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PURPOSE. To measure the surface loss of dental restorative zirconia and the short-term bond strength between
an indirect composite resin (ICR) and zirconia ceramic after various sandblasting processes. MATERIALS AND
METHODS. Three hundred zirconia bars were randomly divided into 25 groups according to the type of
sandblasting performed with pressures of 0.1, 0.2, 0.4 and 0.6 MPa, sandblasting times of 7, 14 and 21 seconds,
and alumina powder sizes of 50 and 110 pm. The control group did not receive sandblasting. The volume loss
and height loss on zirconia surface after sandblasting and the shear bond strength (SBS) between the sandblasted
zirconia and ICR after 24-h immersion were measured for each group using multivariate analysis of variance
(ANOVA) and Least Significance Difference (LSD) test (a=.05). After sandblasting, the failure modes of the ICR/
zirconia surfaces were observed using scanning electron microscopy. RESULTS. The volume loss and height loss
were increased with higher sandblasting pressure and longer sandblasting treatment, but they decreased with
larger powder size. SBS was significantly increased by increasing the sandblasting time from 7 seconds to 14
seconds and from 14 seconds to 21 seconds, as well as increasing the size of alumina powder from 50 pm to
110 pm. SBS was significantly increased from 0.1 MPa to 0.2 MPa according to the size of alumina powder.
However, the SBSs were not significantly different with the sandblasting pressure of 0.2, 0.4 and 0.6 MPa. The
possibilities of the combination of both adhesive failure and cohesive failure within the ICR were higher with the
increases in bonding strength. CONCLUSION. Based on the findings of this study, sandblasting with alumina
particles at 0.2 MPa, 21 seconds and the powder size of 110 ym is recommended for dental applications to
improve the bonding between zirconia core and ICR. [J Adv Prosthodont 2015;7:214-23]
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GPa.’ However, veneer porcelains are susceptible to frac-
tures because of their brittleness, which causes the chipping
of the veneer porcelain. This problem is the main reason
for the failure of zirconia-based restorations.* Indeed, the
failure rate of all-ceramic crowns is so high that it limits the
lifetime performance.” The percentages of clinical failures,
including the chipping and delamination of veneered Y-TZP
frameworks, were 13.0% and 15.2% after three and five
years, respectively,” whereas the 10-year failure rates of
metal ceramic FDPs were between 8% and 10%.% For
patients with parafunction habits such as bruxism, the fail-
ure rate is even higher.® Moreover, the replacement of a
failed restoration is not recommended if the cost, compro-
mised tooth structure, and additional trauma to the tooth
are considerable.’

Indirect composite resin (ICR) materials are widely used
in dentistry for the fabrication of aesthetic restorations,
dentures, and orthodontic appliances in recent years' and
considered one of the most popular and preferred dental
material for patients as well as dentists'’ due to adequate

19 Jower cost and similar aes-

flexibility and manecuverability,
thetic property compared with ceramics.'”” The failure rate
of composite-vencered restorations does not significantly
differ from that of metal-ceramic restorations, but is lower
than that of porcelain-veneetred restorations.”® Also, ICR
shows better marginal adaptation than ceramics due to the
lower polymerization shrinkage.'" When compared to pot-
celain or porcelain-fused-to-metal restorations, the transfer
of masticatory forces of ICR is proven to be substantially
less.'* ICR have shown a larger capacity to absorb compres-
sive loading forces and reduce the impact force by 57%
compated to that of porcelain.' This property can prevent
overmuch occlusal force from being transmitted to the
marginal of the crowns and damaging the marginal and that
is why it can maintain the marginal integrity to occlusal
loading."> Also, ICR is proven to have a lower possibility to
appear marginal chipping than ceramics.'® The ability to dis-
tribute the stress was 15% greater than that of porcelain or
gold alloy."” The bond strength between an ICR material
and zirconia ceramic outperforms the threshold for clinical-
ly acceptable composite-metal and ceramic bonds."® Thus,
as an alternative to porcelain, a high-load ICR has been
introduced to zirconia-based restorations based on its great
advantages over porcelain.

Bonding between the veneering material and zirconia
ceramic framework remains a key factor in limiting the suc-
cessful performance of framework/veneer bilayered resto-
rations.> Many manufacturers recommend sandblasting for
the surface treatment of zirconia,” which might be a neces-
sary and irreplaceable method of obtaining durable bond
strengths in zirconia ceramics.” Sandblasting can improve
the adhesion of veneering ceramics by increasing the sur-
face roughness and providing undercuts.”’ Sandblasting can
also improve interfacial adhesion by cleaning the zirconia
surface or enhancing high surface energy and wettability.”!
It has been confirmed that sandblasting plays a positive role
in increasing veneer-to-zirconia bond strength.*

However, sandblasting is considered a double-edged
sword. Sandblasting affects the mechanical properties and
reliability of zirconia because it causes surface damage and
phase transformation (tetragonal to monoclinic) by intro-
ducing flaws and reshaping the surface.”” Sandblasting
removes a significant amount of material from restorations,
which could affect clinical adaptation.” The abrasion or
surface removal ability is assumed to be different depend-
ing on the setting of sandblasting parameters. It may be too
aggressive in certain conditions to maintain the net-shape
ot dimension of zirconia substrates.” Howevet, few previ-
ous studies have assessed the effects of various sandblast-
ing conditions on the surface loss of dental zirconia and
bond strength of ICR used as a veneering material on a zir-
conia framework.

Different methods, including flexure strength tests, tensile
tests, and shear tests have been adopted to evaluate the bond
strength of core-veneer. The use of shear bond strength
(SBS) test to determine core-veneer bond strength yields
more standardized data because the applied forces are per-
pendicular to the bonding area.”* In addition, the small
cross-sectional area of the bonded sutface in SBS elimi-
nates the possible incorporation of structural flaws, which
significantly affects the test results.>*

The purpose of the present study was to measure the
surface loss of a zirconia-based core material and to charac-
terize changes on the surface after various sandblasting pro-
cesses. In addition, the short-term SBS between the ICR
and the zirconia ceramic was evaluated after various sand-
blasting processes.

MATERIALS AND METHODS

Commercial grade 3% mol Y-TZP zirconia powder (TOSOH,
Tokyo, Japan) was pressed, sintered, and diamond-polished
into discs, which were then cut into 300 bar specimens (6
mm X 4 mm X 2 mm) (Fig. 1). Sintering was done at
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Fig. 1. Schematic illustration of specimen size and test
design.
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1350°C in a furnace (Cercon Heat, Degussa, Germany),
according to the manufacturer’s recommendations. Each
specimen was polished using #600, #800, #1000 and
#1200 consecutively with wet aluminum oxide sandpaper
(3M Corporation, Shanghai, China) with water-cooling;

The specimens were then divided into 25 groups (n =
12) for modification by sandblasting with alumina particles,
as follows:

Group 0 was the control group, which was polished
without sandblasting.

Groups 1-24 received different types of sandblasting on
the surface of zirconia (Table 1).

The sandblasting procedures were conducted using a
P-001 sandblasting machine (Pudeng Enterprises Co., Ltd.,
Hsinchu, Taiwan). Its air compressor (Tornado 70, Durr
Dental GmbH, Bietigheim-Bissingen, Germany) was
adjusted for use in this study. The spray mouth was fixed,
and a platform was constructed to keep the zirconia speci-
mens 10 mm away from the spray mouth; the sandblasted
surface of each specimen was vertical to the spray mouth.

Ceramage ICR (Shofu Inc., Tokyo, Japan) was used as
the veneer material. The thickness of the ICR was set at
2.20 mm, which took into account the polymeric volume
shrinkage rate of 2.5%. The ICR was then cured in a light-
curing unit (Solidilite EX, Shofu Inc., Tokyo, Japan) for 1
minute of temporary light-curing and 5 minutes of final
light-curing, according to the manufacturer’s recommenda-
tions for the fabrication procedure. The predesinged final
dimension of the ICR specimen was 5 mm X 4 mm X 2
mm (Fig. 1). The excess material was removed by hand fin-
ishing with wet aluminum oxide sandpaper (3M Corporation,
Shanghai, China).

Table 1. Groups receiving different types of sandblasting
on the surface of zirconia

Size of alumina powder (um)

Sandblasting Sandblasting
Time (Sec) Pressure (MPa) 50 Group 110 Group
7 0.1 1 13
7 0.2 2 14
7 0.4 3 15
7 0.6 4 16
14 0.1 5 17
14 0.2 6 18
14 0.4 7 19
14 0.6 8 20
21 0.1 9 21
21 0.2 10 22
21 0.4 11 23
21 0.6 12 24
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Both the zirconia and ICR specimens were polished and
paralleled. All the specimens were ultrasonically cleaned
with 95% ethanol for 10 minutes, and then treated with dis-
tilled water for 10 minutes to remove residual particles in
preparation for the mechanical testing,

The mass of each specimen was measured three times
with a BP211D electronic analytical balance (precision
0.00001 g, Sartorius, Goettingen, Germany) before (M1)
and after (M2) sandblasting. The results were expressed as
the mean of three measurements. The mass change was
converted into volume loss as follows:

Volume loss (mm?) = 1000 (M1-M2)/0

wheret = 6.0 g/cm’ is the density of zitconia ceramic.

The average height loss was calculated as follows:

Average height loss (um) = volume loss (mm?) X10°/40 (mm?)

where 40 mm? is the cementation area of a wing retain-
er of an all-ceramic resin-bonded bridge.*"*

The effects of various sandblasting conditions on the
surface roughness of the specimens were assessed using a
profilometer (SRT6200, Lantai, Guangzhou, China). R ,
which is generally regarded as the international parameter
of roughness, was derived from the arithmetic mean of the
absolute departures of the roughness profile from the
mean line.” Three readings were taken using a traveling dis-
tance of 2 mm across the modified surface of each speci-
men, and the mean value was calculated.

The surface morphology was examined using a Scanning
Electron Microscope (SEM; FEI, Philips, Amsterdam,
Holland) operating at an accelerating energy of 10-11 kV.
In this test, two representative specimens were randomly
selected from each group.

The remaining zirconia core and veneering ICR were
chemically adhered using a bonding agent containing
10-methacryloyloxydecyl dihydrogen phosphate (MDP)
(Clearfil SA, Kuraray Corporation, Tokyo, Japan) following
the manufacturer’s instruction. All specimens were immersed
in water at 37°C for 24 hours. The specimens were divided
into 25 groups: Group 0O-veneer to Group 24-veneer (Group
0V to Group 24V, n = 10) according to the different com-
binations of surface treatment.

After immersion for 24 hours, the shear bond strength
of each specimen was measured. Each specimen was posi-
tioned in a steel mold, and the SBS was measured using a
universal testing machine (Model 5565, Instron, Norwood,
MA, USA) at a crosshead speed of 0.5 mm/min (Fig, 1).
The ultimate load (N) of each specimen was recorded. The
SBS was calculated as follows:

SBS (MPa) = load (N)/area (mm?)

The fractured surfaces were visually examined using an
optical microscope at a X30 magnification (SMZ1000,
Nikon, Tokyo, Japan) to evaluate the failure mode of speci-
mens. The failure modes wete categotized as follows™:

Group A: Adhesive fracture on the interface between

the core and veneer;

Group C: Cohesive fracture within the veneer ICR;

Group AC: Combined adhesive fracture and cohesive

fracture within the ICR.
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After the SBS test, representative specimens wete
observed using the SEM analyzer at 15 kV.

The collected data were analyzed by SPSS 17.0 (SPSS
Inc., Chicago, 1L, USA) using a multivariate analysis of
variance (ANOVA) and a Least Significant Difference
(LSD) test to evaluate the between-group differences in
volume/height loss, surface roughness, and SBS. The dif-
ferences in failure modes between the groups were evaluat-
ed using a chi-square test. The significance level was set at
P<.05 for all statistical procedures.

RESULTS

The volume loss and height loss of zirconia surface were
significantly increasedin all the sandblasted groups (Groups

1 to 24) compared to Group 0. Air pressure, powder size,
and sandblasting time significantly affected the volume loss
and the height loss of T-YZP zirconia. Regarding the pow-
der size, when the sandblasting time and pressure were con-
stant, significantly more zirconia was removed by 50 um
powder than by 110 pm powder. When the pressure and
powder size were constant, significantlymore zirconia was
removed with the sandblasting time increasing from 7 to 14
seconds and from 14 to 21 seconds. The removed amount
of zirconia was significantly higher when the sandblasting
pressure increased from 0.1 to 0.2 MPa, 0.2 to 0.4 MPa and
0.4 to 0.6 MPa (Fig. 2).

Compared to Group 0, the sandblasting significantly
improved the roughness of the zirconia surface. When the
time and pressure were constant, the surface roughness was
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Fig. 2. Volume loss (A) and height loss (B) of Y-TZP zirconia after polishing (Group 0) or after different types of
sandblasting (* means there is a statistical significance between groups while the other two factors are constant).
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enhanced by increasing the powder size from 50 pm to 110
um. The surface roughness was enhanced with the increas-
ing sandblasting time from 7 to 14 seconds and 14 to 21
seconds when the powder size and pressure were constant.
When time and powder size were constant, the surface
roughness between groups increased significantly as the
pressure increased from 0.1 to 0.2 MPa, 0.2 to 0.4 MPa and
0.4 to 0.6 MPa (Fig. 3).

The SEM showed that the polished zirconia (Group 0)

had a smooth surface with scratches caused by the wet
grinding. After different types of sandblasting, the zirconia
surfaces were rough. The comparison of these SEM images
showed that the increase in powder size, pressure, and time
created a relatively rougher surface, but the difference was
insignificant between groups. No defects or flaws were ob-
served in any groups. Some representative SEM images are
shown in Fig. 4.

There is a significant improvement after sandblasting in
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Fig. 3. Surface roughness of Y-TZP zirconia after polishing (GO0) or after different types of sandblasting (* means there is
a statistical significance between groups while the other two factors are constant).

Fig. 4. SEM images of representative groups after surface polishing or sandblasting. (A) zirconia surface after polishing
without sandblasting. Grooves caused by the polishing are visible. Zirconia surfaces after sandblasting at pressure,
sandblasting time, and particle size of: (B) 0.1 MPa, 7 seconds, and 50 um; (C) 0.1 MPa, 21 seconds and 50 pm; (D) 0.1
MPa, 7 seconds and 110 um; (E) 0.6 MPa, 7 seconds and 50 pm; (F) 0.2 MPa, 21 seconds and 110 pm (recommended

sandblasting condition).
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SBS compared to Group 0. When the time and pressure
were constant, the SBS significantly increased as the pow-
der size increased from 50 to 110 um. When the pressure
and powder size were constant, the SBS increased signifi-
cantly with the sandblasting time increasing from 7 to 14
seconds and 14 to 21 seconds. When powder size and time
were constant, the SBS pressure significantly increased from
0.1 to 0.2 MPa. However, when time and powder size were
constant, SBS did not significantly change when the pres-
sure was increased from 0.2 to 0.4 MPa (P=.533) or from
0.4 and 0.6 MPa (P=.621) (Fig. 5).

Regarding the failure mode, more combined failure
mode occurred at larger powder size, longer time or at the
pressure larger than 0.1 MPa (Table 2). However, there was
no significant difference between the pressures 0.2 and 0.4
MPa, or between 0.4 and 0.6 MPa. Representative SEM
images of fracture interfaces after SBS test are shown in

Fig, 6.
DISCUSSION

The clinical significance of volume loss can only be esti-
mated when the above data are calculated into the wear
(substance loss in pm) in a restoration.””” One example is
the inner surface of the retainer wing of a cast resin-bond-
ed prosthesis, which is also called the Maryland bridge.”*
The mean retention surface of a Maryland bridge is between
30 and 50 mm? in the anterior retainers. Sizes are generally
smaller in the lower arch and are larger in the upper
arch.”? Thus, in the present study, the average retention

Table 2. SBS test of failure modes after different types of
sandblasting

Size of alumina powder (um)

Sandblasting  Sandblasting

50 failure mode 110 failure mode

time (sec)  pressure (MPa)

A/AC/C A/AC/C
7 0.1 10/0/0 10/0/0
7 0.2 9/1/0 8/2/0
7 0.4 9/1/0 9/1/0
7 0.6 9/1/0 8/2/0
14 0.1 9/1/0 8/2/0
14 0.2 7/3/0 6/4/0
14 0.4 7/3/0 5/5/0
14 0.6 7/3/0 7/3/0
21 0.1 6/4/0 6/4/0
21 0.2 5/5/0 4/6/0
21 0.4 4/6/0 4/6/0
21 0.6 5/5/0 4/6/0

surface of 40 mm? was selected to calculate the height loss.
We found that the height loss of the surface decreased as
the powder size increased, but it increased as time or pres-
sure increased. It could be assumed that a larger volume of
powder led to the lower loss of the material on the abraded
surface. This explanation might help with the allegation
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Fig. 5. Shear bond strength of bilayered structures of Y-TZP zirconia core with veneer indirect composite resin after
polishing (Group 0) or after different types of sandblasting. (* means there is a statistical significance between groups
while the other two factors are constant; + means there is not statistical significance between groups while the other

two factors are constant).
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Fig. 6. SEM images (A-C) and optical telescope images (D-F) of failure mode after SBS test of zirconia and indirect
composite resin. A and D show adhesive fractures on the interface between the core and veneer. The indirect composite
resin of the veneer has been completely removed from the zirconia surface (marked as Zirconia) after the shear-bond
strength test. B, C, E, and F show combined adhesive failures and cohesive failure within the indirect composite resin.
There was some residual indirect composite resin (marked as Resin) bonding on the zirconia surface (marked as

Zirconia) after the shear-bond strength test.

that in a blasting pipe system of known size, a fine powder
of about 50 um fills the pipe and flows out of the spray tip
with a greater number of particles than coarse powder of
about 110 pm does.””? Consequently, a greater number of
particles are left on the surface of the tested materials, and
surface substance may be lost, showing that fine powder is
more abrasive than course powder. In the present study,
this analysis could explain why the 110 um particles caused
less surface loss than the 50 um particles did. Also, the total
powder-zirconia contact areas are bigger with smaller pow-
ders, which may be another reason why more surface sub-
stances were lost.

Previous studies have rarely reported the surface loss of
dental zirconia by sandblasting. Kern and Thompson®’
employed silica coating machines to compare the volume loss
in a glass-infiltrated alumina ceramic (In-Ceram Alumina)
with a leucite-reinforced feldspathic glass ceramic (IPS
Empress) after processing by using 110 um alumina powder
at 0.25 MPa for 14 seconds at a distance of 10 mm. The
results revealed that the volume loss of In-Ceram Alumina
was 0.384 mm®, which was similar to that of noble alloys.
However, the loss in IPS Empress was 36 times greater than
In-Ceram.”” When the blasting time was reduced to 7 sec-
onds, the volume loss in IPS Empress decreased from 12%
to 6.3%, and the height loss was 19 pm. Under the same
sandblasting condition, the volume losses were 0.179, 0.184,
and 0.307 mm”’ for NiCr, CoCr, and AuAgCu dental alloys,
respectively.®® The results showed that when 250 pm powder
was used in sandblasting, it caused greater surface loss of
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the alloys than 110-um powder did, which was opposite to
our findings. This discrepancy may have been due to the
size of 250 um powder, the clinical ramifications® of
which are significant. When particles of 250 pm powder hit
the material, there is an increased possibility of flaws ot
microcracks on the surface of the material.’' Several previ-
ous studies demonstrated the possibility that larger particles
would initiate larger damage based on substantial particle-
abrasion damage that was 4 pm deep in the zirconia.***
This damage might lead to the reduction of elastic modulus
in the near surface of sandblasted zirconia and greater sub-
stance loss of materials.* This could explain why 250 pm
powder causes more surface loss than 110 pum powder does.

It should be noted that the thickness of the supporting
substrate plays the most important role in selecting the
mechanical resistance to bite force, particularly at the mar-
gins of restorations or copings.”® The thickness of zirconia
copings is from 0.5 to 0.7 mm.**** It is even smaller in
some brands of zirconia or at the marginal edges.* Hence,
sandblasting should avoid the fragile margins. The direction
of sandblasting, which might not be vertical to the surfaces,
especially at the inner side of the copings, could induce dif-
ferent surface reductions where the inner occlusal surface
may be removed more.** Operators should never stop mov-
ing the spray tip or let it point to a given area and keep the
sandblasted areas overlap to prevent significant local recess
and fracture of the restorations.”*” If these sandblasting
conditions were applied to the inner surfaces of a ceramic
crown for more than a few seconds, it would be possible to
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jeopardize the fit of the restoration and affect the adapta-
tion of the restorations on the prepared teeth, which might
cause the failure of the restorations. However, with brief
sandblasting under gentler conditions,™ volume loss might
be acceptable in the intraoral repair of restorations. The
height loss of ceramic less than 20 um was clinically accept-
able’™® and not critical to the clinical fit of restorations.
Thus, in the present study, the height loss in groups 1, 2, 5,
0,9, 10, 13-15, 17-19, 21, and 22 were acceptable. However,
it is emphasized that repeated sandblasting for any reason
might influence the fit.”"*

The present study demonstrated that sandblasting with
alumina resulted in significantly higher bond strength than
did the process of polishing without sandblasting. Therefore,
sandblasting is an important surface treatment method that
could improve the bond strength between zirconia and
veneer materials. This conclusion is consistent with several
previous studies. However, the present study has also
shown that the bond strength between ICR and zirconia
ceramics could be influenced by the various types of sand-
blasting treatment, including pressure, powder size, and
time.

After sandblasting at pressures of 0.2, 0.4, or 0.6 MPa,
the bond strengths were significantly higher than at 0.1
MPa. This finding indicates that in order to achieve superi-
or bond strength between an ICR and the zirconia core, the
sandblasting pressure should be = 0.2 MPa. A possible rea-
son is that under increasing pressure, the surface roughness,
the bonding area, and the wetting behavior of adhesives
were improved.” In addition, the previous studies showed
that high-pressure sandblasting removed a greater amount
of organic contaminant from the ceramic surface, which
facilitated the chemical activation of the bonding surface.”
Thus, higher sandblasting pressure produced higher bond-
ing strengths. However, the results showed that the bond
strengths of the zirconia/ICR specimens were unchanged
even when the sandblasting pressure exceeded 0.2 MPa,
which was consistent with the results of a previous study®®
that considered zirconia and porcelain veneer. A possible
reason is that under increased pressure, the probability of
surface defects and flaws increased, which then might nega-
tively affect the surface bonding.* However, previous stud-
ies showed the opposite. Kern ¢ a/. concluded that 0.05
MPa was effective in sufficiently modifying the zirconia,
which could enhance resin bonding.” Komine e/ a/* found
no significant difference of bonding strengths at 0.1, 0.2,
0.4, and 0.6 MPa between the zirconia framework and ICR.
This discrepancy might have been caused by the differences
in zirconia and the sandblasting devices. For example, the
variety of sizes of suction valves and blasting pipes might
result in different flow volumes of alumina powder through
the spray tips.

The present study also showed that as the powder size
and sandblasting time increased, the bond strengths between
zirconia and ICR also increased. The surface roughness
clearly increased as particle size and sandblasting time
increased. In addition, the increased roughness led to high-

er bonding strengths because wider contact areas were
available for bonding.*” Moreovet, compared with flat or
smooth surfaces, greater amounts of surface-free energy
were provided.* The results showed that by using different
particle sizes, the roughness achieved in 3Y-TZP and a zir-
conia composite (Nanozt) sandblasted with 125 um SiC
particles was twice as large as in sandblasting with 70 pm
alumina particles.”! A rougher sutface of zirconia was pro-
duced by using 110-pm alumina particles than by using 50
wm particles.”?

In the present study, the SBS generally ranged from 9.10
to 13.11 MPa, depending on sandblasting pressure, time,
and powder size. An adequate bond in metal ceramic resto-
rations occurred when the fracture stress was greater than
25 MPa.* Until the present study, an adequate bond strength
of all-ceramic materials had not yet been determined.
Several researchers have suggested that the clinically accept-
able range of bond strengths for composite-ceramics and
composite-metal bonds is between 10 and 13 MPa,* which
means that in the present study, the SBS between zirconia
framework and ICR in most groups were acceptable.

Regarding the failure modes, with increasing powder
size, time ot pressure, the possibility of the occurrence of
combined fractures increased, probably because of the
improved bonding strength on the interface.** In other
words, when the bonding strengths reached a relatively high
level, the fracture mode of the veneer specimens was main-
ly the combined of adhesive failure at the interface and
cohesive failure in the veneering material.*” On the other
hand, only adhesive failure at the interface occurred when
the bonding strength was at a relatively low level. These
results are consistent those found by a previous study.*® The
chipping of the veneer ceramic occurred more frequently
than did the failure of the core material of zirconia-based
restorations, which could be due to weaker interface adhe-
sion and the greater resistance of zirconia to fractures that
can stop, turn, and propagate cracks along the interface.”
Thus, the higher possibility of adhesive occurring at the
interface would lead to a the greater possibility of the
occurrence of chipping in the veneer material.

In summary, the bond strengths at 0.2, 0.4, and 0.6 MPa
were higher than at 0.1 MPa, but did not significantly differ
at 0.2, 0.4 and 0.6 MPa. However, it is proved that more
microcracks and defects that can be stress concentration
sources are generated during sandblasting with the sand-
blasting pressure increasing, which is more likely to impair
the strength of zirconia and cause the failure of zirco-
nia.*>***" Also, higher sandblasting pressure can cause larger
volume expansion which alters the coefficient of thermal
expansion of the surface layer of the zirconia, thus leading
to more possibility of the failure of bonding strength
between potcelain and zirconia framework.”* That is, the
higher the pressure was, the greater the risk of failure was.
Kern et al® suggested reducing the pressure during ait-
abrasion can be advantageous in reducing the negative sur-
face effects caused by sandblasting. Thus, the pressure of
0.2 MPa is the best for promoting bonding between zirco-
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nia and ICR. In addition, the bonding strengths were
improved as the sandblasting time and powder size of the
alumina increased. SEM did not reveal flaws or defects in
any group. In other words, the powder size of 110 um with
a sandblasting time of 20 seconds might be safe for bond-
ing at higher strengths. The volume loss and height loss
increased as the powder size decreased and the time and
pressure increased but the largest height loss should not
exceed 20 um. Therefore, sandblasting with a particle size
of 110 um, a time of 20 seconds, and a pressure of 0.2
MPa is recommended for bonding between zirconia and
ICR within a certain range.

However, all iz vitro studies have limitations with respect
to clinical relevance and influential parameters. This study
has limitations regarding its ability to stimulate clinical load-
ing forces on restorations and changes to oral environ-
ments. The loading was monotonic rather than cyclic, and
the temperature and moisture of the oral cavity were not
simulated. Furthermore, the specimens were not thermally
cycled. In further studies, the aging parameters should be
included to explore the viability of ICR-zirconia restora-
tions.

CONCLUSION

The results of the present study demonstrate that the vol-
ume loss and height loss in the zirconia surface increase
according to decreased powder size and increased time and
pressure. Sandblasting with alumina can improve the bond-
ing strengths between zirconia and indirect composite resin
(ICR). Sandblasting at a pressure = 0.2 MPa, longer blasting
times, and larger powder sizes increase short-term bond
strengths. The risk of failure increases with increased pres-
sure. Based on these results, sandblasting with alumina at
0.2 MPa for 20 seconds with 110 pm particles is recom-
mended for dental applications conducted to improve the
bonding between the zirconia core and ICR within a certain
range.
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