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Resin bond strength to a zirconia-reinforced
ceramic after different surface treatments

Tiago Aurelio Donassalin, DDS, MSC, PhD = Flayig Fernand

This study evaluated the microtensile bond strength between a
composite resin and a zirconia-reinforced alumina-based giass-
infilrated ceramic after different ceramic surface treatments. Blocks
(12 mm x 10 mm x 5 mm?) of a ceramic containing zirconia were
fabricated, polished, and divided at random into seven groups, with
each group receiving a different surface treatment. The adhesive
system and composite resin were applied to the treated ceramic;
these composite-ceramic blocks were stored in distilled water
{37°C) for seven days. At that point, they were cut along two axes
to produce specimens with a cross-sectional area of 1.0(=0.1)
mm?. The specimens {7 = 20) were loaded in tension in a universal
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The microtensile bond strength values were calculated and
statistically analyzed using ANOVA and Tukey's test { = 0.05).
Among the seven groups, specimens with both a silica coating
and a silane coupling agent showed the highest mean microtensile
bond strength values. Al specimens treated with 9.5% hydrofluoric
acid failed during the cutting procedure; among alf specimens, the
majority of the failures were cohesive. A positive correlation was
observed between the fracture type and the microtensile bond
strength (r= 0.63).
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testing machine with a cross-head speed of 0.5 mm/minute.

he In-Ceram system (Vident)

uses an alumina slip casting

technique to build the frame-
work. The framework is fired to
form an open-pore microstrucrure,
which is infilcrated with lanthanum
oxide-based glass.! As a resul, the
high mechanical properties of this
system depend upon glass infilcra-
tion causing a complere wetting of
the porous microstructure. It has
been reported thar increasing the
zirconia content will improve the
fAexural strength values of In-Ceram
Zirconia (Videnr).2?

In-Ceram Zirconia was developed

by combining the mechanisms
of zirconia with the established
technology of partially sintered
glass-infiltrated alumina to pro-
duce stronger, tougher, metal-free
ceramic restorations that could
be used successfully as posterior
three-unit fixed bridges.! However,
a number of studies have reported
that it is difficult for resin to adhere
to this marerial micromechanically
and chemically.*?

The clinical success of the
adhesive technique (for both
cementation and ceramic repair)
relies on adequate bonding resis-
tance, which could be produced by
micromechanical retention (acid
erching, airborne particle abrasion,
silica coating) or chemical bonding
(organic silane) 89

One popular method for treating
ceramic and metal surfaces involves
using intraoral appliances to abrade
the surfaces with airborne particles
of aluminum oxide (Alzoa)' This
treatment produces a retentive sur-
face, increasing borh the surface area
and the surface energy, thus favoring
adhesion.#3781° Other studies have
recommended a silica coating proce-
dure to produce an adequate reten-
tive surface on ceramics with high
crystalline content, thus improving
the bond to resin marerialg.}:511-16

While chere are several methods
for evaluating the bond strength of
adhesive interfaces, the microtensile
bond strength test is considered
the best for testing bonding

properties.®718 This test attempts
to avoid the potential influence of
defects at the adhesive interface by
using specimens with a reduced sur-
face area. Larger adhesive interfaces
increase the possibility of more and
larger defects due to locked air bub-
bles, adhesive peeling from a poorly
primed surface, and the formation of
irregular adhesive layers.*' By con-
trast, the microtensile bond strength
test has produced a more uniform
stress distribution at the adhesive
interface, avoiding the cohesive
fracture of the substrare and reducing
the variability of the results,217.18

The failure mode must be consid-
ered when analyzing the fractured
surface of the tested specimens.
Observing these fractured surfaces
offers information regarding the
mode of failure, the distribution of
the defects, the size and origin of the
critical defect, the type of stress ar
or near the adhesive interface, some
material properties, and the poten-
tial effects of the environment on

the adhesive interface. All of these

374 July/August 2009

General Dentistry

www.agd.org



facrors help in understanding the
properties of the adhesive interface.!?

The well-known bonding
mechanism of feldspathic ceramic
1o resinons marerials resnlrs from
hydrofluoric acid etching, which
creares micromechanical retention
and allows for the chemical bond of
the silane agents.®?® Nevertheless,
a number of studies have reported
that hydrofluoric acid and silana-
tion produce an inadequare bond
between high crystalline content
ceramics and resinous materi-
als.!3 71121416 Oyrher studies have
indicated thar silica coaring is a
better surface treatment for these
types of ceramics.!7101213.15.16

This study urilized different
ceramic surface trearments to evalu-
ate the microtensile bond strength
berween a zirconia-reinforced
alumina-based glass-infiltrated
ceramic (In-Ceram Zirconia)
and a composite resin, to test the
hypothesis that mean bond strength
values to resin are greater when this
ceramic is coated with silica rather
than treated with airborne particle
abrasion, hydrofluoric acid erching,
or silanation. The predominant fail-
ure mode of the adhesive interface
also was determined and correlared
to the bond strength values.

Materials and methods
Twenty-one blocks (each measuring
12 mmx 10 mm x 5 mm) of
In-Ceram Zirconia were fabricated
according to the manufacturer’s
instructions. The surfaces of all
specimens were polished using 400—
1200 grit silicon carbide (SiC) paper
(Norton Abrasives), followed by a

1 nm diamond paste. The ceramic
blocls were washed for 10 minutes
in a sonic bath of distilled water and
divided randomly into seven groups,
according to the rype of surface
treatment. Samples in Group 1 were
etched with 9.5% hydrofluoric acid

12 mm -

Ceramic

725 mm

24 mm 4

LJU J/U.JJ..JJ-? mm

Fig. 1. Fabrication of specimens for the microtensile test. Left: The dimensions of a composite resin-

ceramic block. Right: An illustration of the bar-shaped specimens obtained and their dimensions.?

(Ultradent Products, Inc.). The
ceramic surface was etched for 60
seconds, washed with an air-warer
spray for 60 seconds, and air-dried.

For samples in Group 2, silica
coating (3M ESPE) was applied
using a hand blaster (Chameleon
Dental Products). The hand blaster
was held perpendicular to the
ceramic surface ar a distance of 10
mm. The silica-modified aluminum
oxide particles (30 pm) were blasted
against the surface for 15 seconds
using two bars of pressure.

Group 3 samples underwent
airborne particle abrasion using
aluminum oxide (25 pm) particles
in a hand blaster (Handiblaster) and
the same paramerers described for
Group 2.

For samples in Group 4, a silane
agent (Espe-Sil, 3M ESPE) was
applied to the ceramic surface and
allowed to evaporate for five minutes;
ar thar time, samples were air-dried.

In addition to the trearments
described above, three other rreat-
ment combinations were examined:
hydrofluoric acid with a silane agent
(Group 5), silica coating with a

silane agent (Group 6), and airborne
particle abrasion with silica coating
(Group 7).

To build a bonded composite
block onto the ceramic block,
the Single Bond adhesive system
(3M ESPE) and a composite resin
(Fileek Z250, 3M ESPE) were used
on the treated ceramic surfaces,
according to the manufacturer’s
instructions (Fig. 1).

The ceramic-composite blocks -
were stored in distilled water (37°C)
for seven days; at that point, a
diamond disk (under cooling) was
placed in the precision cutting
machine and the blocks were cut
along the X and Y axes to produce
bar-shaped specimens, each with
a length of 24 mm and a cross-
sectional area of 1.0 + 0.1 mm? (Fig,
1). All specimens were examined for
flaws using an optical microscope
to determine exclusion crireria. In
addition, the bar-shaped specimens
obtained from the external walls
of the ceramic-composite blocks
were eliminarted to avoid porential
deficiencies of the adhesive material
at the inrerface.®1721
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Adhesion
zone

Ceramic

Fig. 2. Schematic illustration of a specimen for the microtensile test. Left: A bar-shaped specimen
is fixed to the flat grips of the Bencor Multi-T device and loaded to failure under tension. Right: The

adhesive interfaces and adhesion zone of a specimen.®

and Tukey’s test (o = 0.05).

The fractured surfaces were

Twenty specimens from each
experimental group were selected
randomly for microtensile tests. The
one exception was Group 1, where
all of the specimens demonstrated
adhesive failures during the cutting
procedure. Using cyanoacrylate
adhesive (Zapit, Dental Ventures
of America), the specimens were
arrached to the flat grips of a
Bencor Multi-T testing system
(Danville Engineering) and loaded
to failure under tension at a cross-
head speed of 0.5 mm/minute. A
universal testing machine (EMIC
DL2000, Emic Ltd.) was used to
debond the samples and test the
resin/ceramic interface (Fig. 2).2

A digital caliper (Digimatic Cali-
per, Mitutoyo) was used to measure
the bonding area of all specimens
immediately after testing. The bond
strength (WTBS = tensile strength
(F)/Area (A)) was calculated (in
MPa) by using the values provided
by the universal testing machine
when the samples broke. The micro-
tensile bond strength data were
analyzed statistically using ANOVA

examined using light microscopy
(magnification 40x) to determine if
the failures were adhesive or cohe-
sive. The Pearson correlation test
(ot = 0.05) was used to investigate
the association berween failure
mode and bond strength.

Results

ANOVA showed that surface trear-
ment has a significant influence on
bond strength values (» < 0.001).
Tukey’s test revealed greater mean
bond strength values for Groups

2 and 6 (p < 0.05). Specimens in
Group 7 produced mean bond
strength values similar to those

for Groups 2 and 3; Groups 3, 4,
and 5 produced the lowest bond
strengths (p < 0.05) (see the table).
Group 1 was not included in the
table because all specimens failed
adhesively during the curting
procedure, which indicates that this
treatment is not recommended for
this particular ceramic system.

An overall analysis revealed that

61% of all failures were cohesive
failure of the adhesive resin, while
370 were adhesive failures at the
ceramic/adhesive interface; only 2%

ara
J e

hesive failures of both the
adhesive and composite resin. All
failures were within the adhesion
zone. There was a positive correla-
tion (r = 0.63) berween the failure
mode and the mean bond strength
values. Samples with lower bond
strengths had a higher incidence
of truly adhesive failures, while
the incidence of cohesive failures
increased as bond strength values

increased (see the table).

Discussion

The microtensile test was developed
to avoid non-uniform stress dis-
triburtion at the adhesive interface.
It has been used to determine the
bond strength berween dental
strucrures, resin materials, and

cerarnics,B1618:21-23

The tensile strength of brirde
materials usually decreases as the
cross-sectional area increases, because
larger specimens can exhibit more
defects. The same statement is true
for adhesive interface areas; smaller
areas tend to produce higher bond
strength values, because small surface
areas result in fewer failures.'82

When conducting the microten-
sile bond strength test, it is likely
that a small number of smaller
defects will be present in each
sample, reducing the degree of
variation in the results, which fol-
lows a grearer incidence of failures
at the adhesive interface.® Therefore,
this test has been considered the
most adequare to determine the
bond strength of different materi-
als, which justifies the selecrion
of this method for the present
study. 272527 Indeed, the results
of the present study showed that all
failures happened art the adhesive
interface.
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Table. Mean tensile strength (microtensile bond strength), standard

deviation (SD), statistical groupings, and mode of failure percentage for
the In-Ceram Zirconia ceramic bonded to composite resin after different

ceramic treatments.

BATrcntnm el fomin o
WHCTGLENSH u

Mode of failure (%)
Cohesive failure of the adhesive (100)
Cohesive failure of the adhesive (65)

Adhesive failure (35)

Adhesive failure (80)

Cohesive failure of the adhesive (20)

Group le ban
number  strength = SD (MPa)*

2 20.7 + 5.3%

3 15.7 = 5.6%

4 10.2 £ 2.9¢

5 123+ 359

6 22847

7 18.4 £ 3.5%

Adhesive failure (100)
Cohesive failure of the adhesive {100)
Cohesive failure of the adhesive (85)

Cohesive failure of the adhesive and composite resin (10)
Adhesive failure (5)

*Different superscript letters indicate statistically significant differences (p < 0.05).

With small adhesive areas, the
probability that the failures could
be adhesive in origin increases.
However, some problems may
occur during the microtensile bond
strength test. The preparation of
small specimens, their fixation
during the test, and keeping them
parallel during loading must be
considered to avoid inappropriate
results or losing an excessive number
of specimens.!8%

The present study showed an
increase in bond strength values
between the zirconia-reinforced
infilcrated ceramic and composite
resin when the ceramic surface
was treated with a silica coating
procedure (CoJet), as observed
for the groups treated with silica
coating alone (20.7 MPa) and
silica coating with silane coupling
agents (22.8 MPa). A 2005 study
that used a different ceramic with
a high crystalline content showed
that two silica coating techniques
produced greater microtensile bond
strength values with resin than
the ceramic treated using airborne

particle abrasion with aluminum
oxide particles.?

Several articles have compared
the resistance to fracrure berween
composite resins and ceramics using
Bis-GMA-based and phosphate
monomer-based resin cements.
These studies suggested that luting
high crystalline content ceramics
with phosphate monomer-based
resin cements promotes a high and
stable bonding resistance between
these materials because of the
chemical bonding between the
monomer and the aluminum oxide
on the ceramic surface.”?%#2 How-
ever, no luting cement was used in
the present study, which simulates a
resin composite repair of a zirconia-
reinforced ceramic restoration.

The silane agent provides the link
between the inorganic component
of the ceramic (silica) and the
organic matrix of the composite
resin. This agent also increases the
surface energy, improving the wet-
tability of the adhesive system.*?
Based on these results, rthe silane
coupling agents should increase the

bond strength of ceramic to resin,
provided that the surface of the
ceramic has an adequate amount of
silica.’™® In the present study, a syn-
ergetic action was observed berween

nt [cilane
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methods used in Groups 1, 2, and
3. By contrast, Group 4 samples
produced lower bond strength
values (10.23 MPa).> 7810121316

Although hydrofluoric acid and
silane treatmenrs demonstrared ade-
quate bond strengths berween the
resinous materials and feldspathic
ceramics, neither treatment appears
1o be effective for high crystalline
ceramic systems. 6%

An adequate micromechanical
retentive ceramic surface is essential
for providing a strong and long-
lasting bond with resinous materi-
als. The adhesive agents penerrate
into the porosities created and the
posterior polymerization produces
the bond.”#'! However, as Della
Bona ez al reported in 2002, dif-
ferent ceramic compositions and
microstcructures can result in differ-
ent retentive patterns after surface
treatments.”® The hydroflueric acid
attacks the ceramic marrix (usually
the phase formed by silica), form-
ing a hexafluorosilicate layer; this
layer is removed by water, leaving
a porous surface that is ideal for
micromechanical retention of the
luting cement.”

According to a 2007 article by
Della Bona et a/, hydrofluoric acid
is unable to produce significant
structural changes on the surface
of the zirconia-reinforced alumina-
based glass-infiltrated ceramic, due
to the acid’s low silica content.’ As
a result, in the present study, the
samples in Group 1 did not produce
a significant bond to resin; all speci-
mens in the group failed during the
cutting procedure. The samples in
Group 5 showed the lowest mean

www.agd.org  General Dentistry

Special Dental Materials Section 377



Resin bond strength to a zirconia-reinforced ceramic

bond strength value (12.3 MPa),
which was not statistically different
from the mean bond strength of the
samples in Group 4 (10.2 MPa).
These results are similar to those
found in previous studies.*"

Previous studies reported that
high crystalline ceramic systems
treated with airborne particle
abrasion did not produce much
greater mean bond strengths to
resin when compared with other
ceramic surface treatments. It has
been suggested that this outcome
was the result of similar hardness
values berween the airborne par-
ticles and the crystalline ceramic
phase, both of which usually are
alumina-based."** In the present
study, Group 3 samples showed an
intermediate mean bond strength
value of 15.7 MPa, compared to
18.4 MPa for Group 7 samples.

The analysis of the fractured
surfaces revealed that the majority
of the failures (61%) were cohesive
failures of the adhesive system, while
37% were truly adhesive failures.
These findings are similar to those
produced using a microtensile test,
in which the majority of the failures
occurred within the adhesion
zone 8222527

This study confirmed the experi-
mental hypothesis thar silica coaring
zirconia-reinforced alumina-based
glass-infiltrated ceramic produces
greater mean bond strength values
tc resin compared with other
ceramic surface treatments.

Conclusion
Within the limirarions of the study,
the surface treatment significandy
influenced the bond strength

" berween resin and a zirconia-rein-
forced alumina-based glass-infiltrated
ceramic, which relates clinically
to resin luting and repairing this
type of restoration. These findings
indicate that the silica coating

procedure plays a major role on the
bond strength berween this type of
ceramic and resin. A silane coupling
agent improves the bonding effect
of surface treatments that produce
micromechanical retentive surfaces.
Although a positive correlation

was found berween bond strength
and failure mode, this synergistic
effect of micromechanical retentive
treatments and chemical bonding
via coupling agents did not appear
to affect the mode of failure, which
was controlled mostly by the micro-
mechanical retentive treatrment of the
zirconia-reinforced ceramic.
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