When the conventional GIC is used as a line
or base before the adhesive restorative
procedures, the acid etching of the cement
must not exceed 20 s, in order to prevent
damages to the material.

The acid etching of the GIC surface increases
its bonding to the composite applied later on,
by the increase of the superficial roughness
of the cement layer [76].

Tip
e For improving the bonding of GIC to the

tooth structure, a previous polyacrylic
acid etching can be performed.

e When a preparation is completely filled
with a conventional GIC, the surface
must be protected with a thin varnish or
adhesive layer until the ending of the
setting reaction.

This procedure is not necessary for
RMGIC.

e The GICs should not be directly applied
over the exposed pulp tissue.
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Calcium Hydroxide

?Mm‘ Giela

The use of calcium hydroxide was introduced
in Dentistry, in 1920, by Hermann [95].

Until today, the
containing products are
protection of the dentin-pulp complex due to
its capability to stimulate the formation of
tertiary dentin, protect the pulp against
thermoelectrical stimuli, antibacterial and

calcium hydroxide-
still used for

acid neutralizer action, antiexudative effect,
besides promoting formation mineralized
tissue.

The calcium hydroxide-containing products
are available, according to the clinical
application, as a powder, paste, suspensions,
solutions or cement.

The application of the calcium hydroxide
powder over the pulpal exposure must be
limited to the exposed pulpal tissue area only,
and never extends up to the dentin walls and
margins of the tooth preparation.

The calcium hydroxide paste may be
prepared by the dentist with distilled water
and calcium hydroxide powder or obtained
readymade by a manufacturer (Calcicur—
Voco, UltraCal—Ultradent).

As all calcium hydroxide powder or paste
does not set, it is necessary to cover it with a
layer of calcium hydroxide cement and, over
it, a layer of GIC [111].

The calcium hydroxide is also available as
chemically activated or light-cured cement
and indicated as a cavity liner.

The calcium hydroxide cement promotes
protection against the thermoelectrical
stimuli.

The chemically activated cement is presented
in two pastes that must be mixed before the
use.
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properties,  especially
compressive strength 7 min after the mixture
and shear strength after 10 min, allow it to be
indicated as a liner in cases of indirect
protection on very deep cavities, under the

Its mechanical

amalgam restorations, because it would resist
to the condensation stress [35, 100].

The solubility of the calcium hydroxide
cements in conditions, under
restorations with the deficient marginal
sealing, produces its softening and complete
dissolution, resulting in empty spaces in the
tooth-restoration interface, that may increase

acidic

microleakage and reduce the fracture
resistance of the large restoration.

To overcome this problem, light-activated
materials were developed, being more acid
resistant and having a higher compressive
strength. These materials do not need to be
mixed prior to use.

The resinous monomers present on its
composition allow some bonding to the
resinous restorative materials.

According to several studies, the calcium
hydroxide is considered the most indicated
material for direct application over the
exposed pulp, due to the consistent clinical
and scientific evidence [13, 74, 110].

In a revision of 14 clinical studies, including
more than 2300 cases of direct pulp capping
with calcium hydroxide, a success rate above
90% was observed [12].

The exact mechanism explaining how the
calcium hydroxide promotes the deposition
of hard tissue over the pulp exposure is not
completely understood; however, the
sequence of repair after the treatment of a
healthy exposed pulp with the calcium
hydroxide may be summarized as follows:

e Cauterization of the pulpal tissue due to
the alkaline properties of the calcium
hydroxide (pH >12).
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demonstrate that the
calcium hydroxide is capable to
solubilize and release bioactive dentin
molecules that stimulate the formation of
the calcified tissue, such as the bone

Some studies

morphogenetic  proteins and  the
transforming growth factor, which are
important mediators of pulp repair [74].

e On the first few days, it was
histologically verified the formation of a
superficial layer of necrotic tissue,
infiltrated of inflammatory cells and
bleeding.

The alkaline pH neutralizes the lactic
acid secreted by the osteoclasts and may
help to prevent the destruction of the
mineral tissue, acting as a buffer against
the effects of the inflammatory process.

In addition, the calcium ions may reduce
the capillary permeability, allowing a
greater availability of the calcium ions on
the mineralization regions [73].

e Throughout the days, the inflammatory
response is gradually reduced, and a
matrix rich in collagen is formed in
contact with the necrotic zone or directly
adjacent to the liner material, by the
differentiation of stem cells in
odontoblast-like cells and production of
amorphous and non-tubular
matrix.

dentin

e The mineralization occurs after the
secretion of the amorphous tissue that is
irregular and contains numerous cellular
inclusions.

After that, a dentin-like tissue with tubules is
formed, covered by odontoblast cells, called
“dentin bridge.”

It can be observed about 30—45 days after the
direct capping.
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The calcium hydroxide also presents the
antimicrobial effect, because few oral
microorganisms survive on an alkaline
environment produced by this material,
hindering the residual microorganisms that
remain contaminating the site of exposure to
interfere on the repair [13].

The low cost and the predictable repair of the
pulpal exposure, when the treatment is
performed based on the correct diagnosis and
technique, make the calcium hydroxide the
best material for direct pulp protection
procedures [74].

Mineral Trioxide Aggregate (MTA)

The MTA was described initially by Lee et
al., in 1993 [92]. Since then, it has been
researched and indicated in several clinical
situations, such as the direct pulp capping,
pulpotomy, retrograde obturation, sealing of
root perforations, apical barriers for
apexification or apexogenesis, and most
recently a sealer for root canal obturation.

The MTA is a mixture of the refined Portland
cement, bismuth oxide (that gives
radiopacity), Si02, CaO, MgO, K2S04, and
Na2S04.

It must be mixed with sterile water, on the
ratio of 3:1 (three parts of powder to one of
water) [120].

The Portland cement is a mixture of a
dicalcium silicate, tricalcium aluminate,
gypsum or calcium sulfate (added to control
the setting time of the cement), and the
tetracalcium aluminoferrite [28, 142].

Portland cement is the worldwide name for
the material commonly known as a cement,
used in civil construction.

It is defined as hydraulic binder, that is, a
product that hardens only through the
reaction with water but also forms a
waterproof product.
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the MTA and the Portland cement used on the
construction work are not identical materials,
because the first one has smaller and
standardized particles and few toxic heavy
metals (such as copper,
strontium, and arsenic), following a strict
manufacturing process for production of
materials, which allows the
standardization and purity of the
composition, as well as the prevention of the
contamination [82, 121, 140].

manganese,

medical

After the hydration of the MTA, the material
forms a colloidal gel that gets solid after 2—3
h [46].

The initial pH of the cement that has just been
prepared is 10.2 rising to 12.5 3 hours after
the mixture.

When the MTA powder is mixed with water,
there is a formation of calcium hydroxide,
which is responsible for the high alkalinity
after the hydration, allowing the material to
be considered bioactive and present a
capacity to allow an adequate environment
for the repair of the pulpal and periradicular
tissue.

The calcium hydroxide formed releases
calcium 1ions for adhesion and cell
proliferation; creates an alkaline mean with
antibacterial and antifungal properties;
modulates the production of cytokines;
promotes the differentiation and migration of
the hard tissue-forming cells; and forms
carbonated apatite when exposed to the
physiological solutions, promoting the
biological repair [20, 59, 64, 140, 165].

different from the powder of calcium
hydroxide, the MTA promotes a sealing of
the tooth structure, when used to seal the root
or furcation perforations or for retrograde
obturation.

It is available in white or gray colors [74].
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Due to the fact that the gray MTA may cause
tooth staining by the presence of iron and
manganese ions on its composition, the white
MTA was developed to be used on regions
that might have an esthetic involvement,
even though some studies also have verified
discoloration of roots obturated with white
MTA [74, 120]. The lower concentration of
the iron (FeO), aluminum, and magnesium
ions on the white MTA is responsible for its
color [20, 46, 59].

The particles of the white MTA are smaller
than the ones of the gray MTA, and its setting
time is faster [121].

The setting time of the MTA is of 2 h and 45
min, which requires, after the protection of
the pulp tissue, the application of a fast
setting cavity liner or base over it, such as a
GIC or a RMGIC, making possible to restore
the tooth at the same treatment session [163].

Another option is to perform the procedure to
protect the pulp on two separate clinical
sessions.

In the first one, the direct protection with the
MTA is performed, and a small sterile cotton
pellet embedded on distilled water or
physiological solution is applied over the
MTA, to allow the setting of the cement,
followed by a temporary restoration.

On the second session, the temporary
restoration is removed, and then a final
restoration is made.

One disadvantage of the MTA is that its cost
is higher than the pure calcium hydroxide.

The cost to buy 1 g of white MTA
corresponds approximately to the amount of
money enough to buy 276 g of calcium
hydroxide cement or 816 g of the calcium
hydroxide p.a.

Clinically, the MTA has been used in the
cases of direct pulp protection.
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Many studies analyzed the effect of MTA on
pulp capping on intact teeth, using various
animal models (dogs, pigs, and cats) and
demonstrate the capacity of the MTA (gray
or white) to promote the biological repair of
the exposed area with the formation of a thick
barrier of the mineralized tissue, keeping the
pulpal tissue without inflammation and
maintaining the vitality.

Clinical studies have shown that the MTA
has a similar capacity of calcium hydroxide
to promote the pulp repair in the case of
exposure.

Up to this moment, there were not enough
number of scientific evidences to claim that
the MTA is better than the traditional calcium
hydroxide, which effectiveness and high
percentage of success are largely reported in
the literature [74].

It seems that the greater advantage of the
MTA lies on the fact that it can set and a seal
by itself the exposed area. However, due to
the long setting time, it must be kept in mind
the use of a GIC over the MTA so that the
immediate restoration can be performed, as it
happens with the calcium hydroxide p.a.,
which limits its advantages on the cases of
pulp exposure on a cavity that will be
immediately restored [74].

On the other hand, the use of the MTA in
other circumstances, such as perforations on
the root and the retrograde obturation, turns
it into a material with incomparable value,
once the chemical setting will make it remain
in a position and seal the cavity after closing
and suture the flap.

>>There is not enough of scientific evidences
that MTA is better than the traditional
calcium hydroxide for direct pulp capping.
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Materials
Molecules

Containing Bioactive

Lsas Alad iy o o 4 glad) ) gall

Several dental materials have been studied
and developed based on the strategy of repair
and regeneration of dentin, through the
stimulation of the pulpal cells by bioactive
subtances that would be incorporated to the
restorative materials.

The scientific knowledge in relation to the
development of the new materials has been
obtained through researches on molecular
biology, related to the odontogenesis and
tissue repair mechanisms.

Several proteins are produced by the pulp and
are incorporated in the dentin matrix during
the odontogenesis, such as the bone
morphogenetic proteins (BMP) and the
transforming growth factor beta (TGF-B),
known to be capable to stimulate the hard
tissue-forming cells.

The proteins capable to modulate the cell
functions have been called cytokines, growth
factors, or cell modulators.

In the cases of caries lesions, the bacterial
acids promote the demineralization of the
dentin and the release of the modulator
proteins, which bind to specific membrane
receptors of the odontoblasts and/or their
cytoplasmic process.

That can stimulate the secretion of several
types of specific dentin proteins, resulting in
mineral deposition inside the dentin tubules
near the carious lesion (dentin sclerosis), as
well the deposition of the reactionary dentin
in the pulpal chamber.

When the aggression is of high intensity,
such as in the cases of dentin overheat,
overdrying, or application of acid etching on
very deep cavities, the death of odontoblasts
may occur with the aspiration of those cells
into the dentin tubules.
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This way, the undifferentiated mesenchymal
cells or pre-odontoblasts, according to the
conditions and the characteristics of the pulp
before the aggression, are stimulated to
differentiate into odontoblast-like cells and
secrete the amorphous and non-tubular
dentin matrix, characteristic of the tertiary
reparative dentin.

Several molecular and biochemical events
are involved in the process of the biological
repair of the pulpal tissue. However, the cell
membrane receptors may be activated by
metabolically active proteins.

Some studies have shown positive results
with the use of those molecules on the direct
pulp capping. However, difficulties on the
developing of the materials containing those
bioactive molecules have also been verified,
especially on the development of a scaffold
to lead the molecules to the site of pulp
exposure. However, they may represent the
future of the protection agents for the dentin-
pulp complex.

Dental materials that contain bioactive
glasses have been added to composites and
RMGIC to improve its biological effects,
presenting the capability to release calcium
and phosphate and to form the
hydroxyapatite over the dentin.

The PB-tricalcium phosphate, a bioceramic
material that presents the biological property
to work as a scaffold for the bone
development, being progressively
reabsorbed as the growth of the mineralized
tissue takes place, was used in a study as
material for direct pulp protection.

The authors verified that it promoted the
repair of the pulpal exposure, with the
formation of the hard tissue and the
preservation of the pulp tissue vitality.
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