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Abstract: Background: Silane-containing universal adhesives (UAs) are marketed as adhesion pro-
motors for glass-ceramics. Objectives: This study aimed to evaluate the priming capacity of y-
methacryloxypropyltrimethoxysilane (YMPTS)-containing and y-methacryloxypropyltriethoxysilane
(YMPTES)/3-(aminopropyl)triethoxysilane (APTES)-containing universal adhesives (UAs) for lithium
disilicate ceramic (LDC). Materials and Methods: Etched LDC discs were distributed into four groups
according to the priming material used: (control), no priming; (MBN), LDC was primed with a uni-
versal primer (Monobond N); (SBU), yMPTS-containing UA (Single Bond Universal Adhesive) was
used as a primer; and (SBP), YMPTES/APTES-containing UA (Scotchbond Universal Plus Adhesive)
was used as a primer. LDC discs were cemented using a dual-cure resin cement, then sectioned into
microbeams for microtensile bond strength (WTBS) evaluation. Failure modes were assessed. Results:
MBN application showed the highest uTBS among all groups. YMPTES/APTES-containing UA (SBP)
resulted in considerably higher uTBS compared with YMPTS-containing UA (SBU) or the control
group. The mixed failures were the most predominant among all groups. Conclusions: The effect of
silane-containing UAs on resin-ceramic uTBS is material dependent. Although YMPTES/APTES-
containing UA improved bonding to LDC, the priming of LDC with either of the UAs tested cannot
be considered as an alternative to a separate silanization (priming) step using a universal primer.

Keywords: adhesives; ceramics; microtensile bond strength; silanes

1. Introduction

Ceramic restorations are usually cemented using adhesive or self-adhesive resin ce-
ments which can effectively bond to both tooth structure and ceramic restoration while
having enhanced esthetic and mechanical properties compared with conventional ce-
ments [1]. Robust resin-ceramic bond strength (adhesion) is crucial for the clinical outcome
of indirect restorations made of lithium disilicate ceramic (LDC) [2,3]. Multiple steps
are required to promote adequate bonding between LDC and methacrylate-based materi-
als, such as adhesives or resin-based cements [4,5]. Ceramic surface treatments, such as
priming in addition to using a type of luting cement, can influence resin-ceramic bond
strength (adhesion) [6,7]. LDC is one of the most used glass-ceramic materials, which can
be supplied in a fully or partly crystallized form, which requires crystallization (firing) or
heat-pressing. Despite the wide range of chemical and microstructural differences among
LDC materials, such materials are generally composed of a glass matrix supported by
crystals [8]; hence, etching with hydrofluoric acid (HF) is required to dissolve the glass
matrix [9] and increase the surface energy and wettability [10]. This step is usually followed
by a priming procedure using a silane-containing or universal primer to promote chemical
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bonding (adhesion) between silane-treated LDC and methacrylate-based materials, such as
adhesives or resin-based cements [9,11]. Dental silane primers usually contain organofunc-
tional trialkoxysilanes, such as y-methacryloxypropyltrimethoxysilane (YMPTS) and y-
methacryloxypropyltriethoxysilane (YMPTES), which are diluted and dissolved in ethanol
and water at a specific pH [12]. Silane molecules chemically bond to methacrylate-based
materials via the organofunctional group (methacrylate) and to HF-etched glass-ceramic
via the silanol group resulting from silane activation (hydrolysis) [9,11,12]. Clinically, upon
application of silane primer to a glass-ceramic restoration for a specific time (usually 60 s),
an effective air-drying step is required to disperse any remaining excess of the primer
solution and to evaporate the ethanol (solvent) and water content to form a homogenous
silane layer onto the ceramic surface; otherwise, the resin-ceramic bond strength would
be impaired [13], which would negatively affect the clinical performance of glass-ceramic
restorations.

To simplify dental adhesive procedures, some universal adhesives (UAs) have been
marketed as effective adhesion promotors (primers) to indirect materials owing to their
silane and 10-methacryloyloxydecyl dihydrogen phosphate (10-MDP) content [14]. Such
adhesives are claimed to be alternatives to 10-MDP-containing primers used for poly-
crystalline ceramics or silane-containing primers used for glass-ceramics. Recent studies
indicated that although UAs can effectively promote bonding to zirconia ceramic or indirect
composite [15], their ability to promote adequate bond strength (adhesion) to glass-ceramics
is limited [15-19]. Similarly, the application of such silane-containing UAs as an adhesion
promoter to hybrid ceramic failed to replace the use of commercially available silane-based
primers [20]. Experimentally, the fresh mixing of silane compounds such as YMPTS with
dental adhesives is more effective than adding silane compounds to an adhesive composi-
tion followed by long-term storage due to the acidity (pH) of the adhesive solution [21]
and complexity of the contemporary UAs’ composition [20,22]. Such adhesives contained
only organofunctional trialkoxysilane compounds. Recently, Scotchbond Universal Plus
Adhesive (SBP; 3M Deutschland GmbH, Neuss, Germany) was introduced to the dental
market as the first UA containing both organofunctional trialkoxysilane and amino-silane
compounds, such as 3-(aminopropyl)triethoxysilane (APTES). Such optimized silane con-
tent is expected to enhance the priming efficacy of SBP adhesive to glass-ceramics due
to its optimized silane content (YMPTES and APTES) [23]. Nevertheless, it is essential
to compare the priming capacity of the new YMPTES/APTES-containing UA with com-
mercially available silane-based or universal primers used clinically. The use of SBP as
an alternative to silane-based or universal primer is assumed to promote adequate resin-
ceramic bond strength (adhesion), which can save more clinical time and the additional
financial cost of silane-containing or universal primers. In addition, yYMPTES/APTES-
containing UA can be applied in more versatile clinical situations, such as in the intra-oral
repair of LDC restorations. This study aimed to assess whether silane-containing UAs
can influence the resin-ceramic microtensile bond strength (uTBS). Therefore, the effect of
two silane-containing UAs on the resin-ceramic pTBS was evaluated in comparison with
silane-containing universal primer. The null hypotheses were that: (1) Ceramic surface
treatments (primer and UAs) would have no significant effect on the resin-ceramic pTBS;
(2) There would be no significant difference between the resin-ceramic pTBS obtained after
the use of either of the two silane-containing UAs tested.

2. Materials and Methods

The materials used in the study and their compositions are described in Table 1.
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Table 1. Materials used in study.

Material (LOT Number)

Code Composition

Initial LiSi Block, GC, GC
corporation, Tokyo, Japan.
(LOT: 2201201C)

Single Bond Universal
Adhesive, 3M Deutschland
GmbH, Neuss, Germany.
(LOT: 10608B)

Scotchbond Universal Plus
Adhesive, 3M Deutschland
GmbH, Neuss, Germany.
(LOT: 7676509)

Silicon dioxide: 81%;
phosphorus oxide 8.1%;
potassium oxide 5.9%;
aluminum oxide 3.8%;
titanium oxide 0.5%; and
cerium oxide 0.6%.
10-MDP phosphate monomer,
Vitrebond,
copolymer, HEMA, Bis-GMA,

SBU dimethacrylate resin,
camphorquinone, silane
(YMPTS),
ethanol, and water.
10-MDP phosphate monomer,
Vitrebond,
copolymer, HEMA,
dimethacrylate resin,
crosslinking radiopaque
monomer, dual-cure
accelerator, camphorquinone,

LDC

SBP

optimized silane
(YMPTES/APTES), ethanol,

and water.
Mopobond N, Ivoclar Alcohol, silane methacrylate,
Vivadent, Schaan, . .
. . MBN phosphoric acid methacrylate,
Liechtenstein.

(LOT: Z02577) disulfide methacrylate.

Dimethacrylate monomers,
phosphorylated
dimethacrylate adhesion
RelyX Universal Resin monomers,
Cement, 3M Oral Care, photoinitiator system, novel
St. Paul, USA. amphiphilic redox initiator
(LOT: 7756479) system, radiopaque fillers,
and
rheological additives and
pigments.

Bis-GMA, bisphenol A glycidyl methacrylate; 10-MDP, 10-methacryloyloxydecyl dihydrogen thiophos-
phate; HEMA, 2-hydroxyethyl methacrylate; YMPTS, y methacryloxypropyltrimethoxysilane; YMPTES, y-
methacryloxypropyltriethoxysilane; APTES, 3-(aminopropyl)triethoxysilane.

2.1. Specimens’ Preparation

LDC (GC InitialLiSi Block, GC Corporation, Tokyo, Japan) blocks were cut into a
total of 40 (approximately 5.5 mm X 6.5 mm) 5 mm thick discs using a water-cooled
diamond cutting disc mounted on a computer-controlled precision cutter (IsoMet 5000
Linear Precision Saw, Buehler, Lake Bluff, IL, USA). The top surface of each ceramic disc
was wet-polished for 1 min using 600-grit silicon carbide papers mounted on a grinding
machine (Automata, Jean Wirtz, Germany) performing 200 revolutions per minute (rpm),
and then the discs were subjected to ultrasonic cleaning in distilled water for 5 min using
an ultrasonicator (Sonicer, Yoshida Dental Manufacturing. Co., Ltd., Tokyo, Japan). The
top surface of each ceramic disc was acid-etched with 5% HF (IPS Ceramic Etching Gel,
Ivoclar Vivadent, Schaan, Liechtenstein) for 20 s, then thoroughly washed with water,
before being air-dried and subjected to additional ultrasonic cleaning in distilled water
for 5 min, and then air-dried and randomly distributed into four groups according to the
priming material utilized. In Group 1 (control), the LDC discs were not primed. In Group 2,
a universal primer (MBN) was applied to the top surface using a microbrush according
to the manufacturer’s instructions, where it was left for 60 s; subsequently, any remaining
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excess was dispersed with a strong stream of air for approximately 5 s. In Group 3, YMPTS-
containing UA (SBU) was mixed with one drop (1-to-1 ratio) of Scotchbond Universal DCA
(3M Deutschland GmbH, Neuss, Germany) and immediately applied onto the ceramic
surface with a microbrush for 20 s, before being air-dried for approximately 5 s without
being light-cured. In Group 4, yYMPTES/APTES-containing UA (SBP) was applied onto the
ceramic surface with a microbrush for 20 s, before being air-dried for approximately 5 s
without being light-cured. For each group, the two discs that received the same surface
treatment were cemented using a dual-cure resin cement (RelyX Universal Resin Cement,
3M Oral Care, St. Paul, MN, USA). Equal amounts of resin cement were applied onto
the HF-etched or surface-treated (primed) sides before both discs were vertically aligned
using a custom-made metal cementation device; then, a cementation force of 1 kg was
applied to the discs for 1 min (Figure 1) [24]. The excess cement was immediately and
carefully removed with a small-size cotton pellet. The cemented blocks (1 = 5/group) were
light-cured from each side for 40 s. Then, additional light curing was performed from the
top and bottom sides for an additional 40 s each using Elipar™ S10 (3M ESPE, St. Paul,
MN, USA) operated at 1000 mW /cm?, as verified by a hand-held radiometer (Bluephase
Meter, Ivoclar Vivadent, Austria). The light-curing tip was kept at approximately 1 mm
and at 0 angle to the cemented block. Then, the cemented blocks were kept in distilled
water for 24 h at 37 °C before sectioning.

- No priming

e
(e

(c) (d)

l

O}‘

® ) @

Figure 1. Schematic illustration of specimens’ preparation and uTBS test. (a) Sectioning of ceramic
blocks into discs; (b) acid etching with 5% HF; (c) priming of ceramic discs, control (no priming), MBN,
SBU, SBP; (d) cementation of ceramic discs using RelyX Universal Resin Cement under 1 kg force;
(e) sectioning of cemented discs into microbeams; (f) fixation of microbeams onto uTBS metal jig;
(g) using a scanning electron microscope (SEM) to evaluate the failure/fracture mode of microbeams
with failure-mode patterns unidentifiable with a light microscope.
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2.2. uTBS

The cemented ceramic blocks were sectioned into ceramic-resin-ceramic microbeams
with a cross-sectional area of approximately 1 mm? (Figure le) using a water-cooled
diamond cutting disc mounted on a low-speed precision cutter (IsoMet 1000 Precision
Cutter, Lake Bluff, IL, USA) for uTBS evaluation. Thirty microbeams were generated within
each group. The generated microbeams were examined with a light microscope (Hirox
Co., Ltd., Tokyo, Japan) at 15x magnification before uTBS testing. Defective microbeams
were excluded. A digital micrometer (Mitutoyo, Kanagawa, Japan) was used to measure
the microbeam cross-sectional surface area at the interface. Then, the microbeams were
fixed (glued) to a custom-made metal jig using a cyanoacrylate glue (Loctite 416, Henkel,
Diisseldorf, Germany) and attached to a universal testing machine (Instron 5965, Instron
Corporation, Norwood, MN, USA) supplied with a 30 kN load cell. Before testing, it was
ensured that the alignment of each microbeam was parallel to the direction of the tensile
force. The microbeams were stressed under tension at a crosshead speed of 0.5 mm/min
until failure or debonding. The puTBS (in megaPascal (MPa)) was calculated for each
microbeam by dividing the maximum force (in Newton (N)) at fracture or debonding by
the cross-sectional surface area (in mm?). The uTBS test was performed in accordance with
the protocol described by the Academy of Dental Materials [25].

2.3. Failure/Fracture Mode Assessment

Failure/fracture modes were assessed at 15X magnification using a light microscope
(Hirox Co., Ltd., Tokyo, Japan). Failed/fractured microbeams with unidentifiable failure-
mode patterns were ultrasonically cleaned in distilled water for 5 min and dehydrated
in ascending concentrations of ethanol, before being gold sputtered for 180 s at 40 mA
using a JFC-1100 Fine Coat Ion Sputter (JEOL Ltd., Tokyo, Japan). Gold-sputtered mi-
crobeams were then assessed for the failure/fracture mode at low (75x, 80x) and high
magnifications (500x) using a scanning electron microscope (JSM-6610LV; JEOL Ltd.,
Tokyo, Japan) operated at 20 kV. Failure/fracture mode patterns were classified as cohesive
failure/fracture in the ceramic; adhesive failure/fracture at the resin-ceramic interface;
cohesive failure/fracture the resin cement; or mixed failure, including failure/fracture at
the ceramic and the resin cement, cohesive failure in the resin cement, and adhesive fail-
ure/fracture at the resin-ceramic interface. Defective microbeams or those failed /fractured
away (>2 mm) from the resin-ceramic interface were excluded.

2.4. Statistical Analysis

The sample size was calculated using G*Power software, version 3.1.9.7 (Heinrich-
Heine-Universitit Diisseldorf, Diisseldorf, Germany). A total of 20 cemented blocks are
required to provide 5 blocks per group. This design achieves 98% power and a 5% signifi-
cance level. The uTBS values of microbeams generated from the same cemented ceramic
block were averaged, thus the cemented ceramic block was considered as the statistical
(experimental) unit [26]. Upon the evaluation of the normality of nTBS data using the
Kolmogorov-Smirnov test, the one-way analysis of variance (ANOVA) and Tukey’s multi-
ple comparison tests were applied in the statistical analysis considering the effect of the
priming material on the resin-ceramic uTBS, with p < 0.05 considered as being statisti-
cally significant. The statistical analysis was performed using R software version 4.1.2 (R
Foundation for Statistical Computing, Vienna, Austria).

3. Results
3.1. uTBS

The means £ standard deviations (SDs) pTBS for the tested groups are presented
graphically and numerically in Figure 2. Universal primer (MBN) application showed
the highest uTBS (32.21 + 4.49 MPa) among all groups. YMPTES/APTES-containing UA
(SBP) resulted in significantly higher uTBS (20.41 + 6.26 MPa) compared with YMPTS-
containing UA (SBU) (10.65 &+ 3.5 MPa) or the control group (8.47 £ 3.11 MPa). There was
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no statistically significant difference between yYMPTS-containing UA (SBU) and the control
group. The results of Tukey’s multiple comparisons statistical analysis are illustrated in
Table 2.

50
10

30

20

-

Microtensile bond strength (MPa)

0 T T
Control MBN SBU SBP

l Mean + SD 8.47 +3.11 32.21+4.49 | 10.65+3.50 | 20.41 + 6.26

Figure 2. The means =+ standard deviations (SDs) of resin-ceramic microtensile bond strength (uTBS)
(expressed in MPa) of Group 1 (control), no priming; Group 2, primed with MBN; Group 3, primed
with SBU; and Group 4, primed with SBP. Different superscript letters indicate statistically significant
difference (p < 0.05) between groups.

Table 2. Results of Tukey’s multiple comparisons statistical analysis of uTBS data.

Pair-Wise
G Mean Lower Upper -Value Significance
roups Difference Bound Bound P 8
Comparisons
Control-MBN 23.739 15.581 31.897 <0.001 *
Control-SBU 2.181 —5.977 10.339 0.869
Control-SBP 11.942 3.784 20.100 0.003 *
MBN-SBU 21.557 13.399 29.715 <0.001 *
MBN-SBP 11.797 3.639 19.955 0.004 *
SBU-SBP —9.761 —17.919 —1.603 0.017 *

*: indicates statistically significant difference.

3.2. Failure Mode Evaluation

The frequencies of failure modes (expressed as percentages) recorded for the tested
uTBS microbeams are presented in Figure 3. The mixed failures were the most predominant
among all groups at 60% (15 microbeams) for the control group, 80% (20 microbeams)
for MBN, 68% (17 microbeams) for SBU, and 72% (18 microbeams) for SBP. Adhesive
failures occurred next to mixed failures, while cohesive failures were the least among all
groups. No cohesive failures in ceramic, or pretest failures, were recorded for any group.
The representative SEM photomicrographs of the recorded failure modes are presented in
Figure 4. Most of the mixed failure-mode patterns involved an adhesive interfacial failure
at the ceramic side and a cohesive failure within the resin cement (Figure 4c,d).
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Figure 3. Frequencies of failure modes (expressed as percentages) recorded for tested pTBS mi-
crobeams of following groups: control (no priming), MBN, SBU, and SBP.
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Figure 4. Representative SEM photomicrographs at low and high magnifications of tested mi-
crobeams. (a), at 75x and (b), at 500 x: adhesive failure; (c), at 75x and (d), at 500 x: mixed failure;
(e), at 80x and (f), at 500 x: cohesive failure in resin cement. Cr: ceramic surface; gray arrow: ceramic
surface covered by adhesive layer; white arrow: adhesive layer, and black arrow: resin cement.
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4. Discussion

Bond strength evaluations can be utilized to assess the effectiveness of adhesive
procedures and materials [27] before clinical studies can be conducted. This study was
designed to evaluate the effect of priming LDC with silane-containing UAs on resin-ceramic
bond strength. In contrast to a previous study [23] in which a shear (macro) bond strength
test was used to evaluate the bonding of light-cured (polymerized) silane-containing UAs,
the current study utilized the uTBS test due to its better discriminative ability, more even
stress distribution during testing, and less cohesive substrate failures compared with macro
bond strength tests [28,29]. In addition, the ceramic discs were primed with UAs before
they were cemented (under force) using a dual-cure resin-based cement to simulate the
intra-oral cementation procedure.

The first null hypothesis was that ceramic surface treatments (universal primer or
UAs) would have no significant effect on the resin-ceramic uTBS. The results of this
study indicated that despite yYMPTS-containing UA (SBU) having no effect on the resin-
ceramic uTBS, both the universal primer (MBN) and YMPTES/ APTES-containing UA (SBP)
considerably improved the resin-ceramic uTBS. Thus, the first hypothesis was rejected.

Silane-containing universal primers, such as MBN, would not promote adequate
adhesion to glass-ceramics without a prior HF etching step [30]. That is why the effect of
MBN or silane-containing UAs should not be evaluated without prior HF etching. The
application of HF on glass-ceramics results in the formation of tetrafluorosilane, which
reacts with HF to form a soluble hydrofluorosilicic acid [12]. Then, a considerable amount
of the glass matrix at the etched ceramic surface is dissolved and can be easily rinsed away
with water. This not only results in the creation of surface microirregularities but also results
in the formation of hydroxyl groups on the etched ceramic surface [9]. Upon the surface
treatment of HF-etched glass-ceramic with silane-containing primers, a condensation
reaction between such hydroxyl groups and the silanol groups of activated silane occurs,
representing one aspect of ceramic bonding [9,31]. The other aspect is the reaction between
organofunctional groups in the silane molecule and functional (methacrylate) groups of
the methacrylate-based materials, such as resin-based cements or adhesives [9,31]. The
universal primers utilized in this study, such as MBN, contain large percentages of organic
solvents, such as ethanol or acetone [11,32]. Upon air-drying the primer layer applied on
the ceramic surface, much of the solvent will be evaporated, resulting in the formation of
a silane layer on the ceramic surface, which is a crucial factor affecting the resin-ceramic
bond strength [31]. In contrast, compared with MBN, the composition of silane-containing
UAs is much more complex because they are primarily manufactured to bond resin-based
composite materials to the tooth structure [33]. To specify, other components within the
UA composition, such as 10-MDP, Bis-GMA, HEMA, dimethacrylate resin, crosslinker
monomers, and other components, cannot be eliminated after the application of UA. Thus,
it is assumed that despite the ability of UAs to flow effectively into the microirregularities
created by HF etching [21], the formation of a silane layer deposited onto the ceramic
surface seems less likely, even with the effective air-drying of such UAs [20]. This can partly
explain the inferior priming capacity of UAs compared with MBN. Meanwhile, UAs are
acidic in nature [14,34], which might have affected the chemical stability of silane molecules
within the UAs’ formulations, impairing their priming potential [21] and resulting in a low
resin-ceramic bond strength. YMPTS-containing UA (SBU) did not have any impact on
resin-ceramic bonding. This is in accordance with a recent meta-analysis that indicated
that yMPTS-containing UAs do not have a priming capacity similar to silane-containing
or universal primers [35]. In contrast, YMPTES/APTES-containing UA (SBP) not only
significantly improved the resin-ceramic pnTBS compared with the control group but also
resulted in significantly higher uTBS than the YMPTS-containing UA (SBU). Therefore,
the second null hypothesis, that there would be no significant difference between the
resin-ceramic uTBS obtained after the use of either of the two silane-containing UAs tested,
was also rejected. The different bond strengths obtained can be explained—in part—by the
better priming capacity of SBP due to its optimized (YMPTES/APTES) silane technology.
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Combining the effects of the silanol-groups of both YMPTES and APTES molecules, as well
as the amino groups of the APTES molecule, means they can simultaneously interact with
the hydroxyl groups on the glass-ceramic surface [36], increasing UA’s priming capacity;
thus, the resin-ceramic uTBS is enhanced. The APTES molecule within SBP forms hydrogen
bonds at the HF-etched glass-ceramic surface and reacts with silanol groups, resulting
in the formation of amino-silanol groups [37]. In addition, the APTES molecule can act
as a siloxane intermolecular crosslinker [36], which can increase the density of the silane
interaction layer and enhance the bonding to the glass-ceramic material [23]. Moreover,
the Si-O-CyH5 group within the YMPTES molecule in SBP hydrolyzes slower than the
5i-O-CHj group within the YMPTS molecule in SBU [38], which may have decreased the
dehydration condensation of silanol groups [23]. Another plausible explanation for the
superior resin-ceramic uTBS obtained when SBP is used as a primer may be its improved
dual-cure compatibility with the luting resin cement used (RelyX Universal Resin Cement).
However, further in-depth investigations are required to prove this speculation.

Despite the precision of the uTBS test employed in this study, it is a technique-sensitive
method associated with the generation of interfacial stress during specimens’ sectioning.
Such stress can result in failure of low-performance adhesive interfaces or brittle sub-
strates [29]. Multiple factors, such as specimens’ alignment in relation to the direction
of tensile force, shape and dimensions, gripping jig, and testing machine, can also influ-
ence the outcome of the uTBS evaluation [25,39]. The outcome (LTBS data) should be
interpreted in combination with the corresponding failure modes because a statistical
evaluation of pTBS data can be affected by the inclusion or censoring microbeams with
specific failure modes [40,41]. Both a light microscope and SEM were utilized to assess
the failure mode patterns of the tested microbeams. The fractographic evaluation using
SEM is more illustrative and can be performed in higher magnifications compared with
using a light microscope [25]. We found that mixed failure patterns (Figure 4c,d) were the
most predominant in all the groups. The control (no priming) group presented a higher
incidence of adhesive failures compared with the other groups, which may be due to the
relatively low puTBS. The failure mode patterns of the tested groups were affected by the
setup of the uTBS test. Although sectioning the cemented ceramic blocks into microbeams
is laboratory-intensive and technique-sensitive work, testing the ceramic-resin-ceramic
microbeams employed in this study not only had the advantage of solely evaluating the
resin-ceramic interface [24] but also eliminated the incidence of cohesive failures within the
ceramic material, which can be explained by the high mechanical properties of LDC [42]
and the homogenous stress distribution at the interface. Overall, the YMPTES/APTES-
containing UA (SBP) showed promising performance as an LDC primer before cementation
with a dual cure resin cement. However, this study has some limitations, including the lack
of long-term artificial aging (water storage and thermocycling) of the microbeams and the
use of one ceramic material and one resin cement. Moreover, mechanical loading before
bond strength evaluation cannot be performed because of the geometry of the cemented
blocks. Thus, the results of this study should be considered with much caution. In fact,
in-depth chemical analyses of YMPTES/APTES ratio applied in SBP in addition to the
reaction between YMPTES/ APTES-containing UA (SBP) and HF-etched glass-ceramic are
required to confirm its positive impact on resin-ceramic bond strength.

5. Conclusions

The effect of silane-containing UAs on resin-ceramic pTBS is material-dependent.
YMPTS-containing UA (SBU) did not affect the resin-ceramic uTBS. Although YMPTES/
APTES-containing UA (SBP) improved bonding to LDC compared with yYMPTS-containing
UA (SBU) or the control group (no priming), it resulted in considerably lower uTBS than
a universal silane-containing primer (MBN). The priming of LDC with either of the UAs
tested cannot be considered as an alternative to a separate silanization (priming) step using
a universal silane-containing primer.
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