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Abstract

The aim of this study was to investigate the effect of two different priming agents and/or sandblasting on the shear bond
strength of self-adhesive resin cement to the resin composite for core build-up to CAD/CAM blocks. A CAD/CAM ceramic
block (GN I CERAMIC BLOCK, GC) and a CAD/CAM resin composite block (CERASMART 270, GC), a self-adhesive
resin cement (G-CEM ONE, GC) and two different primers, i.e., a multipurpose primer (MP; G-Multi Primer, GC) and a
ceramic primer (CP; Ceramic Primer II, GC), were examined. Five different surface treatments with priming and/or sand-
blasting and no surface treatment (control) were performed on the block. Disk specimens (6 mm in diameter and 4 mm in
thickness) made from core composites were cemented to the blocks after the surface treatments. Then, the 24-h shear bond
strength of the resin cement between the block and the resin composite core was determined (n=15). Sandblasted specimens
had greater bond strength than controls for both blocks (p < 0.05). Priming to both blocks significantly increased the bond
strength of resin cement compared to that of controls (p <0.05). Although Weibull moduli were not significantly changed
among all surface treatments for both blocks, the strengths with 5% and 95% failure probability of sandblasted and/or primed
blocks were estimated to be greater than those of controls. The combination of priming and sandblasting to the CAD/CAM
composite and ceramic surface was effective in increasing the bond strength of the resin cement.
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Introduction

Computer-aided milling of dental materials such as metals,
composites, and ceramic is becoming a common dental tech-
nology because of advances in imaging devices, software,
and CAD/CAM milling systems [1]. In the past decade,
CAD/CAM prosthetic materials, including ceramics and
composites, have improved in their physical and mechani-
cal properties [2—7]. Therefore, the CAD/CAM crowns made
of composites or ceramics are a choice for restorations that
satisfy the esthetic demand of patients. These tooth-colored
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prostheses are frequently fabricated on the abutment made
of a resin composite for core build-up for esthetic reasons [8,
9]. Then, the crowns made of ceramics or resin composites
are bonded to the abutment using the resin cement to achieve
durable retention in the oral cavity.

One of factors affecting adhesion of a prosthesis to an
abutment in the oral cavity is the appropriate surface treat-
ment for adherence. However, the surface treatments, in
some cases, are complicated processes that may cause
technical errors in bonding of the prosthesis. Of the current
luting materials, self-adhesive resin cements, which con-
tain some adhesive monomers, are useful luting agents for
shortening the time required for surface treatment, and they
exhibited strong adhesion to dental alloys, resin composites,
or ceramics [10, 11].

To obtain the optimal surface conditions for adhesion
before bonding procedures, sandblasting [12—14] or etch-
ing by hydrofluoric acid [10, 14-17] is employed to tooth-
colored crown materials, such as ceramics or resin compos-
ites, to provide mechanical retention or to increase surface
areas of the adherend. In addition, priming of the surface
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enhances chemical bonding by modifying surface energy
[14—17]. Therefore, some self-adhesive resin cements on the
market recommend using a primer.

Ceramics for CAD/CAM are attractive because of their
biocompatibility, long-term color stability, chemical dura-
bility, and wear resistance [1]. Resin composites for CAD/
CAM had reportedly greater fracture resistance than those
for restorative filling because of a higher degree of polym-
erization with few pores in the structure [6]. In addition, the
CAD/CAM resin composites have an advantage of machina-
bility over ceramics due to the hardness being lower than
that of ceramics [18]. Both resin composites and ceramic
adhesive surfaces are treated by the silane coupling agent,
such as ¥-MPTS, for chemical bonding to self-adhesive resin
cement. For them to be effective as a silane treatment, some
priming agents contain ¥-MPTS with other adhesive mono-
mers. However, few studies have investigated the effect of
the different priming agents on the bond strength of self-
adhesive resin cement to glass ceramic and resin composites
[11, 19], and no consistent results have been reported on the
effect on bond strength. To the best of our knowledge, only
a few papers have investigated the bond strength of resin
cement between CAD/CAM blocks and resin composites
for core build-up [20, 21].

The aim of this study was to examine the effect of two
different priming agents and/or sandblasting to the CAD/
CAM blocks on the shear bond strength of self-adhesive
resin cement to the resin composite for core build-up. The
present study tested the hypothesis that the combinations of
sandblasting and priming treatments strengthen the bonding
of CAD/CAM blocks to resin composite core material.

Table 1 Materials examined in this study

Materials and methods
Materials

A CAD/CAM ceramic block (10x13x 17 mm, GN I
CERAMIC BLOCK, GC, Tokyo, Japan), a CAD/CAM
resin composite block (14 x 14 x 18 mm, CERASMART
270, GC), a dual cured resin composite for the core build-
up material, and a self-adhesive resin cement (G-CEM ONE,
GC) were used (Table 1). Two different primers; a multipur-
pose primer (MP) containing MDP, MDTP, and y-MPTS
(G-Multi Primer, GC); and a ceramics primer (CP) contain-
ing MDP and y-MPTS (Ceramic Primer II, GC) were used
before cementing (Table 1).

Methods
Specimen preparation

The CAD/CAM block specimens were cut out of a block
stub with a diamond wheel saw and embedded into an epoxy
resin (EPOFIX, Struers, Tokyo, Japan) in a plastic mold.
Disk specimens (6 mm in diameter and 4 mm in thickness)
of the resin composite for core build-up were prepared using
Teflon molds with light-curing for 10 s under a curing lamp
(G-light Prima-II, GC). The molded disk specimens were
further cured using the laboratory lamp (LABOLIGHT
LV-1II, GC) for 10 min. After both the embedded CAD/
CAM block specimen and resin composite specimens were
removed from the mold, the surfaces were finished using
a 600 grit SiC abrasive paper with water. The polished

Material Manufacturer Composition Lot no.
Adherend: CAD/CAM block
GN I CERAMIC BLOCK GC Si0,, AlL,03, K,O 0511072
CERASMART 270 GC Monomer: Bis-MEPP, UDMA 1702141
Filler: SiO,, Ba glass
Filler wt%: 78%
Adherend: Resin composite
for core build-up
UniFil Core EM GC Base paste: fluoroaluminosilicate glass, urethane dimethacrylate (UDMA) 1602021
Catalyst paste: fluoroaluminosilicate glass, urethane dimethacrylate (UDMA)
Primers
GC ceramic primer II (CP) GC Vinyl silane, phosphoric methacrylate monomer, methacrylic acid ester, ethyl alchol 1702061
GC G-multi primer (MP)  GC Vinyl silane, phosphoric methacrylate monomer, thiophosphoric ester monomer, meth- 1611291
acrylic acid ester, ethyl alchol
Self-adhesive resin cement
G-CEM one GC Paste A: Fluoroaluminosilicate glass, methacrylic acid ester, initiator 1702205

Paste B: Silica filler, methacrylic acid ester, phosphoric methacrylate monomer, initiator
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surfaces were rinsed under running water and then ultra-
sonically cleaned with deionized water for 10 min.

Surface treatments

Six different experimental surface treatment groups on
CAD/CAM blocks were carried out, as presented in Table 2
[no surface treatment (control; T1), sandblasting (T2),
priming with CP (T3), sandblasting and priming with CP
(T4), priming with MP (T5), and sandblasting and priming
with MP (T6)]. In the sandblasting groups, the surfaces of
the CAD/CAM block were treated with alumina particles
(70 pm, Hi-ALUMINA, SHOFU, Kyoto, Japan) for 5 s at
an air pressure of 0.3 MPa (10 mm in distance) [20, 21].
The surface-treated specimens were cleaned using an ultra-
sonic bath in deionized water for 10 min and dried before
the adhesion procedures.

Shear bond strength measurements

The self-adhesive resin cement was mixed for 10 s
according to the manufacturer’s mixing instructions. The
cement mixture was placed on the CAD/CAM block sur-
face after surface treatments (T2-T6) or controls (T1).
Then, the resin composite disk was adhered and fixed
under finger pressure (approximately 5 kgf) for 5 s. After
excess cement surrounding the resin composite disk was
removed using a dental explorer, the resin cement was
cured using a curing lamp for 12 s. The specimens for the
shear bond test were kept in 95% + 5% relative humidity
at 37 °C + 2 °C for 24 h. The shear bond strength was
determined at 23 °C £+ 2 °C in air using a universal testing
machine (Instron 3366, Boston, USA) with a cross-head
speed of 1.0 mm/min at 24 h after the cement mixing. The
bonded specimen was set in a shear bond test jig, as the
adhesive interface was perpendicular to the base plate of
testing equipment. The sliding plate for shearing was in
contact with the adhesive interface of specimen and was
loaded vertically until the specimen debonded. The shear

Table2 Six different surface treatments applied to the CAD/CAM
blocks and resin composite core material

Surface treat- CAD/CAM block Resin composite

ment for core build-up
Sandblasting Priming Priming

T1 - - -

T2 + - -

T3 - With CP With CP

T4 + With CP With CP

T5 - With MP With MP

T6 + With MP With MP

@ Springer

bond strength was calculated by dividing the maximum
failure loads (N) by the adhesive area of the disk speci-
mens (6 mm in diameter, 28.26 mm?). Fifteen specimens
were examined for each experimental condition. This
sample size was chosen based on 1S029022:2013and
ISO/TS11405:2015. [22, 23]. The results were statisti-
cally analyzed using a two-way analysis of variance and
Bonferroni’s test for multiple comparisons among the
surface treatment groups (a=0.05). A p value of less
than 0.05 was considered to be statistically significant. In
addition, a Weibull analysis was conducted for the bond
strength data. Statistical analyses were performed using
statistical software (SPSS Statistics 20, IBM, NY, USA).

Scanning electron microscope (SEM) observation
of the specimen surfaces after the surface treatment

The surface textures of the CAD/CAM blocks after six dif-
ferent surface treatments were observed using SEM (JSM-
6360LV, JEOL, Tokyo, Japan) at an acceleration voltage of
20 kV. The specimens were coated with a gold film (20 nm
thick) before observation.

Fracture mode analysis after a shear bond test

After the shear bond test, the fractured surfaces of blocks
were examined using a stereomicroscope (100 X magnifi-
cation, STM-5, Olympus, Tokyo, Japan) and classified as
adhesive failure at the interface region, cohesive failure in
the adherend region, or a mixed failure mode of adhesive
and cohesive failures [21]. The cohesive failure was defined
as a fracture inside the blocks of more than two-thirds of the
bonding area after the shear bond test. When two-thirds or
more of the adhesive surface was observed on the debonded
surface of the blocks or the resin composite core, it was
classified as adhesive failure. The others were classified as
a mixed failure. The observation results were statistically
analyzed using a Chi-squared test at p =0.05.

Results
Shear bond strength

Figure 1 illustrates the measured shear bond strength values
of the resin cement between the resin composite for core
build-up and CAD/CAM blocks. A summary of the statisti-
cal analysis for shear bond strengths is presented in Table 3.
Surface treatments significantly affected the shear bond
strengths of self-adhesive resin cement between the resin
composite and each block among different surface treat-
ments with and without priming conditions (p <0.05) and
between the specimens with and without sandblasting of the
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Fig.1 Shear bond strengths between CAD/CAM blocks and resin
composite core material after different surface treatments. Same
Roman upper case letters indicate significant differences in bond
strength of each CAD/CAM block in the same priming groups (none,
CP, or MP) (p<0.05). For the groups without sandblasting (T1, T3,
and T5), same Greek letters indicate significant differences in bond
strength of each CAD/CAM block (p<0.05). For the sandblasted
groups (T2, T4, and T6), same Roman lower case letters indicate
significant differences in bond strength of each CAD/CAM block
(p<0.05)

block (p <0.05). Both priming and sandblasting significantly
interacted with the shear bond strengths of the specimens
(p <0.05) (Table 3).

CAD/CAM ceramic block

For the groups primed with CP, there were no significant
simple main effects in the bond strength of resin cement
whether or not the sandblasting was performed (p =0.9770).
However, regardless of the sandblasting treatment, signifi-
cant simple main effects were found in the bond strength
among the groups with and without priming (p <0.001).
The sandblasted group (T2) showed greater shear bond
strength than the controls (T1) (p <0.001). For the groups
with priming, there was no significant difference in bond
strength between the CP-primed groups without and with
sandblasting (T3 vs T4, p=0.977), whereas the MP-primed
group with sandblasting (T6) had significantly greater bond
strength than that without sandblasting (T5) (p <0.001).
In groups without sandblasting, the bond strengths of the

Table 3 Summary of analysis of variance for shear bond strengths

Source Type 1T df Mean Fvalue p value
Sum of square
squares
GN I CERAMIC
BLOCK
Primer (P) 490.7470 2 245.3735  29.0240 <0.001
Sandblasting 210.2423 1 210.2423  24.8685 <0.001
()
PxS 107.2740 2 53.6370 6.3445  0.0027
Error 710.1490 84 8.4542
Total 1518.4128 89
CERASMART
270
Primer (P) 76.6956 2 38.3478 4.4075 0.0151
Sandblasting 945.3177 945.3177 108.6496 <0.001
S
PxS 180.0310 2 90.0155 10.3459 <0.001
Error 730.8509 84 8.7006
Total 1932.8951 89

primed groups (T3 and T5) were greater than the controls
(T1) (p<0.001), and the CP-primed group (T3) showed
greater bond strength than the MP-primed group (T5)
(p=0.0319). Both the sandblasted groups with priming (T4
and T6) had significantly greater bond strengths than the
sandblasted group without priming (T2) (p=0.0271 for T4
and p <0.001 for T6), and no significant difference in bond
strength was found between CP-primed and MP-primed
groups with sandblasting (T4 and T6) (p =0.2754).

CAD/CAM resin composite block

Significant simple main effects were found in bond
strengths of the groups with and without priming, regard-
less of whether sandblasting was performed (p <0.001 for
CP-primed groups, p=0.0109 for MP-primed groups, and
p<0.001 for the group without priming). Regardless of
the sandblasting treatment, significant simple main effects
were noted in bond strength among the groups with and
without priming (p < 0.001 for groups without sandblasting,
p=0.093 for groups with sandblasting).

The sandblasted group (T2) showed greater shear bond
strength than the controls (T1) (p <0.001). For the groups
with priming, both the primed groups with sandblasting (T4
and T6) had significantly greater bond strengths than those
without sandblasting (T3 and T5) (p <0.001 for T4 vs T3
and p=0.0109 for T6 vs T5). For the groups without sand-
blasting, the bond strengths of both the primed groups (T3
and T5) were greater than the controls (T1) (p =0.0035 for
T3 and p <0.001 for TS). However, there was no significant
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Fig.2 Weibull plots of shear bond strength between CAD/CAM
blocks and resin composite core material

difference in bond strength between the two primed groups
without sandblasting (T3 and T5) (p =1.000). For the
groups with sandblasting, no significant differences in bond
strengths were found between the groups with and without
priming (p =1.000 for T4 vs T2 and p=0.0895 for T6 vs
T2). Furthermore, the CP-primed groups with sandblasting
had significantly greater bond strength than the MP-primed
group with sandblasting (p =0.0094).

Weibull analysis

Figure 2 presents the Weibull plots of shear bond strength
data. Table 4 lists the Weibull modulus, the scale param-
eter, and the 5% and the 95% failure probabilities of the
shear bond strengths between CAD/CAM blocks and the
resin composite core. No significant statistical differences
were observed in Weibull modulus values among the groups
examined in either block (p > 0.05).

CAD/CAM ceramic block

The Weibull moduli of sandblasted groups (T2 and T6) were
greater than those of the groups without sandblasting (T1 and
TS) under the condition in which the same primer was used
or priming was not carried out. The MP-primed group with
sandblasting (T6) had greater scale parameters than those of
the other groups tested. The 5% failure probability strength
of the controls (T1) was lower than those of the other groups,
and those of the MP-primed group with sandblasting (T6) had
greater values than those of the other groups. The 95% failure
probability strength of the MP-primed group with sandblast-
ing (T6) had greater values than those of the other groups.

Table 4 Weibull analysis of

Surface treatment ~ Weibull modu- Scale param- 5% Failure prob- 95% Failure prob-
?zg}(’:‘il& S;Z‘itsha?gvr‘;‘zeiﬁ lus +95%confi-  eter+95%con- ability (MPa) ability (MPa)
i . dence interval fidence interval
composite core material (MPa)
GN I CERAMIC
BLOCK
T1 1.6+0.5 32425 0.5 6.1
T2 35+0.6 8.1+1.2 35 11.0
T3 4.0+0.7 11.3+1.2 54 14.7
T4 35+0.8 114+1.3 4.9 15.4
T5 2.7+0.6 8.4+14 2.7 12.6
T6 3.7+09 134+1.3 5.9 17.9
CERASMART 270
T1 2.5+0.6 47+1.6 14 7.2
T2 4.8+0.5 150+1.1 8.1 18.8
T3 23+0.5 9.0+1.5 2.5 14.3
T4 34+0.4 164+1.2 6.8 22.7
T5 3.6+0.3 95+1.1 4.2 12.8
T6 43+0.8 126+1.2 6.2 16.2
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CAD/CAM resin composite block

The Weibull moduli of sandblasted groups (T2, T4, and T6)
were greater than those groups without sandblasting (T1, T3,
and T5) under the condition in which the same primer was
used or priming was not carried out. The CP-primed group
with sandblasting (T4) had greater scale parameters than
those of the other groups. The 5% failure probability strength
of the controls (T1) was lower than those of the other groups,
and those of the sandblasted group (T2) had greater values
than those of the other groups. The 95% failure probability
strength of the CP-primed group with sandblasting (T4) had
greater values than those of the other groups.

SEM observation of the surface appearance
after the surface treatment

Figures 3 and 4 present SEM photographs of the surface
appearance of CAD/CAM blocks after the surface treatment.

CAD/CAM ceramic block

The surface texture of the sandblasted group (T2), which
was subjected to sandblasting and not to priming, indicated
sharp ridges. Both primed ceramic blocks after the sand-
blasting (T4 and T6) had similar surface appearances. The

™ T3

groups without sandblasting (T1, T3, and T5) had a smooth
texture compared to those of the sandblasted groups.

CAD/CAM resin composite block

The surface texture of the sandblasted group (T2) indicated
rough and uneven surfaces with sharp ridges. The CP-
primed group without sandblasting (T3) and the MP-primed
group without sandblasting (T5) revealed a smooth surface
texture than the CP- or MP-primed groups with sandblast-
ing (T4 or T6).

Fracture mode analysis after the shear bond test

Figure 5 summarizes the failure mode distribution of the
adhesive area after the shear bond test.

CAD/CAM ceramic block

Surface treatments significantly affected the failure mode
distribution of shear bond test specimens (p <0.001). The
adhesive failure was observed in the groups without sand-
blasting (T1, T3, and T5). The controls (T1) revealed only
the adhesive failures. By contrast, the sandblasted groups
did not have an adhesive failure mode. The cohesive failure
was always observed inside the ceramic blocks.

Fig.3 SEM photographs of the CAD/CAM ceramic block after the surface treatments
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Fig.4 SEM photographs of the CAD/CAM resin composite block after the surface treatments

Fig.5 Failure mode distribution
after different surface treat-
ments indicating the shear bond
strengths of CAD/CAM blocks
and resin composite core mate-
rial (n=15 at each condition)
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CAD/CAM resin composite block

Surface treatments significantly affected the failure mode
distribution of shear bond test specimens (p <0.001). The
adhesive failure was observed in the groups without sand-
blasting (T1, T3, and T5). By contrast, sandblasted groups
(T2 and T4) had a cohesive failure mode, but three speci-
mens of the MP-primed group with sandblasting (T6) exhib-
ited mixed failure and adhesive failure. The cohesive failure
was always observed inside the resin composite blocks.

Discussion

It is well known that an optimum combination of mechanical
interlocking and chemical bonding at the adhesive interface is
necessary for durable bond of prosthesis to abutment [12—14].
The mechanical interlocking effect can be achieved by sand-
blasting or hydrofluoric acid etching because of its roughened
surface texture [12—17]. The chemical bonding effect can be
obtained by applying of saline coupling agents and/or some
adhesive monomers as priming agents [12—-14, 24].

The majority of commercial universal adhesives con-
tain MDP, and a few contain both MDP and silane [25,
26]. Awad [25] investigated the microtensile bond strength
(UTBS) of the dual cured resin cement to the hybrid ceramic
(Vita Enamic) using a silane-based primer, a silane-contain-
ing universal adhesive (including MDP) and a silane-free
universal adhesive (including MDP). The uTBS results indi-
cated that application of the silane-based primer resulted
in significantly higher mean bond strength compared to the
silane-containing universal adhesive and silane-free univer-
sal adhesive at 24 h and after thermocycling. No significant
differences in W'TBS were observed between the silane-con-
taining and the silane-free universal adhesives. Because the
silane-based primer without MDP had greater uTBS, they
stated that the MDP may not contribute to bonding to the
glass ceramics, and the resin content of Vita Enamic exhib-
ited a higher degree of conversion to polymer and a lack
of unreacted monomers. By contrast, adverse results were
demonstrated for the micro-shear bond strength of the resin
cement system to three CAD/CAM blocks (Cerasmart, Vita
Enamic, and Lava Ultimate) [27]. Their study demonstrated
that it might be advantageous to use the polymer infiltrated
ceramic network (PICN, Vita Enamic) material with a resin
cement system that included MDP-containing silanes. No
consistent results have been reported on the effect of univer-
sal adhesives containing both silane and MDP.

CAD/CAM ceramic block

The study showed that the bond strength of the sandblasted
groups with priming was increased by approximately 39%

(T4) or 64% (T6) compared with the bond strength of those
without priming. These results suggested that priming on
sandblasted ceramic surfaces, such as y-MPTS, is believed
to improve the surface wettability for chemical adhesion [28,
29].

The Weibull modulus, scale parameter, and the strength
of 5% and 95% failure probabilities of specimens with prim-
ing, sandblasting, or priming after sandblasting were greater
than those of the controls. Although no significant difference
in bond strength was observed among the two primers in
the no-sandblasting groups, the bond strength of specimens
primed with CP had a slightly higher scale parameter and
strengths with 5% and 95% failure probabilities compared
to those with an MP.

A previous study reported that a primer more compli-
cated in composition may negatively affect the reaction of
silane to glass ceramics [25]. According to the manufac-
turer’s published composition (Table 1), the main difference
in composition between CP and MP is that MP contained
the thiophosphoric ester monomer, which was known to be
effective for adhesion to highly noble metals alloys [30].
Because inclusion of a thiophosphoric ester monomer into
MP is speculated to alter the combination ratio of silane and
MDP in the primer compared with CP, significant difference
in bond strength was observed between the two different
priming agents. The shear bond strengths of the CP-primed
group (T3) were greater than those of the MP-primed group
(TS). It is presumed that silane and MDP would be more
effective in improving the ceramic surface condition for
chemical bonding, but the thiophosphoric ester monomer
in MP would have a disadvantageous effect for chemical
bonding.

Because of the increase in the Weibull modulus due to the
treatments, both silane- and MDP-containing primers for the
ceramics before the bonding procedure increased the reli-
ability of the bonding between the CAD/CAM ceramic and
resin composite core material. By contrast, for the groups
without priming (T1 and T2) and the groups primed with
MP (T5 and T6), greater bond strengths of the sandblasted
groups were observed (T2 and T6). The bond strength of the
group primed with CP was not altered by the sandblasting
treatment. This indicated that sandblasting was not effec-
tive in increasing the shear bond strength in conditions,
where CP was used as the primer. In addition, excess surface
defects of ceramics made by sandblasting should be avoided
as much as possible for durable bonding.

For the CAD/CAM ceramic, the cohesive failure was
dominantly found after any surface treatment. The obser-
vation of cohesive failure is considered to have occurred,
where the bond strength was greater than the bulk strength
of the substrate. For the ceramic block, even if the speci-
men was not sandblasted, the priming enabled the ceramic
surface to provide a reactive surface for chemical bonding.
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CAD/CAM resin block

Priming after sandblasting did not have a positive effect on
the bond strength of the resin cement between CAD/CAM
resin composites and resin composites for the core material
(T2, T4, and T6).

It is believed that the inorganic fillers and resin compo-
nents must be conditioned by a silane coupling agent and
an adhesive monomer for chemical bonding. The effect of
a silane coupling agent on bond strength may be influenced
by the exposed SiO, filler size and shape and the amount
of fillers in the block. A resin composite is composed of
a matrix resin and an inorganic filler, which has a differ-
ent material structure from that of a ceramic. The matrix
resin of the CAD/CAM composite has a greater degree of
polymerization with a few residual monomers, because it
is polymerized under high pressure [2, 3, 26]. Therefore,
the priming agents could not effectively activate the CAD/
CAM composite surface for chemical bonding as done in
the restorative filling composites. For the resin composite
block, sandblasting is possibly a dominant factor in enhanc-
ing the bond strength of resin cement due to the mechanical
interlocking effect.

The silanization effect of the CAD/CAM resin composite
block and feldspar porcelain on the shear bond strength of
the resin cement with and without a silane primer (adhesive
monomer free) was investigated by Yano et al. [31]. In their
study, the silanization effect of CERASMART 270, which
was also examined in this study, was less than that of Vita
Enamic, which is made from a PICN, and a greater silaniza-
tion effect was observed for feldspar porcelain. Yano et al.
[31] concluded that the silanization effect depends on the
microstructure and inorganic content of the composite; the
silanization effect of a PICN composite is much more evi-
dent compared to that of a dispersed filler composite.

For the resin composite block, all the specimens in the
groups without sandblasting (T1, T3, and T5) showed
adhesive failure, but the cohesive failure was found to be a
dominant failure mode in the groups with sandblasting. The
effect of the priming agent of the CAD/CAM resin block on
failure mode distribution after a shear bond test was differ-
ent from that of the CAD/CAM ceramic block. Although
both the priming agents contained silane and MDP, the
bond strength of the CAD/CAM resin composite block
was less influenced by the priming agent because of its
compositions. Although sandblasting to the block surface
provided the mechanical interlocking effect for adhesion,
the bond strengths obtained were accordingly increased for
sandblasted specimens.

The surface morphologies of the sandblasted specimens
had an extremely uneven surface compared to specimens
without sandblasting of both CAD/CAM ceramic and CAD/
CAM resin composites. It is well known that the effect of
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sandblasting depends on the hardness of the substance [32].
Although the optimum sandblasting air pressure may differ
from the resin composites to ceramics, the present study
applied the same sandblasting air pressure for the resin com-
posite and the ceramic blocks to simplify the experimental
conditions. The air pressure used for the ceramic and resin
composite blocks could be within an acceptable range for
both materials according to the results of our previous study
[21].

As shown in Figs. 3 and 4, the surface appearance of the
ceramic after sandblasting indicated sharper edges with an
irregular surface than those of resin composites. Probably
because of the differences in substances that contain inor-
ganic or organic components, the matrix resin may influence
the surface texture after sandblasting.

The bond strengths of sandblasted specimens for resin
composites were greater than those of ceramics, and cohe-
sively failed specimens were dominantly observed after the
bond test. Nevertheless, ceramics have greater mechanical
strength than resin composites. The ceramic specimens
underwent cohesive failure, and their bond strength val-
ues were lower than those of resin composites. This result
may indicate that sandblasting to ceramic produces sur-
face defects that act as the origin of fractures under testing
(loading).

This study examined the effect of surface treatments on
shear bond strength between CAD/CAM blocks and resin
composite core material using a simplified model. Although
the retention of crowns is affected by several factors, such
as abutment design, the present results provide some of the
information on optimum surface treatments for CAD/CAM
blocks and resin composite core materials. The results of the
present study supported the research hypothesis that combi-
nations of sandblasting and priming treatments strengthen
the bonding of CAD/CAM blocks to resin composite core
material.

Conclusions

Within the limitations of this study, the following conclu-
sions were drawn:

1. Priming to the CAD/CAM composite and ceramic block
significantly increased the bond strength of resin cement
compared to that of controls.

2. Sandblasting to the CAD/CAM composite and ceramic
significantly increased the bond strength of resin cement
compared to that of controls.

3. The combination of priming and sandblasting to the
CAD/CAM composite and ceramic was effective to
increase the bond strength of the resin cement.
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