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Abstract

Introduction: The aim of the present study was to investigate the effect of different surface
treatments of a hybrid ceramic, Vita Enamic, on the micro-tensile bond strength (u-TBS) to resin
cement.

Methods: Ten blocks (3x10x8 mm) were retrieved from the original blocks and divided into 5
groups according to the different surface treatments performed: Groups 1: 35% acid phosphoric
for 60 seconds (PA); group 2: Sandblasting with 50 pm Al,O, particles for 10 seconds (SB);
groups 3: 9.5% hydrofluoric acid for 60 seconds (HF), group 4: The Er:YAG laser 2 W, 10 Hz)
(ER1), group 5: The Er:YAG laser (3 W, 10 Hz) (ER2). All treated surfaces were salinized and the
blocks with similar surface treatments were bonded together using a dual-cured resin cement
and light-cured. After 24-hour storage in water, the blocks were cut into beams (1 mm?). Half
of the specimens in each group (n=16) were tested immediately and the rest were subjected to
thermocycling between 5°C and 55°C for 6000 cycles before the p-TBS test at a crosshead speed
of 0.5 mm/min. The data were analyzed using two-way analysis of variance (ANOVA) and Tukey
HSD tests and the significance level was set at 0.05. The failure mode was evaluated by using a
stereomicroscope.

Results: The p-TBS was clearly influenced by surface treatment methods (P<0.001) and
thermocycling significantly decreased the bond strength values in all groups (P=0.007). The
highest value (66.07 MPa + 11.3) was obtained for the HF groups with no thermocycling and the
lowest values were observed in the laser groups with no significant difference among different
irradiation parameters. Adhesive failure was mainly observed in the PA and SB groups while
mixed failure was predominantly shown in the laser and HF groups.

Conclusion: This study demonstrated that surface treatment of VE with HF and salinization could
improve the bond strength to a dual-cured resin cement, and Er:-YAG laser irradiation with the
evaluated parameters did not promote the adhesion of the resin cement to VE.

Keywords: Er:YAG laser; Hybrid ceramic; Tensile strength; Surface treatment.

particles. Composites are less brittle and do not cause

Ceramics and indirect composite restorations are two
classes of restorative materials which have been widely
used recently due to their esthetic properties. Dental
ceramics are inorganic materials usually made up of
crystalline and glassy phases.! Although dental porcelain
has natural tooth appearance, there are some inherent
problems associated with dental ceramics, like potential
abrasivity to the opposing dentition due to their high
hardness and chipping owning to their brittleness.”
Dental resin composites are comprised of an organic
resin matrix mixed with reinforcing inorganic filler

high antagonistic tooth wear. However, the wear of the
material itself is higher and has lower color stability which
limit their use.?

Dental ceramics display some physical properties similar
to those of human enamel, whereas composite resins
properties are more comparable to dentin characteristics.*
There has been a need for a material that combines the
advantages of ceramics with those of composites.*” The
recently introduced polymer-infiltrated-ceramic-network
or hybrid ceramic offers a combination of ceramic and
polymer properties.>
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Resin bonding is a critical step in the process of placing
indirect restorations that rely on adhesive cementation
to ensure proper retention, durability, and clinical
performance.” Therefore, the adhesive bond between
different materials has to be adapted according to the
physical/chemical characteristics of each material. Non-
destructive methods for treating indirect restoration
surfaces to enhance adhesion to resin luting cement are
desirable.®’

Different types of surface treatments have been used
to improve the bond strength of resin cement to hybrid
ceramic materials. Several of these techniques such as
acid etching with hydrofluoric acid and air-particle
abrasion systems’'? are applied to increase the surface
roughness of the materials. Recently, with laser technology
advancement, the laser is used as a surface treatment
method for indirect restorations including dental ceramics
to improve their bonding to resin cement.'>'* It has been
speculated that a laser beam causes surface alterations
through ablation and melting of ceramic structure and has
aroughening capacity of the inner surfaces of all-ceramics
for adhesive luting procedures.*** Among the various
type of lasers, Er: YAG is one of the most promising lasers
due to its wavelength match with the absorption peak of
water.'® The overheated water abruptly vaporizes and it
causes the surrounding material to be exploded away in
a thermomechanical ablation process.'*'* However, there
is little in the existing literature about the laser treatment
and its roughening capacity of hybrid ceramics."”

Measuring the bond strength of adhesive systems to a
substrate is one of the methods to evaluate the effectiveness
of surface treatment. However, restorations are exposed to
chemical, thermal, and mechanical challenges in the oral
environment which could have a weakening effect on the
bond strength and the adhesive interface.'® Therefore, it is
important to simulate these conditions in in vitro studies.
Although several studies have reported different types of
surface treatments applied to hybrid ceramics,”!" there
is no consensus on the most favorable surface treatment
to strengthen bonding between resin cement and hybrid
ceramics. The present study was, therefore, carried out to
evaluate the effects of different surface treatments on the
micro-tensile bond strength (u-TBS) of an indirect CAD/
CAM hybrid ceramic, Vita Enamic (VITA Zahnfabrik, Bad
Sackingen, Germany) to an adhesive luting resin cement
with and without thermo-cycling. The null hypotheses

Table 1. Materials used in this study'**°

were as follows: the bond strength values would not be
affected by (1) the surface treatment method and (2) the
aging protocol used.

Materials and Methods

The materials used in this study, with their commercial

names and manufacturers, are shown in Table 1.

The present investigation used 5 CAD/CAM blocks of
Vita Enamic. 10 specimens (3 x 8 x 10 mm) were prepared
from the original blocks using a slow-speed diamond saw
with water cooling (Mecatome T201A, Presi, France).
One surface of each specimen was polished using silicon
carbide paper (#800, #1000, #1200, Buehler) under water
spray. The specimens were then cleaned ultrasonically
(Eurosonic 4D, Euronda, Italy) in distilled water for 5
minutes to remove any surface debris.

The polished surfaces of the blocks were conditioned
with 5 different surface treatment methods:

1. Control(PA): the surfaces were etched with 35%
phosphoric acid (Select HV Etch, Bisco, Inc.) for
one minute and rinsed with distilled water for one
minute.

2. Sandblasting (SB): the surfaces were air-abraded with
50-pm of aluminum oxide particles from a distance
of approximatelyl0 mm perpendicular to the treated
surface at 4 bar pressure for 20 seconds.

3. Hydrofluoric acid (HF): the surfaces were etched
with 9.5% HF (Porcelain Etchant, Bisco, Inc.,
Schaumburg, IL) for 60 seconds and rinsed for one
minute and then dried.

4. Er: YAG laser irradiation (L1): the Er:YAG laser
(Pluser, Er:YAG doctor Smile, Italy) was used to
irradiate the surfaces. A contact hand piece with a
600 pm diameter was positioned perpendicular to
the ceramic surface at a distance of 1 mm and moved
manually with a sweeping motion over the entire
surface for 10 seconds, and water (80%) and air (70%)
were simultaneously sprayed to keep the surface
cool. The laser irradiation of all the specimens was
performed by the same operator. The laser-treatment
parameters were as follows: pulse energy: 200 m]J;
power: 2W; pulse mode:100 ps pulse duration; pulse
rate: 10 Hz; energy density of 7070.14 J/cm™

5. Er: YAG laser irradiation (L2): the surfaces were
irradiated using different parameters of the Er: YAG
laser, which were as follows: pulse energy: 300 mJ;

Material Product Composition Manufacturer
Fine-structure feldspar ceramic:86% wt
Hybrid . . Swy, AHOL, NEQ) 160, B0}, €0, 10, VITA Zahnfabrik, Bad Sackingen,
ceramic Vita Enamic Polymer:14%wt German
UDMA (urethane dimethacrylate) Y
TEGDMA (triethylene glycol dimethacrylate)
Duo-link Base: bis-GMA, triethyleneglycol dimethacrylate, urethane dimethacrylate,
Dual-cured . . .
Universal glass filler Bisco Inc, Schaumburg, IL, USA

resin cement

Catalyst: bis-GMA, triethyleneglycol dimethacrylate, glass filler
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power: 3 W; pulse mode: 100 ps pulse duration; pulse
rate: 10 Hz; energy density of 10615.71 J/cm®.

The power of the laser was checked with a power meter
before irradiation (laser point, Italy).

After all surface treatments, the ceramic blocks were
cleaned in distilled water in an ultrasonic unit for 5
minutes and then air-dried for 60 seconds. A 2- part silane
coupling agent (Bis-Silane, Bisco, Schaumburg, IL) was
mixed and applied to the treated surface with a micro-
brush for 30 seconds according to the manufacturer’s
instruction and gently air-dried using oil-free compressed
air. Two similarly treated surfaces were bonded together
with dual-cured resin cement (Duo-link universal, Bisco
Inc., Schaumburg, IL) according to the manufacturer’s
instructions. Excess luting cement was removed using
a disposable micro-brush. The cemented blocks were
submitted to a static load of 1 kg for 5 minutes, leaving
the material to set in the self-curing modality. After that,
the exposed cement was light-cured for 40 seconds from
each side with an LED light curing unit (Bluephase,
Ivoclar Vivadent, Schaan, Liechtenstein) at an irradiance
level of 1100 mW/cm? to ensure optimal polymerization.
The bonded specimens were stored in distilled water for
24 hours at 37°C prior to the pTBS test.

The specimens were then embedded in acrylic resin
blocks. After that, the specimens were vertically sectioned
into serial slabs and further into steaks with approximately
Imm? cross-sectional areas using a slow-speed water-
cooled diamond saw in a cutting machine (Mecatome
T201A, Presi, France). Thirty-two beams were obtained
from each block. The peripheral slices were excluded,
as the result could be influenced by either an excess or
a deficient amount of resin cement at the interface. Half
of the specimens were tested immediately and the other
half of beams were tested after thermocycling (TC)
(6000 cycles, 5°C-55°C); the dwell time and the transfer
time were 30 seconds and 10 seconds respectively. The
specimens were glued to the grips of a microtensile
testing machine (Microtensile tester, Bisco, Germany)
using a cyanoacrylate adhesive and tested in tension at a
crosshead speed of 0.5 mm/min until failure. The cross-
sectional areas of the specimens at the fracture site were
measured with a digital caliper (Mitutoyo, Japan) to
calculate the tensile bond strength in MPa. All fractured
specimens were evaluated by a stereomicroscope (Leica
EZA4D, Leica Microsystems Ltd, Switzerland; x40) to
determine the fracture pattern. The failure modes were
classified as type 1: adhesive failure (Vita Enamic surface
was visible), type 2: mixed failure in Vita Enamic and
luting resin cement (failure line includes both ceramic and
resin luting cement), Type 3: a cohesive fracture in resin
luting cement. Representative specimens of each group
were observed by a scanning electron microscope. The
specimens were rinsed with 96% ethanol and air-dried,
fixed on metallic stubs, sputter-coated with a gold layer,
and then examined under a scanning electron microscope

(Philips XL30, Netherlands) at x300 magnification.

Statistical Analysis

Using the Kolmogorov-Smirnov test, the normality
of data distribution was tested. (P>0.05). The bond
strength of each group was analyzed by two-way analysis
of variance (ANOVA) to determine the significant
differences between the surface treatment methods and
thermo-cycling. Tukey HSD comparison tests were used
for analyzing the pTBS data in MPa. For all analyses, a
significance level of 0.05 and a confidence level of 95%
were considered. IBM SPSS 22 was used for analysis.

Results
The mean and standard deviations of pTBS data (MPa)
are presented in Figure 1. There was no significant
interaction between surface treatment methods and
thermocycling (P=0.671). Two-way ANOVA of the uyTBS
values revealed that the bond strength was significantly
affected by the surface treatment method (P<0.001). All
the specimens submitted to thermocycling showed lower
bond strength values which were significantly different
from those not submitted to thermo-cycling (P=0.007).
The highest uTBS values in non-thermal and thermal
aged groups belonged to the HF group. It was followed
by the SB and PA groups and the bond strength values
for the former was significantly higher than the latter
(P=0.019). All laser treated specimens showed the
weakest bond strength. The uTBS values of the two laser
groups, accompanied by an aging procedure or not, were
not statistically different. Table 2 gives the modes of
fajlure. The SEM images of the fracture surfaces of non-
thermocycled specimens are presented in Figure 2.

Discussion

Vita Enamic, a hybrid ceramic with a dual network
structure, has been recently introduced as an indirect
esthetic restorative material.?»* As bonding of indirect
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Figure 1. Mean pTBS (MPa) Results as a Function of the Type of
Surface Treatment and Thermocycling. The vertical bars denote
0.95 confidence intervals.
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Table 2. Percentage Distribution of Failure Modes

Surface Treatment Methods

PA HF SB ER:YAG 2W ER:YAG 3W
Aging protocol 1 2 3 1 2 1 2 3 1 2 3 1 2 3
Non-thermocycled 13 3 0 1 12 11 5 0 6 10 0 5 11 0
Thermocycled 15 1 0 2 13 9 7 0 6 10 0 1 15 0

restorationsis highly dependent on theiradhesiveinterface
and essential to ensure a favorable outcome, this in vitro
study was designed to examine the impact of different
surface treatment methods on the adhesion of a dual-
cured resin cement to Vita Enamic and to assess the bond
durability after thermocycling. Regarding the surface
treatments, it could be observed that this factor affected
the uTBS values and varied among different groups;
thus, the first hypothesis about the ineffectiveness of the
type of surface conditioning on the bond strength values
was rejected. In addition, thermocycling significantly
decreased the bond strength; thus, the second hypothesis
regarding insignificant influence of the aging protocol on
the bond strength values was also rejected.

The etchability of the ceramic or ceramic-like material
is an important part of the information required for the
clinician to indicate the way the restoration is luted.”
Enamic is a material consisting of a dominant ceramic
network infiltrated with a monomer mixture.”* In this
respect, as could be expected in the present study, the
ceramic content of the hybrid material guided the surface
treatment and the hybrid ceramic specimens etched by
hydrofluoric acid attained the bond strength values higher
than the specimens treated with other methods. The glass
content of the feldspar ceramic network is dissolved in
HF and also part of the polymer,” producing an irregular

and retentive surface. Through silanization, the surface
is conditioned to bond to the resin matrix of the resin
luting cement and provide an effective interaction.'™'
Using the silane coupling agent with silica based ceramics
is an essential factor to increase the wettability of the
surface and create a hydrophobic surface for improving a
chemical bond to the resin cement.’® These might explain
the higher bond strength achieved with this treatment
method. The HF and silanization caused the specimens to
fail predominantly in a mixed mode (Table 2, Figure 2B).
In this study, silane was applied to the treated surfaces
in all groups to obtain similar preparation regarding the
influence of the silane coupling agent.

Air-abrasion by pure alumina is a method of surface
treatment for an indirect composite and high strength
ceramics.”** Surface preparation by abrasive blasting
is assumed to be different depending on the setting
of a wide range of parameters such as particle size,
pressure, distance from the surface, working time, and
impact angle.® It increases surface energy, wettability,
surface roughness and irregularities which may
augment the interlocking between the resin cement
and the ceramic.””*® In the current study, the uTBS of
the sandblasting surface treatment group was lower
than that of the hydrofluoric acid treatment group. The
fractured surface of the SB specimen examined by SEM

Figure 2. Representative SEM Micrograph (x300) of debonded surfaces of no-thermocycled specimens. A: Phosphoric acid (PA); B:
Hydrofluoric acid (HF); C: Sand blasting(SB); D: 2W Er:YAG laser; E: 3WEr:YAG laser.
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also revealed a relatively homogenous surface not deeply
dented (Table 2, Figure 2C), which might explain the
lower bond strength values compared with the HF group.
Hydrofluoric acid chemically reacts with the silica phase
of the fine-structured feldspathic component® of VE and
penetrates into the depth of the hybrid ceramic rather
than the merely surface alteration made by sandblasting.?’
Consequently, HF might create more significant micro-
porosities for mechanical interlocking with the resin
luting cement. Kern and Thompson have stated that
sandblasting of feldspathic ceramics should be avoided
since it can cause a huge volume loss in the materials.”
Also, it has been stated that although sandblasting
increases surface roughness, such irregularities are not in
the form of retentive undercuts formed by hydrofluoric
acid treatment,” and the undercuts with sharp angles
may impede the complete wetting of the surface which
could adversely affect the bond strength.” Yoshihara et al
showed that sandblasting caused a crack on the surface of
all the investigated composite CAD/CAM block.” Tekge
et al also reported lower values of micro-tensile bond
strength of Vita Enamic to dual-cured resin cement after
surface sandblasting for 60 seconds in comparison with a
shorter period of air abrasion. The adhesion stability after
5000 thermo-cycles was adversely affected by prolonged
sandblasting.**

The finding of the current study is in agreement with
other investigations'"*> which found the HF treatment
and silanization method as the most effective treatment
approach for improving the strength of the bond between
the hybrid ceramic and resin cement in comparison with
the air abrasion method.

One surface treatment method used in the present
study consisted only of etching with phosphoric acid. It
was a more effective procedure to obtain higher bond
strength values in comparison with laser irradiation
but it led to significantly lower values than those in the
HF and SB treatment groups. Etching with phosphoric
acid is a routine step in adhesive procedures. Although
phosphoric acid is not capable of modifying the surface
topography,! it has a cleansing effect, eliminates the
surface debris and enhances surface energy and wettability
of the surface.'*® The subsequent application of a silane
coupling agent might have improved the union between
the surface of the hybrid ceramic and the resin cement.
It can be assumed that adequate surface activation was
provided through silanization and chemical interaction
rather than micromechanical bonding.”” This might be
explained by the failure mode which was mainly adhesive
(Table 2, Figure 2A).

The other method of surface treatment used in this
study was Er:YAG laser etching with two different output
powers. The low power setting was considered for the
current study to avoid damage induced by heat to the
surface of the laser irradiated ceramic specimens. Gokge
et al”® demonstrated that the highest strength of the bond

to lithia-based ceramic could be achieved with a low
Er:YAG power setting at 300 mJ in comparison to 600
and 900 m] and it was attributed to the fact that a high
laser power setting could be destructive to the porcelain
surface through heating damage and dissociation of the
crystal and/or matrix phases. Laser irradiation creates a
rough surface by different mechanisms such as removing
the glass phase of the porcelain® or through the ablation
of the resin matrix®™ and the explosion of the flowing
water spray.'® In the current study, laser etching caused
the lowest bond strength regardless of the power setting.
The low bond strength could be attributed to two factors.
Firstly, it could be related to the low energy density
of the irradiated laser which might result in shallow
irregularities and less defined penetration zone of the
luting resin cement.” Secondarily, the heat could damage
the superficial layer of the hybrid ceramic following
laser irradiation which might be separated from the
underlying intact ceramic during bond strength test,
while the outermost layer remained interlocked with the
resin luting cement." Several studies have concluded that
Er:YAG laser etching has been inadequate for improving
the strength of the bonds of feldspathic porcelain to the
resin cement™ or to the resin composite.*” Mixed failures
were the most prevalent failure type in laser irradiated
specimens. (Table 2, Figure 2D,2E)

The bonding interface could be affected in a humid
and thermally dynamic oral environment. In the current
study, thermocycling was used to artificially age the
adhesive interface for assessing the stability of the resin
cement interaction with the hybrid ceramic. After 6000
thermocycling, the specimens exposed to the aging
protocol exhibited significantly lower bond strength in
all groups in comparison to the non-aged specimens.
Similarly, Lise et al found lower bond strength values
of Vita Enamic specimens to self-adhesive cement and
a light-curing flowable resin composite following water
storage for 6 months regardless of the type of the surface
treatment for the CAD/CAM blocks."* This could be due
to the penetration of small water molecules into small
spaces at the adhesive interface and between polymer
chains, resulting in decreased stability of the union and
causing its plasticization.”"

Considering the limitation of this study, it is
recommended that the hybrid ceramic, Vita Enamic,
should be treated similarly to an etchable silica/glass-
based systems since HF application and silanization
provided the highest bond strength. However, it is clear
that other brands of hybrid ceramics and resin cements
need to be tested to provide more reliable treatment
protocols for hybrid ceramics. In addition, in order to
use an Er:YAG laser for superficial treatment of hybrid
ceramics, more studies are still required to examine the
different parameters of such lasers and their possible
effects.
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Conclusion

Based on the results obtained and within the limitations
of this in vitro study, it was concluded that the use
of hydrofluoric acid was the most effective surface
treatment method for the hybrid ceramic to provide the
highest strength of the bond to the luting resin cement.
Sandblasting of the hybrid ceramic with 50 um Al O,
particles was not effective in the HF surface conditioning
method to improve the bond strength values. Acid etching
with phosphoric acid revealed higher bond strength
values in comparison to Er:YAG laser etching. The
Er:YAG laser conditioning method within the parameters
tested showed lower bond strength compared to the other
surface treatment methods. Thermo-cycling showed a
considerable influence on the hybrid ceramic/luting resin
cement interface and caused a significant reduction in the
bond strength values after all surface treatment methods.
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