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ABSTRACT
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Keywords: Ceramics; Dental materials; Dentistry.

Jefferson David Melo de Matos," Leonardo Jiro Nomura Nakano,' Marco Antonio Bottino,' Ricardo Huver de Jesus,? Lucas Campagnaro Maciel?

'Department of Dental Materials and Prosthodontics, Institute of Science and Technology, Sdo Paulo State University (Unesp), Sdo José dos Campos, SP, Brazil
2Department of Dentistry, School of Dentistry of Multivix, Multivix College, Vitéria, ES, Brazil

Obijective: to evaluate the main characteristics of dental ceramics, resin cements, surface treatments and verification of their failure modes, in relation to the literature and
their respective clinical uses. Material and Methods: a bibliographic search was conducted in the main health databases PUBMED (www.pubmed.gov) and Scholar
Google (www.scholar.google.com.br), in which studies published from 2002 to 2020 were collected. Laboratory studies, case reports, systematic and literature reviews,
which were developed in living individuals, were included. Therefore, articles that did not deal with the main characteristics of dental ceramics, resin cements, surface
treatments and verification of their failure modes, in relation to the literature and their respective clinical uses were excluded. Results: ceramics can be classified into
glass-matrix ceramics, polycrystalline ceramics and hybrid ceramics. Just as there are different compositions of ceramics and bonding agents, there are also some surface
treatment protocols that vary according to the choice of these materials. Conclusion: several ceramic systems are available, making professionals in the prosthetic
area need a constant update about their properties and indications, since good results are not due exclusively to the type of material used, but also to the selection of the
best material, type of preparation, professional’s skill, resin cements, surface treatments and verification of their failure modes. In this context, further studies are needed

Introduction

eramics are inorganic materials with non-metallic

properties formulated for numerous purposes.' In

dentistry, they are materials of choice for aesthetic
and functional restorative treatments, as they have high
compression and wear resistance, chemical stability,
biocompatibility, favorable aesthetics, translucency,
fluorescence and coeflicient of thermal expansion similar to
the natural tooth."?

Conventional ceramics constitute a complex structure
with crystalline nuclei not incorporated into the glass matrix,
which reinforce the structure by forming a framework.
These ceramics are characterized as vitreous because they
have a greater amount of feldspar in their composition. Its
composition presents a silica network (SiO,), potassium oxide
feldspar (K,0, Al O,, SiO,) and/or soda-feldspar (Na,O, Al O,,
Si0,). However, despite their excellent optical properties,
due to their glassy and crystalline nature, their mechanical
properties contraindicate their use in regions that receive
high masticatory loads."?

In this context, there was a search to improve the
mechanical resistance of ceramics with a composition that
would guarantee a greater amount of the crystalline phase
in relation to the glass phase. Leucite was one of the first
materials used to compose the crystalline matrix of ceramics,
in order to prevent the propagation of cracks when they were
subjected to tensile stresses, however, its indication was

limited to inlays, onlays, facets and unitary crowns’. In order
to expand the indication of these ceramics for posterior single
crowns and even fixed partial dentures, lithium disilicate and
zirconia reinforced lithium silicate were incorporated into the
composition of these materials.*

In addition to the ceramic systems already mentioned,
several other systems are available for the most diverse
indications. Current systems feature ceramics with
excellent mechanical properties associated with improved
optical reflection.! Most of these ceramics are presented in
prefabricated blocks, which gives some advantages, like high
resistance to fracture, by guaranteeing a more compact and
homogeneous material.*¢

Based on the large number of ceramic systems available,
Gracis et al. (2015)° recently proposed a new classification
for dental ceramics. This classification was based on its
composition regarding the presence or absence of the glass
phase and organic matrix, presenting itself as follows: the
glass-matrix ceramics must present in their composition
nonmetallic inorganic ceramic materials containing a glass
phase; the group of polycrystalline ceramics must also have
inorganic and nonmetallic materials, however, without the
presence of the glass phase. Finally, the groups of the resin-
matrix ceramics must present a polymer matrix containing
predominantly inorganic refractory compounds.

Therefore, the aim of this study is to evaluate the main
characteristics of dental ceramics, resin cements, surface
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treatments and verification of their failure modes, in relation
to the literature and their respective clinical uses.

Material and Methods

A bibliographic search was conducted in the main health
databases PUBMED (www.pubmed.gov) and Scholar
Google (www.scholar.google.com.br), in which studies
published from 2002 to 2020 were collected. Laboratory
studies, case reports, systematic and literature reviews, which
were developed in living individuals, were included. Therefore,
articles that did not deal with the main characteristics of
dental ceramics, resin cements, surface treatments and
verification of their failure modes, in relation to the literature
and their respective clinical uses were excluded.

Through bibliographic search 40 articles were
selected, which 18 articles were extracted from PUBMED
(www.pubmed.gov) and 22 Scholar Google (www.scholar.
google.com.br), as previously reported (Figure 1). The
following specific medical subject titles and keywords were
used: Ceramics (DeCS/MeSH Terms), Dental materials
(DeCS/MeSH Terms), Dentistry (DeCS/MeSH Terms).

Results

Ceramics can be classified into glass-matrix ceramics,
polycrystalline ceramics and hybrid ceramics.® Just as there
are different compositions of ceramics and bonding agents,
there are also some surface treatment protocols that vary
according to the choice of these materials. Glass-matrix
ceramics have high silica content and have an excellent
aesthetic performance (feldspathic ceramics, leucite and
lithium disilicate), therefore, the surface treatment of choice
for this type of ceramic is conditioning with 5 to 10%
hydrofluoric acid for internal surfaces of ceramic restorations,
followed by silane application and a bonding agent such as
cement.”®

Dental Ceramics

The first time that ceramics were used as dental material
was in 1774 by chemist Alexis Duchateau and by dentist
Nicholas Dubois, where they made teeth for a complete
denture. Time later, new ways of using ceramics were
patented and the manufacture of all-ceramic crowns on a
platinum plate was made from the invention of the electric
oven and low-melting porcelain. The introduction of ceramics
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in restorative dentistry occurred in 1903 after the use of
porcelain jacket crowns.”!

Ceramic systems can be classified into two groups,
which are acid-sensitive or conditioned and acid-resistant
or non-conditioned. The first are the systems capable of
being conditioned by acids. Silica is the only conditionable
substance present in ceramics, part of this group has its
composition based on silica, such as feldspathic porcelains
and vitreous ceramics.'"'? Feldspar ceramic is defined as glass,
composed of potassium feldspar and a small complement of
quartz, when at high temperatures feldspar decomposes in
a glassy phase and in a crystalline phase formed by leucite."

The glass-matrix ceramics are translucent and therefore
have a reflection of light close to that of the dental element,
thus presenting an excellent optical quality favoring
aesthetic restorations. They are susceptible to hydrofluoric
acid conditioning and are classified as acid-sensitive, where
associated with the application of the silane agent inside the
restoration, it provides a high index of adhesion to the dental
structure, also obtaining flexural strength.'"

Panah, Rezai, Ahmadian® also carried out a study showing
that glass-matrix ceramics can be adhesive cemented,
since they have silica in their composition, in this way,
the chemical union with the resin cement is related to the
previous application of silane, because some studies show
that it positively influences the strength and union durability.

Feldspathic ceramics were the first to be manufactured in
high fusion, with excellent aesthetic quality, the pure crowns
of this material have been used for a long time, however, their
low resistance limited their indication, therefore, they were
used for single crowns in the anterior region due to little
occlusal stress.'®'? In order to improve its resistance, these
ceramics were reinforced with leucite, thus, its indication
is also for jacket crowns of different types such as: opaque
layer, dentin body, gingival dentin, enamel overlay and incisal
enamel , metalloceramic and all ceramic restorations such as
crowns, inlays, onlays and ceramics laminate veneers.®

Polycrystalline ceramics have different characteristics
in relation to the glass-matrix ceramics, mainly for their
superior mechanical properties and inferior aesthetic, caused
by their high opacity.”” An example of this is the zirconias that
have high hardness and tenacity, mainly used as framework,
aesthetic coping and monolithic crowns for posterior teeth.
This type of ceramic has a property called martensitic
transformation, in which it is able to prevent the propagation
of cracks by transforming the microstructure in a tetragonal
to monoclinic phase. To improve this aesthetic need, there was
the introduction of new zirconia, called translucent zirconia,
which due to the change in its microstructure, through the
increase in the amount of zirconia in the cubic phase, there
was an improvement in translucency and aesthetics, but a
reduction in resistance.'®"’

Resin Cements

The cementation step in indirect restorations has a great
clinical basis because the bonding agents are responsible
for the union of dental remnant to the indirect restorative
material.?’

The ideal in a bonding agent is to be indissoluble in saliva
and other oral agents, in addition to obtaining mechanical
strength. When this material is integrated between the
restoration and the prepared tooth, it provides retention
and resistance in both parts, providing marginal blocking,
benefiting the durability of prosthetic rehabilitation.*

All bonding procedure between the ceramic and the dental
element is of great importance for the longevity of metal-
free restorations, thus, knowing the best method of surface
treatment, cementation technique and the material properties,
leads to a greater prosthesis longevity.*

Several resin cements are currently available in the dental
market, being them light-cured, chemical-cured, self-
adhesive and dual-cured, where there is the presence of a
tertiary amine.'”" Its main advantages are: low solubility,
micromechanical and adhesive bonding, practically insoluble,
high resistance, since when the piece is cemented, no matter
how thin, the material acquires resistance, as it receives a
reinforcement structure and high resistance compression.
Regarding the disadvantages, it has sensitivity to humidity,
polymerization process impeded in the presence of eugenol
and relatively complex application technique.*

Surface Treatment

The result obtained through acid etching depends on the
constitution and surface roughness of the dental element,
the concentration of the applied acid and the etching time.**
Hydrofluoric acid is widely used to improve the mechanical
bond between cement and silica-based ceramics.” Therefore,
to obtain adhesion between resin cement and ceramic, surface
treatment is necessary.*

Acid conditioning increases the surface area and
wettability, in addition to stabilizing the surface defects of
the ceramic, enabling its reaction with the glass-matrix.
Furthermore, it creates microporosities and micromechanical
retentions, providing a more favorable irregular surface for
the union.””'"** According to the study by Xiaoping, Dongfeng
and Silika,*” conditioning with hydrofluoric acid causes
an increase in the roughness of the ceramic. In the study
developed by Sundfeld et al.,’® conditioning with 1%, 5% and
10% hydrofluoric acid was applied for 20 seconds where the
10% concentration showed the greatest removal of the glass
phase.

There are several types of surface treatment, which can be
applied to ceramics, among them the most common ones are
sandblasting with aluminum oxide, lasers and application
of hydrofluoric acid together with silane. For acid-sensitive
ceramics, the association between conditioning with
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hydrofluoric acid and application of a silane bonding agent
has promoted excellent bond strength and adhesive durability
(mechanical and chemical bonding), a mechanism that is
called silanization, which is essential for bonding ceramics,
due to the promotion of a chemical bond between ceramics
and resin. The chemical bond promoted by the silane agent
is the main mechanism of adhesion of ceramics with resin
cements. In contrast, acid-resistant ceramics have their bond
strength benefited through abrasion by sandblasting with
aluminum oxide particles. Through an adhesion mechanism,
where a topographic pattern is created from silica-coated
alumina particles, it allows micromechanical adhesion to
the adhesive system and a chemical adhesion between the
silica particles that covers the ceramic surface, silane and
adhesive system. It is interesting to clarify that the alumina
particles are capable of causing micro roughness for the
micromechanical overlap with the cement. Thus, there is
a deposition of silica particles on the ceramic surface."'*!

Adhesion to acid-sensitive ceramics is based on the
chemical compatibility between silica and silane (chemical
and micromechanical union). In this sense, sandblasting
with aluminum oxide and silica on the acid-resistant ceramic
surfaces appears as an alternative to improve the adhesion of
resin cements and these ceramics."!!

Currently, another method described in the literature
for making the internal surface restoration rough is laser
irradiation. Different types of lasers have been used in
dentistry, as shown by Oliveira and Rabello.”> Within these,
what stands out is the argon laser which is commonly used
for its relatively low cost and good performance in creating
roughness, it promotes the formation of active peroxide
radicals that initiate chemical changes on the surface, even in
inert materials, such as crystalline ceramics densely sintered,
so they are generally indicated for treating acid-resistant
ceramic surfaces.”

The acid reacts with the silica in the glass-matrix of this
type of material, forming particles called hexafluorosilicate,
removed from the surface of the restoration during washing
with running water. After the use of the acid, the formation of
micro retentive irregularities similar to “honeycombs” occurs,
as shown by the Butze et al.** studies.

Even though the surface treatment is a crucial step for

a ceramic restoration, in the study by Valian and Moravej-
Salehi,? it proves that it is not the only agent related to
the bond strength between ceramic and resin cement. An
important cause for the error of these prosthetic restorations
is rupture, which is often related to the insufficient size of the
ceramic, the shape of the support, the patient’s occlusion,
bonding agents and the internal failure of the restoration.*

Excessive conditioning with hydrofluoric acid can
deteriorate the glass-matrix and cause weakness. In this
case, it is important to know the conditioning time and the
appropriate acid concentration to promote micromechanical
retention without weakening the prosthetic restoration, as
both the concentration and its time can lead to a weakening
effect on the ceramic bonding.?**"*

Verification of Failure Mode

In the study by Gomes et al.,”* after the moment of rupture
between cement/ceramics using the microshear test, the
fracture interfaces were evaluated with 4x magnification
optical microscope and the generated images were evaluated
in image software to determine the type of failure: adhesive,
when the failure only occurs on the ceramic surface; cohesive,
when there is a failure in the restorative material (cement/
ceramic) and mixed when it presents both types of failures.

When Pereira et al.** and Gomes et al.”* performed this
type of analysis, only one group showed adhesive failure. The
other sample groups showed mixed and cohesive failure in
porcelain. Despite the similarity in the bond strength values
between the groups in the shear test, there was a difference
in the failure mode. The group treated with silane showed a
higher frequency of cohesive failures in porcelain.

Conclusion

It can be concluded from this study that several ceramic
systems are available, making professionals in the prosthetic
area need a constant update about their properties and
indications, since good results are not due exclusively to
the type of material used, but also to the selection of the
best material, type of preparation, professional’s skill, resin
cements, surface treatments and verification of their failure
modes. In this context, further studies are needed in relation
to dental ceramics and their proper clinical use.
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