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THE EFFECT OF AGING ON MICROSHEAR BOND STRENGTH
OF RESIN CEMENT TO MONOLITHIC ZIRCONIA

Maged M. Mohamed Zohdy" and Ahmad Khaled Abo El Fadl*™

ABSTRACT

Purpose. Successful long-term bonding to zirconia ceramic remains a challenge, requiring

special cements and treatments, which might negatively affect the ceramic.

The purpose of this study was to evaluate the durability of micro-shear bond strength between
resin cement containing phosphate monomer and zirconia ceramic submitted to different surface

treatments before and after aging.

Material and methods monolithic zirconia (Bruxzir Glidewell, California, USA) was selected
as the substrate material. The ceramic surfaces, were either left untreated as-sintered (Group
NT), silica coated with Rocatec soft system (3M/ESPE, USA) (Group CT), or treated with Alloy
Primer (Kurary, Japan) (Group PR). They were bonded with a dual-cured resin cement; Panavia
v5 (Kurary), using an adhesive system (Clearfil SE Bond). A micro-shear bond test was carried out
to measure the bond strength of the resin cement to the zirconia surface. Samples were tested in a
universal testing machine at a crosshead speed of 0.5 mm/minute before and after 90 days of water
storage and 6000 thermal cycles (dwell time, 30 seconds). Statistical analysis was performed using
a two-way ANOVA model, at p<0.05. SEM analysis was performed to detect failure type.

Results. Mean microshear bond strength ranged from 14.39 to 21.59 MPa after 3 days and
from 5.64 to 20.42 MPa after aging. Water storage and thermal cycling decreased bond strength
significantly for NT and PR groups, while it had no significant effect on CT group. Early bond
strength was highest with CT and PR groups with no significant difference between them, and they
were both statistically significantly higher than NT group. SEM analysis showed an increase in

interfacial adhesive failure after aging.

Conclusions. Within the limitations of this study, it was concluded that silica coating and
application of a chemical primer produced higher bond strengths to resin cement than leaving
zirconia untreated. Aging significantly reduced the bond strengths for the untreated and primed
zirconia, while silica coated zirconia remained stable and was not affected.

* Lecturer at Fixed Prosthodontics Dept. Ain Shams University. Lecturer at Fixed Prosthodontics Dept. British
University in Egypt.

** Lecturer at Fixed Prosthodontics Dept. Ain Shams University. Lecturer at Fixed Prosthodontics Dept. Misr
International University.



(2496) E.D.J. Vol. 63,No. 3

INTRODUCTION

Zirconia (ZrO2) has recently been introduced
as a promising metal-free core structure for
fixed prostheses.! The yttrium oxide-stabilized
tetragonal zirconia polycrystal (3Y- TZP) is used in
dentistry and it shows an outstanding mechanical,
biocompatible, and aesthetic performance.>?
Furthermore, the development of computer-aided
design or computer-aided manufacturing (CAD/
CAM) technology has focused on the precise and
consistent manufacturing of high strength and
tough zirconia ceramics.’ As a completely bioinert
material, zirconia provides completely unpolar
surfaces with high corrosion resistance, thus lacking

chemical adhesive potential or etchability.*

In addition (CAD/ CAM) technology has
facilitated the design of frameworks and complete
contour restorations as well as the processing
of monolithic zirconia crowns and fixed dental
prostheses (FDPs).>” Complete-contour monolithic
zirconia restorations may provide adequate esthetics
in the molar area. To enhance the translucency of
zirconia, residual pores and impurities which create
volumes of differing refractive indexes and lead to
optical scattering on the surface and reduction of
translucency must be reduced.®'> Alumina, which is
added to zirconia improve the mechanical properties
and prevent low temperature degradation (LTD), is
the most common impurity.'®*

All-ceramic restorations with various resin-
based adhesive systems are increasingly required
in clinical dentistry, since they provide excellent
esthetic metal-free characteristics. However, the
physical and bonding properties of ceramics are
problematic.*

Restorative ceramic materials can be roughly
categorized into two groups, according to their
sensitivity to hydrofluoric (HF) acids: acid-
22 The bonding
properties between resin-based adhesives

sensitive and acid-resistant
and
ceramics are mainly associated with the presence
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of silica on the surface that provides chemical
compatibility mediated by silane-coupling agents 6.
The incorporated silica of acid-sensitive ceramics
such as feldspathic, leucite, and lithium disilicate
ceramics is well-exposed by HF acid gel to give
increased surface roughness, which is then available
for mechanical interlocking 26”2, However, the use
of such acid-sensitive ceramics is limited because of
their brittle properties 2°°3!,

Acid-resistant ceramics such as zirconia do not
expose a silica layer on the surface, because there
are no incorporated glass phases, and they cannot
be chemically roughened, because of their stable

microstructures?®?’.

Laboratory or chairside air-abrasion with
110- and 30-gm silica-coated aluminum particles
(tribochemical silica coating) provide surface
conditioning for acid-resistant ceramics.?>26-32-3334
These air-abrasion systems allow the ceramic
surface to be embedded by silica ** Silica-modified
surfaces are chemically more reactive to the resin

via silane coupling agents.

The performance of resin cements that contain
10-methacryloyloxydecyl dihydrogen phosphate
(MDP) monomers as Panavia cements, has been

3637383940 The results revealed

studied previously.
high bonding durability of this cement to acid-
resistant ceramics because the phosphate ester group
of MDP bonds directly to the metal oxides.*® It is
observed in these studies that the combination of air-
abrasion with it did not yield stable bonds 23637383941
However, controversial reports exist in the dental

literature particularly after aging conditions .24

In an attempt to improve bonding, the use of
metal primers - following airborne particle abrasion
- has recently been suggested to act as adhesion
promoters*. Metal primers are easy to apply and
do not need complicated and expensive apparatus.
Most metal primers are in liquid form, consisting of
a monomer to polymerize in the solution. Initially,
such metal primers were indicated for the repair of
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fractured metal-ceramic FPDs with metal exposure.
However, subsequently, they were also indicated for
conditioning reinforced ceramics including zirconia.
Results with metal primers are not always favorable,
chiefly because they reach a high bond strength
under dry circumstances, but controversial reports

emerge concerning their hydrolytic stability?#*.

Various adhesive monomers have been
developed for chemical adhesion with the aim of
achieving a durable bond between resin luting
agents and base and noble metals. The adhesive
functional monomers bond strongly to pure base
metals and alloys because they have affinity for
metal oxides that exist on the surface of metals such

as chromium, tin, titanium, and copper*>°,

Establishing a strong bond with zirconia is only
one part of the problem. A more crucial aspect
would be maintaining this bond under the influence
of fatigue conditions, in presence of saliva, and
temperature changes for a clinically acceptable
time. Several studies investigated the influence of
accelerated artificial aging using water storage,
thermocycling, or fatigue and reduction in zirconia
resin bond strength was observed*’. On the contrary,
there is also evidence that still supports the use of
MDP monomer on particle-abraded zirconia as a
method for establishing a durable zirconia resin
bond*®. Unfortunately, these studies were preformed
under controlled laboratory conditions and there is
not yet clinical evidence that confirms such findings.

Therefore, the objectives of this study were to
evaluate the durability of bond strength between
resin cement containing phosphate monomer and
zirconia ceramic submitted to different surface
treatments before and after aging.

MATERIALS AND METHODS

Eighteen 14 x 14 x 1 mm machinable monolithic
plates Glidewell,
California, USA ) were sliced from their respective

zirconia ceramic (Bruxzir

blocks by using a low speed diamond saw (Buehler-

(2497)

Isomet LakeBulff, IL, USA) After slicing, the
zirconia plates were cleaned ultasonically in distilled
water and then sintered in a ceramic sintering
furnace (InFire HTC, Sirona), for 7 hours at 15500c.

Zirconia specimens were assigned to the
following groups depending on the surface treatment

method:

Group NT: No surface treatment applied.
Zirconia surface was left as-sintered.

Group CT: silica coating using Rocatec soft with
particle size of 30 ym were used (3M/ESPE, USA).
Particles were ejected at a pressure of 2.8 bars for
a period of 15 seconds and at a distance of 10 mm
Silane coupling agent (RelyX Ceramic Primer, 3M/
ESPE) was then applied and left to dry for one
minute.

Group PR: A commercial primer (Alloy Primer,
Kurary) containing adhesive monomers effective
for base metals was used in this study. The surface
of the zirconia specimens was coated with a thin
single layer of the primer using a new, clean, fine
brush. The primer was allowed to dry and react for 3
min and then gently air-blasted dry with an oil-free
air stream

One cement was used for all specimens;
PanaviaV5 adhesive resin cement, which depends on
the presence of 10-MDP monomers. The materials
utilized and their characteristics are listed in tablel.

The adhesive bonding resin (Clearfil SE) was
applied to the zirconia surface under test and light-
cured at for 20 seconds. Prior to the light-curing
step, plastic tubes 0.75 mm in diameter and 0.5-mm
thick were placed on the uncured adhesive surfaces
of each plate. These surfaces were then polymerized
to stabilize the plastic tube on the ceramic surface.
Because the plastic cylinder was bonded tightly to
the ceramic surface, no flash of resin composite
extended onto the ceramic beyond the base of the
cylinder.
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TABLE (1) List of the main materials used in the study showing their composition

Material

Type

Composition

Manufacturer

Dual
resin luting agent

polym-erizing

4. Silica

Panavia v5

9. Accelerators
10. Pigaments

1. Bisphenol A Diglycidyl-methacrylatw
2. Triethylene glycol dimethacrylate
3. Silanated barium Glass

5. Aluminum oxide
6. Aromatic dimethacrylate
7. Aliphatic dimethacrylate
8. Camphorquinone

Kurary Medical, Inc
Okayama, Japan

Clearafil

ceramic

1. Ethanol
2. Silane
3. MDP

Universal
Primer

primer plus

Kuraray, Osaka,
Japan

Liquid primer
Alloy Primer

MDP (10-methacryloxydecyldihydrogenphosphate)
6-(4-vinylbenzyl-n-propyl)amino-1,3,5-triazine-2,4-
dithione (VTD), acetone

Kurary Medical, Inc
Okayama, Japan

After curing, Panavia V5 cement was placed
into the tube iris and cured for 40 seconds. The
plates were stored at room temperature (23°C) for
1 hour prior to removal of the plastic tubing. In this
manner, a small cylinder of resin composite 0.75
mm in diameter and 0.5 mm in height was bonded to
the ceramic surface. Twenty specimens were created
in each group. Before the test, all resin cylinders
were checked under an optical microscope (20x).
The cylinders that showed no apparent interfacial
defects or bubble inclusion and no leaking of
composite core were tested.

Each bonding group was divided into two
subgroups of 10 resin specimens each; one subgroup
to be tested for micro-shear bond strength before
artificial aging, and the other to be tested after
artificial aging.

In the first subgroup specimens were stored
in distilled water at room temperature for 3 days
without thermal cycling (TC), while in the second
subgroup, they were stored for 90 days with
additional 6000 thermal cycles between 5 and 55°C
(dwell time 30 s and transfer time 7s). Following

the different storage times, the micro-shear bond
strength test was performed.

Each ceramic plate was attached to the testing
device. A wire loop prepared from an orthodontic
stainless steel ligature wire (0.2 mm diameter)
was wrapped around the bonded assembly so that
it was as close as possible to the base of the resin
composite. The resin—ceramic interface for the
test, the wire loop, and center of the load cell were
aligned as straight as possible to ensure the desired
orientation in the shear test force. A shear load was
applied via a universal testing machine (Lloyd
instrument, UK) at a crosshead speed of 0.5 mm/
min until failure occurred (Fig 1).

Interfacial shear strength was calculated by
dividing the maximum load recorded on failure
by the circular bonding area in square millimeters
and expressed in MPa. Specimens that failed
prematurely during handling were assigned zero
strength values and were included in the statistical
analysis. Statistical analysis was performed using
the SPSS statistical package (SPSS 11.5, SPSS,
Chicago, IL). The means of each group were
analyzed by two-way ANOVA with micro-shear
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Fig. (1) Schematic illustration of the process of bonding and
testing.

bond strength as the dependent variable and surface
treatment and storage condition of specimens as
independent factors. Tukey’s compromise test with
p<0.05 was used to establish significance.

Selected ceramic surfaces were analyzed using
scanning electron microscopy (SEM). Failure type
was classified into interfacial failure across the
zirconia—resin interface resulting in exposure of the
zirconia surface or cohesive failure in the ceramic
material or the adhesive resin

RESULTS

The shear bond strength mean values for the
various groups are shown in Table 2. Statistically
significant differences between the groups and
between the storage conditions are indicated in
the same table (p<0.05). The ceramic surface pre-
treatment and the storage period, significantly
affected the micro-shear bond strength to zirconia
ceramic.

For the ‘as-sintered’ specimens (NT group), many
specimens demonstrated spontaneous premature
failure during testing which was responsible for
the low bond strength value and the high standard
deviation observed. The specimens with surface
treatments exhibited higher bond strengths and
none failed spontaneously during testing.

The highest bond strength values were
seen for CT group (21.59 MPa), and PR group

(2499)

(21.13 MPa) under pre-aging conditions, and there
was no statistical significant difference between
them. They were both better than the NT group
(14.39 MPa) with significant difference.

Water storage resulted in significant reduction in
the initially established zirconia resin bond strength.
After 6 months of water aging, bond strength values
dramatically decreased in NT group. Bond strengths
of RT group had no significant difference after water
storage . For the PR group, there was a significant
decrease in bond strength after aging.

TABLE (2) Mean micro-shear bond strength of
different surface treatment groups in pre-
aging and post-aging conditions, showing

statistical

standard deviations and

significance

Pre-aging Micro- Post-aging Micro-

shear bond strength | shear bond strength
(MPa) (MPa)
Treatment | Mean | Sd Sig | Mean | Sd Sig
NT 1439 | 2.37 B 564 | 3.19 C
CT 21.59 | 1.66 A 2042 ] 226 A
PR 21.13 | 147 A 1581 | 1.72 B

Sig: Statistical significance. Values with different letters

indicate significant difference.

SEM examination of the tested specimens (fig.
2,34) revealed an interfacial failure type for the
‘as-sintered’ specimens (NT) as the entire surface
of zirconia was exposed indicating weak bond
strength, and completely adhesive type of failure.
For the silica coated samples (RT), the failure
mode was completely cohesive after 3 days and
mostly cohesive (98%) after 150 days, whereas
the specimens treated with zirconia primer (PR),
showed apredominantly cohesive failure mode after
3 days, but a nearly 100% adhesive failure mode
after 150 days.
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Fig. (2) Column chart showing the mean micro-shear bond
strengths of the different tested groups.

Fig. (4) SEM of NT zirconia showing completely adhesive
failure

DISCUSSION

The zirconium oxide stabilized with an addition
of yttrium oxide give a high strength ceramic
with a better fracture toughness than that of an
aluminum oxide ceramic. Its material properties
have made it suitable to use in orthopedic clinics,
and these advantages have also made it interesting
as a restorative material in the dental clinic. The
advantages of the material in combination with
the development of new processing techniques
have made zirconia an interesting material in the

production of crowns and bridges.
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Fig. (3) SEM of CT zirconia showing completely cohesive
failure

Zirconia

Fig. (5§) SEM of PR zirconia surface after aging showing
microgaps due to bond hydrolysis

Due to optical opacity of these materials, zirconia
is used as substructure material that is veneered
with feldspathic ceramics. In clinical application,
limited number of studies reported seldom zirconia
substructure fractures but chipping of the veneer is
described to be the most frequent occurrence that
reduces the success rate of zirconia FPDs #°2, In
order to overcome this problem, translucent tooth-
colored zirconia (monolithic zirconia) which
enables the fabrication of restorations without using
veneering ceramic has been developed. Advantages
restorations  include

of monolithic zirconia

limited amounts of defects due to fabrication of
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the restoration from presintered homogeneous
blocks with Computer Aided Design/Computer
Aided Manufacturing (CAD/CAM) technique and
reduced production time/cost. Also, permitting a
minimal material thickness of 0.5 mm due to high
mechanical strength contributes to the preservation
of tooth substance and enables the use of ceramic
restoration in case of limited interocclusal space .

Ithas been previously demonstrated that the bond
strength of resin-based materials to acid-resistant
ceramics, such as zirconia, is neither durable nor
stable %% due in-part to the non-reactive nature
of its surface. Such an inferior bonding performance
thus poses a formidable challenge to the clinicians,
especially when bonding non-retentive zirconia
FPDs. Studies have investigated multiple treatment
techniques, ranging from physical roughening (to
increase the bonding surface area) to surface coating
and application of reactive monomers (to promote
chemical attachment to the polymer adhesive).

It has been suggested that 10-13 MPa is the
minimum strength needed for clinical bonding™.

The results of the present study show that the
bond strength was influenced by both, the different
surface conditioning methods and the storage
conditions.

No treated zirconium oxide ceramic is a
relatively inert substrate with low surface energy
and wettability. The low bond strength observed
in this study for the ‘as-sintered’ specimens has
also been reported in other studies using different
combinations of surface treatment and bonding resin-
composite. Such findings indicate that establishing
a strong chemical bond with zirconia is a difficult
procedure when not combined with any surface
pre-treatment 22, even though all specimens were
bonded using a MDP-containing resin (Panavia). No
beneficial effect could be attributed to the phosphate
monomer alone. Supporting this conclusion is the
observation that when the same bonding resin-
composite was used on silica coated specimens, a
significant increase in bond strength was observed.

(2501)

Such findings directly reflect the need to establish
mechanical retention to gain any benefit from the
MDP resin-composite. These results were further
clarified by subjecting the specimens to artificial
aging®’=®,

Surface abrasion with a tribochemical silica-
coated alumina has been shown to be an effective
bonding promoter treatment for zirconia by
physically roughening the surface while also
leaving behind both physically and chemically
bound silica’’. The bound silica particles serve
as reactive sites for conventional organo-silane
monomer primers,

The silane molecules react with water forming
silanol groups (-Si—~OH) from methacryloxy groups,
and silanol groups react with the silica deposited on
the material surface to form a siloxane network (—
Si—O-Si—0O-). As for the monomeric ends of silane,
they react with the methacrylate groups of the resin
material. Thus, the bonding process between a
silica-coated ceramic surface and resin cement
occurs through a combination of micromechanical
and chemical processes®. This explains the high

bond strength obtained in CT group.

Metal primers are easy to apply, and saddled
with other advantages of good price-performance
and no need for proprietary apparatus. They are
usually supplied as single-liquid primers composed
of a polymerizable monomer in a suitable solvent.
These products are often called primers despite the
fact that they are also coupling agents. Typically,
these systems are considered as simplified chairside
applications. However, a careful study of the
manufacturer’s instructions would reveal that prior
to metal primer application, A1203 airborne particle
abrasion is also required. Therefore, bond strength
is not derived purely from the metal primer, but
that the need for airborne particle abrasion remains.
Although these primers deliver high bond strength
results at dry conditions, a reduction of 30-90%
after aging has been noted®.
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The application of MDP-containing cement with
its adhesive potential to densely sintered zirconia
may depend on the presence of a passive coating of
zirconium oxide on the ceramic surface. Chemical
reactions involving the hydroxyl groups of the layer
and the phosphate ester monomers of the MDP may
occur at the interfacial level 3'*°. Moreover, the
functional monomer has been rated as relatively
hydrolysis stable, due to the presence of a long
carbonyl chain. Conventional silanes are not as
effective on zirconia as on silica-based ceramics *.
Nonetheless, the silane molecule (3-MPS) mixed
with 10-MDP in the coupling solution may have
promoted the bonding mechanism, improving
surface wettability and forming cross-linkages with
methacrylate groups as well as siloxane bonds with
the OH- groups of the ceramic substrate**. Such
a reaction may be promoted and sustained by the
acidity of the substrate treated with the coupling
solution. A relatively strong poly-molecular layer
may be responsible of the ceramic—resin cement
bond

Adhesive functional monomers bond strongly to
the oxides of pure base metals and alloys*. When
zirconia ceramic was primed with Alloy Primer, the
shear bond strength of the resin luting agent was
significantly improved compared with the untreated
group before aging. The hydrophilic nature of
MDP, 4-META, and in commercial primers plays
an important role in the bonding of resin luting
agent to zirconia. Previous studies have shown that
4-META and MDP acted as coupling agents, similar
to silane coupling agents,”. Adhesive monomers
may bond chemically to the zirconia surface, due
to reaction between the hydroxyl groups on zirconia
ceramic surface and the carboxyl groups in 4-MET
(hydrolyzed 4-META) or hydrogen groups in
MDP, similar to the surface reaction between silane
coupling agents and silica-based ceramics.

Various studies used artificial aging by long-
term water storage and thermal cycling to include
clinically relevant parameters to identify superior
bonding methods and materials.*336374857.60 Thig test
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method, allowed evaluation of the expected long-
term performance of the bond under the influence
of water. Immersion of the specimens under water
exposes more surface area of the bonding interface
which tests more effectively the hydrolytic influence
of water on the established bond. Water storage has
the tendency to reduce bond strength values espe-
cially in combination with polycrystalline ceram-
ics such as alumina and zirconia where only weak
chemical bonds could be established using organo-
phosphate-based monomers, such as MDP 23,

After 6 months of storage, statistically significant
decline in bond strength was registered when luting
Panavia to either untreated or primed zirconia
surfaces. In contrast, when Panavia was luted to
silica-coated zirconia surfaces, no significant bond
strength variability was evidenced after 6-month of
water exposure. The functional monomer 10-MDP
(10-methacryloxydecyl-dihydrogen-phosphate) has
been rated as relatively hydrolytic stable®, due to the
presence of a long carbonyl chain**?. The results of
this investigation, similarly to those of other in vitro
tests, suggest that applying a tribochemical system
combined with a phosphate monomer-containing
Iuting agent could be a recommendable option
for ensuring the long-term success of bonding
to zirconia, as it enhances the acidic functional-
monomers capability of chemically reacting with the
substrate’ %3, Adhesive failure mode significantly
increased in untreated and primed samples over the
storage period. Water storage might dilute soluble
monomers to an extent that could lead to the
entrapment of water droplets within the adhesive
primer®, causing a decrease in bond strength and
retention at the resin—cement/zirconia interface.

Under clinical conditions where fatigue is
the dominant factor contributing to failure, bond
reduction is even more expected and could lead to
marginal deterioration and debonding of zirconia
resin bonded restorations®>. Under such conditions,
selection of the bonding mechanism should focus
equally on long-term bond strength ability as well
as the initial high bond strength value 3'.
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Analysis of the broken specimens revealed an
interfacial failure indicating that the zirconia-resin
interface was the weakest link in the structure. Such
finding could be related to two important factors.
The first factor is the hydrolytic effect of water on
adhesive joints.

The second factor is the water inhibition
phenomenon that could lead to thickening of the
cement layer leading to disruption of the established
bond. Relatively warm water is absorbed in resin-
composite cements and warm treatment also leads
to some post-polymerization of the MDP cement.
On the other hand, in silane-aided bonding film,
the bonds can re-arrange dynamically, without
ultimately weakening the bonding itself>.

A possible phenomenon of water entrapment
may have hampered the bond potential of resin
cement®%. It has been proven that water, owing to its
small molecular size and high molar concentration,
can penetrate into nanometer-size free-volume
spaces between polymer chains or cluster around
functional groups that are capable of hydrogen
bonding resulting in a decrease in thermal stability
and polymer plasticization 3'. Water sorption may
have determined cement hydrothermal degradation
during aging

It should be mentioned that chemical surface
treatment with primer only would not produce a
long-term durable bond between zirconia ceramics
and resin luting agents.

CONCLUSIONS

Within the limitations of this study, the following
conclusions were drawn:

1. The use of an adhesive phosphate monomer-

containing  cement  produced clinically
acceptable early micro-shear bond strengths

values for all tested groups.

2. Tribochemical silica coating and application of a
primer improved the bond strength significantly,
in relation to the as-sintered zirconia.

(2503)

Artificial aging played an important role
bonds
degradation. Chairside silica coating followed

in resin—cement/zirconia—ceramic

by silanization showed durable bond strength
of the resin cement zirconia ceramic, while the
primed zirconia showed a significant decrease
after aging, and the as-sintered untreated
zirconia showed the largest decrease in bond
strength.
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