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ABSTRACT
Aim: The aim of this study is to evaluate the interactive influence of different types of cement and
surface treatments on bond strength of zirconia. Materials and Methods: Thirty cylindrical zirconia
blocks (Diameterdmmé& thickness4mm)were fabricated for the study. All the specimens were ground
with 600 grit silicone carbide polishing paper. Zirconia specimens were randomly divided into three
main groups. 1stcontrol (600grit) no surface treatment. 2ed the specimens were air-abrasion with 50um
aluminum oxide particles (Al203). 3 rd the specimens were air-abrasion with 50um aluminum oxide
particles (Al203)+ silane .Then ,each group was divided into two groups according to the luting ce-
ment used which are( Reinforcd glass ionomer cement and dual cure resin cement).The zirconia blocks
bonded to the composite blocks using these types of cements. Then each pair of zirconia block and
composite was applied to load of( 15 Kg) for 15 minutes in order to standardized the applied pressure
for each type of cement . The resin cement was then light polymerized for 30s with LED light at
500mW/cm2 (Ledition, Ivoclar Vivadent, Liechtenstien) at the distance of 1mm from each direction.
The specimens were stored for 24 hours at 37°C. Shear bond strength was measured by using Universal
Testing Machine, and mode of failure examined by a stereomicroscope. Results: All the zirconia
blocks were bonded to the composite blocks by self adhesive resin cement revealed results more pref-
erable than zirconia blocks were bonded to the composite blocks by Reinforced glass ionomer cement.
The shear bond strength between Zirconia and self-adhesive resin cement for the surface were treated
with Aluminum-oxide air abraded alone, and zirconia surface were treated with Aluminum-oxide air
abraded + silane more preferable than shear bond strength cement between Zirconia and Rinforeced
glass ionomer cement for the surface were treated with Aluminum-oxide air abraded alone, and zirco-
nia surface were treated with Aluminum-oxide air abraded + silane. Conclusion: Zirconia was more
durable with Self-adhesive resin cement than Reinforced glass ionomer cement. Zirconia Surface
treatments were very critical for improvement bond strength with cement in addition to the properties
of that cement .
Key words: Zirconia, bond strength ,self-adhesive resin cement, air-abrasion, silane.
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INTRODUCTION zirconia an attractive core material for fab-

The high mechanical properties, chem- rication of all-ceramic restorations.? The
ical stability, and biocompatibility make interest in using high-strength zirconium
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oxide ceramics for oral rehabilitation has
been growing in recent years.®¥ These
high-strength ceramics offer a wide varie-
ty of clinical applications, such as fixed-
partial dentures (FPDs), posts or implant
abutments in prosthetic dentistry. Zirconia
has the most favorable properties, with a
flexural strength of 900t-1200MPa, frac-
ture resistance of more than 2000 N, and
fracture toughness of  9-10MPam0.5,
which is almost twice that of alumina-
based materials.®) Recently, a new zirco-
nia ceramic (ICE Zirconia, ZirkonZahn)
has been introduced in the dental market.
According to its manufacturer, this zirco-
nia ceramic has bending strength over
1,400 MPa and could be used for fabrica-
tion of 16-unit fixed dental prosthesis. © It
is reported that zirconium oxide restora-
tions, due to their high fracture resistance,
can be cemented using conventional luting
agents.”” However, microleakage caused
by inadequate marginal seal often leads to
poor prognosis including dislodgement of
restorations, secondary caries, and discol-
oration of cervical area.® For restorations
to function for a long time, it is very im-
portant to clarify the adhesive behaviors at
the interface between the hybrid layer
formed on the surface of dentin-pulp com-
plex and resin luting agents, as well as
between zirconium oxide ceramics and
resin luting agents.®

Recently, so-called universal, all-
purpose, or multipurpose self-adhesive
resin cements have been available, each
purportedly bonding to enamel, dentin,
amalgam, metal, and porcelain.®**" Self-
adhesive resin cements that been pro-
posed for luting zirconia-based restora-
tions.***¥ The resin matrix of these self-
adhesive resin cements consists of multi-
functional acid methacrylates." If a high
content of acidic functional monomers can
react with the substrate and achieve
enough chemical bond strength.®*

Several protocols to provide a predict-
able bond to zirconia have been tested .
One technique is to sandblast the internal
surface of the restoration with aluminum
oxide before cementation.®*'® The air-
borne-particle abrasion is an alternative
method for roughening.®® It has been re-
ported that applying a sandblast, combined
with a phosphate success of bonding to
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zirconia, as it enhances the acidic func-
tional monomers capability of chemically
reacting with the substrate.”

In addition, it has been shown that the
use of a modified silane/bonding agent
used with a modified resin cement will
predictably increase the bond to zirco-
nia.*®'"” According to previous studies®®
2 the association of resin luting cements
with primers promoted a better interaction
with the zirconia surface due to the in-
crease in cement wetting. This wetting
favors the adhesion process and improves
the chemical interaction between resin
cement and the zirconia surface. These
ceramic primers usually contain silane and
a functional phosphated monomer. .The
interaction of the primer with the sub-
strate and resin cement is promoted, form-
ing cross links with the OH of cement
methacrylates.

The null hypotheses of the study
were:

(1) ) Would reinforced glass ionomer
cement provide a durable bonding to this
zirconia compared to self adhesive resin
cement?

(2) A durable bonding to the zirconia
would be achieved regardless of the sur-
face treatments.

(3)The effect of ceramic primer(silane)
on the bond between luting agent and zir-
conia.

Data Analysis

Data were analyzed using t-test, Fish-
er Freeman—Helman test, Duncan's Multi-
ple Range analysis and Kappa test.

MATERIALS AND METHODS
Specimens preparation:

The materials used in this study are
listed in (Table 1). Thirty cylindrical zir-
conia blocks (Diameter 4mm & thickness
4mm) 5.03% (by weight) Y203 - 94.67%
(by weight) ZrO2, were fabricated accord-
ing to the manufacture construction .Each
surface of the specimen was polished
manually for one minute in one direction
with 600grit Silicone carbide polishing
paper (AL AlLamain GHALB K.S.A).
Polished surface was cleaned in acetone
for 15 minutes each to remove factors that
inhibit adhesion, then dried naturally in
the atmosphere. Composite blocks were
prepared from Te-Econom plus restorative
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composite resin (lvoclar Vivadent AG
schar/ Liechtenstien ) using a mold with
central hole (5mm) in diameter and (5mm)
in height. Composite resin was applied in
increments 1-2 mm thickness and careful-

ly condensed by instrument with plastic
working end and intensity of irradiation
500mW/cm2 (Ledition, Ivoclar Vivadent ,
Liechtenstien) for 40 s at 5 mm distance.

Table (1): Materials used in this study.

Material

Batch No.

Manufacturer

Certified according to 1ISO
9001:2008 and ISO

zirconia(zircon zahn)

The European Medical

13485:2993 Device
Remfor(_:ed Glass ionomer 1101121 JAPAN
luting cement
. . (Minois,USA) Bis-
self adhesive resin cement 1200000669 cem(Bisco)
Silane coupling agent 1100010235 (USA) BISCO

Surface Treatment before Bonding:

Thirty Zirconia blocks were randomly
divided into three main groups (n=10)for
each group, according to the different me-
chanical and/or chemical treatment per-
formed:

Group 1: 600 grit(control groups)no
surface treatment.

Group 2:Sandblasting( Figure 1
)(bio.art Rua Teotdnio Vileia, 120- Jd.
Tangara-CEP 13568-000- S&o Carios- SP-
Brasil.) the specimens were air-abraded
with  alumina particles 50-um applied
perpendicular to the surface at 3.0 bar

from a distance of 10 mm for 10 seconds
in circling movements(Figure 2).

Group 3 : Sandblasting + silanization.
After sandblasting with alumina particles
50-um ,coupling agent was applied ,mix
the BIS-SILANE by dispensing one drop
from each of the two bottles (parts
A&B)into a mixing well .Brush on 1-2
coats and wait for 30 s. Then, the speci-
mens were divided into two subgroups
(n=5) according to the cement types(self
adhesive resin cement and Rinforced glass
ionomer cement).

Figure (1): Microblast.
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Figure (2):Represent surface operated with microblaster.

Bonding Procedure

After appropriate surface treatment,
each cement was applied according to the
manufacturers’ instructions at room tem-
perature (23.0 + 1.0°C) and relative humid-
ity (50% = 5%). The zirconia block bond-
ed to the composite block under the load
of (15 kg) for 15 minutes in order to
standardize the applied pressure. The ex-
cess resin cement was removed by means
of a laboratory knife. The resin cement
was then light polymerized for 30s with
LED light at 500mW/cm2(Ledition, Ivo-
clar Vivadent, Liechtenstien) at the dis-
tance of 1mm from each direction. Luted
specimens were stored in distilled water at

Figure (3): Universal Te

Statistical Analyses:

The mean values of each group were
statistically analyzed using one way analy-
sis of variance (ANOVA) ) followed by
Duncan’s Multiple Range Test at a signif-
icance level of p<0.001.

RESULTS
Means and standard deviation of
shear bond strength values for both luting
agent and surface treatments were shown
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37°C for 24 hours before testing shear
bond strength.
Shear Bond Test:

Figure 3 shows the shear bond test-
ing machine, which is present in mechanic
engineer collage.(Soil  Test Co. Inc.,
USA) with a Knife edge head placed at the
interface between zircon block and com-
posite block at a cross head speed of
0.5mm/min (21).The force at separation
(N) was divided by the cross section area
(100mm2)to provide results in units of
stress(MPa). The failure e mode exam-
ined by a stereomicroscope (Zeiss, MC
63A, Germany) at 20X magnification
power.

.
’
e

sting Machine ( Soil Test Co. Inc.,ILL. USA)

in Table (2). Analysis of variance of each
cement revealed a highly statistically sig-
nificant difference in shear bond strength
value among the groups (p< 0.001).
ANOVA result between cements was
shown in Table(3).

Analysis of variance within
the same and between the groups revealed
statistically ~ difference  among the
groups(p<0.001).ANOVA  result were
shown in Table (4). Duncan’s Multiple
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Range Test to identify statistically the ef-
fects of surface treatments and cement
types on shear bond strength of zirconia
test was indicate that no significantly dif-
ferent between the first three groups
(albl,alb2,alb3) that to say the groups
related to the reinforced glass ionomer
cement. While highly significant different
between second three groups (a2bl. a2b2,
az2b3), that to say the groups related to the

self adhesive resin cement were shown in
Table(5). Figure 4: demonstrates the ef-
fects of cement types and surface treat-
ments on bond strength of zirconia.

Table (6) represent failures mode.The
failures mode were mixed and adhesive
within the self adhesive resin cement for
all groups, while was cohesive within the
reinforced glass ionomer cement groups.

Table(2):Mean and SD for Reinforced glass ionomer cement and Self ad-
hesive resin cement.

Materials control Sandbast (AL203) Sandblast(ALZO3)—|—Silane
Reinforced glass 0.1820(04604) 0.2680(006535) 0.3760(.6189)
lonomer cement albl alb2 alb3

Self adhesive 1.0320(.05404) 2.2280(.29064) 2.8920(0.36996)
Resin cement az2bl az2b2 az2b3
Table (3): ANOVA between cement.
SUM OFSquares df Mean SQUARE f sig
Between Groups 23.639 1 23.639 66.740 .000
Within Groups 9.917 28 .354
Total 33.556 29
Table(4): ANOVA within the same and between the groups.
SUM OF Squares df Mean SQUARE f sig
Between Groups 32.618 5 6.524 166.929 .000
Within Groups .938 24
Total 33.556 29
Table (5): Duncan’s New Multiple Range Test for variables
V VAR00011 N Subset for alpha=.05
1 2 3 4
1.00 5 .1820
2.00 5 .2680
3.00 5 .3760
4.00 5 1.0320
5.00 5 2.2280
6.00 5 2.8920
Sig 155 1.000 1.000 1.000
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Table(6): Type of failure between cements and zirconia

Cements Control Sandblast with Sandblast with
types AL203 AL2034Silane
RGIC alb1(l)5* alb2(1)5* alb3(l)5*
Self adhesive resin a2bl(I1)5* az2b2(11)2*(1n3* a2b3(I11)5*
cement

RGIC: Reinforced glass ionomer cement. AL203: Aluminum oxide air abrasive.albl:Reinforced glass ionomer
cement with surface polishing by silicon carbide paper.alb2: Reinforced glassionome cement—|—+sandblast with

Aluminum oxide.alb3: Reinforced glass ionomer cement+

sandblast with Aluminum oxide-|—Silane.a2b1: Self

adhesive resin cement with surface polishing by silicon carbide paper.a2b2: Self adhesive resin cement+ sand-
blast with Aluminum oxide.a2b3: Self adhesive resin cement+ sandblast with Aluminum oxide +Silane.I: Cohe-
sive failure. :Il: Mixed failure .11l :Adhesive failure.* :Number of specimens.

albl,a2b1l
alb2,a2b2

alb3,a2b3

Figure 4: demonstrates the effects of cement types and surface treatments on bond strength of

zirconia
albl:control group(polishing-|—RGIC)
a2bl:control group(polishing-|—Resin cement)
alb2:RGICHAL203
a2b2:Resin cement}AL203
a1b3:RGICHAL2034SILANE

a2b3:Resin cement}AL203+SILANE

DISCUSSION

The surface hardness of zirconia is so
high that is difficult to create grooves and
micro retention for luting agents for that
reason many studies were investigated to
improve retention. “®*3') In this study,
shear bond test has been used, a common-
ly used bond strength test, fast and easy to
perform and also reflecting the clinical
situation. However, the study did not in-
tend to find the absolute bond strength
values but to evaluate if the used pre-
treatments showed dramatic difference in
bond strength.

Al — Rafidain Dent J
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When comparing the bond strengths
of reinforced glass ionomer cements with
self adhesive resin cement, reinforced
glass ionomer cements revealed lower
bond strength values than self adhesive
resin cement. As seen in Fig. (4). The
bond strengths of reinforced glass ionomer
cements did not exceed (.3760 MPa).The
cause related that reinforced glass iono-
mer cement was contained only 10 wt%
HEMA. This was a relatively smaller
HEMA content compared with 20—30
wt% in conjunction with Phosphate acidic
monomer for self adhesive resin cement.,
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the more functional monomers the more
ability to form chemical bonds with the
metal oxides of zirconia, secondary bonds
such as van der Waals, or hydrogen bonds
at the zirconia-resin interface, increasing
the surface wet ability. ® This increase in
bond strength is more evident when func-
tional monomers are used. Therefore, fu-
ture studies should include these issues for
investigation. So, the first hypothesis was
rejected.

The failure mode for all the specimens
were related to reinforced glass ionomer
cement revealed cohesive failure Table, ©
while the specimens were related to self
adhesive resin cement revealed mixed
failures. This point explain what was men-
tioned previously, due to the weak bond
between zirconia and Reinforced glass
ionomer cement ,while more durable be-
tween zirconia and Self-adhesive resin
cement.

In Table (2) Self adhesive resin ce-
ments were revealed bond strength values
higher ~ for  sandblasted  specimens
(2.2280Mpa) than for #600-polished spec-
imens(1.0320Mpa).On the other hand,
with reinforced glass ionomer cements,
no significant differences were found be-
tween sandblasted specimens and #600-
polished specimens, which was consistent
with the results of Uo et al.??

Sandblasting is an effective technique
to improve bond strength by producing
rough irregular surfaces with increased
surface area necessary for micromechani-
cal bonding. “**® Phase transformation of
zirconia from tetragonal phase to the mon-
oclinic phase is associated with volume
expansion. This volume expansion stem-
ming from the transformation causes a
crack sealing compressive stress, which is
why zirconium exhibits relatively high
fracture toughness and strength, as well as
the ability to resist crack propagation. On
this ground, sandblasting is thought to be
effective for zirconium oxide ceramics. ¢
The results of this study are in agreement
with findings of several studies, 8%
which reported that airborne-particle
abrasion produced an activated micro
roughened zirconia surface, increased the
bonding area and modifying the surface
energy and wetability.

The failure mode as show in Table (6)

. Cehreli MC,

more than >75 specimens surface show
adhesive failure in comparing to the con-
trol groups less than< 75 specimens sur-
face.

In this study the use of surface treat-
ment in conjugation with primer(silane) in
order to enhance bond strength between
zirconia and cement. In Table (2)bond
strength for sandblasting +silane groups
reveled higher than bond strength for
sandblasting groups alone. The cause re-
lated to the combined action of the two
materials(silane and resin cement) would
increase the presence of phosphate radi-
cals ,and could lead to better bond be-
tween the zirconia and resin cement.

The majority of studies have demon-
strated that chemical or mechanical modi-
fication was shown to positively influence
bond strength to resin luting cements.®?®
However the increase in bond strength was
not always achieved, with contradictory
results being shown.®*" The combination
factors, such as the use of resin cements
containing adhesive phosphate monomers,
airborne particle abrasion pressure and
primers , could promote a durable long-
term bond to zirconia.®®**® The use of
primers without alumina airborne particle
abrasion resulted in no long-term inter-
locking with the zirconia surface.?®3?

CONCLUSION

Within the limitations of the present in
vitro study the following conclusions can
be drawn:

(1)The use of self-adhesive resin ce-
ments were mandatory with zirconia.

(2)The surface treatments improves
bond strength between self-adhesive resin
cement and zirconia.

(3) More improvement in bond
strength  between zirconia and self-
adhesive resin cement will happen when
using silane with surface treatment.
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