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Abstract: This study aimed to describe different staining protocols for the main dental ceramics. A
bibliographic search was conducted in the main health databases PubMed and Scholar Google, in
which 100 studies published were collected. In vitro and in silico studies, case reports, and systematic
and literature reviews, on ceramic materials, were included. Therefore, articles that did not deal with
the topic addressed were excluded. Ceramics can be classified into glass-matrix ceramics (etchable),
polycrystalline (non-etchable), and hybrid ceramics. In this context, different fabrication methods,
method indications, and characterization layers can be used for each ceramic group and numerous
protocols differ according to the choice of material. Several ceramic systems are available, thus
professionals in the prosthetic area need constant updates on dental ceramic restorations and their
proper characterizations.
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1. Introduction

In recent decades, the dentistry community has studied restorative materials with
excellent optical properties and able to restore form and function, given the mechanical
requirements of the anterior and posterior areas [1,2].

Metal-free restorations have gained notoriety, especially for rehabilitation with supe-
rior aesthetic outcomes [3]. These materials have properties that justify their use, including
high resistance to compression and abrasion, high chemical stability, high tensile strength,
biocompatibility, favorable aesthetics, translucency, opalescence, opacity, fluorescence, and
coefficient thermal expansion similar to the natural tooth [4]. Thus, several ceramic sys-
tems are available, and they can be classified as glass-matrix, polycrystalline, or hybrid
(resin-matrix) ceramics [5].

To reduce the failures caused by different coefficients of linear thermal expansion
between framework and veneer ceramics, it was proposed to simplify the technique and
use monolithic ceramic restorations [6]. However, single-crown restorations can present an
aesthetic compromise, especially in cases that require greater detail [7,8].

To eliminate this aesthetic issue, it was proposed to add staining layers on the surface
of ceramic materials [9,10]. These characterizations make it possible to personalize the
restorations and guarantee a satisfactory aesthetic [11,12]. In turn, this characterization
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layer can suffer dissolution of the pigments, presenting lower color stability than the
intrinsic stain [13–15].

The glaze layer added over the characterization layer plays a very important role
in the long-term preservation of ceramic pigments, as it limits color changes and wear
of ceramic pigments. The wear of restorative materials occurs due to the adversities of
the oral environment, such as the presence of microorganisms, parafunctional habits, and
contact between antagonists during chewing activities. Studies indicate that this layer of
glaze applied over a sintered or crystallized ceramic could remain in function for up to
12 years [16–19].

Despite the routine use of stains in monolithic restorations, these are still performed
without a protocol that allows reproducibility of the procedure. In this sense, the present
study aimed to expose the main ceramics and their characterization protocol based on a
literature review. Added to this is the lack of information in the literature regarding the
best method of characterizing the surface layer of ceramic structures, since this procedure
is heterogeneous, carried out by the professionals.

2. Materials and Methods
Source Selection

A bibliographic search was conducted in the main health databases PubMed and
Google Scholar (accessed on 3 March 2022), in which studies published from 1980 to 2022
were collected. In the second stage, the studies were selected by reading the full contents.
Two authors (JDMM and GRSL) performed stages 1 and 2. In vitro and in silico studies,
case reports, and systematic and literature reviews, collected on ceramic materials with
information on the staining layer on the ceramic restorations, the thickness of restorations,
monolithic restorations, aesthetic characterization of the surface of ceramics, and analysis
of the properties of roughness and hardness in ceramic materials written in English, were
included. Therefore, articles that did not deal with the topic addressed were excluded.

3. Results

Through bibliographic research, 100 articles were selected, of these, 90 were extracted
from PubMed and 10 from Google Scholar. The following titles of specific medical subjects
and keywords were used: Ceramics (DeCS/MeSH Terms), Dental Materials (DeCS/MeSH
Terms), Dentistry (DeCS/MeSH Terms), Dental Research (DeCS/MeSH Terms).

4. Literature Review and Discussion

Ceramics can be classified into glass-matrix (etchable), polycrystalline (non-etchable),
and hybrid ceramics (etchable and non-etchable). In this context, different characterization
layers can be used for each ceramic group and the numerous protocols differ according to
the material [4,5,20–24]. The staining layer applied on the ceramic surface must be fired at
specific temperatures [25].

Etchable ceramics (feldspathic, leucites, silicates, and lithium disilicates) have a high
glass content, thus, a high silica content is present in this material, offering a better aesthetic
property [4,5,20,26–28]. In contrast, non-etchable ceramics (zirconia, alumina) have a low
silica content, but a high crystalline content, allowing the material to present a high mechan-
ical performance [4,5,20,26–29]. A characterization protocol commonly used by laboratories
for these two ceramic groups is the powder and liquid application technique (layering).
For lithium silicate or disilicates, an initial crystallization is necessary, as the material is
pre-crystallized, so after the firing procedure, the material undergoes nucleation followed
by the growth of crystals to obtain lithium metasilicate [21–25,30–32]. As for polycrystalline
ceramics, for example, zirconia needs a sintering firing, as the material before going to the
oven is pre-sintered, to heat the particles below their melting point, promoting densification
of the components [4,5,9,24,33,34]. This property of zirconia prevents the growth of cracks
with the transformation of the phase from tetragonal to monoclinic [4,5,24]. Immediately
after this initial firing, with the aid of a brush, a paste made up of powder (stain) specific
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to each manufacturer and modeling liquid should be prepared [24,25,31,32]. The liquid
can be distilled water mixed with rheological modifiers, or a manufacturer-specific fluid
mixer [24,25,31,32]. The prepared paste is then applied to the external surfaces of the ce-
ramic restorations, accompanied by one or more characterization firing cycles until reaching
the aesthetic color of interest [24,25,31,32].

In this context, to achieve a satisfactory aesthetic, several subsequent firing procedures
may be necessary [35]. These processes, in turn, promote the stress concentration on the
ceramic surfaces [36]. Therefore, a commonly discussed concern is the relationship by
which the characterization procedures can lead to a modification of the crystalline content
of the ceramic, changing the mechanical properties of the material [35]. However, there
is no consensus in the literature regarding the different firing protocols and their effect
on the mechanical behavior of the application of ceramic stains in indirect restorative
materials [37].

The characterization of hybrid ceramics occurs differently from other ceramics since
this process occurs through photoactivation [23–25,31,32,38]. Therefore, it cannot be oven
treated because it is a material that has a network of polymers in its composition, so at
high temperatures, it would suffer deformation of its structure [23–25,31,32,38]. It is worth
mentioning that the staining technique is the only possible characterization for this ceramic
group since it is obtained by a CAD–CAM block [38].

4.1. Ceramic Restorations

Metal-ceramic crowns have been used for many years as the first treatment option
for compromised teeth. The metal provides great resistance to fracture but presents an
unfavorable aesthetic. However, this application is made in layers, sculpting the anatomy
of the tooth associated with the use of different porcelain colors. The association of different
masses intrinsically allows greater control of the more opaque and more translucent regions
(Figure 1). The literature points out that some ceramic materials can successfully replace
metal alloys, giving rise to metal-free restorations [39–41].
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Figure 1. Layering technique. (A) Polycrystalline Framework; (B) Feldspathic ceramic build-up
(wash bake); (C) Feldspathic ceramic build-up (intensive chrome + dentin); (D) Feldspathic ceramic
build-up (enamel layer); (E) Feldspathic ceramic after firing; (F) Feldspathic ceramic after thermal
and mechanical glaze.

The technical and scientific advances in the mechanical and chemical properties of
ceramics have broadened their clinical indication, becoming the restorative material of
choice for professionals and patients with aesthetic needs [3,41]. Several ceramic systems
can be used in metal-free restorations, both etchable and non-etchable. In this sense,
other forms of processing stand out, including press and milling, but extrinsic painting is
necessary to obtain the final shape of the part [42].
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Among ceramic materials, zirconia is the one with the greatest resistance, in addition
to high fracture strength [43]. In turn, exposing a peculiar characteristic called martensitic
transformation, which is a mechanism characterized by the change from tetragonal to mon-
oclinic phase during compression stresses in the crystalline matrix, guarantees an increase
in the granular volume of approximately 3% and inhibition of crack propagation [44,45].

In addition, another important advance in contemporary dentistry is monolithic single-
crown ceramics, which appeared to minimize the chipping of the veneer ceramics when
applied over crystalline frameworks, mainly explained by the differences in the thermal
expansion coefficient between these two materials [6].

Professionals must know the chemical composition and clinical performance of current
dental materials, thus allowing the choice of the most suitable restorative material for each
treatment and consequently, providing greater longevity. To study the behavior of a
material, it can be subjected to clinical simulations, although with some limitations in
controlling variables, such as masticatory forces and individual oral conditions [46,47].

4.2. Ceramic Restorations Thickness

Ceramic restorations can have different thicknesses depending on the ceramic sys-
tem used, tooth preparation design, and the interocclusal space. In general, there are
specific recommendations for a minimum thickness that offers mechanical strength for
each category of ceramic material, depending on the region and the type of restoration,
such as feldspathic ceramics, which must have a minimum thickness of 2.0 mm, leucite
with 1.5 mm and lithium disilicate with 1.0 mm. Polycrystalline ceramics, alumina, and
zirconia, on the other hand, must have a minimum space of 0.3 mm. It is worth men-
tioning that traditionally, polycrystalline ceramics can present an aesthetic compromise
due to the high crystalline content in their composition. Ceramics behave with inversely
proportional quantities, that is, the greater the aesthetics, the lower the resistance [48].
Seeking to overcome this limitation, high-translucency zirconia (Y-ZHT) has emerged, an
yttrium-stabilized tetragonal zirconia polycrystalline ceramic (Y-TZP), but with differences
in the microstructure of its precursor material and the size of the grains, giving this material
better optical properties [49]. It is worth mentioning that all the mentioned restorative
materials can be used in the form of monolithic ceramics from prefabricated blocks for
CAD–CAM systems.

In bilayer ceramic systems (zirconia framework + glass-matrix ceramic veneer), chip-
pings or cracks usually start at the interface between the framework and the veneer ce-
ramic [50]. In addition, another disadvantage observed is the weak connections caused
by the residual tensile stress developed during the application process of the veneer ce-
ramic [51]. To overcome such failures, monolithic crowns have been indicated, as they
present a better performance during masticatory function since the final restoration consists
of only one material [52,53].

The thickness of the ceramics is directly related to their optical and mechanical proper-
ties, that is, each material needs a minimum thickness to perform the restorative needs [50].
However, this thickness can influence the polymerization of resin cement and, conse-
quently, change the bond strength of the materials used and compromise the restorative
treatment [54].

Martins et al. (2018) [55] evaluated the influence of the different thicknesses of lithium
silicate restorations on the degree of conversion of resin cement, through a systematic
review. The results showed that the translucency imposed on lithium silicate significantly
reduced light transmission when activated through the ceramic. It is concluded that the
finer the ceramic material, the greater the polymerization of the cementing agent, in turn, a
thickness greater than 1.0 mm drastically reduces the polymerization of resin cement.

Turp et al. (2018) [54] studied the influence of the thickness of monolithic restorations
in zirconia and lithium disilicate on the polymerization efficiency of dual resin cement.
Twelve ceramic discs (4.0 mm diameter) with thicknesses of 0.5, 1, 1.5, 2, 2.5, and 3 mm
were prepared from monolithic zirconia (Previous Prettau®, Zirconzahn; n = 6) and lithium
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disilicate (IPS e.max® CAD HT, Ivoclar Vivadent; n = 6). Three dual-curing resin cements
(Panavia F 2.0—Kuararay, DuoLink Universal ™—Bisco, and RelyX ™ U200—3M Espe)
were used for polymerization under ceramic discs. For each resin cement, 10 specimens
were prepared by light-curing under monolithic zirconia and lithium disilicate discs of
each thickness. The Vickers microhardness of resin cement decreased significantly with
increasing measurement depth and increasing thickness of monolithic zirconia or lithium
disilicate (p < 0.001). Cement polymerized under lithium disilicate had higher micro-
hardness values than those polymerized under zirconia (p < 0.001). For both ceramics,
Panavia F 2.0 exhibited the highest microhardness, followed by DuoLink Universal and
RelyX ™ U200 (p < 0.001). It is concluded that different dual-cure resin cements can have
different polymerization efficiencies, and the type and thickness of the overlapping ceramic
can directly influence the polymerization. It is interesting to elucidate that the findings
of this study suggest that an increase in the thickness of monolithic lithium disilicate or
monolithic zirconia restorations significantly decreases the microhardness of the dual-cure
resin cement. Resin cement can also be used for the cementation of anterior monolithic
zirconia restorations up to 2 mm thick and for monolithic lithium disilicate restorations up
to. However, for lithium disilicate with restorations ≥ 2.5 mm thick and zirconia ≥ 2 mm
thick, cementation approaches need further study.

4.3. Monolithic Restorations

Monolithic glass-matrix ceramics are increasingly presented as an alternative treat-
ment for aesthetic dentistry [34,56]. Digital dentistry has simplified the manufacture of
these restorations, including ceramics that seek to combine aesthetics and mechanical resis-
tance [57]. These restorations have durability compatible with metal-ceramic restorations
and superior aesthetic outcomes, even with color limitations in the single block [58]. The
color of these restorations can be influenced by manufacturing processes, laboratory proce-
dures, and clinical factors [57]. The manufacturing processes determine the basic optical
properties of this class of ceramic; however, several laboratory resources are available
to improve these properties [59]. It is worth mentioning that clinical factors such as the
characteristics of the dental substrate, the cement, and the material itself can influence the
final result of the restorative treatment [60]. An advantage of the CAD–CAM system is
the fact that the sintering of the porcelain block is carried out by the manufacturer in an
optimized way, as it presents a reduction in porosities, thus improving the final quality of
the restoration obtained. The disadvantage of this block is that it is a monolithic restora-
tion, and its aesthetics are difficult. Different ceramics are available for the CAD/CAM
system. To obtain these restorations, different companies offer feldspathic, glass-ceramic,
and polycrystalline ceramic blocks [61].

Monteiro et al. (2018) [62] evaluated the effect of ceramic thickness on the fatigue
failure of two glass-matrix ceramics composed of lithium silicate reinforced with zirconia
(ZLS), cemented to a material similar to dentin. Disc-shaped specimens were allocated into
eight groups (n = 25) considering two factors of the study: ceramic type ZLS (Vita Suprinity—VS;
and Celtra Duo—CD) and ceramic thickness (1.0; 1.5; 2, 0, and 2.5 mm). A “trilayer” set
(φ = 10 mm; thickness = 3.5 mm) was designed to mimic a cemented monolithic restoration.
Before cementation (Variolink N), all-ceramic discs were conditioned and silanized. The
fatigue failure load was determined using the “Staircase” method (100,000 cycles at 20 Hz;
initial fatigue load ∼60% of the average monotonic load to failure; step size ∼5% of the
initial fatigue load). A stainless-steel piston (φ = 40 mm) applied the load to the center of
the specimens in water. Fractographic analysis and finite element analysis (FEA) were also
performed. The thickness of the ceramic influenced the fatigue failure load for both ZLS
materials: Suprinity (716 to 1119 N); Celtra (404 to 1126 N). Results of the FEA showed that
the decrease in the thickness of the ceramic led to a higher concentration of stress in the
cementation interface and that the thicker it is, the lower the concentration of stress in the
tensile surface. Different thicknesses of ZLS glass-ceramic influenced the fatigue failure
load of the cemented system (the thicker the glass-matrix ceramic, the greater the fatigue
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failure load). It was concluded that differences in the microstructure of these ceramics can
influence their behavior under fatigue.

Riccitiello et al. (2018) [63] evaluated the internal and marginal adaptation of mono-
lithic zirconia and lithium disilicate crowns, produced by different manufacturing proce-
dures. Forty-five human premolars were prepared for single crowns using standardized
preparations. Ceramic crowns were manufactured using CAD–CAM or press procedures
and cemented with universal resin cement. The non-destructive scanning of the micro-CT
was used to evaluate the marginal and internal adaptations in the coronal and sagittal
planes, then the measures of the precision of adjustment were calculated in software and
the results were analyzed through one-way ANOVA and Tukey test. The injected lithium
disilicate crowns were significantly less accurate at the prosthesis margins (p < 0.05), while
they performed better on the occlusal surface (p < 0.05). No significant differences were
observed between CAD–CAM zirconia and lithium disilicate crowns (p > 0.05). As for the
thickness of the cement layer, reduced amounts of the cementing agent were observed on
the preparation margins, while a thicker layer was reported on the occlusal surface. It was
concluded that the marginal gaps registered were within the limit of clinical acceptance,
regardless of the restorative material and manufacturing procedures. CAD–CAM process-
ing techniques for zirconia and lithium disilicate produced marginal gaps that were more
consistent than press procedures.

Nishioka et al. (2018) [64] evaluated the fatigue strength of five different ceramic
materials indicated for monolithic restorations: feldspathic ceramic (FC), hybrid ceramic
or polymer infiltrated ceramic (PIC), lithium disilicate (LD) glass-ceramic, lithium silicate
glass-ceramic reinforced with zirconia (ZLS), and high translucency yttrium-stabilized poly-
crystalline tetragonal zirconia (YZHT). The samples were made in a disc shape according
to the ISO 6872 standard. After obtaining the average of each material (n = 5) of the
monotonic load-to-failure tests, the specimens (n= 20) were subjected to “Staircase” fatigue
tests using a biaxial bending configuration (piston-in-three balls), to determine fatigue
strength. The parameters used for the tests were: 100,000 cycles at 10 Hz, the initial load of
60% of the average load for failure, and a step size of 5% of the initial load (specific for each
ceramic material). The Kruskal–Wallis and Bonferroni test (α = 0.05) were used to analyze
the fatigue resistance data. The difference in fatigue strength (MPa) of the materials was
statistically significant, with the following values: YZHT (370.2 ± 38.7) > LD (175.2 ± 7.5) >
ZLS (152.1 ± 7.5) > PIC (81.8 ± 3.9) > FC (50.8 ± 1.9). Thus, it can be concluded that, in
terms of fatigue, high translucency polycrystalline zirconia showed the best performance
as a restorative material, since it supports the greatest load before fracturing.

Given the analyses under clinical conditions and the mechanical behavior of dental
ceramics, it is known that different compositions, microstructures, and properties can
change performance when exposed to fatigue loading. Thus, to better understand the
susceptibility to crack propagation under intermittent loads, it is relevant to compare the
fatigue strength of new ceramic materials indicated for monolithic restorations [65].

4.4. Aesthetic Characterization of the Ceramic Surface

Major developments have occurred with dental ceramic materials, mainly due to the
use of CAD/CAM technology, which has enabled the milling of highly rigid ceramics.
However, the pre-defined color of the block is a difficulty found in the biomimetics of
clinical cases with greater aesthetic requirements [19].

To improve aesthetic properties and achieve similarity to natural teeth, techniques for
characterization of the surface are performed on monolithic glass-ceramic restorations [66,67].
In this context, there are three main processing methods: layering, pressed, and milled
techniques (Table 1, Figures 1–3).
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Table 1. Processing Methods.

Layering and/
or Staining

(1st) Making a suspension (Paste): Union of porcelain powder + distilled
water mixed with rheological modifiers and/or manufacturer’s specific
diluent = Formation of viscous suspension, in which the indirect
restoration of the ceramic can be built.
(2nd) The restoration is made by mixing the porcelain powder with the
styling liquid until a paste is formed and applied with a brush on the
refractory die. This application is done in layers, to conform to the
anatomical shape of the tooth. Another reason for applying several layers
is the use of different porcelain colors, to allow greater reproduction of
details of both dentin and enamel.
The addition of metallic oxides (Al, Ca, Li, Mg, K, Na, Zr, Ti, among others)
in dental ceramics will determine its final color, resulting from the firing of
the material at high temperatures. For each layer applied, it is necessary to
condense the paste by removing excess water. This can be done by
vibrating with subsequent application of an absorbent paper or through
specific dental vibrators for this processing.
After completing the characterization steps, the restoration must be taken
to a specific oven for dental ceramics, where the firing will be carried out.
This process acts directly on the union of the dust particles, increasing the
density of the mass by reducing porosities [23–25,31,38].
(3rd) Initially there is a preheating (drying) of the condensed porcelain
mass at temperatures of approximately 400–500 ◦C for 5 min in the door of
the preheated oven. This step ensures that the water slowly evaporates
without causing damage to the mass. In the next step, once inside the oven,
the restoration is heated to a maximum firing temperature of
approximately 700–980 ◦C for 1 min at a speed of 40 to 90 ◦C/min. During
this process, a vacuum pump is activated and guarantees a low-pressure
vacuum (0.1 atm) inside the oven. When the maximum cycle temperature
is reached, the pump is turned off and the external air (with a pressure of
1 atm) enters the oven again, increasing the pressure inside the muffle by
10 times. Thus, sintering/crystallization is a procedure for coalescing solid
particles, not changing the chemical composition, only allowing the
sculpting of the anatomy of a dental piece. It is worth mentioning that
professionals should always follow the manufacturers’ recommendations.
Ceramic restorations at elevated temperatures do not melt the particles,
they just expand and modify. As a result, deformation can occur in the
prosthetic structure. On the other hand, at low temperatures, the material
cannot adhere to the restoration.

Pressed

(1st) Initially, the wax pattern is made and included in a coating ring. Then,
this set must be heated in an oven.
(2nd) The press phase of the pre-ceramic ingot is a crucial step for the press
processing technique, where it is performed in a specific oven. The
glass-matrix ceramic ingot is placed inside the ring’s feeding duct followed
by an alumina plunger that will be responsible for injecting the
vitro-ceramic when it is fluid. The ring-ingot-plunger assembly is taken
into the injection furnace where it will undergo a thermal cycle lasting
approximately 30 min. When reaching the maximum temperature, in
which the ceramic is high fluidity, a plunger present inside the oven
touches the alumina piston, pushing it into the ring. The result is the
injection of the ingot, which takes the form of the restoration molded by
the coating.
(3rd) After the end of the cycle and the cooling of the ring, the coating is cut
with a carbide disc and the part is removed from the inside, therefore,
adjustments are necessary; especially in the case of glass-matrix ceramics,
as the prosthetic structures receive a final characterization with a staining
layer and glaze, since the restoration just out of the oven is monochromatic.
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Table 1. Cont.

Milling—Computer
Aided Design and
Computer Aided
Manufacturing
(CAD–CAM)

(1st) Initially, a digital image is acquired in a three-dimensional plane of the
prepared tooth, and then it is constructed on a computer (.STL file). This
image can be obtained directly from the prepared tooth with a digital
intraoral scanner or scanning a plaster model with a desktop scanner. On
the digital image of the prepared tooth, the digital image of the final
restoration is constructed with the help of specific software. The dimension
and shape information of the restoration is then sent to a milling unit in
which the ceramic restoration is made [25,68–79].
(2nd) After obtaining all the digital information, the milling step of a
previously sintered/crystallized block is started under ideal conditions by
the manufacturer. This block is milled by two diamond tips coupled in
fully articulated arms until acquiring the final shape of the restoration,
proposed in the software.
(3rd) After the milling step is finished and marginally adjusted, the
subsequent finishing (glaze or polishing) is performed. In some cases, it is
necessary to stain the prosthetic restoration associated with a
characterization firing. It is interesting to clarify that in ceramics with
polymers in their composition, after the pigmentation stage, the structure
must be light-cured.
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(C) Sprueing, investing, and pressing; (D) Divesting; (E) Removing the reacting layer; (F) Staining,
firing, and glaze; (G) Final restoration.
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Figure 3. Milled technique. (A) Cutting out milled restoration from CAD/CAM block; (B) Controlling
the margin’s thickness (emergence profile); (C) Controlling macro- and micro-texture (finishing);
(D) After crystallization; (E) Stain technique; (F) Glaze; (G) Final restoration.
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One type of material used to carry out this characterization, whether in glass-matrix or
polycrystalline ceramics, is composed of SiO2, Li2O, K2O, P2O5, Al2O3, ZrO2, CeO2, Na2O,
CaO, TiO2, ZrO2, Y2O3, HFO2, respectively, in addition to colored oxides or pigments,
called effect stains or stain fixation, composed of two contents, one powder, and the other
liquid [25,31,38]. The two contents must be agglutinated to obtain a homogeneous paste,
which must be applied on the external surface of the ceramic. This paste allows for masking
of opaque structures and increasing or reducing the translucency and intensity of the
pigmentation proposed for restorations [31,80,81].

Another characterization used for dental ceramics that have a more crystalline content
is the application of glaze, which allows superficial smoothness, thus preventing the
accommodation of microorganisms, in addition to providing a translucency compatible
with the natural tooth [21,31]. There are reports that this type of extrinsic characterization
of ceramics can remain for up to 12 years, however, the surface roughness may increase
over the years, mainly in areas that do not receive a functional load [17,82,83].

These property changes need further studies since ceramics with a rough surface have
already been shown to be more susceptible to the coloring of external sources [65]. The
texture can still influence the final result of the restorative treatment, since the surface
texture changes the reflection of light and consequently, the color value of the ceramic.
Excessive texturing can still result in the artificiality of the restoration [19,21,22,84]. Other
possible deleterious actions caused by superficial roughness are easier plaque accumulation
and greater wear of antagonistic teeth [19,84].

However, there is still no protocol established for the use of extrinsic characterizations
of ceramics that guarantees a reliable final result [22]. In most cases, the crystallization,
polishing, and glaze procedures are carried out arbitrarily, which makes it difficult to
understand the behavior of these materials [22,84,85].

The different ceramics of the CAD/CAM system have high survival rates in long-term
follow-up when single crowns or even fixed partial prostheses are used, as long as the
clinician uses the ceramic according to their indications. The studies make it clear that
more clinical studies should be carried out to have more long-term information on these
ceramics [39,64,72].

4.5. Analysis of the Roughness and Hardness Properties of Ceramic Materials

The roughness description is presented by linear or bidimensional parameters (Ra,
Rq, Rz, RSM, and Rmax) and by three-dimensional parameters (Sa, Sq, Sz, Scx, Str, and
Sdr) [86]. Ra is defined by the average arithmetic value of all absolute distances within the
measured length, which is the parameter most used to evaluate ceramic surfaces [87,88].

Roughness is one of the properties that influences the wear behavior of antagonistic
teeth [89] and can also interfere with the fatigue resistance of the material [90]. Another
property able to interfere with the performance of restorative materials is hardness. The
enamel hardness value ranges from 300 to 600 HV [91], these values are close to the hardness
of glass-matrix ceramics, such as zirconia-reinforced lithium silicate [62,92–95]. Thus, glass-
matrix ceramics prevent excessive wear of antagonistic teeth, while also presenting a
satisfactory survival rate for a restorative material [35,96]. Feldspathic ceramics have a
lower hardness value when compared to silicates, so physiological wear simulations can
show a greater fragility of these materials [97–100], while polycrystalline ceramics, such as
tetragonal zirconia partially stabilized by yttrium, present high hardness values and when
subjected to physiological tests can promote excessive wear of antagonists [75,76,97].

5. Conclusions

Several ceramic systems are available, thus professionals in the prosthetic area need to
be updated about the techniques, materials, and their proper characterizations. Aesthetic
results with ceramics are not achieved exclusively by the type of material used, but by the
standard adopted in the characterization of the veneer ceramic. The characterization of
ceramic restorations becomes clinical routine; however, these are not performed with a
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protocol that allows the reproducibility of the procedure. There is still no best method for
characterization of the surface layer of ceramic structures since the data is discrepant in the
literature. Therefore, further studies are needed concerning the staining layer on ceramics.
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61. Turgut, S.; Kılınç, H.; Bağış, B. Effect of UV aging on translucency of currently used esthetic CAD-CAM materials. J. Esthet. Restor.
Dent. 2019, 31, 147–152. [CrossRef]

62. Monteiro, J.B.; Oliani, M.G.; Guilardi, L.F.; Prochnow, C.; Rocha Pereira, G.K.; Bottino, M.A.; Melo, R.M.; Valandro, L.F. Fatigue
failure load of zirconia-reinforced lithium silicate glass ceramic cemented to a dentin analogue: Effect of etching time and
hydrofluoric acid concentration. J. Mech. Behav. Biomed. Mater. 2018, 77, 375–382. [CrossRef]

63. Riccitiello, F.; Amato, M.; Leone, R.; Spagnuolo, G.; Sorrentino, R. In vitro Evaluation of the Marginal Fit and Internal Adaptation
of Zirconia and Lithium Disilicate Single Crowns: Micro-CT Comparison between Different Manufacturing Procedures. Open
Dent. J. 2018, 22, 160–172. [CrossRef]

64. Nishioka, G.; Prochnow, C.; Firmino, A.; Amaral, M.; Bottino, M.A.; Valandro, L.F.; Melo, R.M. Fatigue strength of several dental
ceramics indicated for CAD-CAM monolithic restorations. Braz. Oral Res. 2018, 11, 53. [CrossRef]

65. Lohbauer, U.; Scherrer, S.S.; Della Bona, A.; Tholey, M.; Van Noort, R.; Vichi, A.; Kelly, J.R.; Cesar, P.F. ADM guidance-Ceramics:
All-ceramic multilayer interfaces in dentistry. Dent. Mater. 2017, 33, 585–598. [CrossRef]

66. Rinke, S.; Rödiger, M.; Ziebolz, D.; Schmidt, A.K. Fabrication of Zirconia-Reinforced Lithium Silicate Ceramic Restorations Using
a Complete Digital Workflow. Case Rep. Dent. 2015, 2015, 162178. [CrossRef]

67. Zimmermann, M.; Koller, C.; Mehl, A.; Hickel, R. Indirect zirconia-reinforced lithium silicate ceramic CAD/CAM restorations:
Preliminary clinical results after 12 months. Quintessence Int. 2017, 48, 19–25.

68. Aboushelib, M.N. Fatigue and fracture resistance of zirconia crowns prepared with different finish line designs. J. Prosthodont.
2012, 21, 22–27. [CrossRef]

69. Pradies, G.; Zarauz, C.; Valverde, A.; Ferreiroa, A.; Martinez-Rus, F. Clinical evaluation comparing the fit of all-ceramic crowns
obtained from silicone and digital intraoral impressions based on wavefront sampling technology. J. Dent. 2015, 43, 201–208.
[CrossRef]

70. Baroudi, K.; Ibraheem, S.N. Assessment of chair-side computer-aided design and computer-aided manufacturing restorations: A
review of the literature. J. Int. Oral Health 2015, 7, 96–104.

71. Aboushelib, M.N.; Elmahy, W.A.; Ghazy, M.H. Internal adaptation, marginal accuracy, and microleakage of pressable versus
machinable ceramic laminate veneers. J. Dent. 2012, 40, 670–677. [CrossRef]

http://doi.org/10.1177/00220345970760071101
http://www.ncbi.nlm.nih.gov/pubmed/9207774
http://doi.org/10.1016/j.jdent.2017.07.004
http://doi.org/10.1016/j.dental.2017.04.024
http://doi.org/10.1016/j.dental.2013.11.001
http://doi.org/10.14219/jada.archive.2013.0011
http://www.ncbi.nlm.nih.gov/pubmed/23283924
http://doi.org/10.1007/s00784-016-1998-6
http://doi.org/10.1111/cid.12472
http://doi.org/10.1111/jerd.12390
http://doi.org/10.1111/jopr.12920
http://www.ncbi.nlm.nih.gov/pubmed/29882387
http://doi.org/10.1016/j.dental.2018.03.004
http://www.ncbi.nlm.nih.gov/pubmed/29588077
http://doi.org/10.1016/j.dental.2019.03.002
http://www.ncbi.nlm.nih.gov/pubmed/30929768
http://doi.org/10.1016/j.prosdent.2018.09.011
http://www.ncbi.nlm.nih.gov/pubmed/30885587
http://doi.org/10.1111/jerd.12462
http://doi.org/10.1111/jopr.12906
http://doi.org/10.1111/jerd.12460
http://doi.org/10.1016/j.jmbbm.2017.09.028
http://doi.org/10.2174/1874210601812010160
http://doi.org/10.1590/1807-3107bor-2018.vol32.0053
http://doi.org/10.1016/j.dental.2017.03.005
http://doi.org/10.1155/2015/162178
http://doi.org/10.1111/j.1532-849X.2011.00787.x
http://doi.org/10.1016/j.jdent.2014.12.007
http://doi.org/10.1016/j.jdent.2012.04.019


Coatings 2022, 12, 1228 13 of 14

72. Berrendero, S.; Salido, M.P.; Valverde, A.; Ferreiroa, A.; Pradies, G. Influence of conventional and digital intraoral impressions on
the fit of CAD/CAM-fabricated all-ceramic crowns. Clin. Oral Investig. 2016, 20, 2403–2410. [CrossRef]

73. Zandinejad, A.; Lin, W.S.; Atarodi, M.; Abdel-Azim, T.; Metz, M.J.; Morton, D. Digital workflow for virtually designing and
milling ceramic lithium disilicate veneers: A clinical report. Oper. Dent. 2015, 40, 241–246. [CrossRef]

74. Zarauz, C.; Valverde, A.; Martinez-Rus, F.; Hassan, B.; Pradies, G. Clinical evaluation comparing the fit of all-ceramic crowns
obtained from silicone and digital intraoral impressions. Clin. Oral Investig. 2016, 20, 799–806. [CrossRef]

75. Habib, A.W.; Aboushelib, M.N.; Habib, N.A. Effect of chemical aging on color stability and surface properties of stained
all-ceramic restorations. J. Esthet. Restor. Dent. 2021, 33, 636–647. [CrossRef]

76. Lee, W.F.; Iwasaki, N.; Peng, P.W.; Takahashi, H. Effect of toothbrushing on the optical properties and surface roughness of
extrinsically stained high-translucency zirconia. Clin. Oral Investig. 2022, 26, 3041–3048. [CrossRef]

77. Sulaiman, T.A.; Camino, R.N.; Cook, R.; Delgado, A.J.; Roulet, J.F.; Clark, W.A. Time-lasting ceramic stains and glaze: A
toothbrush simulation study. J. Esthet. Restor. Dent. 2020, 32, 581–585. [CrossRef] [PubMed]

78. Barcellos, A.S.P.; Miranda, J.S.; Amaral, M.; Alvarenga, J.A.; Nogueira, L.; Kimpara, E.J. Effect of staining on the mechanical,
surface and biological properties of lithium disilicate. Saudi Dent. J. 2022, 34, 136–141. [CrossRef] [PubMed]

79. Lin, S.C.; Lin, W.C.; Lin, Y.L.; Yan, M.; Tang, C.M. In Vitro Evaluation of the Shading Effect of Various Zirconia Surface Stains on
Porcelain Crowns. Coatings 2022, 12, 734. [CrossRef]

80. Chi, W.J.; Browning, W.; Looney, S.; Mackert, J.R.; Windhorn, R.J.; Rueggeberg, F. Resistance to abrasion of extrinsic porcelain
esthetic characterization techniques. US Army Med. Dep. J. 2017, 17, 71–79.

81. Elsaka, S.E.; Elnaghy, A.M. Mechanical properties of zirconia reinforced lithium silicate glass-ceramic. Dent. Mater. 2016, 32,
908–914. [CrossRef]

82. Kaizer, M.R.; Moraes, R.R.; Cava, S.S.; Zhang, Y. The progressive wear and abrasiveness of novel graded glass/zirconia materials
relative to their dental ceramic counterparts. Dent. Mater. 2019, 35, 763–771. [CrossRef]

83. Sakaguchi, R.L.; Douglas, W.H.; DeLong, R.; Pintado, M.R. The wear of a posterior composite in an artificial mouth: A clinical
correlation. Dent. Mater. 1986, 2, 235–240. [CrossRef]

84. Contreras, L.; Dal Piva, A.; Ribeiro, F.C.; Anami, L.C.; Camargo, S.; Jorge, A.; Bottino, M.A. Effects of manufacturing and finishing
techniques of feldspathic ceramics on surface topography, biofilm formation, and cell viability for human gingival fibroblasts.
Oper. Dent. 2018, 43, 593–601. [CrossRef]

85. Poticny, D. Simplified ceramic restorations using CAD/CAM technologies. Pract. Proced. Aesthetic Dent. 2004, 16, 353–358.
86. Wennerberg, A.; Albrektsson, T. Suggested guidelines for the topographic evaluation of implant surfaces. Int. J. Oral Maxillofac.

Implant. 2000, 15, 331–344.
87. Gadelmawla, E.S.; Koura, M.M.; Maksoud, T.M.A.; Elewa, I.M.; Soliman, H.H. Roughness parameters. J. Mater. Proc. Technol.

2002, 123, 133–145. [CrossRef]
88. Vichi, A.; Fonzar, R.F.; Goracci, C.; Carrabba, M.; Ferrari, M. Effect of Finishing and Polishing on Roughness and Gloss of

Lithium Disilicate and Lithium Silicate Zirconia Reinforced Glass-Ceramic for CAD/CAM Systems. Oper. Dent. 2018, 43, 90–100.
[CrossRef]

89. Oh, W.S.; Delong, R.; Anusavice, K.J. Factors affecting enamel and ceramic wear: A literature review. J. Prosthet. Dent. 2002, 87,
451–459. [CrossRef]

90. Carvalho, I.F.A.; Santos Marques, T.M.S.; Araújo, F.M.; Azevedo, L.F.; Donato, H.; Correia, A. Clinical Performance of CAD/CAM
Tooth-Supported Ceramic Restorations: A Systematic Review. Int. J. Periodontics Restor. Dent. 2018, 38, e68–e78. [CrossRef]

91. Saravi, B.; Vollmer, A.; Hartmann, M.; Lang, G.; Kohal, R.J.; Boeker, M.; Patzelt, S.B.M. Clinical Performance of CAD/CAM
All-Ceramic Tooth-Supported Fixed Dental Prostheses: A Systematic Review and Meta-Analysis. Materials 2021, 14, 2672.
[CrossRef]

92. Riquieri, H.; Monteiro, J.B.; Viegas, D.C.; Campos, T.M.B.; de Melo, R.M.; Saavedra, G.S.F.A. Impact of crystallization firing
process on the microstructure and flexural strength of zirconia-reinforced lithium silicate glass-ceramics. Dent. Mater. 2018, 34,
1483–1491. [CrossRef]

93. Romão, R.M.; Lopes, G.R.S.; Matos, J.D.M.; Lopes, G.R.S.; Vasconcelos, J.E.L.; Fontes, N.M. Causes of failures in ceramic veneers
restorations: A literature review. Int. J. Adv. Res. 2018, 6, 896–906. [CrossRef]

94. Peixoto, N.M.; Matos, J.D.M.; Andrade, V.C.; Bottino, M.A.; Zogheib, L.V. Evaluación de la resistenciade unión de brackets
ortodónticos fijados a cerámica de disilicato de litio. Int. J. Odontostomatol. 2019, 13, 207–218. [CrossRef]

95. Pereira, S.M.; Kantorski, K.Z.; Brentel, A.S.; Valandro, L.F.; Bottino, M.A. SEM analysis of the in situ early bacterial colonization
on two novel feldspathic ceramics submitted to different types of glazing. J. Contemp. Dent. Pract. 2008, 9, 49–56. [PubMed]

96. Jiang, Y.; Akkus, A.; Roberto, R.; Akkus, O.; Li, B.; Lang, L.; Teich, S. Measurement of J-integral in CAD/CAM dental ceramics
and composite resin by digital image correlation. J. Mech. Behav. Biomed. Mater. 2016, 62, 240–246. [CrossRef] [PubMed]

97. Rizkalla, A.S.; Jones, D.W. Indentation fracture toughness and dynamic elastic moduli for commercial feldspathic dental porcelain
materials. Dent. Mater. 2004, 20, 198–206. [CrossRef]

98. Farzin, M.; Ansarifard, E.; Taghva, M.; Imanpour, R. Effect of external staining on the optical properties and surface roughness of
monolithic zirconia of different thicknesses. J. Prosthet. Dent. 2021, 126, 687.e1–687.e8. [CrossRef]

http://doi.org/10.1007/s00784-016-1714-6
http://doi.org/10.2341/13-291-S
http://doi.org/10.1007/s00784-015-1590-5
http://doi.org/10.1111/jerd.12719
http://doi.org/10.1007/s00784-021-04287-8
http://doi.org/10.1111/jerd.12590
http://www.ncbi.nlm.nih.gov/pubmed/32352643
http://doi.org/10.1016/j.sdentj.2021.12.007
http://www.ncbi.nlm.nih.gov/pubmed/35241903
http://doi.org/10.3390/coatings12060734
http://doi.org/10.1016/j.dental.2016.03.013
http://doi.org/10.1016/j.dental.2019.02.022
http://doi.org/10.1016/S0109-5641(86)80034-3
http://doi.org/10.2341/17-126-L
http://doi.org/10.1016/S0924-0136(02)00060-2
http://doi.org/10.2341/16-381-L
http://doi.org/10.1067/mpr.2002.123851
http://doi.org/10.11607/prd.3519
http://doi.org/10.3390/ma14102672
http://doi.org/10.1016/j.dental.2018.06.010
http://doi.org/10.21474/IJAR01/6926
http://doi.org/10.4067/S0718-381X2019000200207
http://www.ncbi.nlm.nih.gov/pubmed/18264525
http://doi.org/10.1016/j.jmbbm.2016.05.012
http://www.ncbi.nlm.nih.gov/pubmed/27232827
http://doi.org/10.1016/S0109-5641(03)00092-7
http://doi.org/10.1016/j.prosdent.2021.08.014


Coatings 2022, 12, 1228 14 of 14

99. Ural, C.; Burgaz, Y.; Saraç, D. In vitro evaluation of marginal adaptation in five ceramic restoration fabricating techniques.
Quintessence Int. 2010, 41, 585–590.

100. Andrade, G.S.; Diniz, V.; Datte, C.E.; Pereira, G.K.R.; Venturini, A.B.; Campos, T.M.B.; Amaral, M.; Bottino, M.A.; Valandro,
L.F.; Melo, R.M. Newer vs. older CAD/CAM burs: Influence of bur experience on the fatigue behavior of adhesively cemented
simplified lithium-disilicate glass-ceramic restorations. J. Mech. Behav. Biomed. Mater. 2019, 95, 172–179. [CrossRef]

http://doi.org/10.1016/j.jmbbm.2019.04.002

	Introduction 
	Materials and Methods 
	Results 
	Literature Review and Discussion 
	Ceramic Restorations 
	Ceramic Restorations Thickness 
	Monolithic Restorations 
	Aesthetic Characterization of the Ceramic Surface 
	Analysis of the Roughness and Hardness Properties of Ceramic Materials 

	Conclusions 
	References

