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Abstract

The purpose of this study was to evaluate the push-shear bond strength between five
commercial zirconia veneering ceramics and zirconia core cylinder, and to investigate the effect
of biaxial flexural strength and zirconia liner glass treatments. The biaxial flexural strengths of
the veneering ceramics were evaluated by a piston-on-three-ball test. The bond strengths
between the Y-TZP cylinder and zirconia veneering ceramics were evaluated using the
push-shear bond strength test. The data was analyzed using two-way ANOVA and Scheffe's
test. The biaxial flexural strength of Cercon ceram kiss (CE) was higher than those of the other
groups. The glass—treated and Triceram zirconia groups showed the highest value and the
Creation ZI(CR) showed the lowest. In all groups, the liner glass treatment groups showed
significantly higher push-shear bond strength than those without(P<0.05). The liner glass
treatments of zirconia can improve the bond strength between the zirconia ceramic core and

veneering ceramics.
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I. INTRODUCTION

In recent years, continuing improvements of
all-ceramic restorations have been made, particularly
in the field of the fixed partial dentures (FPDs). In
addition to the development of core materials,
all-ceramic restorations can provide better esthetics,
biocompatibility and mechanical properties compared
(PFM). Since the

introduction of all-ceramic systems in the 1980s, a

to porcelain-fused metal

variety of materials can be used as core materials to
achieve successful restorations, including glass
infiltrated ceramics, lithium disilicate, alumina and
zirconia. The most recently introduced core ceramic is
zirconium dioxide (ZrQy) or zirconia. Zirconia core
material is so strong that long-span all-ceramic
FPDs are possible.

The success of core veneered all-ceramic
restorations depends on a complex relationship
between the core materials and veneering ceramics.
Many variables can affect the core veneered
all-ceramic bond strength, such as the surface
treatment of the core materials, which can affect the
mechanical retention for example Al:Os blasting and
grinding, residual stresses generated by mismatches
in the coefficient of thermal expansion(CTE),
development of flaws and structural defects at the
core veneered interface, wetting properties and
volumetric shrinkage of the veneering ceramics[1-4].
Recently many studies have reported the complex
relationships between core materials and veneering
ceramics in core veneered all-ceramic
restorations[5-8].

A range of methodologies were designed by
researchers seeking accurate measurements of the
bond strengths at metal-ceramic systems. These
variables should be minimized by standardizing
samples and testing method. In general, the 3-point

flexural test, which is normally used as a bond
strength measurement of metal-ceramic systems and
has minimum bond strength of 25MPa, was
established. But ceramic samples tested in bending
are quite sensitive to edge or surface machining
damage. However, an adequate bond strength test for
all ceramic materials has not been determined in the
reviewed literature[1][9-12].

Various experimental tests have been designed and
used to evaluate to adhesion of veneering ceramic to
zirconia core. Therefore, several forms of pull or push
though shear strength tests have been designed to
measure the bond strength of the metal-ceramic
system[101[111[131[14].

Shell and Nielsen[13] have used the first pull or
push though shear strength test method to evaluate
the metal-ceramic bond strength. Various forms of
the Shell and Nielsen test have been used by
researchers for easily measured bond strength values,
consistency and uncomplicated sample preparation.

Modified pull through shear strength test design
was introduced by Anthony et al[14]. Their test was
accomplished by embedding in dental stone the
portion of the rod to which a cylinder of ceramic had
been fired. Bond failure occurred precisely at the
zirconia core-veneering ceramic interfaces. The
push-shear test of this study can confine the failure
mode of the sample to the interface and be considered
a simple test to evaluate shear bond strengths of
zirconia core veneered all-ceramic system. These
factors are the basis for the selection in the present
study.

Previous studies on the failure rate of core veneered
all-ceramic restorations reported that delamination of
the veneering ceramic from the core material is a
common failure mode[8][15][16]. Recently, some
manufacturers recommend a liner glass treatment to

mmprove the bond strength between the zirconia core
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and veneering ceramics. Aboushelib et al.[17] reported
that liner glass treatment was shown to increase the
bond strength as an intermediate layer between the
zirconia core and veneering ceramic. Assuming that
both zirconia core and veneering ceramic bond
strength is a clinical requirement to avoid premature
failure of =zirconia core veneered all-ceramic
restorations[18], the mechanical and chemical effects
of zirconia surface treatments can affect the core
veneered bond strength and the clinical success rate
of such restorations[19]. On the other hand, there is a
shortage of comparative data on commercially
available liner glass materials, and whether or not
they are suitable for core veneered all-ceramic
restorations.

The aims of this study, which is divided in two
parts, were to compare the fracture strength of five
commercially available zirconia veneering ceramics by
a piston-on-three-ball biaxial flexural test method
using circular disc specimens to determine if they can
affect the bond strength, and to estimate the effect of
surface treatments with and without the application of
two types of liner glass treatment, a
specially—prepared glass and zirconia liner products,
between the zirconia core cylinder and five veneering
ceramics using Push-shear bond test[13][14].

Il. METERIALS AND METHODS

1. Materials used

Zirconia core cylinder specimens were obtained
from experimental industrially manufactured yttria
partially—stabilized tetragonal zirconia polycrystalline
(Y-TZP sleeve, NSC, Gwangju, Korea) ceramic
cylinder (diameter: 36 mm; length: 18 mm). The
zirconia ceramic cylinders were cleaned, dried and
sintered at 1450°C for 2 h at a heating and cooling

rate of 8.3C/min. After sintering, the zirconia ceramic
cylinder specimens (diameter: 2.7 mm; length: 135
mm) were sandblasted with 50 m AlLO;(COBRA,
Renfert GmbH, Hilzingen, Germany) at 2.5 bars for 15
seconds, treated with a 1 % hydrofluoric acid(HF)
solution and cleaned ultrasonically(N=98).

A specially-prepared glass was designed to
infiltrate into the zirconia surface to enhance and
improve the bond strength between the zirconia
cylinder surface and veneering ceramics. Balanced
quantities of 11.0Lax0s, 16.0A10s, 24.0B:05 3.0Y20s,
29.7510,, 6.0CeO,, 2.0TiOy, 54Ca0, 1.1MnO, 1.8Li0
wt%) and color agents were mixed by ball milling for
24 h to achieve an equalized composition. These were
sintered at 1450°C for 2 h at a heating rate of 10T
/min and subjected to fritting with manufacturer 100
mesh (150 pm) powder.

2. Preparation of biaxial flexural

strength test specimens

Five commercials zirconia veneering ceramics were
used [Table 1]: Creation ZI(CR), Cercon ceram
kiss(CE), Triceram(TR), IPS emax(EM) and
Zirkonzahn ICE(ZI). Each zirconia veneering ceramic
mixed with the

manufacturer's liquid(n=14 per group). Seventy disc

powder was corresponding
specimens (diameter: 17 mmy; thickness: 1.5 mm) were
prepared using a vibration—condensation method with
a stainless steel mold, and sintered in ceramic
furnace(P-500, Ivoclar vivadent AG, Liechtenstein)
according to the firing schedules recommended by the
manufacturer] Table 2]. After self-glazing, all zirconia
veneering ceramic specimens were wet ground with
SiC paper up to 2000 grit and polished with 1 gm

ceramographic cloth and diamond suspensions.
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Table 1. Material properties of the veneering

materials.
Veneering Core CTE
ceramic Manufacturer ~ Code . 2-50c
omy matrix (ppm/C)

KLEMA Dental
Creation ZI produkte GmbH, CR  Zirconia 9.5
Meiningen,Austria

DeguDent GmbH,

Cercop Hanau-Wolfgang, CE Zirconia 9.2
ceram Kkiss
Germany
Dentaurum GmbH,
Triceram  Ispringen, TR Titanium 8.7
Germany
Ivoclar  Vivadent
AG, ) )
E-Max EM  Zirconia 9.5
Schaan,
Liechtenstein
Zirkonzahn Zirkonzahn World
Wide, South Zl  Zirconia 9.5
ICE )
Tirol,ltaly

* CTE: coefficient of thermal expansion.
According to the CTE information provided by the
manufactures

Table 2. Firing schedules of the veneering

3. Biaxial flexural strength testing and
Weibull analysis

Seventy disc specimens were subjected to a
piston-on-three-ball(diameter of 3 mm) biaxial
flexural strength test. The specimens were first
positioned in the sample holder on top of the
supporting balls. A crosshead speed of 0.5 mm/min
was applied using a universal testing machine(Instron
4201, Instron Co, USA) as designated in ASTMI9].
The Weibull modulus was obtained from the plot of
the measured biaxial fracture strength.
P(X—Y)

5= -0.2387

X = (it + [ rafve)?

Y= (1+)[1+ In(y:/va)*] + (1 —2) (v1/v3)°

where S=the maximum center tensile stress(MPa)
and the flexural strength at fracture; P=total load
causing fracture(Newtons); v=Poisson’s ratio(n=0.25);
ri=radius of supporting circle(mm); m=radius of
loaded area(mm); rs=radius of specimens (mm);

d=specimen thickness at fracture origin (mm).

Table 3. Weibull analysis data of zirconia
veneer ceramic specimens.

materials.
Veneering PreDying STRI4FT g1 gyp 7T
Materials e8eD T avl (.C/ . (min)
(C)_(min)_min)  (T)

Creation ZI CR
Dentin layer 450 6 45 810 500 810 1
Self glaze 450 6 45 820 1
l(/\Diirscon ceram  ~c
Dentin layer 450 8 55 830 500830 1
Self glaze 450 8 55 840 1
Triceram TR
Dentin layer 500 8 55 760 500 760 Lg
Self glaze 450 2 55 760 1
E-Max EM
Dentin layer 403 4 50 750 450 749 A1
Self glaze 403 4 50 760 1
Zirkonzahn ICE ~ ZI
Wash fire 400 2 55 920 500 920 2
Dentin layer 300 6 55 820 500820 1
Self glaze 300 2 55 820 1

Paf;;ger C(R CE T EM Z

o 1(0.5) 127.0 133.2 119.6 116.9 113.7
m 5.97 5.27 9.39 7.16 6.39
o0 136.7 140.8 126.8 126.4 117.3
r2 0.96 0.97 0.93 0.98 0.99
SD 23.1 26.2 14.0 18.1 18.3
N 14 14 14 14 14

1ST: starting temperature; 2DT: drying time; 3FT: final
temperature; 4TRI: temperature rate increase; 5V1: vacuum
on; 6V2: vacuum off; 7HT: holding time.

*6 f (0.5)=median fracture strength in MPa; m=Weibull
moudulus; ¢ 0= characteristic strength in MPa; r2=Weibull
distribution regression coefficient squared; o f (avg)=
mean fracture strength in MPa; SD=standard deviation;
N=number of samples.

CR = Creation ZI; CE = Cercon ceram kiss; TR = Triceram;
EM = E-Max; ZI = Zirkonzahn ICE
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Fig. 1. Weibull plots of flexural strengths of
zirconia veneering ceramics specimens.

4. Preparation of push—shear bond
strength test specimens

A specially-prepared glass infiltration was
conducted at the temperature of 1000 °C for 50 min.
Excess glass was removed by sandblasting with 50
mm AlOs at a maximum pressure of 2.5 bars. After
ensuring that excess infiltration glass had been
removed, the zirconia core cylinder specimens were
heat treated at 960 °C X 1 min and sandblasted with
50 um AlOs at a pressure of 2.0 bars for a period of
20 s and then treated with a 05 % Hydrofluoric
acid(HF)
ultrasonically(n=35).

solution for 10 min and cleaned

Each zirconia liner powder was mixed on a glass
slab using the mixing liquid and the slurry obtained
applied to the zirconia core cylinder specimens(n=28).
All firing steps followed the exact procedure
recommended by the manufacturer's procedure[ Table 4].

Table 4. Firing schedules of the liner materials.

Veneering Pre-Drying TRl FT VI V2 HT
Materials ST bpr (¢ (O (€ (O (min)
() (min) min)
Creation ZI 450 2 55 900 500 900 1
Liner

Cercon ceram kiss 575 8 55 970 600 970 1
Liner

Triceram 500 4 65 800 500 800 1
Liner
E-Max 403 4 60 960 500 959 1
Liner

Glass 500 5 55 1000 550 1000 50

All prepared zirconia core cylinder specimens were
placed in an adjustable mold on a base made from the
modified pull through shear strength test design 10).
The refractory die investment materials (Lamina Vest
II, SHOFU INC, Kyoto, Japan) mixed with investment
liquid under vacuum for 30 s. The creamy refractory
die investment material was poured into the mold and
dried at room temperature for 60 min before
placement for 45 min in a burnout furnace (Miditherm
100, BEGO USA Inc, Lincoln, RI, USA) preheated to
700 °C for 15 min and then moved into a calibrated
(Programat ~ P300,
preheated at 700 °C and then the
temperature raise with a heat rate of 50 °C/min until
the temperature reached 1050 °C, with a hold time of

ceramic  furnace Ivoclar,

Liechtenstein)

1 minutes. After preheating, all refractor die cylinders
(diameter: 6 mm; height: 10 mm) were positioned on
top of mold. The mold was carefully filled with the
creamy mixture of each zirconia ceramic and
condensed to final dimensions (diameter: 6 mmy;
width: 2 mm). Excess liquid was removed by
applying a piece of adsorbing paper (Kimwipes Lite
200, Kimberly Clark, Koblenz, Germany) onto the
surface. After condensation, the mold was removed,
leaving the non-sintered refractory die cylinders,
which were transferred to a firing tray and sintered
in a ceramic furnace in accordance with each
manufacturer’s instructions[Table 2]. Remnants of
refractory investment material were removed by sand
blasting with 50 pgm AlOs at 2 bar of atmospheric
pressure. The Push-shear bond strength testing
specimens Wwere mounted using a precision
parallelometer(Seasin  surveyor-1II, Youjin dental,
Korea) with type II dental stone(Snow rock, Mungyo,
Korea)[Fig. 2.
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Fig. 2. Photograph and Schematic illustration
of specimen used in this study.
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5. Push—shear bond strength testing and
statistical analysis

The push-shear bond strength was measured using
a universal testing machine(Instron 4201, Instron Co,
USA) at a crosshead speed of 0.5 mmy/min. The
fractured surfaces were observed by scanning
electron microscopy(JEOL, JSM-5800, Japan) and
optical microscopyLeica, EZAD, Germany). These
analyses were used to examine the mechanisms of
failure as well as the nature of the interface between
the treated surface and veneering porcelain.

The push-shear bond strength means from each
group from were analyzed by two-way ANOVA for
the effect of surface treatment and liner glass. A post
hoc Scheffe’'s test was used(p=0.05) (SPSS 17.0;
SPSS Inc, Chicago, USA).

lll. RESULTS

[Table 4] lists Weibull analysis of the biaxial
flexural strength for the five commercial zirconia
veneering ceramic materials. The mean flexural
strength ranged from 10939 MPa to 1298 MPa.
Group Zirkonzahn ICE (ZI) had the lowest strength
(109.39 MPa, SD=18.35) and Creation ZI (CR) had the
highest strength (129.8 MPa, SD=26.22). Group CR,
CE, TR, EM and ZI were similar (p>0.05). The
Weibull moduli were 597, 527, 9.39, 7.16 and 6.39

respectively.

After blasting with 50 um Al:Os, a SEM evaluation
of the experimental zirconia core cylinder surfaces
showed that the zirconia grains were expelled,
creating a keying effect that provides a good retention
of veneering ceramics[Fig. 3]. The failure mode
observed for the Creation ZI liner(CRL) was
combined mainly as adhesive failure at the interface
and cohesive failure in the veneering ceramic.
Adhesive failure mode with delamination of the
veneering ceramic from an intact zirconia core
structure were observed with Creation ZI(CR) and
IPS emax(EM) groups without a specially—prepared
glass and zirconia liner products[Fig. 4]. Mixed failure
rates were observed in the remaining groups with

both cohesive and combined failure.

Fig. 3. (A) SEM image of Y-TZP ceramic
sintered at 1,450°C for 2h, (B) after
sandblasting with 50 m AlI203, (C)
Y-TZP ceramic surface after glass
infiltration(5% HF 90seconds).

Fig. 4. (A) Low magnification SEM micrograph
showing a representative sample of
adhesive failure; (B) low magnification

SEM micrograph of combined failure.
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[Table 5] shows the results of the push-shear bond
strength. Creation ZI(CR) had the lowest shear bond
strength(20.12 MPa, SD=6.34) and Triceram(TR) had
the highest strength(66.62 MPa, SD=10.01). There
was a significant difference in the shear bond
strength, with the exception of Cercon ceram kiss
(CE) (p<0.05).

Table 5. Statistical results in push—shear bond
strength., Numbers of specific failure
types are represented in percentages.

Adhe Coh  Mixe

Mean (S.D.) MPa : .
Group sive esive d
Initial crack  Final fracture %) (% (%)
CR 15.07 20.12 100 0 0
(3.63)a (6.34)a
50.32 58.51 0 0 100
CRL (13.36)b (9.98)b
37.28 37.28 29 0 71
CRG (6.52)c (6.52)c
CE 26.40 28.17 71 0 29
(9.74) (11.22)
26.80 29 0 71
CEL (5.93) 38.58 (5.00)
26.05 43 0 57
CEG (4.65) 33.91 (4.08)
R 45,91 66.62 0 0 100
(18.62) (10.01)a
35.87 43.41 29 0 71
TRL (5.82) (7.15)
5418 64.25 14 0 86
TRG (1540 (7.89b
EM 30.90 33.10 100 0 00
(7.83)a (7.03)a
38.32 43.45 29 0 71
EML - (269)a (5.83)a
29.98 31.10 71 0 29
EMG (308 (2.79)b
33.81 86 0 14
Zl (11.78) 38.17 (8.53)
36.45 43 0 57
ZIG (11.74) 48.68 (4.10)
IV. DISCUSSION

In order to evaluate the bond strength of core
veneered all-ceramic systems, 3-point flexural test,
micro-shear and micro-tensile tests have been used.
Unfortunately, each test has their limitations as

specimen fabrication and the mechanical integrity of

the veneering ceramic. An adequate bond strength
test for all ceramic materials has not been determined.
However, one of the most common tests to evaluate
bond strength is the shear bond test. In this study,
the push-shear bond strength test method was
selected because of easily measured shear bond
strength values, consistency, and simple specimen
fabrication[10][111[13][14].

At first, this study examined the extent to which
the biaxial flexural strengths of five commercially
available zirconia veneering ceramics affect the bond
strength between the zirconia core cylinder and
commercially available veneering ceramics. The
Weibull analysis used in the present study showed
that the m values ranged from 596 to 9.38 as the
Weibull modules are similar in most specimens.
These results are consistent with those of previous
studies[20-24]. Five commercially available zirconia
veneering ceramics showed biaxial flexural strength
values in the range of 109.39-129.8 MPa, which did
not differ significantly(p>0.05). The results indicate
that biaxial flexural strength of five commercially
available zirconia veneering ceramics wouldn't affect
the bond strength between the zirconia core cylinder
and veneering ceramics.

On the other hand, in the fracture failure pattern of
biaxial flexural strength test, 91 % of the specimens
4-7 were fracture pieces. According to the ASTM C
1449[25] guidelines, the fracture origin were evaluated
as high and medium energy-high strength failure.
The number of failure pieces was greater under
increased high flexural strengths.

The bonding mechanisms of veneering ceramics to
zirconia surfaces are still unclear. To improve bond
strength, wetting ability of veneering ceramics and
the use of a liner glass treatment is assumed based
on investigations on surface treatment with sand
blasting[151[26-283].



HIL|O] MZt2i2t X|2 L0t M2t2e| Push—Shear Z&dE 391

SEM of the experimental zirconia core cylinder
surfaces showed that the zirconia grains were
expelled[Fig. 3B]. Surface roughening of the zirconia
core cylinder by blasting with 50 gm Al;Os may have
an advantage in bond strength improvement. When
the zirconia core cylinders undergo glass liner
treatment, they are melted at high temperatures to
form ceramic composite and to get wet zirconia
surface. The silica layer left by the liner glass
treatments are bonded to each other by strong
covalent bonds with a zirconia veneering ceramic|Fig.
3Cl.

The failure mode of an all-ceramic system with a
relatively weak bond strength tends more to adhesive
chipping of the ceramic at lower fracture loads,
whereas a higher bond strength provokes to a certain
extent mixed and cohesive failure mode at higher
loads. This type of failure mode indicates a good
interfacial bond between the zirconia core and
veneering ceramic material[29][30].

In the push-shear bond strength test, three
catastrophic failure modes were observed: adhesive,
cohesive and mixed failure mode. The most promising
results showed that the zircoma liner groups had
higher mean push-shear bond strength. The failure
mode observed for Triceram(TR) and with the
zirconia liner groups were mainly mixed mode;
adhesive at the interface and cohesive in the
veneering ceramic[Fig. 4B]. The described failure
mode with the adhesive of the veneering ceramic
from the intact zirconia surface was comparable to
the results of other reports[17][31].

For the bond strength value of the veneering
ceramic on a zrconia all-ceramic core, it was
reported that the different bond strength with a
34-610 MPa range can be evaluated by the
mismatch  thermal coefficient(CTE),
different surface treatment, etc[26][32]. Derand et

expansion

all27] reported that a 20-40 MPa shear bond
strength can be assumed. The mean push-shear bond
strength values of the liner and glass infiltration
group are approximately 20 % higher than the groups
without liner glass treatment, except for the Triceram
liner(TRL) group. Significant differences in the
push-shear bond strength were observed in the
zirconia core veneered all-ceramic system with and
without the liner and glass infiltration(Table 5). In
addition, to apply glass infiltration to the Zirkonzahn
ICE Glass group(ZIG), the push-shear bond strength
was approximately 27 % higher than that without.
Interestingly, Triceram(TR) and Triceram glass
infiltration(TRG) showed approximately 50 % higher
mean push-shear bond strength than the Triceram
liner(TRL). That may be because CTE
mismatch(0.6x10 °K ) could be expected from the
Triceram liner-veneer system[Table 1].

Almost all manufacturers of veneering ceramic for
zirconia ceramic provide liner glass materials to assist
in wetting and to adjust the chemistry, chroma, CTE
and increased interaction. Based on the push-shear
bond strength results of the present study, bond
strength between zirconia core and the veneering
ceramics requires the application of liner glass
treatment to overcome the existing thermal
incompatibilities between the zirconia core and
veneering ceramics, and to match the values[33].

As the limitations of this study the authors admit
that the push-shear bond strength test specimens
investigated do not represent clinical shape and oral
conditions, but provide a geometry that permits shear
bond strength measurement. Therefore, further
studies, in the development of a zirconia core and
veneering ceramic interface will be necessary for

clinical long term success.
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V. CONCLUSION

The present study employed the push-shear test
design to evaluate shear bond strength of IPS
emax(EM), Creation ZI(CR), Cercon ceram kiss(CE),
Triceram(TR) and Zirkonzahn ICE(ZI) zrconia
veneering ceramics both with and without liner glass
materials.

There wasn't significant difference in the mean
biaxial flexural strength of five commercial zirconia
veneering ceramics and the fracture patterns
considering medium  energy - medium = strength
failures and high energy -high strength failures
observed. The result of biaxial flexural strength tests
indicated that it in fact wouldn't affect the bond
strength between the zirconia core cylinder and
veneering Ceramics.

Based on the push-shear bond strength results of
the present study, a comparison of all groups revealed
the liner glass treatment groups to have significantly
higher push-shear bond strengths than those without
and the application of liner glass materials reduce
delamination of the veneering ceramics. These results
suggest that liner glass treatment should be
performed on zirconia all-ceramic system to improve
the bond strength. Further study will be needed to
overcome the existing thermal incompatibilities

between the zirconia core and veneering ceramics.
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