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Abstract: Objective: To determine the effect of sandblasting before and after sintering on the surface
roughness of zirconia and the micro-tensile bond strength of a pressable veneering ceramic to
zirconia. MethodS: Pre-sintered zirconia blocks (IPS e.max ZirCAD, Ivoclar Vivadent) were divided
into a control group (CTR, no surface treatment) and four test groups of three specimens each: Pre-
5-30, Pre-5-50, Pre-5-110 were sandblasted with 30pum SiO2, 50pm Al:03 and 110pum Al:Os particles
respectively, before sintering, Post-5-30 was sandblasted with 30um SiO: after sintering. For each
treatment, the surface roughness was measured (Ra, Perthometer M4P, Mahr Perthen). After
sintering the zirconia blocks, a liner and a pressable ceramic (IPS e.max ZirPress, Ivoclar Vivadent)
were fired. Sixteen micro-bars were obtained from each block and submitted to the micro-tensile
bond strength (UTBS) test. Data were analyzed with one-way ANOVA. Any correlation between Ra
and puTBS was evaluated (Sperman test). Results: Sandblasting before sintering with 110pum Al2Os
(Ra=3.44+0.44pum), 50um AlOs (Ra=2.32+0.46um), and 30um SiO: (Ra=1.22+0.22um) resulted in
significantly higher roughness than sandblasting after sintering with 30um SiO2 (Ra=0.46+0.11pum).
The highest pTBS was measured when the sintered zirconia was sandblasted with 30um SiO:
(26.79+14.80 MPa), which was significantly different from that of specimens that were sandblasted
before sintering (Pre-S-30=20.90+11.70; Pre-5-50=21.27+15.19; Pre-5-110=23.99+16.83) or were not
treated (CTR=17.44+14.03). Conclusions: Sandblasting zirconia before sintering enhances the
surface roughness proportionally to the particle size of the sand used. Sandblasting with 30um SiO2
after sintering appeared to improve bonding between the veneering ceramic and zirconia. Clinical
Significance: Sandblasting with 30pum SiO: after sintering may improve bonding between
veneering ceramics and zirconia, thus reducing ceramic fractures/chippings.

Keywords: Zirconia; Veneering ceramic; Surface treatments; Sandblasting; Surface roughness;
Microtensile bond-strength

1. Introduction

In the last few decades, the application of zirconia in prosthodontics has grown and zirconia has
been used as a metal-free alternative for all-ceramic restorations thanks to its mechanical properties,
biocompatibility, optical characteristics and improved aesthetics [1-4]. All-ceramic single crowns and
anterior fixed partial dentures (FPDs) have been used successfully since nineties. Afterwards, due to
the development of high-strength ceramic frameworks, such as tetragonal zirconia polycrystals (Y-
TZP), missing teeth have been replaced by all-ceramic FPDs in the posterior regions as well. The
higher mechanical performance of zirconia combined with the computer-aided design and
machining (CAD/CAM) fabrication procedures allowed even large and complex restorations to be

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202405.1640.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 May 2024 d0i:10.20944/preprints202405.1640.v1

realized with high accuracy and success rates [5]. Nowadays, thanks to a digital workflow the
indications for all ceramic restorations have been more and more widened and the Y-TPZ is also
widely used in implant prosthodontics, both for single crowns and fixed partial dentures [6-9].

To achieve better aesthetics, zirconia frameworks can be veneered with a ceramic material,
which is built in different layers, providing the final restoration unique optical characteristics that
can barely be distinguished from the surrounding natural dentition [5,10,11]. Alternatively, ceramic
can be pressed on zirconia frameworks for veneering. Although the heat pressing technique is more
laborious, it allows pores due to the lost-wax technique to be avoided and a one-step layering
procedure [12,13].

However, establishing a strong and durable bond between Y-TZP and veneering ceramics has
been proven to be cumbersome [14-16].

It has been reported that the zirconia—veneer bond is weaker than that of other all-ceramic
systems, which suggests that layered zirconia frameworks are more susceptible to delamination and
chipping during function [17-19].

Clinical studies reported a failure rate in a range of 10-15.2% after five years for veneered
yttrium-TZP (YTZP) frameworks due to chipping of the ceramic veneer [7,14,15,17]. This fracture
pattern is associated with a thin layer of glass-ceramic that remains on the zirconia framework. This
finding supports the hypothesis of a reliable bonding of veneering ceramics to zirconia frameworks,
but also reveals the brittleness of the veneering ceramic.

Moreover, determining the point of initial fracture seems to be very difficult. As already
explained by Aboushelib et al. [5,10], a crack initiated at the ceramic-zirconia interface can grow
through the weakest layer due to the asymmetric stress distribution in the specimen. Therefore, traces
of elements may be left attached to the interface. When analysing, this will be incorrectly classified as
cohesive failure.

Different treatments and techniques have been proposed to improve bonding at the zirconia-
veneering ceramic interface, including air-abrasion with aluminium oxide (Al20s), silica coating, liner
application, acid etching or plasma treatment [20-26]. Silica coating has been proved to improve
bonding of zirconia to luting agents, particularly when using the CoJet system (3M ESPE, St. Paul,
MN, USA) [19]. This system uses silicate-coated alumina particles for sandblasting, thereby welding
a silicate layer onto the surface by means of the high spot heat produced by the blasting pressure
followed by silanization. The efficacy of this system is related to the high kinetic energy of the Al2Os
particles modified with SiOz at impact and the fusion of the silica to the substrate surface. Since
silicate-based veneering porcelains are often used to bond to zirconia frameworks, silica coating of
zirconia might enhance the bond strength of the veneering ceramics as well. However, whether silica
coating could also be effective to improve bonding at the zirconia-veneering ceramic interface has
not been extensively evaluated yet.

In general, shear test or micro-tensile test are used to measure the bond strength of all-ceramic
systems but using shear bond test may lead to negative stress pattern distribution, inducing cohesive
failures and erroneous interpretation of data. In particular, the micro-tensile bond strength test
(UTBS) has been proven to be a substantial test to evaluate the bond strength of composite materials
to a variety of substrates [27,28]. Besides, SEM analysis can be of help when performing a qualitative
analysis.

Aim of this study was to determine the effect of sandblasting before and after sintering on the
surface roughness of zirconia and on the micro-tensile bond strength of a veneering ceramic to
zirconia.

2. Materials and Methods

2.1. Specimen Preparation (Figure 1)

Three zirconia blocks, namely ZirCAD C15L (Ivoclar Vivadent, Shaan, Liechtenstein), were cut
using a low-speed diamond disc (MDS100, Norton, USA) in order to obtain 15 smaller blocks of 7.2
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mm height, 9.2 mm width, and 9.2 mm length. These blocks were further divided in 5 groups of three
specimens each depending on the surface treatment at the interface Y-TZP-veneering ceramic.

Perthometer +
S.E.M.

! Zir-Pres3

LRX. Lloyd, UK

Figure 1. Specimen preparation.

2.1.1. Surface Treatment

One group did not receive any treatment (CTR, no surface treatment) and specimens were only
polished. Four more groups of three specimens each were sandblasted before or after sintering by
applying the following procedures: Pre-S-30, Pre-5-50, Pre-5-110 were sandblasted with 30um SiO:z
(CoJet,3M ESPE), 50um Al20s and 110um AlOs particles respectively, before sintering; Post-S-30 was
sandblasted with 30um SiO: after sintering.

All specimens were sandblasted using the same pressure of 2 bars for 15 seconds, at a distance
between the nozzle and the surface of 1 cm for the 30-um SiO:z and 1.5 cm for the 50-um and 110-pum
AlOs.

The materials tested and their properties are summarised in Table 1. Surface treatments
evaluated in this study are presented in Table 2.

Table 1. Materials tested in the study and their composition.

Coefficient of

Materials Composition thermal expansion
106K
IPS e.max ZirCAD Ivoclar Zirconium oxide (87-95% vol), yttrium
Vivadent Shaan, oxide (4-6% vol), hafnium oxide (1-5% 10.75+0.25
Liechtenstein vol), and alumina and silica (<1% vol)
IPS e.max Zir Liner
Ivoclar Vivadent Shaan, Water, butandiol, and chloride 9.8+0.25
Liechtenstein

IPS eemax ZirPress
Ivoclar Vivadent Shaan,
Liechtenstein

SiOz with Li20O, Na20, K20, MgO,

AL:O3, CaO, ZtOs, P2Os 9.7540.25

Data provided by manufacturers.
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Table 2. Sandblasting treatments and application procedures.
Group - Surface Treatment Working distance =~ Working time
CTR - No treatment - /

Pre-5-30 - 30pum SiO:z before sintering 1cm 15 sec
Pre-5-50 - 50pm Al2Os before sintering 1.5 cm 15 sec
Pre-5-110 - 110um ALOs before sintering 1.5cm 15 sec
Post-S-30 - 30um SiO: after sintering 1 cm 15 sec

2.1.2. Surface Roughness Evaluation

The surface roughness (Ra) was measured using a contact profilometry (Perthometer M4P, Mahr
Perthen) on the polished, sandblasted, and silica-coated surface of each specimen. The surface was
scanned twice by five parallel tracings with1.0-mm intervals and the Ra values were recorded.

2.1.3. Over-Pressing Technique

A layer of ZirLiner (IPS e.max, Ivoclar Vivadent, Shaan, Liechtenstein) was applied on the
zirconia blocks and fired at 960°C (Sintramat oven, Ivoclar Vivadent, Shaan, Liechtenstein), following
the manufacturer’s instructions. Then, the veneering ceramic ZirPress (IPS e.max, Ivoclar Vivadent,
Shaan, Liechtenstein) was pressed on top. A wax-up was performed using a coping in order to
fabricate an equivalent veneering structure for the corresponding ZirCAD specimen. The wax surface
was smoothed, finished, and invested in a special investing material (IPS PressVEST, Ivoclar
Vivadent, Shaan, Liechtenstein) in a size-2 muffle according to the manufacturer’s instructions.

The wax was burnt out and the muffle was heated. Copings were pressed using a porcelain with
the proper coefficient of thermal expansion (IPS e.max ZirPress, Ivoclar Vivadent. Shaan,
Liechtenstein). After cooling, the investment was removed in the sandblasting unit (Eurosab, Tissi,
San Donato Milan, Italy) using 50-pm glass beads at 2 bars pressure. The reaction layer formed during
pressing procedures was removed by soaking the crowns in HF solution (IPS e.max Press Invex
Liquid, Ivoclar Vivadent, Shaan, Liechtenstein) in an ultrasonic cleaner (Sonorex, Bandelin, Berlin,
Germany) for 5 min. Blocks were then cleaned with running water for 3 minutes and dried. Pressing
sprues and extrusion flushes were removed using a water-cooled air-turbine without pressure to
protect the porcelain from heat damages.

2.2. Micro-Tensile Bond Strength Test

The 15 blocks ZirCAD-ZirPress were stored in distilled water at 37°C for 1 week. Afterwards,
they were cut using a diamond-coated blade (Acutom-40, Automatic Blade) for sintered zirconia,
under water cooling, to obtain 20 microbars from each ceramic block. Each microbar had a length of
10 mm (5 mm of ZirCAD and 5 mm of ZirPress) and a horizontal cross-section of 1 mm?2. Sixteen
sound microbars were obtained from each group. Microbars were attached to the testing unit (LRX,
Lloyd, Hampshire, UK) using an adhesive resin (Model Repair II Blue, Dentsply-Sankin, Ohtawara,
Japan), taking care of the exactly cantered position of the zirconia-veneering porcelain interface onto
the free space of the attachment unit. Specimens were loaded to failure at a crosshead speed of 1
mm/min. The maximum load at failure (N and MPa) was extracted from computer-generated files.

2.3. Microstructural (Stereomicroscopy and Scanning Electron Microscopy) Analysis

Specimens belonging to CTR and all Pre-Post sintered Y-TPZ blocks were gold sputtered and
observed by using a scanning electron microscope (SEM, Zeiss EVO 40, D) equipped with an energy-
dispersive X-ray analyser (EDS, Inca, Oxford Instruments, UK).

Analysis of failures was carried out with a stereomicroscope (Wild M5A, Heerbrugg,
Switzerland) at 25X magnification. Failures were classified in cohesive (within the veneering
ceramic), adhesive (at the interface between veneering ceramic and zirconia) and mixed. In addition,
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randomly selected failed microbars were cleaned in an ultrasonic bath, gold-sputtered and analysed
by SEM and EDS.

2.4. Statistical Analysis

Statistical analysis was performed using the software package Statistica (StatSoft 9.1, OK, USA).

Analysis of variance (One-way ANOVA) with Tukey-HSD for post-hoc comparison was used to
analyse surface roughness (Ra, p<0.05) and the micro-tensile bond strength results (UTBS, p<0.05).
Statistical analysis was performed either excluding specimens that failed during the pTBS test, either
including them as the lowest measured value or including them as value =0.

Spearman test was used to evaluate any correlation between uTBS and Ra values (p<0.05).

3. Results

Regarding surface roughness (Ra), Specimens sandblasted with 110-pum (3.436 + 0.441 pm), 50-
pm (2.325 + 0.465pm), and 30-um (1.217 + 0.217um) particles performed significantly better as
compared to the control group (0.464 + 0.107 um), in which any treatment was performed (p<0.05).
Ra values for all groups are presented in Figure 2.

4,00
d
3,50 B . Mean
C [ sp
3,00
2,50
Ra
2,00
b
1,50
a a
1,00
T N
o CTR Pre-8-30 Pre-5_50 Pre-8-110 Post-S_30

Figure 2. Graph showing means and standard deviations of surface roughness (Ra) for all surface
treatments tested. Different superscript letters indicate statistically significant differences.

Regarding micro-tensile bond strength (uTBS), the highest value was obtained when
sandblasting zirconia blocks after sintering. When including the pre-testing failures as 0 or as the
minimum obtained value, Post-5-30 performed significantly better than all the other groups (p<0.05).
The mean micro-tensile bond strength, standard deviation and failure patterns are presented in

Figure 3 and Table 3.
50
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Figure 3. Graph showing means and standard deviations of micro-tensile bond strength (UTBS) for
all experimental groups. Different gray scale colors refer to the different strategy of dealing with
pretesting failures (ptf). Overlapping bars indicate values that are not significantly different.

Table 3. Micro-tensile bond strength (in MPa) and failure mode of specimens.

WTBS (MPa) Failure Patterns

Group — Surface Treatment Mean (SD) Cohesive ‘ Mixed
Adhesive

CTR - No treatment 17.44(14.03) B 13% 279, 60%
00 7 0O

Pre-5-30 - 30pum SiO:z before sintering 20.90(11.70)® 23% 79, 0%
Pre-S-50 - 50pm AlL:Os before sintering 21.27(15.19) B 27% 89, 65%
00 4 OO

Pre-5-110 - 110pm AlOs before sintering 23.99(16.83)® 337 219 6%
29% 2%

Post-5-30 - 30um SiO: after sintering 26.79(14.80) A 9% 199 52

Different superscript letters indicate statistically significant differences (p<0.05). Data reported in this table
refer to the analysis conducted by including the ptf (pretesting failures) with the lowest obtained value.

Regarding the mode of failure, the prevalence of mixed failures was observed in all groups
(Figure 4).

i Adhesive
| Mixed

H Cohesive

60% 80% 100%

Figure 4. Analysis of failure (light microscopy). A prevalence of mixed failures was observed in all
experimental groups.

Any correlation was found between uTBS and Ra values (p >0.2).

4. Discussion

Yttrium oxide-stabilized tetragonal zirconia polycrystals (Y-TPZ), among high strength
ceramics, has been widely investigated as a core material for single crowns and fixed partial dentures.
Overall, survival rate and success rate of all ceramic restorations have been reported to be 290% at 5
to 10 years [1-3,7,17,18]. However, chipping and delamination are still considered as major failures
due to technical factors in single crowns or fixed partial dentures and, nowadays, in implant
supported restorations as well [1-3,7,18,29]. Moreover, failures due to chipping or delamination seem
not to differ significantly from that of the porcelain fused to metal restorations (PFMs) [1-3,18,29].
Many factors can affect those failures, including inadequate design or support of the zirconia
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framework, incompatibility of the coefficient of thermal expansion, occlusal factors or some other
factors patient-related and inadequate adhesion between the zirconia core and the veneering ceramic
[5,10,12]. Although a stable and predictable bonding between zirconia and a veneering ceramic is
essential for success, the clinical occurrence of chipping and delamination is not often correlated to
the outcomes of in vitro studies [30].

In this study, the highest micro-tensile bond strengths were obtained when sandblasting the pre-
sintered zirconia with CoJet particles (26.79 + 14.80), thus combining the smallest size of sand particles
(30 um) with its peculiar tribochemical effect. The better performance was significant when
conducting the statistical analysis by including the pretesting failures (ptf) with the lowest obtained
value. However, the same trend of increasing bond strength has been observed when including the
pretesting failures as 0 value or when excluding them. In fact, the analysis of data was carried out by
excluding the ptf or including them as the lowest obtained value or as 0. In literature, particularly in
studies dealing with micro-tensile bond strength, the correct handling of samples that failed before
they could be tested is still up to debate. By omitting the failures under loading, only the non-failed
specimens that exhibit the highest micro-tensile bond strength are counted in, which will lead to a
bias towards a higher value (Figure 3). On the other hands, if failures were included as 0 MPa,
judgment would have been too severe, since it is known that specimens were subjected to a minimum
failure tensile strength. Therefore, statistical analysis was also performed including failures with the
lowest measured values. In this study, this resulted in no statistical differences.

The significant improvement in bond strength obtained when sandblasting with CoJet system
after sintering was likely associated with the tribochemical effect due to silica-coated airborne
particles, whereas results obtained for the specimens sandblasted before sintering were barely
dependent on the roughness produced by sandblasting. The results of this study corroborate those
reported by previous studies that demonstrated that sandblasting with CoJet or alumina particles
improved the bond strength between zirconia and veneering ceramics [21,22,33]. However
controversial results have been reported by Fischer et al., who demonstrated that sandblasting is not
effective to improve the adhesion at the zirconia-ceramic interface or may even reduce the mechanical
properties of zirconia [23,27]. Nishigori et al. also reported similar outcomes [20]. Some other authors
proposed acid etching, plasma treatments or application or liner or glass coatings to improve
adhesion by roughening or increasing wettability, pointing out that further investigations are needed
[22,24-26,34]. The shear bond strength test has been widely used in most of the above-mentioned
studies, which reported mean bond strength at the zirconia-veneering ceramic interface ranging from
22 to 45 MPa [19,20,26,27,31], which is in agreement with the outcomes of this study. Although clinical
recommendations on materials and procedures are often based on mechanical laboratory test, it must
be pointed out that using different setting during testing impairs comparison of data. Nevertheless,
using shear bond test may lead to undesired stress pattern distribution, inducing cohesive failures
and erroneous interpretation of data. The micro-tensile bond strength test appeared to be more
accurate to evaluate the bonding effectiveness when measuring the tensile bond strength between
zirconia core and veneer components of all-ceramic restorations [5,10,26-28,32]. For this reason, the
micro-tensile bond strength test has been chosen for evaluation in this study.

In spite of the accuracy and effectiveness of the testing methodology, managing those brittle
specimens is highly technique sensitive and involves a very careful handling in order to avoid cutting
defects or unexpected cracking of the microbars. Using sharp new cutting discs at high cutting speeds
and low loads reduces vibration and ensures a fine cutting of the specimens.

Regarding the surface roughness, the Ra parameter, which is the most common one reported in
the dental literature [35,36], represents the average roughness as measured by the profilometer. The
lower the Ra value, the smoother the surfaces [37]. The present study revealed that sandblasting the
zirconia surface before sintering improved the roughness values proportionally to the dimensions of
the airborne particles used, whereas sandblasting with CoJet after sintering did not affect surface
roughness significantly. These findings corroborate those of other experimental studies, but most of
published data are obtained by carrying out the air-born procedures with 50-110 um alumina
particles and only a few used the CoJet system. Lassila et al. [38], demonstrated that air-borning with
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50-um aluminum oxide particles or with Rocatec soft (30 um) or with Rocatec (105 pm) enhanced
surface roughness and significantly affected flexural strength, thus corroborating previous studies
[20,21,25]. Harding et al. supported previous studies that revealed that sandblasting with alumina
particles did may affect roughness [20,23] but, on the other hand, may decrease flexural strength [23].
Valandro et al. stated that neither the surface treatment of zirconia nor the thermocycling influences
the porcelain crack resistance or the resistance to delamination of bilayer porcelain-veneered zirconia
specimens [39].

Any correlation has been found between surface roughness and bond strength in this study, thus
supporting the hypothesis that the best performance observed in specimens that were sandblasted
with CoJet after sintering may be more attributed to the tribochemical effect. Furthermore, the
application of a thin layer of liner, also contributed to increase wettability therefore improving the
quality of micromechanical interlocking between the two ceramic materials tested, as already
observed by Monaco et al. [22] and Lassila et al. [26].

Regarding the analysis of failures, overall, a prevalence of mixed failures was observed,
probably due to the brittleness of the veneering ceramics and defects into the ceramic layer itself
(Figure 5).

Results

Figure 5. Feg-SEM photomicrographs showing a typical mixed failure at the zirconia-veneering
ceramic interface (left side) and inner defects as voids into the ceramic layer (right side).

The SEM analysis of the failed specimens allowed a deeper sight onto the real surface’s
morphology. Sandblasting drastically changed the microstructure of the zirconia surface, increasing
the roughness according to the dimensions of the impacting particles. The worn surfaces presented
detachments and plastic deformation of the material (Figure 6.A). Sandblasting before sintering also
induced chemical changes of the structure, that could be detected by using the EDS analysis as well
(Figure 6.B, Figure 7), whereas regarding specimens sandblasted after sintering, several fine silica
particles, coming from the CoJet system, were smeared on the zirconia surface (Figure 6.C). The
tribochemical silica coating achieved by using the Cojet system spread a silica layer on the ceramic
surface, due to the high-pressure impact of alumina particles modified by silica on the conditioned
substrate [21,38]. Such a technique is supposed to provide ultrafine mechanical retention by
embedding treated surfaces with silica particles and improve chemical bonding [21,39,40]. Different
punctual micro-analysis conducted on the cross section of the specimens at the interface zirconia-
veneering ceramic pointed out that silica coating generated a reaction area. The EDS spectrum
corresponding to the contact area, revealed the presence of a large amount of zirconia and elements
of the veneering layer as well. These findings may suggest that sandblasting with CoJet not only
produces widespread silica particles smearing on the surface, but it may also result in a partial
zirconia phase transformation, from tetragonal to monoclinic, and a lattice distortion (Figure 7). Even
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if additional crystallographic studies are necessary, it can be supposed that this phenomenon induces
at the zirconia surface a higher reactivity, thus resulting in a better interaction with veneering
ceramics.

Figure 6. Feg-SEM photomicrographs of specimens sandblasted with Al2Os particles before sintering.
A. Pre-S-30 B. Pre-S-50 C. Pre-S-110.
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Figure 7. Feg-SEM photomicrographs of specimens sandblasted with 30um particles of Cojet after
sintering (Post-S-30) and its EDS spectrum corresponding to the contact area, that revealed the
presence of a large amount of Zr, Si and elements of the veneering ceramic layer.

Finally, it is worth noticing that, to prevent the delamination or chipping of the zirconia
restorations, it is necessary to select the proper ceramic materials, with similar coefficient of thermal
expansion, as it has been carried out in this study, to reduce crack occurrence and growth.

5. Conclusions

It can be concluded that:

e  Sandblasting with silica-coated alumina particles after sintering may improve the micro-tensile
bond strength at the zirconia-veneering ceramic interface.

e A trend of increased surface roughness was observed when sandblasting before sintering,
proportionally to the dimensions of the airborne particles.

e A crystallographic analysis of the interface may better explain the chemical interaction
between zirconia and ceramic.

Further investigations are needed, especially to evaluate the effect of the oral environment and
aging on the long-term stability of bond strength between zirconia and veneering ceramics.
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