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ABSTRACT

Aim: to evaluate the shear bond strength of an adhesive system (Single bond
universal adhesive+ RelyX Ultimate cement) and Panavia F2.0 to two types of
zirconia (conventional ZI zirconia and translucent TZI zirconia) after thermocycling.
Materials & Methods: 10 square shaped large samples from Incoris ZI blocks, and
10 from Incoris TZI blocks were prepared with larger dimensions (12x12x2mm).
Another 10 square shaped small samples from each type of zirconia blocks were with
small dimensions (6x6x2mm). The surfaces of the large and small samples were air
abraded with 110 gm AL2O3 particles, then each small sample was bonded to the
large sample using two types of cements (RelyX Ultimate cement in combination with
Single bond universal adhesive and Panavia F2.0 cement) under 3Kg load and light
cured. After bonding, all specimens were thermocycled for 5000 cycles. The cement/
zirconia interface for each subgroup was detected under scanning electron microscope
and the shear bond strength was tested using a computerized universal testing machine.
Results: No significant difference between shear bond strength of all subgroups tested.
Conclusion: The shear bond strength of RelyX Ultimate+ Single bond universal
adhesive to two types of zirconia was comparable to Panavia F2.0 , and the shear bond
strength of translucent zirconia bonded with two types of cements was comparable to

conventional zirconia.

INTRODUCTION

Many patients are more interested in having esthetic appearance than
any other feature of dental service. So, the popularity of all-ceramic
restorations has increased in recent years as it offers excellent esthetics
and biocompatibility properties”. They transmitted the light better than
any other restorations, which lead to improve reproduction of the color
and translucency of natural teeth @ .

Zirconia has been widely used in the field of dentistry because of its
high mechanical properties, but has low translucency @ . To overcome
the problem of opacity, used a veneer layer of feldspathic ceramic, and
achieving a more natural appearance “.

In recent years, the monolithic zirconia (fully anatomic zirconia or
translucent zirconia) have been developed to overcome chipping of the
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veneer ceramic, it needs less preparation because
the thickness for restoration is less critical than that
of the other ceramic materials ©.

Various methods have been used to improve
bonding between zirconia and dental resin cement
such as sandblasting, grinding, tribochemical
silica coating, laser treatment, hot etching, and
selective infiltration-etching (SIE) . Mechanically,
airborne-particle abrasion has been used to increase
surface roughness that allow the resin cement
to flow into these micro-retentions and creates
a stronger micromechanical interlock, clean the
surface, removes impurities, and modify the
surface energy and the wettability ™. In addition,
airborne-particle abrasion provides the mechanical
impingement of particles on the surface,. Resin
cements containing phosphate monomer (MDP,
10 methacryloyloxydecyl dihydrogen phosphate)
has been used for chemical bonding. Combining
mechanical and chemical surface pre-treatments of

zirconia provides a durable bond strength ®.

The purpose of the current study was to evaluate
the shear bond strength of air-abraded conventional
and translucent zirconia with a new adhesive system.

MATERIALS AND METHODS

10 square shaped large samples from Incoris
Z1 blocks (C) , and another 10 square shaped large
samples from Incoris TZI blocks (T) were cut using
low speed cutting saw with larger dimensions (each
of 15mm x15mm dimensions and 2.5mm thickness)
to compensate sintering shrinkage. Ten square
shaped small samples from each type of zirconia
blocks were cut by the same method with 7.5mm
x7.5mm dimensions and 2.5mm thickness.

All samples were cleaned in distilled water to
remove grinding dust, then dried and sintered in a

high temperature furnace at temperature 1500°C
for 7 hours according to the manufacturer’s
instructions. The final dimensions, after sintering
were approximately 12mm x12mm x 2mm for the
large samples and 6mm x 6mm x 2mm for the small
samples (Figure 1). All fully sintered large samples
were embedded in self cured acrylic resin blocks in
a rectangular plastic mould with only one side was
exposed and would be parallel to the edge of resin
blocks and to long axis of the chisel of the universal
testing machine during the shear test. A perforated
plastic sheet was applied in a rectangular plastic
mould and placed on a glass surface. The sample
was embedded in the perforated sheet such that it
contacted the glass surface and the self cured acrylic
resin was mixed. The resin was poured inside the
mould over the sample and left until complete
setting, then the block was removed from the mould
with the large sample embedded in the resin block.
All zirconia surfaces of the large and small samples
to be bonded were air abraded in sandblasting unit
by 110 pm AL,O, particles under 2.5 bar pressure
at a distance 10mm for 15 seconds, and samples
were ultrasonic cleaned for 10 minutes to remove
blasting particles, then air-dried.

A.Panavia F2.0 cement

Five small conventional zirconia (C) samples
were bonded to five large C samples, and five small
translucent zirconia (T) samples were bonded to
five large T samples with the cement according to

manufacture’s instructions as follow:

Equal amounts of paste A and B were dispensed
on paper pad and mixed for 20 seconds, applied to
both the small and large samples without any ce-
ramic primer. The small samples attached imme-
diately to the center area of the large samples, and
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loaded using the specially constructed loading de-
vice (3 kg load) during cementation (Fig.2). The ex-
cess resin cement was removed after light cured*for
2 seconds, then light cured for 20 seconds per sur-
face. The curing tip was as close as possible to the

specimen.

B. Single bond universal adhesive+RelyX Ulti-
mate cement:

Another five small conventional zirconia (C)
samples were bonded to five large C samples, and
five small translucent zirconia (T) samples were
bonded to five large T samples using the cement as
follow:

The conditioned surfaces of both square shaped
zirconia samples were coated with Single bond
universal adhesive for 20 seconds then air dried
until the solvent has completely evaporated (Ssec).
Cement was mixed , and applied to both the small
& large samples, then the small samples attached
immediately to the center area of the large samples
and loaded using the same constructed loading
device during cementation. The excess resin cement
was removed after light cured for 2 seconds, then
light cured for 20 seconds per surface.

All specimens were divided into 2 groups
according to the type of zirconia and each group
was subdivided into 2 subgroups according to type
of the cement used as follow:

* Group C (n=10):
specimens

Conventional zirconia

Subgroup CP: Cemented with Panavia F2.0 (5
specimens)

Subgroup CR: Cemented with RelyX Ultimate
(5 specimens)

e Group T (n=10): Translucent zirconia

specimens

Subgroup TP: Cemented with Panavia F2.0 (5
specimens)

Subgroup TR: Cemented with RelyX Ultimate
(5 specimens)

All the cemented specimens were thermocycled
between 5-55°C in water baths for 5000 cycles with
10 seconds dwell time at each bath and transfer time
of 5 seconds using a custom made thermocycling
machine.

Shear bond strength (SBS) of each specimen
evaluated using a computerized universal testing
machine. Each specimen was attached to lower jaw
of the machine using a simple device. A beveled
chisel shaped metallic attached to upper movable
compartment of testing machine was used to direct
a parallel shearing force as close as possible to
interface with a cross head speed of 0.5 mm/min
(Figure 3).

The failure load was recorded in Newton (N).
The shear bond strength values in Mega Pascal
(MPa) were calculated for all tested specimens
using the following equation:

t=F/A

Values were presented as mean =+ standard
deviation. Statistical analysis was performed using
SPSS version 16. Paired t-test was also used to
compare between two subgroups. P-value < 0.05
was considered statistically significant (S) and
p-value = 0.05 was considered statistically non-

significant (NS).

One extra specimen was prepared from each
subgroup using the same previous steps. Cut the
specimen to detect the cement/zirconia interface
under SEM at different magnifications.

E\J voL.1 - NO.2
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RESULTS

1. Shear bond strength (SBS) of conventional
zirconia (C) specimens bonded with Panavia
F2.0 & RelyX Ultimate cements (Subgroups
CP & CR):

The results showed a higher mean shear bond
strength of the conventional zirconia specimens
bonded with RelyX Ultimate cement (15.35 MPa)
than that bonded with Panavia F2.0 cement (14.15
MPa), and there was no statistically significant
difference between two subgroups (P value 0.680),
(Table 1 & Figure 1).

Table (1) Mean shear bond strength (MPa) and
standard deviation of conventional zirconia (C)
specimens bonded with Panavia F2.0 & RelyX
Ultimate cements (Subgroups CP and CR ):

Items Subgroup CP | Subgroup CR | P-value
0.680

+ + +
Mean+SD 14.15+4.70 15.35+ 4.11 (NS)

NS: indicate insignificant difference (P>0.05).

25
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SBS(MPa)

=
o
!

Subgroup

Fig. (1): Mean shear bond strength and standard deviation in
MPa of conventional zirconia (C) specimens bonded
with Panavia F2.0 & RelyX Ultimate cements

2. Shear bond strength of translucent zirconia
specimens bonded with Panavia F2.0 &
RelyX Ultimate cements (Subgroups TP &
TR):

The results of this study showed a higher mean
shear bond strength of the translucent zirconia
specimens bonded with RelyX Ultimate cement
(18.06 MPa) than that bonded with Panavia F2.0
(1591 MPa), there was no statistically
significant difference between both subgroups
(P value 0.517) (Table 2 & Figure 2).

cement

Table (2) Mean shear bond strength (MPa) and
standard deviation of translucent zirconia (T)
specimens bonded with Panavia F2.0 & RelyX
Ultimate cements (Subgroups TP & TR):

Items Subgroup TP | Subgroup TR P-value
Mean+ SD 0.517
+ +
1591+ 4.40 18.06+ 5.96 (NS)

NS: indicate insignificant difference (P>0.05).

30

TP u TR

N
[

[
(=3

SBS(MPa)
s G

W

Subgroup

Fig. (2): Mean shear bond strength and standard deviation
of translucent zirconia (T) specimens bonded with
Panavia F2.0 & RelyX Ultimate cement
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3. Shear bond strength of the two types of
zirconia specimens bonded with Panavia
F2.0 cement (Subgroups CP and TP):

Results showed a higher mean shear bond
strength of the translucent zirconia specimens
bonded with Panavia F2.0 cement (15.91 MPa) than
that with the conventional zirconia (14.15 MPa),
there was no statistically significant difference
(P value 0.557) (Table 3 & Figure 3).

Table (3): Mean shear bond strength (MPa) and
standard deviation of the two types of zirconia
specimens bonded with Panavia F2.0 cement
(Subgroups CP and TP):

Items Subgroup CP | Subgroup TP | P-value

Mean=+ SD 0.557
+

14.15+4.70 15.91+4.40 (NS)

NS: indicate insignificant difference (P>0.05).
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Fig. (3): Mean shear bond strength (MPa) and standard deviation
of the two types of zirconia specimens bonded with
Panavia F2.0 cement (Subgroups CP and TP)

4. Shear bond strength of the two types of
zirconia specimens bonded with RelyX
Ultimate cement (Subgroups CR and TR):

Showed a higher mean shear bond strength of
the translucent zirconia specimens bonded with
RelyX Ultimate cement (18.06 MPa) than that with
the conventional zirconia (15.35 MPa), there was
no statistically significant difference between two
subgroups (P value 0.428) (Table 4 & Figure 4).

Table (4): Mean shear bond strength (MPa) and
standard deviation of the two types of zirconia
specimens bonded with RelyX Ultimate cement
(Subgroups CR and TR):

Items Subgroup CR | Subgroup TR | P-value
0.428
Mean+ SD 15.35+4.11 18.06+5.96
ean (NS)

NS: indicate insignificant difference (P>0.05).

30

ECR HTR

5]
3

SBS(MPa)
—_ - o
=) & S

w
y

Subgroup

Fig. (4): Mean shear bond strength and standard deviation
of the two types of zirconia specimens bonded with
RelyX Ultimate cement (Subgroups CR and TR)

5. Results of the Scanning Electron Microscope:

Subgroups CR&TR showed better adaptation
than subgroups CP&TP. While interface contact
between translucent zirconia and two types of cement
(TP&TR) is better than that with conventional
zirconia (CP&CR).
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DISCUSSION

Zirconia used in dental restoration due to its
excellent mechanical properties, biocompatibility,
low degree of bacterial adhesion, and acceptable
optical properties®. Despite these advantages,
zirconia have a major drawback, the chipping of
the veneering ceramic %!V | Monolithic zirconia
restorations recently used to overcome chipping
problems ?, Bonding properties are important for
the adhesive stability of dental restorative materials.

In the present study, ten square shaped large
samples from Incoris ZI block and another ten from
Incoris TZI block were constructed with dimensions
12mm x 12mm. Another ten square shaped small
samples were with dimensions 6mm x 6mm from
each type of zirconia. The thickness 2mm was done
to allow chisel tip to direct a parallel force as close
as possible to zirconia/cement interface during shear
bond strength test. This is in the range of sample
dimensions in most previous studies 314, All fully
sintered large samples were embedded in self cured
acrylic resin blocks in a rectangular plastic mould
with only one side was exposed and would be
parallel to the edge of resin blocks and to long axis
of the chisel of the universal testing machine during
the shear test.The specimens design of ceramic to
ceramic was adopted from several studies in which
two ceramic samples were bonded together 1417,

Samples in this study were air-abraded by
110 pym ALO, particles under 2.5 bar pressure
for 15 sec from distance of 10mm. This causes
insignificant damage to the surface and achieve
superior bond'®2Y . Distance between the nozzle and
the surface to be blasted was selected to be 10 mm
in the present study because this provide sufficient
surface roughness °2Y. Duration of sandblasting
was selected to be 15 seconds because sandblasting
for a longer time may cause sharp margins that act
as stress points which may lead to formation and
propagation of cracks 229,

The cementation procedures is essential for
success of restorations ?¥. Air abrasion alone may
not be enough to achieve satisfactory bonding
between resin cement and zirconia due to the lack
of chemical bonding between the methacrylate
monomer of the resin cement and zirconia. So
MPD phosphate monomer was recommended to be
used to achieve durable bond with zirconia®242329
as MDP is a functional group with a long organic
hydrophobic chain molecule with two ends. One
end has vinyl groups that react with the monomers
of the resin cement when polymerized and the
other end, hydrophilic phosphate ester groups bond

strongly with oxide layers ©¢72%).

Cementation of specimens in the current study
was conducted using the investigated resin cements:
Panavia F 2.0 (MDP-containing cement), and
Single Bond Universal Adhesive/RelyX Ultimate
(MDP-containing primer/ MDP-free cement). The
specimens were light cure, kept under pressure
until complete setting of the cements to prevent
creation of cracks within the cement layer. Bonding
procedures was standardized by applying a load of 3
Kgonall specimens to exclude human variations that
could happen during cementation. This load value
was recommended by Rinke et al® and Gorten and
Probester®” to avoid the risk of damage of the bond
between the zirconia samples. Specimens were
immersed in water bath for 5000 cycles with 10
seconds dwell time at each bath. As short dwelling
time will probably not allow the specimens to reach
quickly the temperature of the water bath and this
could easily lead to inadequate exposure as reported
by Walls et al®V

Many studies on bond strengths of adhesive
resin cements used crosshead speeds which varied
between 0.2 to Imm/min but the vast majorities of
these studies adopted 0.5 or Imm/min ¢, The
crosshead speed used in this study was (0.5mm/min)
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as it was considered to be at the middle of the range
of crosshead speeds and provided more reliable shear
bond strength values.

SEM was used to view cement/zirconia inter-
face, showed that Panavia F 2.0 has more gaps in
the cement/zirconia interface with both types of
zirconia surfaces than Single bond universal adhe-
sive with RelyX Ultimate. This might be due to the
poorer spreadability of cement emerging from its
higher viscosity that hindered its flow and adhesion
to zirconia ©.

In the present study, two independent variables
could affect the bond strength: the type of zirconia
and cement system used. Results showed that
there was no statistically significant difference
between the shear bond strength of conventional
& translucent zirconia cemented by both cements
(CP 14.15MPa, TP 1591 MPa) (CR 15.35 MPa,
TR 18.06 MPa). This might be due to the close
similarity in chemical compositions between the
two types of zirconia®®”, and the presence of
the functional monomer MDP in the Single bond
universal adhesive applied before RelyX Ultimate
cement, and in Panavia F2.0 cement®“**?. This could
be in aggrement with Shaymaa E Elsaka®” who
concluded that the bond strength was significantly
affected by the surface treatment and the type of
resin cement , but not by the type of zirconia .

However, SBS values was slightly higher in
translucent zirconia (TP 15.91MPa, TR 18.06 MPa)
than in conventional zirconia (CP 14.15MPa, CR
15.35MPa). This could be related to the proper
transmittance of the light through the translucent
zirconia that could increase the polymerization of
the resin cement “'“?. Translucency of zirconia is
an important parameter in matching the appearance
of the natural tooth and for polymerization of resin
cement used for cementation of these restorations.
Light transmission is inversely correlated with the

thickness of restoration and the light scattering
rate of ceramic™’. Resin cement is photo-activated
through a restoration, part of the light is absorbed
and part is reflected on the surface of the restoration,
while the part that reaches the cement is the one
that is transmitted through the restoration. This
depends on the optical characteristics of the
restorative material“?. This justification is in line
with previous studies“?#> which reported that
traditional zirconia is a less translucent material,
and the transmittance of the curing light through
it may not always be adequate to ensure a proper
degree of conversion of the resin cement. In order
to overcome the limits towards bonding procedures,
translucent zirconia improved esthetic properties
and provide better transmittance of light through it.
Visuttiwattanakorn'® evaluated light transmission
through 6 types of zirconia ceramics and showed
that inCoris TZI was more translucent than other
types of zirconia. Another reason for the lower shear
strength produced between conventional zirconia
and resin cement is that the oxides content in Incoris
TZI are more than that in Incoris ZI ¢%*”, MDP is
an acidic phosphate monomer which is originally
designed to bond to metal oxides and its use has
been extended to zirconia. Zirconia surface is easily
covered with a passive oxide layer which makes
zirconia similar to metals ©. Shear bond strength of
zirconia specimens bonded with RelyX Ultimate in
combination with Single bond universal adhesive
was slightly higher than those bonded with Panavia
F 2.0. The reason for that might be due to the higher
viscosity of Panavia F2.0 cement than Single bond
universal adhesive and this proved with SEM. The
adhesive used with RelyX Ultimate penetrate more
into irregularities created by air abrasion and could
promote better surface wettability “**%. This was in
agreement with Rohr N.“7 as he reported in a study,
that MDP in primer showed significant difference
than that of cement in improving bond strength of
zirconia by increased wettability.

EXJ voL.1 - NO.2
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The results of the current study is in accordance
with Wolfart et al®, Nothdurft et al“®, Tanis et al®",
Visuttiwattanakorn et al'¥, Al Jeaidi et al“? .

In contrast with Kulunk et al’® who showed that
shear bond strength after air abrasion with 110 gm
AL O, particles of zirconia to panavia F 2.0 was
30.5 MPa, this might because using another type
of zirconia (ICEZircon Translucent; Zirconzahn).
Also the results of bond strength of Panavia F 2.0
to zirconia were in contrast with Ozcan et al®”
who reported no adhesion of Panavia F 2.0 to
zirconia after thermocycling, this difference might
be attributed to the difference in methodology, like
using air-particle abrasion with 50um AL,O,, which
might lead to less surface roughness.

CONCLUSION
Within the limitations and conditions of this
invitro study, it could be concluded that :

1. Adhesion between MDP containing resin
cements or primer to zirconia is not affected by
the type of zirconia (conventional, translucent).

2. There is no difference in the bond strength
between Panavia F2.0 and Single bond universal
adhesive+RelyX Ultimate resin cements to
zirconia.
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