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EFFECT OF LUTING AGENT AND SURFACE TREATMENT
TYPE ON BOND STRENGTH TO A ZIRCONIA-BASED CERAMIC
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ABSTRACT

Statement of The Problem: Debonding is considered as a common cause of failure in zirconia-based restorations.
Despite that different resin cements and different surface treatment methods are used, the success rate is still of concern.
Purpose: The purpose of this study is to evaluate effect of luting agent type and surface treatment on bond strength to a zirconia-
based ceramic. The following hypotheses that will be tested is that: surface treatment and resin cement selection influence the
bond strength at the cement-ceramic interface. Materials and methods: In this study, 60 zirconia specimens were treated by
two surface treatments (sandblasting and silica coating) then bonded to 60 composite specimens using three resin cements with
different kinds of monomers (Bifix QM, Panavia F2.0 and Multilink Automix). Finally all of the specimens underwent aging by
thermocycling before measuring the shear bond strength. Results: The highest shear bond strength values were recorded in the
group treated by silica-coating (CoJet) and bonded by Panavia F2.0 . The lowest bond strength values were recorded in the group
treated by air-particle abrasion and bonded by Bifix QM. Regardless to the resin cement used, totally it was found that CoJet
group recorded statistically significant (P<0.05) higher shear bond strength value than air particle abrasion group. Regardless to
the surface treatment, totally it was found that Panavia F2.0group recorded statistically significant (P<0.05) highest shear bond
strength value followed by multilink automix group, then Bifix QM group. Conclusion: Within the limitations of this study, the
following conclusion can be drawn: Surface treatment of zirconia surface with CoJet sand gives higher bond strength with the resin
cements than 50 pm alumina air particle abrasion. Panavia F 2.0 resin cement gives higher bond strength to zirconia than Multilink
Automix and Bifix QM.*

INTRODUCTION resin cements. Use of resin cements are highly

The era of considering porcelain-fused to metal recommended fo give translucency, to improve the

. . . i ion?
(PEM) restorations as the only esthetic solution retention and to strengthen the restoration®.
has ended. Now ceramic materials can be used
without metal coping because they are stronger

than conventional fieldspathic porcelain®?. These

Bond strength can be defined as the maximum
load per unit area that causes failure on or near the
bonded interface of the substrate and the adherend®.

materials are either silica- based or non-silica-based . .
Various bond strength tests are currently used in

materials. Non-silica-based ceramics like zirconia
can neither be etched with acid®* nor can bind
to silane®™, so their bond strength is significantly

adhesive dentistry, such as shear, tensile, micro-

tensile and micro-shear bond strength (SBS) tests®.

lower than silica-based ceramics, however they
have higher strength (reported as 900-1200 MPa for
zircona) compared to base metal alloys®.

Bonding between cement and the restoration is
affected by the fluctuation of hot and cold conditions
in the oral cavity, so testing the bond strength after
Cements are either conventional or adhesive thermocycling is very important!'?,
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HYPOTHESIS

The hypothesis of this study was that surface
treatment and resin cement selection influence the

bond strength at the cement-ceramic interface.
MATERIALS & METHODS

One blank disc of Bruxzir zirconia (Glidewell
Dental Laboratories; USA) was cut by a microsaw
to obtain sixty square-shaped zirconia specimens.
The specimens were cleaned in ultrasonic bath
filled with distilled water for 30 seconds, then
dried by a heat lamp. The specimens were put in
sintering tray containing zirconia beads in sintering
oven and sintered according to the manufacturer’s

instructions.
6.3.1 Specimen Fabrication

A custom made mold was used to fabricate
the composite specimens. A transparent thin glass
slab was placed under the mold and the composite
was densely packed with condenser then another
transparent glass slab was placed above the mold.
From each surface, light curing of the composite was
carried out through the glass slap for 40 seconds.
The mold was dissembled and the specimens were

removed.
Specimen grouping

A total of 60 square-shaped zirconia specimens
were divided into two equal main groups of 30
samples. Each according to the type of the surface
treatment used. Each group of the two main groups
was further subdivided into three equal subgroups
of 10 samples each according to the resin cement
used (Table 1).
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TABLE (1): Grouping of specimens.

Surface . Number of
Group Resin cement .
treatment specimens
AB Bifix QM 10
Air-Particle
Abrasion AP Panavia F 2.0 10
Group A
AM | Multilink Automix 10
SB Bifix QM 10
Silica coating | qp Panavia F 2.0 10
Group S
SM Multilink Automix 10
Total specimens number 60

6.3.3 Surface treatment

The bonding surfaces of zirconia specimens
were treated by intraoral air abrasion device using
a custom-made holder to standardize the distance
between the nozzle of the device and the zirconia
specimens at 10 mm and the angle at 90° (Figure
1). In groups AB, AP and AM, specimens were
treated by APA. The device was filled with 50pum
alumina particles which were blasted at pressure of
2.8 bars for 10 seconds. In groups SB, SP and SM,
the bonding surfaces of zirconia were silica-coated.
The device was filled with 30um silica-coated
alumina particles (Cojet sand) which were blasted
at the preset pressure of 2.8 bar for 15 s at the same
distance then marked by green color on one corner.

( !

-

FIG (1) A photograph of a microblaster in the holder, nozzle
perpendicular to zirconia specimen
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6.3.4 Bonding of the specimens

Cement-specific ceramic bond was applied on
each zirconia specimen using a microbrush and
was left for 60 seconds to react then excess was
dispersed with air stream. The cement was applied
directly on zirconia specimens.

Composite specimens were centered above the
loaded zirconia specimens by the aid of a split
cupper mold and split Teflon mold.

After 30 seconds a microbrush and a scaler were
used to remove the excess cement then margins were
covered by oxygen protective gel. Resin cements
were light cured from each side of the zirconia for
40 seconds per surface:

6.3.5 Thermo-cycling of samples

Samples were stored in distilled water for 24
hours at 37°C, then submitted to 1000 thermocycle
at temperature between 5°C and 55°C, with 30 sec.
dwell time in each bath and a 10 sec. transfer time.

6.3.6 Evaluation of shear bond strength

A testing machine was used to perform the
shearing test using a compressive mode of load.
The samples were secured to the lower fixed
compartment of testing machine by tightening
screws and a mono-beveled chisel shaped metallic
rod was attached to the upper movable compartment
of the testing machine and applied on composite-
zirconia interface traveling at cross-head speed
of 0.5 mm/min. The load required to debonding
was recorded in Newton. Shear bond strength was
calculated according to the following equation
t=FA.

RESULTS

Student t-test where assessed to compare be-
tween two studied groups. for normally distributed
quantitative variables, Two way (ANOVA) was
assessed to show the effect of each factor and the
interaction between them. For normally distributed
quantitative variables, F-test (ANOVA) was as-
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sessed to compare between more than two groups.
Post Hoc test (Tukey) (LSD) were assessed for
pairwise comparisons.

7.1. Descriptive statistics

The mean values and standard deviation of
shear bond strength (MPa) as function of surface
treatments and resin cement type were summarized
(Table 2) and graphically drawn (Figure 2). The
highest shear bond strength values were recorded
in the group treated by silica-coating (CoJet) and
bonded by Panavia F2.0 . The lowest bond strength
values were recorded in the group treated by air-
particle abrasion and bonded by Bifix QM.

TABLE (2): Descriptive statistics of shear bond
strength values (MPa) (Mean values* SDs as func-
tion of surface treatments and resin cements)

Surface treatment
Bond strength in MPa .
Slh.ca Sandblasting
coating
Bifix QM 8.25+0.76 6.19+0.90
Resin Panavia F2 13.39+ 1.0 11.29 £ 0.94
Cements .
?f““‘l“.‘k 1040+ 1.02 | 8.08+0.71
utomix

Regardless to the resin cement used, totally it
was found that Colet group recorded statistically
significant (P<0.05) higher shear bond strength
value than air particle abrasion group (Table 3).

( !
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FIG (2) A column chart of total shear bond strength mean val-
ues as function of surface treatment.
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TABLE (3) Comparison between the two surface
treatments in each resin cement according to bond
strength in MPa

Surface Bond strength ¢
treatment in MPa P
Silica coating | 8.25 +0.76
Bifix QM 5.529"|<0.001"
Sandblasting | 6.19 091
Silica coating | 13.39+1.0
Panavia F2 4.818"|<0.001"
Sandblasting | 11.29 +0.94
il Silica coatin 10.40 £ 1.02
Multilink £ 5.900° | <0.001°
Automix | Sandblasting | 8.08 +0.71
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TABLE (5): Two factorial analysis of variance
ANOVA test of significance comparing variables
affecting shear bond strength mean values

Bond
strength in | DF SS MS F P value

MPa
Surface . .
1 | 69.984 | 69.984 | 86.861" | <0.001

treatment
Resin 2 |266.032|133.016 | 165.093" | <0.001°

cements
Interaction 2 0.196 0.098 0.122 0.886

t, p: t and p values for Student t-test for comparing
between the two groups

*: Statistically significant at p < 0.05

Regardless to the surface treatment, totally it was
found that Panavia F2.0 group recorded statistically
significant (P<0.05) highest shear bond strength
value followed by multilink automix group, then
Bifix QM group (Table 4).

TABLE (4): Comparison between the three resin
cement in each surface treatments according to
bond strength in MPa

Surface Resin Bond strength ¢
treatment cement in MPa p
Bifix QM 8.25+0.76°
ci::iicl?g PanaviaF2) 1339+ 10 76.128" | <0.001"
Multilink | -y 4 1 oo
Automix
Bifix QM 6.19 +0.90¢
Sandblasting | F2navia F2| 1129+ 0.94" |4 313¢1 2 001°
Muldilink | ¢ 0, o710
Automix

Ep: F and p values for ANOVA test, Sig. bet. groups
was done using Post Hoc Test (Tukey)

p,: p value for comparing between Bifix QM and
Panavia F2

p,: p value for comparing between Bifix QM and Mul-
tilink Automix

P, p value for comparing between Panavia F2 and
Multilink Automix

*: Statistically significant at p < 0.05

*: Statistically significant at p < 0.05

DISCUSSION

There is a great interest in using zirconium ox-
ide-based restorations in dentistry due to its high
mechanical properties, esthetics and biocompatibil-
ity"V. However, a strong bond with the luting agent
is needed for a long lasting restoration. It has been
previously demonstrated that the bond strength of
resin-based materials to acid-resistant ceramics, es-
pecially zirconia, is neither durable nor stable be-
cause they resist etching with acids and they contain
no silica, so they can’t bind to silane/'>!¥,

Air particle abrasion was recommended by
many authors who claimed that the application of
this surface treatment results in obtaining high bond
strength between zirconia and resin cements'?.

Silica coating is advocated by many authors to
increase the bond strength between zirconia and
resin cements by roughening the surface of zirconia
and embedding silica particles in the zirconia surface
as proved by energy dispersive X-ray spectroscopy
(EDS)". Another view exist that because of the
increased hardness of zirconia, the embedded silica
are not enough to obtain effective silanization and
even the formed siloxane network may be liable to
hydrolytic degeneration 117,

To evaluate the effect of cement type, three resin
cements with different adhesive monomer content
were used.
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Thermocycling was used in this study owing to
the fact that thermocycling results in the highest
clinically relevant stress when testing the durability
of resin bond and affects the bond strength between
zirconia and resin cement more than water storage
at a constant temperature ‘%,

Shear bond strength test is one of the commonly
used tests because it is easy to be done, fast
and it gives an indication about the behavior
of the cemented restoration to lateral and axial
forces®2V, but it is criticized by that it results in
non-uniform interfacial stresses, so rate of load
application and cross sectional surface area should
be standardized®®.

The data of this study revealed significant
differences between bond strength values obtained
using two different surface treatments and three
different resin cements on the bond strength
at cement-ceramic interface, so the proposed
hypothesis was accepted by the results of this study.

The results of the present study showed that
that there were statistically significant differences
in the mean shear bond strength between Panavia
F2.0 group, Bifix-QM group and Multilink Automix
group. This can be explained by that these resin
cements differ in the composition of the monomer,
solvent or initiator®®.

Regardless of the used surface treatment, Panavia
F2.0 recorded the highest shear bond strength. This
can be explained by the ability of the phosphate
ester monomer in MDP to bond directly to metal
oxides such as zirconium oxides ®¥.

Bifix QM group recorded the lowest shear bond
strength. This was attributed to the presence of
some disadvantages in Bis GMA molecule such
as water sorption, high viscosity and low degree
of conversion. Diluents were incorporated into the
material aiming to overcome the problem of high
viscosity, but this can result in higher shrinkage
stresses 3329,
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The results of the present study, irrespective of
the resin cement used, silica coating group showed

statistically significant improvement in bond
strength than air particle abrasion group.
Mechanical methods of surface treatment

such as air particle abrasion and silica coating
cause roughening of the surface and creation of
microretentive sites and reactive hydroxyl groups,
but only silica coating causes impediment of silica
particles into the outer surface of zirconia which in
turn react with silane group. Silane group contains
three methoxy groups that form three sianol groups
after reaction with water. These sianol groups
undergo another reaction with the silica embedded
in the zirconia surface transforming into siloxane
network which is stable at high temperature 7.

According to the results of these studies, the
combination of tribochemical silica coating and
an MDP containing resin cement would be the
best protocol for bonding to zirconia framework.
However, longer thermocycling intervals and
should be done in further
researches to be more predictive to the long term
durability of bonding. It should be considered that

oral environment is more complex than in vitro

dynamic loading

conditions. Teeth are under continuous stresses of
different types like cyclic loading, so aging under
combination of many stressful conditions should be
considered.

CONCLUSION

Within the limitations of this study, the following
recommendations can be made:

1. Surface treatment of zirconia surface with
Colet sand gives higher bond strength with the
resin cements than 50 um alumina air particle
abrasion.

2. Panavia F 2.0 resin cement gives higher bond
strength to zirconia than Multilink Automix and
Bifix QM.
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