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The Influence of
Internal Surface Treatments on
Tensile Bond Strength
for Two Ceramic Systems

VH Kiyan ® CHC Saraceni ® BL Silveira
ACC Aranha ¢ CP Eduardo

Clinical Relevance

Appropriate surface treatment in ceramic restorations is an important step in the cementation
process and should be conducted for each type of ceramic.

SUMMARY

Statement of the Problem: The ceramic composi-
tion and surface microstructure of all-ceramic
restorations are important components of an
effective bonding substrate. Hydrofluoric acid
and sandblasting are well-known procedures for
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surface treatment; however, surface treatment
for high alumina-containing and lithium disili-
cate ceramics have not been fully investigated.

Purpose: This in vitro study evaluated the ten-
sile bond strength of resin cement to two types of
ceramic systems with different surface treat-
ments.

Methods and Materials: Thirty specimens of
each ceramic system were made according to the
manufacturer’s instructions and embedded in
polyester resin. Specimens of In-Ceram Alumina
[I] and IPS Empress 2 [E] were distributed to
three groups with differing surface treatments
(n=10): sandblasting with 50 um aluminum oxide
(APA); sandblasting with 110 um aluminum oxide
modified with silica particles (ROCATEC
System-RS); a combination of sandblasting with
APA and 10% hydrofluoric acid etching (HA) for
two minutes on In-Ceram and for 20 seconds for
IPS Empress 2. After the respective surface treat-
ments, all the specimens were silanated, and
Rely-X resin cement was injected onto the ceram-
ic surface and light polymerized. The specimens
were stored in distilled water at 37°C for 24 hours
and thermally cycled 1,100 times (5°C/55°C). The
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tensile bond strength test was performed in a
universal testing machine at a 0.5 mm/minute
crosshead speed.

Results: The mean bond strength values (MPa)
for IPS Empress 2 were 12.01 = 5.93 (EAPA), 10.34 +
1.77 (ERS) and 14.49 = 3.04 (EHA). The mean bond
strength values for In-Ceram Alumina were 9.87 +
2.40 (IAPA) and 20.40 = 6.27 (IRS). All In-Ceram
specimens treated with 10% hydrofluoric acid
failed during thermal cycling.

Conclusion: The Rocatec system was the most
effective surface treatment for In-Ceram
Alumina ceramics; whereas, the combination of
aluminum oxide sandblasting and hydrofluoric
acid etching for 20 seconds worked more effec-
tively for Empress 2 ceramics.

INTRODUCTION

The search for esthetic restorations has become a chal-
lenge, because patients have higher expectations from
esthetic treatments."” The introduction of the enamel
etching technique, combined with effective adhesion to
dentin, allowed resin composite to be use directly on the
dental structure.** However, since resin composites
have mechanical limitations, ceramic systems that are
more resistant to masticatory forces have been devel-
oped and have allowed all-ceramic restorations, with-
out metal infrastructure, to be fabricated.”® These all-
ceramic restorations have been indicated for inlays,
onlays, crowns and fixed partial dentures.” One of the
technical modifications for improving ceramic strength
has been to increase the amount of crystals in relation
to the glass phase.’®®

Many types of high strength ceramics that provide
superior esthetic appearance have been developed since
1980, including In-Ceram Alumina (In-Ceram;Vita
Zahnfabrik, Bad Sickingen, Germany) and IPS
Empress 2 (Ivoclar/Vivadent, Schaan, Liechtenstein).
The In-Ceram Alumina ceramic was developed in
France by Mickéel Saudon and consisted of an alumina
infrastructure fabricated by slip casting or by
CAD/CAM. The alumina infrastructure was then infil-
trated with glass. Over this infrastructure, a veneering
feldspathic ceramic was applied to provide form, func-
tion and esthetics. The 0.5 to 3.5 ym size alumina par-
ticles were interspersed with lantanium and amino-sil-
icate, with a low quantity of sodium and calcium in its
glass phase. After glass infiltration in sinterized alumi-
na, ceramic flexural strength was reported to be 236.15
Mpa.*® Due to its high strength, In-Ceram Alumina
was suggested for posterior restorations and for three-
unit fixed partial dentures."** This development of rein-
forcing ceramics with alumina and quartz crystals
enabled ceramics to be used as a metal-free infrastruc-
ture for crowns and fixed partial dentures because of
their improved mechanical properties.™
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Another system is IPS Empress 2, a lithium dissili-
cate glass ceramic with a flexural strength of approxi-
mately 350 Mpa."” According to the manufacturer, the
IPS Empress 2 ceramic system is composed of 60% lithi-
um dissilicate by volume, embedded in a glass matrix.

The cementation process is vital for the clinical suc-
cess of all-ceramic restorations. Ceramics reinforced
with a high crystal content, such as In-Ceram Alumina,
can be luted by conventional techniques using zinc
phosphate or glass ionomer cements.>'®* When mechani-
cal retention and stability of the dental preparation
requires adhesive cementation with resin cements, the
internal surface of the ceramic should be treated to pro-
vide mechanical retention.’® However, increasing the
mechanical strength by increasing the crystalline con-
tent and decreasing the glass content results in an acid
resistant ceramic in which any type of acid treatment
produces insufficient surface changes for adequate
bonding to resin."

For the In-Ceram system, aluminum oxide sandblast-
ing has been suggested to promote surface changes;'***
however, conventional surface treatments used for
feldspathic ceramics, such as hydrofluoric acid etching
and silane application, are considered to be not as effec-
tive due to the high alumina and minimal glass phase
content within its composition. All-ceramic coping
materials, such as alumina and zirconia ceramic, are
not sufficiently roughened by airborne-particle abra-
sion or hydrofluoric acid etching and do not sufficiently
react with a silane coupling agent due to their low sili-
ca content.*® Different surface treatments, such as the
Rocatec system,*" Silicoater MD and PyrosilPen, seem
to improve the bond strength between aluminous
ceramic and resin cement. This silica coating process is
based on similar adhesive principles and appears to be
a promising method for treating high crystalline ceram-
ics.

Other surface treatments have been suggested for In-
Ceram Alumina ceramics, such as the application of a
sintered refractive powder suspension on the ceramic
surface,” the Bateman Etch Retention System
(BEARS) application” and synthetic diamond particle
sandblasting.”? These methods provide greater bond
strength values and could, therefore, solve the In-
Ceram Alumina surface treatment problem.*"*

IPS Empress 2 has been shown to benefit from hydro-
fluoric acid treatment;* however, little information has
focused on the specific surface treatment for lithium-
disilicate ceramics.

Therefore, this in vitro study evaluated the bond
strength between two ceramic systems (In-Ceram and
IPS Empress 2) and a resin cement with different sur-
face treatments, namely, sandblasting with 50 pm alu-
minum oxide, silicate coating using the Rocatec system
and hydrofluoric acid etching, to test the hypothesis
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that higher bond strength values can be achieved with
the Rocatec System for In-Ceram Alumina ceramics
and the association of hydrofluoric acid and sandblast-
ing with 50 pm aluminum oxide for the IPS Empress 2
ceramics

METHODS AND MATERIALS

The entire preparation sequence for specimens is
shown in Figure 1. For each ceramic type (In-Ceram
Alumina and IPS Empress 2), 30 conical specimens
were fabricated (4 mm thick, 5 mm in diameter at one
end and 6 mm in diameter on the opposing end surface)
in a die stone master cast, following the manufacturer’s
instructions (Figure 2). For the In-Ceram specimens,
three layers of die spacer (Interspace Varnish, Vita
Zahnfabrik, Bad Sickingen, Germany) were applied
over the stone die. An impression was made with
impression material (Vita Duplication Material, Vita
Zahnfabrik) and the dies were duplicated in plaster.
The aluminum oxide powder was mixed with a liquid
as instructed by the manufacturer. The slurry mixture
was then painted over the special plaster die (Special
Plaster, Vita Zahnfabrik) and fired at 1120°C for 10
hours in a furnace. Glass infiltration was obtained by
coating the aluminum oxide framework with a glass
powder- (silicate-aluminum-lantanium, Vita In-Ceram,
Vita Zahnfabrik) distilled water mixture and firing in
the furnace for four hours at 1100°C.

For TIPS Empress 2, two 0.8 mm thick layers of die
spacer were applied over the stone die and wax conical
copings were prepared. The wax patterns were invest-
ed in IPS investment and eliminated in a burnout fur-
nace (EP 500, Ivoclar, Vivadent) pre-heated to 920°C,
heating the refractory die at the same time as the IPS
Empress 2 ingots and the alumina plunger at 3°C per
minute to 850°C and held for 90 minutes. Next, the
investment, plunger and ingot were transferred to a
furnace that increased the temperature to 1180°C and
pressed the melted ingot into the mold. After pressing
and cooling to room temperature, the specimens were
divested with 50 um glass beads at 2-bar pressure,
ultrasonically cleaned in a special liquid (Invex liquid,
Ivoclar-Vivadent) and dried.

The ceramic cones were fixed, with the smaller base
directed towards the surface and a cylindrical matrix
positioned around the ceramic cone to allow polyester
resin (Buehler, Lake Bluff, IL, USA) to be poured into
the matrix and flow around the specimen until a height
of 10 mm was achieved around the specimen (Figure 3).
The cylindrical matrix was made of plastic and was not
deformable. After 24 hours of storage, the resin-ceram-
ic specimens were removed from the matrix, and the
ceramic surfaces were polished with 600 grit carbide
paper for 15 seconds in a mechanical grinder. The spec-
imens were cleaned in an ultrasonic cleaner for five
minutes with distilled water and dried. Subsequently,
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Figure 1: 1) Conical specimens of In-Ceram and IPS Empress 2 were
fabricated (4x5x6 mm); 2) Ceramic cones were fixed with the smaller
base towards the surface and a cylindrical matrix was positioned
around the ceramic cone; 3) Resin-ceramic specimens were removed
from the matrix; 4) The surface of the ceramics was polished with 600 grit
carbide paper in a mechanical grinder. The specimens were cleaned
in an ultrasonic cleaner; 5) The specimens were randomly assigned to
experimental groups: ) 50 um aluminum oxide sandblasting; 1l) 50 um
aluminum oxide sandblasting + 110 um silica oxide particle sandblast-
ing (Rocatec Plus); Ill) 50 um aluminum oxide sandblasting + 10%
hydrofluoric acid; 6) After surface treatment, all the specimens
received a silane application, and a Teflon matrix with a conical inter-
nal shape was placed over each ceramic block in which resin cement
was inserted and polymerized; 7) 1100 thermal cycles of one minute
dwell time at 5°C and at 55°C was performed; 8) Tensile bond strength
testing was carried out using a universal testing machine.

Figure 2: The ceramic cones (A: In-Ceram/ B: IPS
Empress 2).

the specimens were kept in air-tight containers at 37°C
for 48 hours. The specimens were randomly assigned to
the experimental groups as shown in Table 1.
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In group IAPA, the In-Ceram specimens received 50
mm of aluminum oxide sandblasting for 10 seconds
under a pressure of 2.8 bars with a Sandblaster Micro
Etcher (Danville Engineering Co, San Ramon, CA,
USA), with the nozzle positioned 10 mm from the sur-
face.®** The specimens were then washed with water for
20 seconds and air dried with absorbent papers for five
seconds. In the IRS group, after aluminum oxide sand-
blasting, as described in the IAPA group, the In-Ceram
specimen surfaces received 110-um silica oxide particle
sandblasting (Rocatec Plus, 3M ESPE, St Paul, MN ,
USA) for 10 seconds and 10 mm from the surface under
2.8 bars of pressure according to the manufacturer’s
instructions. The excess particles were removed by air
blasting for five seconds. In the THA group, the In-
Ceram specimens were sandblasted with aluminum
oxide followed by 10% hydrofluoric acid etching
(Dentsply In de Com Ltda, Petropolis, RJ, Brazil) for
two minutes, following the manufacturer’s and pub-
lished recommendations.? Then, all the specimens were
washed with water for 20 seconds and air-dried for 10
seconds. Groups EAPA, ERS and EHA consisted of IPS
Empress 2 specimens and underwent the same surface
treatments as the IAPA, IRS and IHA group, respec-
tively, except that, in Group EHA, the IPS Empress
blocks were etched for 20 seconds instead of two min-
utes, according to the manufacturer’s instructions.

After surface treatment, all the specimens received a
silane application (Rely-X Ceramic Primer, 3M ESPE)
and five-second gentle air spray. A Teflon matrix with a
conical internal shape was placed over each ceramic
block and resin cement (Rely-X, 3M ESPE) was insert-
ed into the inverted cone with a syringe (Centrix Inc,
Shelton, CT, USA).” These specimens were polymerized
for 40 seconds using an XL 1500 (3M ESPE) light poly-
merization unit at 560mW/cm?, verified by a radiometer
(Demetron Research, Kerr, USA, Orange, CA, USA),
with the light directed at approximately a 45° degree
angle to the intersection of the ceramic bonding sites
and the resin cement. Four 40-second polymerization
sequences, divided equally around the circumference of
the matrix, were completed. The Teflon matrix was
then removed and another light polymerization was
performed for 40 seconds directly on the specimen and
towards the resin cement (Figure 4). The specimens
were stored in distilled water at 37°C for 24 hours, fol-
lowed by 1100 thermal cycles of one minute dwell time
at 5°C and at 55°C.* Thermal

Operative Dentistry

Figure 3: The ceramic cone positioned after removal
of the cylindrical matrix.

Figure 4: Resin cement cones made with a Teflon
matrix.

ed on the bottom fixture of a universal testing machine
(Instron, Model 4442, Canton, MA, USA), and the bond-
ed resin cement was gripped by the top apparatus and
subjected to a tensile force at a crosshead speed of 0.5
mm/minute until fracture occurred (Figure 5). Tensile
bond strengths were calculated and recorded using the
formula: 0=P/A, where o is the tensile bond strength
(MPa), P is the force (N) and A is the interfacial area
(mm?). The data were analyzed with the Kruskal-Wallis
test due to non-normally distributed data and the
Mann-Whitney test to compare groups 2 by 2, with the
level of significance being 5%.

Table 1: Group Surface Treatment and Ceramic Type

cycling was performed to simu-
late oral temperature and humid- Groups

Ceramic Type

Treatment

ity. This is an important step IAPA

In-Ceram Alumina

50 ym sandblasting

when evaluating bond strength IRS

In-Ceram Alumina

50 pym sandblasting + Rocatec System

with in vitro studies.?? IHA

In-Ceram Alumina

50 pm sandblasting + 10% hydrofluoric acid

The specimens (ceramic cones

EAPA IPS Empress 2

50 pm sandblasting

embedded in polyester resin + ERS

IPS Empress 2

50 pm sandblasting + Rocatec System

resin cement cones) were mount- EHA

IPS Empress 2

50 pm sandblasting + 10% hydrofluoric acid
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To illustrate the work, four additional blocks of each
ceramic type were made, and the surface topography of
the internal treatment of the two types of ceramics was
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(Phillips XL-30, FEI Phillips, Sao Paulo, Brazil) at 200x
and 1000x magnification

RESULTS

examined by a scanning electron microscope (SEM).
The blocks were carbon sputtered and observed by SEM All In-Ceram blocks treated with hydrofluoric acid
failed during thermal cycling, even after the two-
minute exposure time recommended by the manufac-
turer, which was strictly followed. Therefore, no statis-
tical analysis was made of the specimens of the THA
group. Tensile bond strength values for the different
surface treatments are described in Table 2. In order to
assess differences among the groups, it was necessary
to use the non-parametric Kruskal-Wallis test (Table 3),
due to non-normally-distributed variables and the
impossibility of transforming the data. The Kruskal-
Wallis test showed significant differences among all
groups (p<0.005). The Mann-Whitney test was per-
formed to compare groups 2 by 2, as shown in Table 4.

With regards to the IPS Empress 2 ceramics, there
was no statistical significance between the EAPA (sand-
blasting) and ERS (Rocatec System) groups; however,
the bond strength values for the hydrofluoric acid
group (EHA) showed statistical signifi-

Figure 5: Specimen in position in the Universal testing machine
for the tensile bond strength test.

Table 2: Tensile Bond Strength Mean and Median Values cance when compared with the other
Groups Mean (MPa) Median (MPa) Standard Deviation groups. For the In-Ceram ceramics, sta-
IAPA 9.87 9.63 2.40 tistical significances were shown between
IRS 20.40 20.45 6.07 the two groups, and the Rocatec group
EAPA 12.01 1185 503 presented higher bond strength values

ERS 10.34 1010 177 when compared with sandblasting.
EHA 14.49 13.65 3.04 SEM analysis showed differences in the
*Group IHA was eliminated from the statistical analysis due to few specimens being obtained. ceramic surfaces after the different sur-
face treatments. Figure 6A-D shows the

ceramic surfaces in In-Ceram speci-

Table 3: Kruskal-Wallis Test Analysis mens and Figure 7A-D shows the

Groups N Median Mean Post Z statistics representative micrographs of IPS

APA 10 9.63 14.50 267 Empress 2 ceramics. It can be noted

IRS 10 20.45 41.00 376 that the IPS Empress 2 surfaces pre-

EAPA 10 11.85 23.40 051 sented fewer rough surfaces than the

ERS 10 1040 16.50 219 In-Ceram specimens. The micro-

graphs showed that, after the

EHA 10 1365 82.20 161 Rocatec System, In-Ceram present-

Geral 50 255 ed the roughest surface, and no

Descriptive level 0.000 change could be detected after air-

“Group IHA was eliminated from the statistical analysis due to few specimens being obtained. borne particle abrasion with alu-

minum oxide and acid

: etching when compared

Table 4: Mann-Whitney Test to Compare Groups Two by Two* with the control group

IPS Empress 2 In-Ceram (without treatment). The

Ceramic Treatment APA RS HA APA RS IPS Empress 2 Specimens

In-Ceram APA 0.2413 0.5205 0.0036 0.0006 changed after surface

RS 0.0102 0.0006 0.0343 0.0006 treatments, thus obtain-

IPS Empress 2 APA 0.4057 0.3075 0.2413 0.0102 ing a retentive pattern

RS 0.4057 0.0017 0.5205 0.0006 after hydrofluoric acid

HA 0.3075  0.0017 0.0036 0.0343 etching with elongated

*Values below 0.0051 show significant differences. crystals and shallow
*Group IHA was eliminated from the statistical analysis due to few specimens being obtained. irregu]arities_
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Figure 6: A- Photomicrograph of In-Ceram Alumina without surface treatment (I), B- sandblasted with aluminum oxide
(IAPA), C- sandblasted with Rocatec System (IRS), D- Alumina etched with 10% hydrofiuoric acid (IHA) (original magni-
fication 1000x).

Figure 7:  A- Photomicrograph of IPS Empress 2 without surface treatment (E), B- sandblasted with aluminum oxide
(EAPA), C- sandblasted with Rocatec System (ERS), D- etched with 10% hydrofluoric acid (EHA) (original magnification
1000x).

Operative Dentistry

DISCUSSION

Research has focused
on the bond strength
between ceramic
restorations and resin
cement; however, lit-
tle information has
been provided on the
correct use of surface
treatments in differ-
ent types of ceram-
ics.2”® The results of
the current study con-
firmed the hypothesis
that sandblasting In-
Ceram ceramics with
aluminum oxide mod-
ified with silica parti-
cles (Rocatec System)
was able to increase
the bond strength to a
resin luting agent.
Kern and Thompson®
observed surface
irregularities on the
surface of In-Ceram
ceramics associated
with an increase from
15.8% to 19.7% in sili-
ca content after treat-
ment with the
Rocatec Plus system
and its ability to
interact with the
silane treatment, sug-
gesting that this sur-
face treatment could
improve the bond
strength to resin,
which was later
reported by other
Studie812,l9—20,28—29 and
confirmed in the cur-
rent work.

The sandblasting
method has indeed
been widely used to
promote micro-
mechanical retention
in several types of
ceramics, and it is the
conventional proce-
dure performed by
commercial laborato-
ries. However, due to
an increase in the
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crystalline content and a decrease in glass content, an
acid resistance can be seen in ceramics, so that any
type of acid treatment produces insufficient surface
changes for adequate bonding to resin.”

Ceramics reinforced with a high crystal content, such
as In-Ceram Alumina, can be luted by conventional
techniques using zinc phosphate or glass ionomer
cements.'* When mechanical retention and stability of
the dental preparation requires adhesive cementation
with resin cements, the internal surface of the ceram-
ic should be treated to provide mechanical retention.'
It is suggested that silicatization and silanization pro-
cedures are essential in promoting bonding between
resin and In-Ceram ceramic.

Hydrofluoric acid etching is a procedure that creates
micro roughness on the internal surface of ceramic
restorations® and could improve a cement bond.
Many authors have shown that the use of hydrofluoric
acid etching, with a silane application, can improve
some ceramic interaction with resin cements.?**
Silane has the ability to wet and, consequently, con-
tributes to covalent bonding between the siloxane and
ceramic SiO, group. Silane is considered a bi-function-
al coupling agent. This means that each molecule
reacts with two different surfaces: the inorganic phase
of the ceramic material and the organic component of
the resin luting agent. In view of the scientific litera-
ture supporting the use of silane agents, the silane
application was used in all tested groups in this study.
Research involving hydrofluoric acid etching and
silane application has shown an increase in bond
strength values in ceramics that incorporate silica par-
ticles. #1553 Ceramics with a high Al;O5 content are
resistant to acids and, therefore, hydrofluoric acid,
which successfully etches feldspathic ceramics and has
no effect on aluminous ceramic surfaces.” Hydrofluoric
acid etching, followed by silane application, is accepted
as not providing a strong bond in In-Ceram ceramics,**
as demonstrated in the current study results, due to its
minimal glass phase and high aluminum oxide con-
tent, which renders it acid resistant.?

Madani and others" verified that an increase in
hydrofluoric acid concentration decreased bond
strength between In-Ceram Alumina and Panavia 21
cement, demonstrating its inefficiency. These findings
are in agreement with the current study, in which the
In-Ceram Alumina acid group failed during thermo
cycling, thus presenting adhesive failures between
ceramic and resin cement. This can be explained by the
association between thermal cycling and partial silica
removal from the ceramic glass matrix during etching,
which results in an ineffective silane action.

As the interaction between silane and ceramics
depends on the presence of SiO,,* some studies sug-
gest a silicoating process for aluminous ceramics, such
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as the Rocatec System, the Silicoater MD (Heraeus
Kulzer, Hanau, Germany), the PyrosilPen Technology
(SurA Instruments, Jena, Germany), airborne abra-
sion with diamond particles,* surface grinding with
diamond burs® and irradiation with Nd:YAG laser'® to
improve bonding to resin cements.

According to Jedynakiewicz and Martin,* silane cou-
pling-agents are recognized as a critical component of
resin-based composites in which they enable bonding
of the resin matrix to glass filler particles. Silane cou-
pling-agents may be used to enhance ceramic restora-
tion bonding to resin-based composite luting agents.
The chemical coupling is achieved by the reaction of
gamma-methacryloxypropyl trimethoxysilane to the
silicon oxide phase in the ceramic. Silanes are not a
substitute for micro-mechanical resin bonding to the
etched ceramic surface; instead, they are a way of
strengthening this union with a chemical bond.
Following application of silane to the ceramic, the
methacrylate group of silane is available for cross-link-
ing with the methacrylate group in the resin adhesive.
The adhesive will, in turn, cross-link with the
methacrylate groups in the luting composite. In this
way, a very strong bond is formed, which will resist the
forces of polymerization shrinkage and avoid
microleakage.

The Rocatec System uses sandblasting of the ceram-
ic surface with alumina silica to coat the ceramic sur-
face with a 0.1 pm silica layer.” This study showed that
the Rocate System group of In-Ceram ceramics had
greater bond strength than the sandblasting group,
which is in agreement with previous studies.!¢**

With regards to IPS Empress 2, which contains lithi-
um dissilicate, there are few studies on surface treat-
ments. According to the manufacturer’s recommenda-
tion for IPS Empress 2 ceramics, 20 seconds of hydro-
fluoric acid etching is indicated, followed by silane
application, while excessive exposure time to hydroflu-
oric acid would cause the ceramic to weaken.

In the current study, IPS Empress 2 etched with
hydrofluoric acid had a mean bond strength of 14.49
MPa. This IPS Empress 2 acid group presented statis-
tically significant differences compared to the silica
group (Rocatec Plus). Due to possible ceramic weak-
ness caused by excessive acid etching, it was impera-
tive in this study to subject the specimens to 20 sec-
onds of acid etching. The IPS Empress 2 acid group,
and the same ceramic group treated with aluminum
oxide sandblasting, did not show any statistical differ-
ences, suggesting that the standard surface treatment
with aluminum oxide sandblasting is effective for the
IPS Empress 2 ceramic.

Morphological analyses of the acid treated IPS
Empress 2 ceramic showed an irregular surface as a
result of etching the glassy component of the material,
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making the surface more retentive. Aluminum oxide
sandblasting and Rocatec surface treatment showed a
similar morphological surface; however, with irregu-
larities not presenting a retentive pattern. The simi-
larity of surface roughness promoted by these types of
particles was also reported by Borges and others.?
These results show the importance of silica deposition
for chemical bonds to increase the interaction between
In-Ceram and resin cement.

In a study by Kim and others,’ alumina and zirconia
ceramic specimens treated with a silica coating tech-
nique, and lithium disilicate ceramic (IPS Empress 2)
specimens treated with airborne-particle abrasion and
acid etching, yielded the highest tensile bond strength
values to a resin composite for the materials tested.

Future studies should examine the effect of silica and
alumina coating on the bond strength to other ceram-
ics. The differences in composition and microstructure
of all-ceramic restorations might be an important fac-
tor in obtaining effective bond strengths between the
ceramic and resin-luting agent.

CONCLUSIONS

In this study, the Rocatec system provided the most
effective surface treatment for In-Ceram Alumina
ceramics. However, this bonding system did not appear
to benefit IPS Empress 2 ceramics, which attained
higher bond strength values with aluminum oxide
sandblasting and hydrofluoric acid etching for 20 sec-
onds.
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