
INTRODUCTION

Combined metal-ceramic restorations are the most 
commonly used options in esthetic dental restorations. 
However, due to disadvantages such as possible fracture 
of the porcelain veneer, the metal shade being evident 
through the gingiva, and allergic responses to metal, the 
demand for restorations that do not involve metal has 
been increasing.

During the last decade there have been remarkable 
developments in the application of Computer-aided 
design-computer-aided milling (CAD-CAM) techniques 
to restorative dentistry1). Various design software and 
tools have evolved, and the development of CAD-CAM 
equipment for use in the dental laboratory or dental 
clinic has led to high restoration accuracies, reductions in 
the fabrication cost per unit, and shortening of the time 
required to fabricate the restoration. The increasing use 
of CAD-CAM methods for producing restorations has 
also increased the types of materials that can be used for 
restoration fabrication2). The need for restorations with 
good biocompatibility and excellent esthetics has also 
increased the fabrication of nonmetallic restorations. 
CAD-CAM materials with various polymer bases 
polymerized in advance are available commercially. 
Their use has ranged from provisional restorations to 
definitive restorations, and for onlays, crowns, and 
bridges3,4).

The use of hybrid ceramic CAD-CAM material 
is increasing. Hybrid ceramic is constructed using a 

polymer-infiltrated ceramic network, where a polymer 
is infiltrated after a coupling agent is applied to a 
porous presintered ceramic network, or using a resin 
nanoceramic, where polymer is mixed with a ceramic 
filler. A hybrid ceramic combines the advantages of glass 
ceramic and composite resin. Since a hybrid ceramic is 
a block made by polymerization at a standardized high 
pressure and temperature, it has a high polymerization 
rate, less residual monomer, and superior physical 
properties. This material also improves the load 
distribution and exhibits enhanced properties and color 
stability, and less cracking5,6).

One of the most important features of hybrid ceramic 
is that it causes far less wearing out of the antagonist 
tooth, which is a known disadvantage of feldspathic 
ceramic, while it also has the advantage of a simple 
fabrication process because sintering is not required 
after milling. The various hybrid ceramics produced by 
different companies all exhibit unique features, since 
each material has a different composition of ceramic and 
resin matrix, and the bonding protocol may differ. Bahr 
et al.7) reported that because the CAD-CAM composite 
block polymerized in an industrial environment has a 
very high polymerization rate, inappropriate surface 
pretreatment will result in a very low bonding strength.

Obtaining the appropriate mechanical retention in 
the bonding process requires the surface of the material 
to be sufficiently rough. Airborne-abrasion involves 
spraying alumina or other particles onto the surface of 
a material at a certain pressure to produce an uneven 
surface. Several studies have found airborne-abrasion 
using alumina particles to be one of the most appropriate 
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Table 1 Hybrid ceramic materials used in this study

Product name Resin Ceramic components
Ceramic 
fraction

Manufacturer

Lava Ultimate
Bis-GMA, UDMA, 
Bis-EMA, TEGDMA

Silica (20 nm), zirconia (4–11 nm), 
aggregated silica+zirconia (0.6–10 µm)

80 wt%
3M ESPE, 
St. Paul, MN, USA

MAZIC Duro Bis-GMA, TEGDMA
Silica (10 nm), barium glass (500 nm), 
zirconia (1 µm)

77 wt%
Vericom, 
Chuncheon,  Korea

surface pretreatment methods. Alumina particles are 
known to increase the roughness of the surface, to 
clean the restoration surface, and to remove organic 
contaminants, which helps to increase the surface 
activity8,9). Airborne-abrasion is also used to increase the 
roughness of ceramic and composites surfaces, allowing 
interlocking between the restoration material and the 
resin cement10,11). However, damage to the restoration 
material surface (e.g., cracking) after the airborne-
abrasion process might induce mechanical stress on the 
bonding surface12,13).

There have not been many studies of the procedure 
used to apply an adhesive to a hybrid ceramic, but the 
increasing use of hybrid ceramics means that a guideline 
needs to be developed. This study aimed to develop a 
guideline for the appropriate pressure to use in airborne-
abrasion by comparing the shear bond strength (SBS) 
values for different hybrid ceramic surfaces obtained 
using various airborne-abrasion pressures. This study 
tested two hypotheses: (1) that the SBS of a particular 
type of hybrid ceramic block does not vary with the 
airborne-abrasion pressure, and (2) that the SBS does 
not vary between different types of hybrid ceramic 
materials produced using the same surface treatment 
method.

MATERIALS AND METHODS

Making specimens and applying surface treatment
Specimens were made by cutting hybrid ceramic discs. 
Two materials were used to produce the hybrid ceramic 
specimens (Lava Ultimate, 3M ESPE, St. Paul, MN, 
USA; MAZIC Duro, Vericom, Chuncheon, Korea). The 
size of each specimen was 10×10×10 mm. The specimen 
was put in a polyethylene mold and embedded with cold 
curing resin (Vertex Selfcuring, Vertex Dental, Zeist,  
The Netherlands). One surface of the material was 
exposed, and it was polished using 600-grit silicon 
carbide paper under water irrigation, and then refined. 
The hybrid ceramic materials that were used in the 
experiment are described in Table 1.

Airborne-abrasion was applied evenly to the surfaces 
of all of the specimens, by spraying 50-µm alumina 
particles for 15 s from a distance of 10 mm. The group 
of specimens whose surfaces were not treated with 
airborne-abrasion was set as the control group. In the 
experimental group, airborne-abrasion was performed 
at pressures of 0.1, 0.2, and 0.3 MPa, with the specimens 

classified into four subgroups for each material based on 
the pressure used in the treatment. One-hundred twenty 
specimens were divided into 8 groups of 15 specimens 
each. Adhesive (single-bond universal adhesive, 3M 
ESPE) and cement material (RelyX U200 dual-curing 
resin cement, 3M ESPE) were applied in accordance 
with their respective manufacturers’ instructions. After 
the application of the adhesive, resin cement was applied 
to the material surface using a plastic mold (Ultradent 
Jig, Ultradent Products, South Jordan, UT, USA). The 
plastic mold containing resin cement was placed on 
the material surface, and polymerization was achieved 
with a 1200-mW LED light-curing unit (DB-686 Cappu 
LED Curing Light, BISCO Dental Products Asia, Seoul, 
Korea). Light curing was performed from four directions 
for 20 s for each specimen, and the specimens were 
polymerized at room temperature (22–24°C) for about 1 
h. They were then kept in a water bath containing 37°C 
tap water for 23 h.

A shear bond strength test was performed using a 
test device (shear bond tester, BISCO, Schaumburg, IL, 
USA). A crosshead moving at a speed of 0.5 mm/min was 
used to apply a force to each specimen’s bonding surface, 
and the maximum fracture strength was measured 
when failure occurred. The data values measured in 
newtons were converted into megapascals by dividing 
by the bonding area (4.45 mm2).

The features of the specimen surfaces on which 
airborne-abrasion was applied at different pressures 
were analyzed. One specimen was selected randomly 
from each group, and a 3D optical microscope (contour 
GT-X 3D optical microscope, Bruker, Billerica, MA, 
USA) was used to measure the surface roughness (Fig. 
1). The surface roughness of each sample was measured 
five times, and the mean Sa value was calculated. The 
surface types of the measured specimens were also 
analyzed using scanning electron microscopy (SEM) 
(Fig. 2).

After performing the SBS test, the interfaces of the 
fractured specimens were analyzed using an optical 
microscope (SMZ745T, NIKON, Tokyo, Japan) at 10× 
magnification. The failure modes were classified as 
follows: (1) adhesive failure —failure between the 
surface of the hybrid ceramic and the resin cement, (2) 
resin cohesive failure —failure within the resin cement, 
(3) block cohesive failure —failure within the hybrid 
ceramic material, and (4) mixed failure —combination 
of the adhesive and cohesive failure modes.
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Fig. 1 3D images of the surface roughness for various airborne-abrasion pressures.
 Representative images of Lava Ultimate (a, c, e, g) and MAZIC Duro (b, d, f, h) blocks: (a, b) control group with 

no airborne-abrasion, (c, d) 0.1-MPa airborne-abrasion, (e, f) 0.2-MPa airborne-abrasion, and (g, h) 0.3-MPa 
airborne-abrasion.

(a) (b)

(c) (d)

(e) (f)

(g) (h)
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Fig. 2 SEM images for various airborne-abrasion pressures.
 Representative images of Lava Ultimate (a, c, e, g) and MAZIC Duro (b, d, f, h) blocks: 

(a, b) control group with no airborne-abrasion, (c, d) 0.1-MPa airborne-abrasion,  
(e, f) 0.2-MPa airborne-abrasion, and (g, h) 0.3-MPa airborne-abrasion.

(a) (b)

(c) (d)

(e) (f)

(g) (f)
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Table 3 Median SBS (MPa values) and interquartile range of the hybrid ceramic surfaces

Product name

Pressure used in airborne-abrasion treatment
(n=15 per each group)

Control 0.1 MPa 0.2 MPa 0.3 MPa

Lava Ultimate 18.36 (9.01)A
a 25.87 (3.35)B

a 31.17 (15.26)B
a 18.63 (4.45)A

a

MAZIC Duro 16.07 (6.09)A
a 22.34 (13.42)AB

a 21.71 (11.11)B
a 26.92 (8.02)B

a

Note: Significant differences are indicated by different superscripted upper-case letters (within the row for the same zirconia 
block and aging process) and by different subscripted lower-case letters (within the column for the same surface treatment 
and aging process). The significance level was determined to be p<0.006 considering the bonferroni adjustment.

Table 2 Median roughness (Sa values) and interquartile range of the hybrid ceramic surfaces

Product name

Pressure used in airborne-abrasion treatment
(n=5 per each group)

Control 0.1 MPa 0.2 MPa 0.3 MPa

Lava Ultimate 0.12 (0.01)A
a 0.96 (0.27)B

a 1.48 (0.15)C
a 2.44 (0.34)D

a

MAZIC Duro 0.15 (0.01)A
a 1.15 (0.05)B

a 1.60 (0.07)C
a 2.40 (0.44)D

a

Note: Significant differences are indicated by different superscripted upper-case letters (within the row for the same zirconia 
block and aging process) and by different subscripted lower-case letters (within the column for the same surface treatment 
and aging process). The significance level was determined to be p<0.006 considering the bonferroni adjustment.

Statistical analyses were applied to the surface-
roughness and SBS values using statistical analysis 
software (SPSS version 23.0, IBM, Somers, NY, USA). 
All the data was analyzed for homoscedasticity using 
Levene’s test, and for normal distribution using the 
Shapiro-Wilk normality test. Normality test result 
shows that the data are normally distributed. However, 
since homoscedasticity of variance assumptions were not 
satisfied, kruskal-Wallis test was used to analyze the 
impacts of the airborne-abrasion pressure in the same 
material (α=0.05) and a pairwise multiple comparison 
test was followed with Bonferroni adjustment (α=0.006). 
Influence of the type of hybrid ceramic block was 
analyzed by Mann-Whitney test (α=0.05).

RESULTS

The mean surface-roughness values for various types of 
hybrid ceramic block and airborne-abrasion pressures 
are presented in Table 2. In the statistical analysis, 
the surface roughness was significantly affected by 
the airborne-abrasion pressure, but not by the hybrid 
ceramic block type except for the groups of 0.1 MPa.

The obtained SBS values are summarized in Table 
3. In the statistical analysis, the airborne-abrasion 
pressure significant impacted the SBS. For the MAZIC 
Duro block, the SBS increased monotonically with the 
airborne-abrasion pressure increased, peaking at 0.3 
MPa. The SBS did not differ significantly between the 
non-airborne-abrasion group and airborne-abrasion 
at 0.1 MPa, but it did differ significantly between the 

0.2- and 0.3-MPa groups and the non-airborne-abrasion 
group. For the Lava Ultimate block, the SBS increased 
as the airborne-abrasion pressure increased to 0.2 MPa, 
and then decreased in the 0.3-MPa group, thereby 
peaking at 0.2 MPa. The SBS did not differ significantly 
between the non-airborne-abrasion group and airborne-
abrasion at 0.3 MPa, but was significantly higher at 0.1 
and 0.2 MPa.

The failure-mode analysis revealed a high rate of 
adhesive failure in the non-airborne-abrasion group.  
The adhesive failure rate tended to decrease gradually 
as the airborne-abrasion pressure increased, while the 
rates of mixed and cohesive failures increased. The 
failure rate was highest for cohesive failures occurring 
the hybrid ceramic block (Fig. 3).

DISCUSSION

This study found that the SBS of hybrid ceramic blocks 
varied with the airborne-abrasion pressure, and so the 
first hypothesis was rejected. In addition, the SBS varied 
between the different types of hybrid ceramic materials 
to which the same surface treatment method was 
applied, and so the second hypothesis was also rejected.

A dual-curing, self-adhesive resin cement was used 
as an adhesive cement material because previous studies 
found that dual-curing cement was more effective in 
bonding an indirect restoration compared with using 
autopolymerized self-adhesive resin cement14,15). In 
addition, universal bonding material was used as a primer 
because it contains various functional components, such 
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Fig. 3 Proportion of failures in the shear bond tests.

as 10-methacryloxydecyl dihydrogen phosphate (MDP) 
or silane, in addition to the components present in the 
previously widely used primer. Moreover, a previous 
study of the bonding of hybrid ceramic found that the 
bonding strength was higher when the adhesive solution 
contained MDP than when it contained only silane16). 
Additionally, it was considered that silane could be 
helpful in bonding because hybrid ceramic also contains 
silica filler. This study was designed to investigate 
differences in bonding strength depending on the 
airborne-abrasion pressure, and so the impacts on the 
results of other factors that might affect the bonding 
were minimized.

This study confirmed that the bonding strength 
varied with the material used even when the same 
surface treatment method was applied. This is probably 
attributable to the different composition of the blocks, 
with the filler contents having had an impact. Previous 
studies have also found that differences in the filler 
microstructure, composition, type, and concentration 
and in mechanical properties between different types 
of hybrid ceramic could result in surface treatments 
exerting different effects on the bonding strength14). 
Lava Ultimate and MAZIC Duro contain very similar 
amounts of ceramic filler (80 and 77 wt%, respectively), 
but there are differences in their detailed compositions 
(Table 1). A rapid decrease in bonding strength to that 
for no airborne-abrasion was uniquely observed in the 
Lava Ultimate material when the airborne-abrasion 
pressure was increased to 0.3 MPa. Both the SEM 
findings and surface-roughness analyses confirmed 
that the surface roughness increased with the airborne-
abrasion pressure, but the failure-mode analysis showed 
that most of the failures were cohesive failures occurring 
within the blocks. When the rate of cohesive failures is 
high, there is also a high probability that the bonding 
strength will exceed the material strength. Therefore, it 
is thought that the observed decrease in bonding strength 
when the pressure was increased up to 0.3 MPa was due 
to the high-pressure airborne-abrasion weakening the 

fracture toughness of the material, rather than simply 
decreasing the bonding strength. Chen et al.17) reported 
that applying airborne-abrasion to the surface of Lava 
Ultimate samples did not affect the fracture toughness 
of the material. They used 50-µm alumina particles (the 
same as used in the present study), but they did not 
report the pressure used for the surface treatment.

In general, applying airborne-abrasion to the 
surface of a material will increase its surface roughness, 
and hence also the bonding strength. However, applying 
airborne-abrasion at an excessive pressure may induce 
stress concentration, and the resulting generation 
of many sharp areas can cause the wettability of the 
material surface to decline, which may also produce voids 
on the surface. Therefore, roughening a surface does not 
necessarily result in a high bonding strength18,19).

A previous study of the impact of airborne-abrasion 
on the adhesion of hybrid ceramics involving a Lava 
Ultimate block and two type of cement, which included 
Panavia (a self-etch dual-curing resin cement), found 
that the bonding strength was significantly higher in 
the airborne-abrasion group than in the non-airborne-
abrasion group20). However, when dual-curing resin 
cement was used after the universal bonding adhesive 
was applied, a high bonding strength was found even 
in the non-airborne-abrasion group, as in the present 
study. The experiments in that previous study applied 
airborne-abrasion with 50-µm alumina particles at 0.28 
MPa. In the present study, the results were also similar 
for the group with 0.3-MPa surface treatment and the 
non-airborne-abrasion group.

Due to the possibility of alumina particles damaging 
the surface of a CAD-CAM composite block, the use of 
glass beads rather than alumina particles for airborne-
abrasion has been recommended13). It has also been 
reported that when 0.2-MPa airborne-abrasion was 
performed with alumina particles, the surfaces of 
the said particles were damaged, and the filler was 
eliminated13).
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CONCLUSION

The present SEM findings and surface-roughness 
analysis confirmed that the surface roughness increased 
with the airborne-abrasion pressure. The SBS also 
generally increased with the airborne-abrasion pressure, 
except for a rapid decrease in bonding strength being 
uniquely observed for the Lava Ultimate material when 
airborne-abrasion was performed at 0.3 MPa. This study 
has confirmed that the bonding strength varies between 
different types of material even when applying the same 
surface treatment method.
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