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The Effect of Colloidal Silica
and Glaze Coatings on the
Adhesion of Zirconia with
VariousYtrriaGoncentration

ABSTRACT

Purpose: This study evaluated the effect of coating traditional and translucent Y-TZP
with an industrial nanometric colloidal silica or glaze before or after sintering on the ad-
hesion of zirconia with various ytrria concentration. Materials and methods: Specimens
of Y-TZP with 3% and 5% yttria were subdivided into 5 groups (n=10), according to the
coating applied and moment of application (before or after Y-TZP sintering): Control (no
coating), Colloidal Silica/Sintering, Sintering/Colloidal Silica, Glaze/Sintering, Sinter-
ing/Glaze. Lithium disilicate (LD) was used as positive control. Except for Y-TZP controls,
groups were conditioned with silane before cementation with a self-adhesive resin
cement. After 24 hours, the shear bond strength and failure analysis were performed.
Also, analysis of specimens’ surface was accomplished with SEM-EDX. Kruskal-Wallis
and Dunn tests were applied to analyze differences between groups (p<0.05). Results:
Overall, the worst and best values of shear bond strength test were control and glaze
after sintering groups. Different morphological and chemical aspects were observed in
SEM-EDX analysis. Conclusions: Coating Y-TZP with colloidal silica showed unsatisfac-
tory results. In 3Y-TZP., the surface treatment associated with the best adhesion values
was the application of glaze after zirconia sintering. However, in 5Y-TZP. glaze applica-
tion can be performed before or after the zirconia sintering to optimize clinical steps.

oooooooooooooooooooooooooooooooooooooooooooooooooo

INTRODUCTION

Yttria-stabilized tetragonal zirconia polycrystal (Y-TZP) is progressively
used in dental practice mainly because of a higher fracture resistance
compared to other ceramics.” Excessive loads on the surface of Y-TZP lead
to a tension-induced toughness mechanism opposed to the propagation
of cracks.? This process results from the phase transformation of the Y-TZP
particles from tetragonal to monoclinic phase, which leads to an increase
in volume (3%-5%) at the crack origin.?

The Y-TZP with 3 mol% of yttria (3Y-TZP) is currently considered the
strongest and most durable ceramic used in dentistry.* However, it is as-
sociated with greater opacity and, therefore, inferior aesthetics.> Techno-
logical advances allowed the achievement of a more natural appearance of
monolithic zirconia.” The increase in yttria volume to 5 mol% of yttria (5Y-
TZP) yielded the amplification of the cubic phase for greater translucency
and aesthetics appearance.®

Copyright ©2023 by Dennis Barber Ltd. All rights reserved.
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The effective bonding between dental ceramics and resin
cements is achieved by chemical bond and micromechanical
association, which is a broadly established process for glass-
ceramic restorations with a high silica composition.”#In con-
trast, the zirconia is a polycrystalline material with no glass
phase.?® Therefore, the Y-TZP presents chemical inertia re-
gardless of the variation in the volume of yttria, not being sus-
ceptible to the conventional adhesive cementation process.?
This represents a point of weakness in the adhesion and clini-
cal performance of this class of restorative material .5

Several techniques for covering the surface of the Y-TZP have
been evaluated with the aim to increase the bonding to resin
cements.®” One of the coating techniques that shows promis-
ing results involves the application of a thin layer of vitreous
porcelain on the surface of the Y-TZP - a process also known
as vitrification, low-melting glaze, glaze-on, or ceramic coat-
ing.2*%1 The application of glaze is recommended by the man-
ufacturer in Y-TZP sintered specimens, followed by ~900°C.?
Because of the high content of silica or amorphous matrix of
silica and pigments (metal oxides) in the glaze coat, the zirco-
nia surface becomes vitrified and susceptible to acid etching
and silanization.24211.12

The aim of this study was to evaluate the coating of tradi-
tional and translucent Y-TZP with nanometric colloidal silica
and glaze before or after the sintering of ceramics. The null

Table 1. Composition of the materials used.

hypotheses were: (1) There is no difference in adhesion be-
tween Y-TZP and cement when an industrial nanometric silica
in colloidal suspension or glaze coating is applied. (2) There is
no difference in morphology and performance of the coating
if it is applied before or after Y-TZP sintering.

MATERIALS AND METHODS
EXPERIMENTAL DESIGN AND GROUPS

Zirconia compositions of 3% and 5% yttria (ProtMat Advanced
Materials, Juiz de Fora, MG, Brazil) were selected and divided
into subgroups according to the different surface treatments
received (Table 1). A control group (no coating treatment) and
two different experimental groups were coated either with col-
loidal silica (Begosol HE; Bego - Wilcos, Petrépolis, RJ, Brazil) or
with Glaze (Glaze - Vita Akzent Plus; Vita, Bad Sackingen, Ger-
many) (Table 2). The coating were carried out before or after
sintering. In addition, a lithium disilicate (LD) group was used
for comparison. The adhesion of the Y-TZP specimens to the
self-adhesive resin cement RelyX U200 Automix (3M ESPE, Su-
maré, SP, Brazil) was evaluated regarding shear bond strength
performance (n = 10 per group) with fracture pattern analysis.

Material (Manufacturer)

Composition (WT%)

3 mol% Y-TZP (3Y-TZP; ProtMat
Advanced Materials)

5 mol% Y-TZP (5Y-TZP; ProtMat
Advanced Materials)

Lithium Disilicate (ProtMat

Advanced Materials)

Begosol HE (Bego - Wilcos)

Glaze - Vita Akzent Plus (Vita)

Porcelain Etch (Ultradent)

RelyX Ceramic Primer (3M ESPE)

RelyX U200 Automix A2 (3M ESPE)

94.72% Zr,0, 5.2% de Y,0,, 0.25% de Al,O,

273

90.62% Zr,0, 9.3% de Y,0,, 0.05% de Al,O,

273

Si0, (59-73%), LiO, (13-15%), K,O (3-5%), other oxides (7-25%)

*industrial secret

Mixture with nanometric silica in aqueous solution -
Chemically prepared silicon dioxide (50-70%).

*industrial secret

Powder: Amorphous glass (ceramic with a greater glassy than crystalline composition).

Liquid: glycol solution.
*industrial secret

9% hydrofluoric acid.

Pre-hydrolyzed, single-phase silane solution.

Base paste: Methacrylate monomers containing phosphoric acid groups, methacrylate
monomers, silanized fillers, initiator components, stabilizers, rheological additives.

Catalyst Paste: Methacrylate monomers, alkaline (basic) fillers, silanized fillers,
initiating components, stabilizers, rheological additives, pigments.

* Y-TZP: Yttria-stabilized tetragonal zirconia polycrystal. WT%: weight percentage. Zr,0: Zirconia oxide. Y,0,: Yttrium oxide.

Al,0: Aluminum oxide. SiO2: silicon dioxide (silica). LiO,: lithium superoxide. K,0: potassium oxide.
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Table 2. Distribution of the groups evaluated.

Composition Groups Surface Characteristics

Lithium Disilicate (n=10) LD Positive Control (n=10)
G1 3Y-TZP - 3% Control (n=10)
G2 3Y-TZP + Colloidal Silica/Sintering (n=10)

3 mol% Y-TZP (n=50) G3 3Y-TZP + Sintering/Colloidal Silica (n=10)
G4 3Y-TZP + Glaze/Sintering (n=10)
G5 3Y-TZP + Sintering/Glaze (n=10)
G6 5Y-TZP - 5% Control (n=10)
G7 5Y-TZP + Colloidal Silica/Sintering (n=10)

5 mol% Y-TZP (n=50) G8 5Y-TZP + Sintering/Colloidal Silica (n=10)
G9 5Y-TZP + Glaze/Sintering (n=10)
G10 5Y-TZP + Sintering/Glaze (n=10)

*Y-TZP: Yttria-stabilized tetragonal zirconia polycrystal.

SAMPLE SIZE CALCULATION

The effect size for this study (2.57) was based on a previous
study.” The analysis was performed by the software G * Pow-
er 3.1 (Henrick Heine-Universitat) with a = 0.05 and a power of
0.95. Four per group was considered the ideal sample size to
observe a significant difference between groups. In addition,
6 samples were added to each group (n = 10) to increase reli-
ability, in line with previous studies that employed the same
number of samples per group.24®

PRODUCTION OF Y-TZP SPECIMENS

The ceramic specimens were produced with a 10 x 10 mm
squared format using a dental micromotor in 5 mm thick
pre-sintered blocks (ProtMat Advanced Materials). The Y-TZP
surface received different surface treatments according to the
allocated group, with sintering being performed at different
times (Table 3):

«  Control: No coating treatment was performed,;

«  Colloidal Silica / Sintering: Colloidal Silica was applied 3
times using a brush before sintering at 1530°C;

«  Sintering / Colloidal Silica: After sintering the ceramic at
1530°C, the colloidal silica was applied 3 times using a
brush followed by a new sintering at 1000°C;

*  Glaze / Sintering: Glaze applied once with a brush be-
fore sintering at 1530°C;

«  Sintering / Glaze: After sintering the ceramic at 1530°C,
the glaze was applied once with a brush followed by sin-
tering at 900°C.

ejprd.org - Published by Dennis Barber Journals.

CEMENTATION AND SHEAR BOND STRENGTH TEST

A silicone mold (Express XT Regular Body - VPS Impression
Material, Medium-Bodied Consistency; 3M ESPE) with a hole
was prepared by a Tygon tube precisely cut (ODEME Dental
Research, Luzerna, SC, Brazil).” The silicone mold was pre-
pared using a manual pistol-type dispenser (3M Scotch-Weld
Epx Plus Applicator; 3M ESPE). After setting, the silicone mold
was cut with a No. 11 scalpel blade to achieve 2 mm thick and
sanded for planification of the surface.

With the exception of the Y-TZP control group, the specimens
received the following protocol prior to cementation (Figure
1): 9% hydrofluoric acid gel, actively used with applicator tips
for 20 seconds (Porcelain Etch; Ultradent, Indaiatuba, SP, Bra-
zil), followed by irrigation with 5mL of distilled water, air jet
for 3s, application of silane primer (RelyX Ceramic Primer, 3M
ESPE, Sumaré, Sao Paulo, Brazil) for 60s and air jet for 3s.

RelyX U200 Automix cement (3M ESPE) was applied into the
hole produced using the endodontic applicator tip of the sys-
tem (Outer diameter = 0.8 mm; 3M ESPE). Next, the cement
was light-cured with a Radii-cal LED light curing light (SDI, Bay-
swater, Australia) for 40s at 1200 mW/cm.? The integrity of the
cement at the interface was confirmed by stereomicroscopy
analysis (CARL ZEISS, Suzhou, China) at 10x magnification.' If
an irregular cement interface was detected, the cylinder was
eliminated and immediately prepared in another intact region
on the Y-TZP surface (Figure 2).

Specimens were stored (SL 101; SOLAB, Piracicaba, SP, Bra-
zil) immersed in distilled water for 24 hours at 37°C.'® After
storage, specimens that showed adhesion failure of the resin

secereceeseeseaeeeeeeeeseseo NewlySilica-Based Coating Proposals for Y-TZP Surface...
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Table 3. Sintering cycles performed.

STAGE 1 - Zirconia furnace: NBD 1700°C

. Preheat Preheat Heating Plateau Maintenance Vacuum Vatzuun) .

Ceramics . . rate (°C/ . . termination  Cooling
temp. (°C) time (min) . temp. (°C) time (min) start (°C)
min) (°C)
Lithium Disilicate - - - - - - - -
Y-TZP - Control - - 5 1530 120 - - Natural
V-TzP - Colloidal - - 5 1530 120 : : Natural
Silica/Sintering
YTzP - Glaze/ - - 5 1530 120 : : Natural
Sintering
Y-TZP - Sintering/
Colloidal Silica ) ) > 1530 120 ] ] Natural
Y-TZP - Sintering/ - - 5 1530 120 i i Natural
Glaze
STAGE 2 - Ceramic oven: EDG Volcano
H i V.

. Preheat Preheat eating Plateau Maintenance Vacuum ar:uun'r .

Ceramics . X rate (°C/ . . termination Cooling
temp. (°C) time (min) . temp. (°C) time (min) start (°C)
min) (°C)

Lithium Disilicate 400 6 60 840 10 550 840 Slow
Y-TZP - Control - - - - - - - -
Y-TZP - Colloidal
Silica/Sintering
Y-TZP - Glaze/
Sintering
Y-TZP - Sintering/
Colloidal Silica 500 6 50 1000 10 - - Natural
Y-TZP - Si ing/

Sintering 500 6 80 900 1 : - Natural
Glaze

*Y-TZP: Yttria-stabilized tetragonal zirconia polycrystal. Temp. = temperature.

cement were excluded from this study and a new area of the
ceramic was used for new cementation and analysis. Then,
the cement diameter of specimens included was measured
with a digital caliper with accuracy 0.001 (United Precision
Machine; Shenzhen, China) and the shear bond strength test
was performed in a universal testing machine (Microtensile
OM150; ODEME). For this, a load of 50N was applied at 0.5
mm/min until cement displacement.'”'® Bond strength values
were expressed in MPa, according to the following formula:
Shear bond strength (MPa) = Maximum force (N) / Bonding
area (mm?). The bonding area of the cements was defined by
the circle area method:" Adhesion area (mm?) = tir2, where 1
= constant 3.14, r = radius of the cement cylinders calculated
from of the diameter measured with the digital caliper (mm).

EJPRD
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FAILURE CLASSIFICATION

The cement/zirconia interface of all specimens was evaluat-
ed under a stereomicroscope (20x) after shear bond strength
test to classify the failure pattern into 3 types: Adhesive (fail-
ure at the cement/zirconia interface), cohesive (when failure
occurs in the cement) or mixed (combination between adhe-
sive and cohesive).'>'8

MICROSCOPY ANALYSIS

Two extra specimens of each group not submitted to the
shear bond strength test were coated with 20 nm of gold and
evaluated with Scanning Electron Microscopy (SEM; Nova

Copyright ©2023 by Dennis Barber Ltd. All rights reserved.



European Journal of Prosthodontics and Restorative Dentistry (2023) 31, 346-357

Y-TZP CONTROL
GROUPS:

(no coating — 3% and 5% Y-TZP)

Distilled water irrigation (5 mL)

}

Air Jet (3s)

LITHIUM DISILICATE

Y-TZP COATING
GROUPS:

(Coloidal Silica or Glaze)

l l

9% Hydrofluoric acid gel (20s)

|

Distilled water irrigation (5 mL)

|

Air jet (3s)

|

Silane primer (60s)

}

Air Jet (3s)

}

CEMENTATION WITH SELF-ADHESIVE RESIN CEMENT

}

Light curing (40s)
|

Analysis of the cement/Y-TZP interface on stereomicroscope (10x)

l

Storage (Immersion in distilled water — 37°C, 24h)

SHEAR BOND STRENGTH TEST

* 50N, 0,5 mm/min

!

Analysis and failure classification of all specimens on stereomicroscope (20x)

Figure 1: Flowchart of the protocol used for cementation and shear bond strength testing.

Figure 2: Interface discontinuity (see arrow) on specimen
eliminated after the analysis of the cement/specimen interface.

NanoLab™ DualBeam FIB). For Energy-Dispersive X-ray Spec-
troscopy (EDX; Helios NanoLab, DualBeam FIB) samples were
coated with 20 nm of C. For evaluating the effect of condition-
ing samples with 9% hydrofluoric acid, only half of the speci-
mens was attached followed by irrigation with distilled water,
whereas the other half was only irrigated with distilled water.

SEM images were collected at 2 kV. Magnifications as high
as 32x and 150x are firstly used for looking the appearance of
the samples. Then, images at 150x, 3000x and 15000x of the
most representative areas of all specimens were prepared in
the conditioned and non-conditioned regions. EDX was per-
formed at 10 kV in the selected image of size 1.38 x 0.92 mm?.
Some of the samples were also imaged uncoated by Orion
NanoFab Helium Ion Microscope (HIM). The image were ac-
quired at 30 KV and sample current ~1 nA. The sample charg-
ing is compensated by a flood gun beam (voltage and intensity
optimized for each sample).

STATISTICAL ANALYSIS

Initially, the Shapiro-Wilk test was used to assess data distri-
bution. As it did not show a normal distribution, the Kruskal-
Wallis and Dunn tests were applied to analyze the differences
between the groups and between the zirconia compositions.
The significance level was set at 5%.

RESULTS
SHEAR BOND STRENGTH TEST

The shear bond strength results are shown in Table 4. In the
3Y-TZP groups, the lowest median values were obtained as
0.53 MPa for the control sample. Coating the sample with col-
loidal silica, was not so effective for increasing this value and
values of 0.67 MPa and 0.83 MPa was obtained for application

secereceeseeseaeeeeeeeeseseo NewlySilica-Based Coating Proposals for Y-TZP Surface...
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Table 4. Median (min-max) of the shear strength values of the evaluated groups, expressed in MPa.

3Y-TZP 5Y-TZP K-W (p value)

Control 0.53(0.31 -0.8)2¢ 0.38 (0-0.53)a¢ 0.130
Colloidal Silica / Sintering 0.83(0.33 - 1.49) 8¢ 0.95(0.54 - 1.2) a8 0.040
Sintering / Colloidal Silica 0.67 (0.45 - 2.33) 2&¢ 0.96 (0.7 - 1.68) a8 0.370
Glaze / Sintering 0.89 (0.57 - 1.35) b8 1.48 (0.72 - 2.58) 2» 0.010
Sintering / Glaze 1.87 (1.21 - 3.49) aA 2.51(1.77 - 3.74) 2» 0.180
Lithium Disilicate 2.65(1.49-2.97)4 2.65(1.49-2.97)4

K-W (p value) 0.001 0.001

*Different lowercase letters represent significant differences in the line by the Kruskal-Wallis and Dunn tests (p<0.05).

Different capital letters represent significant differences in the column by the Kruskal-Wallis and Dunn tests (p<0.05).

before and after sintering, respectively. Likewise, these values
increased significantly with the application of glaze in relation
to the control (p<0.001). The best result was obtained when
glaze coating was applied after sintering (1.87 MPa; p<0.001),
which was lower to lithium disilicate (2.65 MPa; p>0.05). In the
5Y-TZP groups, the sintering moment according to coating ap-
plication did not influence the results (p>0.05). Both colloidal
silica and glaze increased the bond strength compared to the
control (0.38 MPa; p<0.001). However, the best results were
from the glaze coating (1.48 MPa and 2.51 MPa; p<0.001),
which were similar to the lithium disilicate (2.65 MPa; p>0.05).
Regarding the different compositions of Y-TZP, there were no
significant differences in adhesion between 3Y-TZP and 5Y-TZP
in the control groups, colloidal silica groups and sintering/
glaze (p>0.5). However, when glaze was applied before sinter-
ing, 5Y-TP (1.48 MPa) showed higher values than 3Y-TZP (0.89
MPa; p<0.05).

FAILURE ANALYSIS

The cement failure classifications corresponded to the shear
bond strength results, with the worst values associated with
adhesive failure and the best with mixed failure (Table 5 and
Figure 3). The lithium disilicate group demonstrated an ad-
hesive/mixed proportion of failures of 20%/80%, showing
no statistical difference with glaze/sintering group (5Y-TZP:
30%/70%) and with groups coated with colloidal silica (3Y-
TZP: 70%/30%; 5Y-TZP: 60%/40%) or glaze (3Y-TZP: 10%/90%;
5Y-TZP: 20%/80%) after sintering for all Y-TZP compositions
(p>0.05). The worst results observed were the control (100%/0;
p<0.001) and colloidal silica/sintering (3Y-TZP: 90%/10%; 5Y-
TZP: 80%/20%; p<0.05).

MICROSCOPY ANALYSIS

SEM analysis of the control specimen (3Y-TZP and 5Y-TZP)
shows grainy surface with grain area increasing from ~0.5-1.8
mm? to ~ 6 mm? with raising Y mol concentration from 3% to

EJPRD
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5% mol in TZP, and therefore reflecting the modification in
the structural conformation (Figure 4 1a to 2b). Unlike, Y-TZP
controls, the lithium disilicate shows a rather smooth surface
without grains, which is modified in a rather rough surface by
the acid treatment (Figure 4 3a to 3ACb). Figure 5 and 6 dis-
play the modification of the surface morphology of 3Y-TZP and
5Y-TZP, respectively, upon coating (silica and glaze) before or
after sintering and with or without an acid treatment. Similar
aspects were observed between the coating treatments in 3Y-
TZP and 5Y-TZP compositions. The coated Y-TZP specimen with
both silica and glaze and post-sintered present grainy surface
alternated with continuous film (Figure 5-6.1a-3a), whereas a
continuous smooth surface (Figure 5-6.2a-4a) is characteristic
of Y-TZP pre-sintered before the film deposition. On the one
end, the groups that were submitted to coating before Y-TZP
sintering and conditioned by acid present extended regions
with grainy surface with respect to smooth region. Also, the
grains are more round shaped after acid treatment, mainly
when sintering is maid after silica coating. When sintering is
made previously to the coating a smooter surface, covered with
silica can be observed, For Glase, this difference is more clear.

The EDX analysis indicates the surface composition and
roughly its elemental quantification. The support Y-YZP should
present only O, Zr, and trace of Y varying from 3 to 5 %. Other
elements appearing in the EDX spectra reflect the composition
of the coating and indirectly its thickness. The EDX analysis
showed that the groups coated with glaze after Y-TZP sintering
presented the highest levels of silicon element (Table 6). The
application of a coating treatment before the zirconia sinter-
ing reduced the Si content, and therefore the layer thickness.
Also, the acid conditioning affected considerably specimens
with Colloidal Silica coating in terms of Si composition and
apparently did not affect the chemical surface composition of
Glaze specimens, within EDX sensitivity.

Copyright ©2023 by Dennis Barber Ltd. All rights reserved.
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Table 5. Failure classifications demonstrated by the groups.

3Y-TzP
Groups/ Lithium Colloidal Silica Sintering / . . . .
Failure Mode Disilicate Control / Sintering Colloidal Silica Glaze / Sintering _ Sintering / Glaze
Adhesive 20% (2) 100% (10) 90% (9) 70% (7) 90% (9) 10% (1)
Mixed 80% (8) 0% (0) 10% (1) 30% (3) 10% (1) 90% (9)
p-value of Fisher's - 0.001 0.005 0.070 0.005 1.000
exact test vs LD

5Y-TZP
Groups/ Lithium Colloidal Silica Sintering / . . . .
Failure Mode Disilicate Control / Sintering Colloidal Silica Glaze / Sintering _ Sintering / Glaze
Adhesive 20% (2) 100% (10) 80% (8) 60% (6) 30% (3) 20% (2)
Mixed 80% (8) 0% (0) 20% (2) 40% (4) 70% (7) 80% (8)
p-value of Fisher’s : 0.001 0.023 0.170 1.000 1.000
exact test vs LD

* LD = Lithium Disilicate.

Figure 3: Illustrative images of failure classifications observed. (a) and (b) Adhesive failure. (c) and (d) Mixed failure.

secereceeseeseaeeeeeeeeseseo NewlySilica-Based Coating Proposals for Y-TZP Surface...
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10pm

10pm 7 7 Xy

Figure 4: Micrographs of control groups of 3Y-TZP (1), 5Y-TZP
(2), Lithium Disilicate (3) at 3000x (a) and 15000x (b) the control
group (3) and control group after acid conditioning (AC.).

To corroborate the EDX and SEM results concerning film be-
havior under post-sintering and acid conditioning, samples
Y3-TZP and Y5-TZP coated with glaze film (G4 and G9) were
investigated by HIM microscope. Figure 7 displays HIM im-
ages. The samples were characterized by alternating regions
with smooth and grainy morphology attributed to the film and
substrate, respectively. The glaze film once treated with acid is
kept only in the void areas; the effect is more pronounced in
the case of Y3-TZP substrate. The finding my suggest a role of
the grain size in the film behavior.

DISCUSSION

In the present study, the surface modification of Y-TZP by silica
incorporation was carried out with the aim to favor the adhesive
cementation procedure. However, both null hypotheses tested
were rejected because significant differences were found be-
tween coating treatments and moments of coating application.

EJPRD
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In comparison with lithium disilicate, the application of na-
nometric silica in colloidal suspension showed unsatisfactory
adhesion and intermediates results in 3Y-TZP and 5Y-TZP, re-
spectively. The proposal of using colloidal silica for Y-TZP coat-
ing was based on the hypothesis that an modification of the
surface chemistry would occur and favor the adhesion. The
high temperature achieved during sintering cycles increase
the kinetics of the zirconia particles;?® this was expected to
increase atomic diffusion with no significant volatilization of
the silica due to the high melting point of this component.?'
After the Y-TZP sintering, a reduction in surface energy and
in the population of pores and defects through the surface
occur, but atomic diffusion of colloidal silica still could occur
through the solid at high temperature during coating sinter-
ing.2’ Therefore, in contrast to glaze, colloidal silica acts in
atomic levels and does not form a coating layer.® The superior
result of glaze coating can be attributed to a micromechanical
action of the glass-ceramic layer formed, which was incom-
pletely formed by the colloidal silica.>?°

The application of a low melting glaze in Y-TZP surface aims
to produce a glass-ceramic layer with micrometric thicknesses
(29.1-140 pm), which allows conventional adhesive cementa-
tion of zirconia.>'? As the glaze has a low melting point com-
pared to zirconia, its application is recommended by manu-
facturers after Y-TZP sintering (~1500°C) and followed by a
new sintering of the ceramics at ~900°C.2 In this study, the
application of glaze after 3Y-TZP sintering allowed excellent
results with adhesion values similar to a glass-ceramic res-
toration. Previous studies also observed favorable adhesion
with glaze coating after Y-TZP sintering*>""'2 with comparable
results to lithium disilicate.22 However, considerable varia-
tions in cementation methodology (e.g., cementation of resin
blocks to Y-TZP or bonding Tygon tubes to Y-TZP surfaces for
cementation) between studies should be highlighted.>* In the
present study, in 5Y-TZP, the application of glaze underscored
excellent values similar to lithium disilicate irrespective of the
sintering moment.

Regarding the results between the controls of the differ-
ent Y-TZP compositions, similar results were demonstrated
(p>0.05). Under similar cementation conditions, the trans-
lucent Y-TZPs perform similarly to the traditional 3Y-TZP in
terms of adhesion.®?-2¢ This finding agrees with the previous
literature.624-26

Moreover, there was no significant difference in the bond-
ing strength comparing 3Y-TZP and 5Y-TZP when the coating
was performed after the zirconia sintering. This can be attrib-
uted to the low adhesion between this layer and the ceram-
ics. However, when glaze coating was applied to the ceramics
before sintering, 5Y-TZP shear result was significantly higher
than 3Y-TZP, indicating that the glaze film was preserved and
presented good adhesion to both the ceramics and the ce-
ment. Furthermore, the application of glaze can be performed
before sintering for optimization of clinical steps in 5Y-TZP.
The explanation for this difference in Y-TZP compositions may

Copyright ©2023 by Dennis Barber Ltd. All rights reserved.
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Figure 5: Micrographs of 3Y-TZP groups at 3000x (a) and 15000x (b) in regions submitted or not to acid conditioning (AC.). Colloidal
Silica / Sintering (1), Sintering / Colloidal Silica (2), Glaze / Sintering (3), Sintering / Glaze (4).

Figure 6: Micrographs of 5Y-TZP groups at 3000x (a) and 15000x (b) in regions submitted or not to acid conditioning (AC.). Colloidal
Silica / Sintering (1), Sintering / Colloidal Silica (2), Glaze / Sintering (3), Sintering / Glaze (4).
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Table 6. Quantitative results [Mean of Weight (/)] of elements obtained by groups in Energy-Dispersive X-ray Spectroscopy

(EDX):

Not Conditioned Acid Conditioned

(0) Y Na Al Si K Ca cl Zr (o} Y Na Al Si K Ca cl Zr

G1 31 6 - - - - - - 63 X
G2 | 46 - 3 = 5 = = - 46 40 - = = 1 = = - 60
3Y-TZP  G3 | 42 - 3 - 10 - - - 45 37 - - - 5 - - - 57
G4 | 41 - - - 6 c - - 5 M c c c 4 - - - 55
G5 | 55 - 5 3 33 - - - 4 48 - 5 3 34 - - - 9

G6 | 41 10 - - - - ; - 49 X
G7 | 53 - - - 5 - - -4 54 - - - 5 - - - 40
5Y-TZP G8 | 41 = = = M = = - 44 32 - = = 3 = = - 65
G9 53 - 2 - 22 - - - 20 46 - - 3 22 - - - 26
G10 | 52 - 5 3 33 3 3 - - 51 - 4 3 31 3 3 - 3

* LD: Lithium disilicate. -: element detection below 1%. X: The zirconia control groups were not submitted to acid conditioning with 9%
hydrofluoric acid gel.

20 pm 3 um

o

(1ACh) " (2ACa)

Figure 7: Micrographs of HIM microscope of 3Y-TZP (1) and 5Y-TZP (2) specimen in regions submitted or not to acid conditioning
(AC) for Glaze / Sintering.

lie in the grain structure present in its pre-sintered state, or in lowed a deeper absorption of glaze components in the grain
the difference in the diffusion coefficient resulting from the boundaries presented in the pre-sintered ceramic compared
compositional differences. The pattern in 5Y-TZP may have al- to the 3Y-TZP ceramics.
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The groups with low values on shear bond strength analysis
- which were overall represented by controls, colloidal silica
and coating before Y-TZP sintering - resulted in a higher ma-
jority of specimens with adhesive failures and reduced num-
ber of specimens with mixed failure after test. This indicates
that adhesion to Y-TZP surface was the main cause of failure.
In contrast, the groups Lithium Disilicate, “Sintering / Glaze”
and “Glaze / Sintering” of 5Y-TZP, which showed the highest
values on shear strength analysis, were mainly associated
with mixed failure. In a mixed type of failure, adhesive and
cohesive failure take place simultaneously, thus showing that
the adhesion to the ceramics was higher than the structural
strength of resin cement in some regions.'®

The present study adds new information regarding bonding
to vitrified surface of Y-TZP of different compositions, but it
still presents some limitations that should be indicated. As
in all in vitro methodologies, it is not possible to simulate all
clinical oral conditions such as the presence of saliva humidity
and technical issues. Also, human teeth were not used to sim-
ulate the impact on dentin surface. Therefore, results should
be interpreted with caution considering that testing was per-
formed in controlled environment. Moreover, although ef-
forts were made for microscopy analyses - by the adequate
preparation of specimens and by the previous observation of
the entire area of specimens to select representative regions
-, @ misinterpretation of results is possible.

CONCLUSIONS

Based on the findings of this study, the coating of Y-TZP with
industrial nanometric silica in colloidal suspension present
unsatisfactory results. In 3Y-TZP, the surface treatment asso-
ciated with the best adhesion values was the application of
glaze after zirconia sintering. However, in 5Y-TZP, glaze coating
showed the best results irrespective of the sintering moment.
Therefore, in 5Y-TZP, glaze application can be performed be-
fore or after zirconia sintering to optimize clinical steps.
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