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I. Introduction

The CAD/CAM technology has been successfully
introduced into dentistry during the last
decade(Duret, 1993; Kim et al, 2014a; Kim et al,
2015; Amkhadova et al, 2011; Sasse et al, 2013).
Currently, many types of prefabricated ceramic
blocks are available for milling using a CAD/CAM
device(Schmitter et al, 2012; Pak et al, 2010;
Cehreli et al, 2009; Beuer et al, 2009; Helvey 2006).
One of the conventional ceramic blocks was made
by zirconia(Moldovan et al, 2011; Chang 2004;
Luthardt et al, 2004), which has high fracture
strength, favorable esthetics, and chemical
stability. However, zirconia has a brittle nature
because of its low tensile strength and fracture
toughness, which can be influenced by the
presence of intrinsic defects within the
materials(Miskinis et al, 2008).

Despite the strength of the block material,
cementation with the tooth is also important for
the clinical success of a restoration. Because of
cementation between a tooth and the ceramic
restoration is encouraged for improving the
retention, marginal adaptation and fracture
resistance of restoration(Atsu et al, 2013).
Furthermore, zirconia crowns and bridges must be
cemented using conventional resin cement
recommended by the manufacturers because the
bonding performance of zirconia with resin
cements has been shown to be unsatisfactory(Dai
et al, 2013; Sanohkan et al, 2013; Amaral et al,
2014; Kobes et al, 2013).

Few studies have evaluated the bond strength of
zirconia to resin cement to confirm reliable bonding
with surface treatments on zirconia restoration.
Hydrofluoric acid etching, which is essential for

successful bonding of cement to zirconia veneering
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ceramics(Chaiyabutr et al, 2008), does not improve
the bond strength of resin cement to
ceramics(Awliya et al, 1998). However, the addition
of silane coupling agents to ceramic surfaces can
be successful in improving their adhesion to resin
cement(Oba et al, 2014; Matinlinna et al, 2013;
Lung et al, 2012). Zirconia blocks have high
strength but lower wear resistance, fracture
toughness, and bonding performance than
composite resins blocks. These limitations show
that there is a need for a material that combines
the advantages of ceramics with those of
composites with focus on the retention of enamel
structure. Hybrid ceramic blocks infiltrated with
resin were developed as another material suitable
for CAD/CAM procedures. As introduced by the
manufacturer, this material is called the resin—
ceramic hybrid and is believed to have unique
properties such as rigidity and hardness coupled
with improved flexibility, fracture toughness,
reduced brittleness, and better machinability
compared with conventional ceramics. However,
limited information is available on the bond
strength between resin—ceramic hybrids and resin
composite cements,

Therefore, the purposes of this study were (1) to
investigate the bond strength of resin cements to
CAD/CAM hybrid blocks compared with
conventional ceramics containing PMMA and (2) to
evaluate the flexural strength, employing shear

bond strength and biaxial-flexural strength.

II. Materials and methods

1.Specimen preparation

Three commercially available CAD/CAM blocks
were used for sample preparation. The hybrid
CAD/CAM materials were of two different types:
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resin—infiltrated zirconia(RIZ, Enamic, Vita,
Germany), containing approximately 20% PMMA
resin, and zirconium oxide—reinforced lithium
silicate(ZLS, CELTRA Duo, DeguDent, Germany).
Partially yttria—stabilized zirconia(Y203 3 mol%)
(PYZ, I-JAM, U&C, Korea) was used as the control
material,

Specimens were fabricated(n=10) to perform bond
strength and biaxial flexural strength analysis. RIZ
blocks were sectioned with a precision cutting
machine(Isomet 1000, Buehler, Lake Bluff, USA),
polished with metallographic papers(600, 800, and

1200—grit SiC) into two final dimensions(15 mm X

a

15 mm X 2 mm and ¢16 mm X 1.2 mm), and
finished with a 3—um diamond suspension(METADI,
Buehler, Lake Bluff, USA).

The ZRC block were cut to 15 mm X 15 mm X 2
mm and sintered at 820°C according to the
manufacturer s recommendations, PYZ green discs
were cut to the same sizes as above, then sintered
in a sintering oven at 25°C—1450"C using a rise
time of 3 h and maintained at 1450°C for 2 h. Table
1 gives the detailed information of all tested
materials and the manufacturer with the respective

steps.

Table 1. CAD/CAM Blocks used in this Study

Materials Type Group code Manufacturer
Vita PM9 Glass—ceramic ae VITA Zahnfabrik, Bad Sackingen,
Germany
CELTRA Glass—ceramic with zirconia IRC DeguDent GmbH, Hanau-Woflgan,
Duo Germany
~JAM Zirconia ceramic U&C, Korea
Vita Zirconia ceramic with PMMA R VITA Zahnfabrik, Bad Sackingen,
Enamic resin Germany

2. Shear bond strength

A piece of double—stick tape with a circular hole,
5.0 mm in diameter, was positioned on the surface
of the specimens to define the bonding area. The
specimens were cleaned by sonication in a water
bath for 5 min before the bonding test. The
specimens were cemented using conventional resin
composite cement(G-CEM LinkAce, GC, Japan).
The bonding procedures followed the
manufacturer s recommendations. For the light
activated resins, the Optilux 400 system(Demetron,

Danbury, USA) was used. A load of 5N was applied

to secure the rods to the disks according to

manufacturer s instruction and the excess cement
was removed carefully. This load was kept constant
for 8 min. Prior to testing, all bonded specimens
were stored in distilled water at 37 C for 7 days.
Finally, the specimens were placed in a jig for
shear bond strength testing described in ISO/TR
11405 and loaded to failure with a crosshead speed
of 0.8 mm/min(Fig. 1).
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Fig. 1. Three millimeters of blade edge shear knife
place against a supported cement specimen

3. Biaxial flexural strength

For the biaxial test, the thickness(1.2 mm) and
diameter(16.0 mm) of all specimens were measured
with a digital micrometer(Mitutoyo, Japan) before
the flexural strength test. According to the ISO
Standard 6872 recommendations, the biaxial
bending test was used for determining the biaxial
fracture strength values. The specimens were
tested at room temperature with a universal
testing machine(INSTRON 5255, Instron Co, USA)
(Fig. 2).
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Fig. 2. A schematic illustration of the biaxial flexure test
using the piston—on—three—ball test
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Flexural strength, 6, in megapascals, was
calculated using the following equation.

0 =-0,238 7P(X ? Y)/b2,

where

¢ is the maximum center tensile stress(in
megapascals);

P is the total load causing fracture(in Newtons); and

b is the specimen thickness at fracture origin(in
milimeters).

X=(1+v)In2/3)2 + [(1 2 V)/2] (2/r3)2

Y= +v)[1+n143)2] + (1 ? 1) ("N/3)2, in which

v is Poisson' s rafio(use v = 0.25);

r1 is the radius of the support circle(in milimeters);

r2 is the radius of the loaded area(in milimeters);
and

r3 is the radius of the specimen(in milimeters);

4. Stafistical analysis

The data was calculated using one—way analysis
of variance(ANOVA) followed by Tukey s HSD
test(p<0.05).

I. Results

The mean and standard deviation values for the
shear bond strength of the four CAD/CAM blocks
to resin cement are shown in Table 2. In the
glass?ceramic materials group, there was no
significant difference between GC and ZRC bonding
to resin cement. However, RIZ had a significantly
higher bond strength than other groups(p<0.05).
ZC showed the lowest mean bond strength
values(mean shear bond strength: 6.2 MPa). The
predominant failure modes for all ceramic hybrids
were cohesive failure in cement and mixed failure,

Seventy—two percent of the RIZ specimens
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displaying mixed failures, including partial
cohesive failure in cement. Predominant interfacial
failure modes(i.e., adhesive failure between cement
and ceramic interface) were found only with ZC.
The shear bond strength values of the ceramics
were analyzed by Duncan’ s multiple range test.
RIZ showed significantly higher bond strength
values than other ceramics(p<0.05). GC showed no
significantly different values from ZRC.

Figure 3 shows the scanning electron
microscopy(SEM) micrographs of the interfaces
between resin cements and two of the ceramic
substrates. In Figure 3(a, b), the images represent
the sand—blasted ZC surface, which has a clearly

edge—shaped micro—roughness. In contrast, RIZ

showed an undulation because of the fracture of
bodies of the substrate. Figure 3(c, d) shows a
magnified image of the RIZ sample where
homogeneously distributed micro—irregularities of
the hybrid zirconia substrate can be seen.

The results and statistical analysis of flexural
strength are shown in Table 3. The mean flexural
strength ranged from 145.8 to 1412.0MPa when
determined by the ISO 6872 biaxial bending
method. The resistance to flexural loading of ZC
was significantly higher than those of all other
ceramics evaluated. The flexural strength of RIZ
was significantly lower than those of GC, ZRC, and
7C, whereas no significant difference was observed
between GC and ZRC.

Table 2. Means(Standard deviations) for Bond Strength and Distribution of Failure Modes

Failure modes(%)

Group code
Bond strength(MPa*)
Interfacial Mixed Premature
GC 85 *+ 1.6a 30 70
ZRC 95 £ 1.3a 34 66
ZC 6.2 + 0.4b 95 2 3
RiZ 16.6 = 1.3c 28 72

* Means followed by distinct letters are significantly different at p<0.05.

**All specimens debonded prematurely for this group.

Table 3. Means(Standard deviations) for Flexural Strength

Group code Flexural strength(MPa)
GC 2189 £ 5.6a
ZRC 256.1 = 10.2a
ZC 1412.0 £ 17.7b
RIZ 1458 £ 5.7¢c

* Means followed by distinct letters are significantly different at p¢0.05.
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Fig. 3. FE-SEM images of debonded resin
cylinder from the ceramic surfaces. (A)
Conventional zirconia ceramic surfaces, (B) high
magnification of (A), (C) a cohesive fractured hybrid
ceramic(RIZ, 20X bar: 1,500 ym), and (D) high
magnification of (C) (1,000X; bar: 30 m).

IV. Discussion

All ceramics have been proven to resist fracture
loads and show higher strength in CAD/CAM
dentistry, although their use also requires a
reliable bond with the various luting materials.
Many studies have investigated bonding to oxide
ceramics; however, bonding to conventional
ceramics remains unknown. Most research reports
on bonding to zirconia ceramics are in agreement
that achieving a reliable and predictable bond to
this ceramic would be a major problem in dentistry
or at least a limitation when performing
restorations with materials having limited or no
mechanical retention, such as occlusal veneers,
partial coverage restorations, or resin—bonded
fixed dental prostheses(Kim et al, 2014b). The
hypothesis of this study was that the bond
strength could be increased using a hybrid ceramic
block compared with conventional zirconia. The
results of this study confirm the hypothesis that a
zirconia hybrid with PMMA increases the bond
strength between a CAD/CAM block and dual—cure
self—adhesive resin cement(G-CEM). The bond
strength was found to be significantly higher in the
RIZ group than in the GC, ZC, and ZRC groups,
indicating that the hybrid with the PMMA system
would improve the bonding of zirconium oxide
ceramics. Moreover, the results partially confirm
the hypothesis that PMMA in the hybrid blocks
increases the bond strength. Although the slightly
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high bond strength was obtained with the
combination of glass—ceramics and zirconia(Group
ZRC), no differences were found in the groups with
a glass?ceramic(Group GC). These results may be
attributable to the PMMA polymer chains creating
a chemical interaction with resin cement,
enhancing the mechanical and chemical bonding.

The cohesive failure rate of RIZ(75%) was
irrespective of increment thickness or resin
cement., The high percentage reflects the
effectiveness of PMMA, although the body strength
of RIZ may be weaker than that of a conventional
ceramic. This result was fully supported by the
biaxial flexural strength as obtained in the present
investigation,

RIZ showed a biaxial flexural strength of 1458+
5.TMPa, which is comparable to the value measured
for 7ZC(1412.0£17.7MPa). GC and ZRC also had
relatively low biaxial flexural strength values
compared with conventional zirconia. To explain
this effect, two aspects should be considered. The
first is stress, which is built up during cooling after
firing of the whole ceramic body such a ZC. In
glass—ceramic systems, this stress may be at least
partially relaxed by elastic or plastic deformation of
the substructure. The zirconia substructure is
rigid, which leads to higher stress formation in
contrast to metal—ceramics or gold alloys with low
sag resistance. Therefore, efforts to improve the
veneering ceramics for zirconia should be directed
toward optimal adjustment of the thermal
expansion and increasing the mechanical strength.

The second aspect is the fact that the humid
environment in the oral cavity may cause
hydrolysis of the COO—H bonds(Gbureck et al,
2005), thus affecting the mechanical properties of
the hybrid ceramic with PMMA. The increased

failure rate of hybrid ceramics under humid
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conditions in the oral cavity may be attributed to a
different chemical composition, resulting in a

higher susceptibility for hydrolytic attack.

V. Summary

Within the limitations of this in vitro study, the
following conclusions can be drawn. The shear
bond strength values of hybrid ceramic with PMMA
are higher than those of conventional glass—
ceramics, glass—ceramics containing zirconia, and
zirconia for dual cure resin cement. The biaxial
flexural strength values of hybrid ceramics with
PMMA were significantly lower than those obtained
with conventional zirconia with the three—point
flexure test. Therefore, the hypothesis that hybrid
CAD/CAM ceramics would result in improved bond

strength compared with conventional ceramics is

accepted.
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