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ABSTRACT

Objective: the study is aimed to evaluate the effect
of different surface treatment methods on shear bond
strength between composite repair system and both
of zirconia core and veneering porcelain and analyze
the mode of failure between composite repair and
ceramic surface. Material and methods: 40 Ceramic
discs were fabricated with diameter of 7 mm and 3
mm thickness and divided according to material
into two groups, Zirconia core discs (n = 20) and
veneering porcelain discs (n = 20). Specimens were
thermocycled and then each group was subdivided
according to surface treatment method into 4 equal
sub groups (n = 5) ,control subgroup I air abrasion,
subgroup II Cojet, subgroup IV combination of cojet
and laser surface treatment. Composite blocks were
built up and polymerized on the surface of the
specimens and shear bond strength of composite to
each specimen was tested using a universal testing
machine and mode of failure was evaluated using
stereomicroscope. Results: Regardless of ceramic
type; there was a statistically significant difference
between surface treatments. Cojet recorded the
highest mean shear bond strength. Laser showed
the highest prevalence of adhesive failure. Porcelain
+ Cojet showed the highest prevalence of cohesive
failure. Conclusion: Cojet surface treatment provided
superior shear bond strength regardless of the ceramic
type whether zirconia or porcelain. Porcelain provided
superior shear bond strength values in comparison to
zirconia regardless of the surface treatment method
tested. Porcelain showed higher percentage of cohesive
failure that while the mode of failure in zirconia was
most commonly adhesive.
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RESUMO

Objetivo: O objetivo deste estudo foi avaliar o efeito de
diferentes métodos de tratamento de superficie na resisténcia
ao cisalhamento de reparos de resina composta e ntucleos
de zirconia ou cobertura de porcelana, e analisar o modo
de falha entre o reparo e a superficie ceramica. Material
e métodos: 40 discos de ceramica foram fabricados com
didmetro de 7 mm e 3 mm de espessura e divididos de
acordo com o material em dois grupos, discos de zirconia
(n = 20) e discos de porcelana (n = 20). As amostras foram
termocicladas e, em seguida, cada grupo foi subdividido
de acordo com o método de tratamento de superficie em
4 subgrupos iguais (n = 5), subgrupo I :controle (abrasao
a ar); subgrupo II: Cojet; subgrupo III: laser; subgrupo
IV: combinacdo entre Cojet e tratamento de superficie
a laser. Blocos de resina composta foram construidos e
polimerizados na superficie das amostras e a resisténcia ao
cisalhamento do compdsito para cada amostra foi testada
usando uma mdquina de teste universal e o modo de falha
foi avaliado usando o estereomicroscépio. Resultados:
Independentemente do tipo de ceramica houve diferenca
estatisticamente significante entre os tratamentos de
superficie. Cojet registrou a maior forca média de unido ao
cisalhamento. O laser mostrou a maior prevaléncia de falha
adesiva. Porcelana + Cojet apresentou a maior prevaléncia
de falha coesiva. Concluséo: O tratamento superficial com
Cojet proporcionou resisténcia superior ao cisalhamento,
independentemente do tipo de ceramica, seja zirconia
ou porcelana. A porcelana forneceu valores superiores de
resisténcia ao cisalhamento em comparacdo com a zirconia,
independentemente do método de tratamento de superficie
testado. A porcelana apresentou maior porcentagem de
falha coesiva que enquanto o modo de falha na zirconia era
mais comumente adesivo.
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INTRODUCTION

he modern need for better esthetic restorations

has increased especially with latest advances
in sciences of materials and in methods and
techniques of construction. Concerns regarding
biocompatibility of the metal ceramic restorations
along with its esthetic qualities provoked the need
for development of better all ceramic systems
that can provide function and esthetics with no
compromises [1].

Reinforcing glass ceramics and introducing
tougher materials like zirconia proved to be a good
alternative in molar and posterior region and in
long span bridges.

However with the need for good esthetic
outcome zirconia restorations which had high
strength properties did not deliver the ideal optical
properties as they are opaque in nature and does
not permit passage of the light as natural teeth
would allow which necessitates the need for an
esthetic solution for this drawback [2].

The first solution was to layer the zirconia
framework with a higher translucency material to
permit passage of light and mimic the natural teeth
shade for better esthetic restorations. The need for
esthetics in stress bearing areas lead to the usage
of monolithic zirconia to prevent the drawbacks of
porcelain chipping The suggested material that can
be layered was feldspathic porcelain which come
in a form of a powder and a liquid which would be
mixed together and layered layer by layer on top of
the surface of zirconia and fire it in a specific porcelain
oven. The other method was over pressing a pressable
ceramic material on top of the surface of zirconia with
a higher strength pressable ceramic material [1-3].

Due to the chemistry and the composition of
the zirconia, it has weak bonding properties to other
materials as the veneering porcelain. Other reasons
suggested for the fractured veneering porcelain is the
improper technique of manufacturing and layering
as the layer thickness of porcelain exceeded the
thickness of 2 mm and left unsupported porcelain
which was prone to fracture.

The high fracture rate of the veneering
porcelain of zirconia frameworks compared to
porcelain fused to metal restorations necessitates
the need for research into repair and finding a
faster and efficient means for repairing zirconia.

Methods of repair are divided into repair
immediately at the clinic or repair at the lab by
adding new layers of porcelain .Immediate repair
in the clinic is the most favorable as it will save
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chair time and patients time. Immediate repair in
the clinic comprises the use of different surface
treatment methods to increase the roughness of
the surface and increase the amount of shear bond
strength. Laser surface treatment recently was used
as a new method to increase surface roughness
of the ceramics and to improve the bond strength
during intraoral repair to be a more practical option
rather than surface treatments as air abrasion or
silica coating [3].

Composite resin is the material used for
immediate repair of fractured veneering porcelain
with the use of silane coupling agent to promote
good bond strength between fractured porcelain or
framework and the composite resin. The choice of
composite resin is due to its ability to bond and its
esthetic properties [2,4].

The aim of this study is to investigate the
effect of different surface treatments which are air
abrasion, Cojet, laser irradiation and combination
of Cojet and laser irradiation on shear bond
strength between composite repair system and both
of zirconia core and veneering porcelain.

MATERIAL AND METHODS
Sample Size Calculation

In this study power analysis was performed
for a 2 x 2 fixed effects analysis of variance; the first
factor (Ceramic type) includes 2 levels and the second
factor (Repair system) includes 4 levels. Based upon
the results of Akyil MS et al. (2010) [1] and Uzun IH
et al.(2017) [2], using alpha (a) level of 0.05 (5%)
and Beta (B) level of 0.20 (20%) i.e. power = 80%;
the minimum estimated sample size was 5 samples
per subgroup giving a total of 40 samples. Sample
size calculation was performed using IBM ® SPSS ®
Sample Power ® Release 3.0.1.

Sample preparation

Forty Ceramic discs were fabricated with
diameter of 7mm and 3mm thickness and divided
according to material into two groups, Zirconia
core discs (n = 20) and veneering porcelain discs
(n = 20). Specimens will be thermocycled and then
each group will be subdivided according to surface
treatment method into 4 equal sub groups (n = 5),
control subgroup I air abrasion, subgroup II Cojet,
subgroup III laser, subgroup IV combination of air
abrasion and laser surface treatment. Composite
blocks were built up and polymerized on the surface of
the specimens and shear bond strength of composite
to each specimen was tested using a universal testing
machine and mode of failure was evaluated using
stereomicroscope (Figure 1, Tablel).
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Ceramic Discs (n=40)

Zirconia (n=20) Porcelain (n=20)

1
I 1
Air Abrasion l T \ l 5 \ Laser & cojet Air Abrasion : . 5 Laser & cojet
(n=5) Cojet (n=5) Laser (n=5) (n=5) (n=5) Cojet (n=5) Laser (n=5) (n=5)

Figure 1- Showing sample groups and distribution.

Table 1- Chemical composition of different tested materials

Material Manufacturer \
Zirconium oxide 70-100%
. - ' Aluminum oxide 0-1%
Bio ZX2 Zirconium Dental Direkt GmbH, Germany Yttrium oxide 345%
Hafnium oxide 1-5%
Sodium Potassium Aluminosilicate
Ceramco PFZ Dentsply Sirona, USA Si02, Al203,Na20, K20, Sn02, Ce02, Pigments, NA
13-Butanediol Xi
bisphenol A diglycidylmethacrylate <12%
trigthylene glycol dimethacrylate <5%
Silanated barium glass filler not mentioned
. Silanated silica filler not mentioned
Clearfil AP-X composite Kuraray Noggal;ﬁ DentalInc, Silanated colloidal silica not mentioned
p dl-Camphorquinone not mentioned
Catalysts not mentioned
Accelerators not mentioned
Pigments not mentioned
Ethanol 30-50%
Porcelain Primer Bisco Dental Inc, USA Acetone 30-50%
Silane 1-5%
] ; Polyacrylamidomethylpropane sulfonic acid 50-70%
e BiscoDental Inc, USA hydrofluoric acid,aqueous solutions 10-30%
Bisco Intraoral Repair el ig-said
Kit [ Bisphenol A Diglycidylmethacrylate 5-10%
' Z-Prime Plus Bisco Dental Inc,USA 2-Hydroxyethyl Methacrylate 5-10%
Proprietary 1-5%
MDP 1-5%
Urethane Dimethacrylate 10-30%
Porcelain bonding resin Bisco Dental Inc,USA Tetrahydrofl?rlzﬁcm ethacrylate 1838;2
Trimethylolpropane Trimethacrylate 1-5%

Braz Dent Sci 2020 Jan/Mar;23(1)



Baiomy AA et al.

Manufacturing the zirconia discs
was done by cad cam machine (Vhf S1, vhf
camfacture AG, Lettenstrae 10, 72119
Ammerbuch, Germany) used to mill the discs
and after milling all excess support sprues
were removed and the discs were sintered in
a sintering oven (Roko Tytan Zr II, Poland)
according to manufacturer instructions.
Porcelain discs were manufactured by
designing a wax mold which was milled with
cad cam machine (Vhf S1, vhf camfacture
AG, Lettenstrafle 10, 72119 Ammerbuch,
Germany) and poured in with a refractory
material (Norivest Kuraray,Japan) to make a
refractory mold for porcelain application to
make porcelain discs.

Sample surface standardization and
finishing

A 3d printed carrier was designed and 3d
printed from polylactic acid material ( PLA) to
act as a carrier to hold the discs in place while
moving them against the sandpaper to allow
to standardize their surface with sandpapers.
To ensure standard surface topography of all
discs and surface finish, four sandpapers of
different grit sized (600,800,100,1200) were
used and a special 3d printed holder was
printed to hold all discs (Figure 2) [3].

Figure 2 - 3d Printed holder for the samples to be ready for
sanding procedure.
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Ageing Process

To simulate clinical condition of ageing,
all specimens were thermocycled (1000 cycles)
between 5°C — 55 °C with a dwell time of 30
seconds in distilled water bath and a transfer
time of 10 seconds before surface treatment in
a thermos-cycling unit (Julabo FT200, Julabo,
Seelbach, Germany).

Randomization

After thermocycling, an online research
randomization software (randomizer.org) was
used to allocate each sample to its designated
testing group randomly.

Surface Treatment

Air Abrasion: air abrasion was done
by pressing on the foot control to allow air
pressure of 2.8 bar and Air particle abrasion
method was performed using 50 p grain
sized aluminum oxide powder for 10 seconds
duration. A standardization device (device A)
was designed and 3d printed to ensure the
uniform distance and angle between ceramic
disk and nozzle of the air abrasion device
(Figure 3) [1].

Figure 3 - Device A to standardize the distance and angle of
air abrasion tip to the ceramic disc.
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Cojet: Air flow at a pressure of 2.8 bar
was allowed for 15 seconds to allow the Cojet
particles to blast the surface of the discs.
A standardization device (Device B) was
designed and 3d printed to ensure uniform
and correct distance and angle between tip of
the Cojet hand piece and the ceramic surface
(Figure 4) [1].

Figure 4 - Device B to standardize the distance and angle of
Cojet device to the ceramic surface.

Laser: Laser irradiations of the discs
was performed by Er,Cr:YSGG laser device
(Waterlase; Biolase Technology, San Clemente,
CA, USA) at power outputs of 3 W, with a
2780-nm wavelength at a pulse duration
of 140 us, and fixed repetition rate of 50 Hz
for 50 sec at a distance of 1 mm by the same
operator in sweeping motion . The laser beam
was delivered by the 800-um diameter MZ8 tip.
This laser irradiation was accomplished under
an air/water (56/55) cooling system [4-8].

Laser and Cojet: Laser was first applied
with the same parameters as in laser group
and after that Cojet sand was applied with the
same parameters as in Cojet group. The order
of the application was Cojet followed by Laser
application [8].

Sample Cleaning: All discs were cleaned
in ultrasonic cleaner following the step of
surface treatment for 10 minutes followed by
steam cleaning for 10 seconds and air-drying
using oil free air stream.

Shear Bond Strength of Composite Repair System to Bilayered
Zirconia Using Different Surface Treatments (In Vitro Study)

Preparing the discs for adhesive

procedure

After surface treatment and cleaning
procedures, all the discs were fixed in a rubber
based plate for easier handling. Discs were
divided into 4 plates and each plate contain 5
discs in their carriers. Surface of the samples
were cleaned using phosphoric acid supplied
in the intraoral repair kit for 15 seconds. After
cleaning with phosphoric acid, the discs were
cleaned thoroughly in ultrasonic cleaner for
1 minutes followed by steam cleaning and
drying in oil free air flow for 5 seconds per
disc [1-3,8]

Composite application

A square PLA mold with an internal hole
of 8mm diameter and height of 3mm was used
as a guide for the blade to cut a transparent
polyethylene tube with an internal diameter
of 5mm and external diameter of 8 mm which
was used for packing composite to the surface
of the discs. Z prime (in case of zirconia discs)
or silane coupling agent (in case of porcelain
discs) solution was air dried according to
manufacturer’s instructions. Bonding resin
was applied to the surface of ceramic discs
according to the manufacturer instructions.
Composite (Clearfil AP-X Esthetics) was used
and packed through the polyethylene tube on
the surface of the discs in two incremental
layers to ensure full curing of the composite
with curing time 30 seconds per layer. After
complete curing the PLA mold was removed
and the polyethylene cylinder was cut from
the side and peeled away to avoid exerting
any pressure of the samples and composite
bonded to it to ensure even stresses at
the composite-disc interface Curing of the
composite was repeated from the four side
walls for 30 seconds per direction with a total
of 120 seconds per disc (Figure 5) [1,2].
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A *PLA housing for the
polyethylene tube

B *Polyethylene tube housing for
application of composite

C *Composite disc

D *Ceramic disc

E *3d printed PLA mold housing
for the ceramic disc

Figure 5 - PLA mold system for application of composite to
ceramic surface.

Shear Bond testing

Universal testing machine (Instron
universal testing machine model 3345
England) was used to test shear bond strength.
Computer software Bluehill instron version
3.3 was used to record the data. Specimens
were mounted to the lower compartment.
Monobeveled chisel with a thickness of 0.5
mm was used to perform the shear bond test
in a direction parallel to the surface of the
disc and at a crosshead speed of 1mm/min.
Measurement of shear bond strength values
were calculated by converting the loads into
MPa by dividing the maximum failure load
(N) by the bonding area (mm2) saved in excel
sheet.[1-3,8]

Mode of failure

The mode of failure was determined
by one operator using stereomicroscope (MA
100 Nikon Japan) using 50x magnification
to identify the mode of failure of the tested
groups which was classified into:

A- Cohesive failure: failure within the
same material whether the composite repair
layer or ceramic layer;

B- Adhesive: Failure along the interface
between the composite layer and ceramic
layer;

C- Mixed: Both adhesive and cohesive
failure.

Shear Bond Strength of Composite Repair System to Bilayered
Zirconia Using Different Surface Treatments (In Vitro Study)

RESULTS

Two-way ANOVA test was used to study
the effect of ceramic type, surface treatment
and the interaction between the two variables
on mean shear bond strength. Bonferroni’s
post-hoc test was used for pair-wise
comparisons. The significance level was set at
P < 0.05. Statistical analysis was performed
with IBM SPSS Statistics for Windows,
Version 22.0. Armonk, NY: IBM Corp. Failure
mode data (Qualitative data) were presented
as frequencies and percentages. Fisher’s
Exact test was used to compare between the
groups. The results showed that ceramic type
(regardless of surface treatment) and surface
treatment (regardless of ceramic type) had a
statistically significant effect on mean shear
bond strength. The interaction between the
two variables had no statistically significant
effect on mean shear bond strength. Since
the interaction between the variables is non-
statistically significant, so the variables are
independent from each other. Regardless of
surface treatment; Zirconia showed statistically
significantly lower mean shear bond strength
than Porcelain (P-value < 0.001, Effect size =
0.533) (Table 2, 3) (Figure 6).

16 -

e
N £
. L
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i

Shear bond strength (MPa)

Zirconia Porce lain

Figure 6 - Bar chart representing mean and standard deviation
values for shear bond strength of the two ceramic types
regardless of surface treatment.
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Table 2 - Chemical composition of different tested materials

variation
Ceramic type 193902 1 193902 36459  <0.001* 0533
Surface treatment 239434 3 7981 15007 <0.001* 0585
Ceramic type x
Surface treatment 6221 3 2074 0390 0.761 0.035
interaction

df: degrees of freedom = (n-1), *: Significant at P < 0.05

Table 3 - the mean, standard deviation (SD) values and results
of two-way ANOVA test for comparison between shear bond
strength of the two ceramic types regardless of surface
treatment

Mean SD Mean SD
665 282 1106 373

<0.001* 0533

*: Significant at P < 0.05

Effect of surface treatment regardless
of ceramic type

Regardless of ceramic type Cojet

recorded the statistically significantly highest
mean shear bond strength. There was no
statistically significant difference between Air
Abrasion and Laser & Cojet; Laser showed the
lowest mean shear bond strength with non-
statistically significant difference from Laser
& Cojet (Figure 7, Table 4).

“Z
f.
s
w

T8
25
9

2

0

Air Abrasion Cojet Laser & Cojet
Figure 7 - Bar chart representing mean and standard deviation
values for shear bond strength of the four surface treatments
regardless of ceramic type.
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Table 4 - the mean, standard deviation (SD) values and results
of two-way ANOVA test for comparison between shear bond
strength distances of the four surface treatments regardless of
ceramic type

Mean SD Mean SD Mean SD Mean SD
9258 241 1248* 371 571° 256 799 388 <0001 0585

*: Significant at P < 0.05, Different superscripts are statistically
significantly different

Mode of failure

There was a statistically significant
difference between failure modes in the
different groups (P-value <0.001, Effect size
= 0.699). Zirconia + Laser showed the highest
prevalence of adhesive failure. Porcelain
+ Cojet showed the highest prevalence of
cohesive failure. Zirconia + Air Abrasion

showed the highest prevalence of mixed
failure (Figure 8, 9).

M Zirconia + Cojet
W Zirconia + Laser

M Zirconia + Laser & Cojet
W Porcelain + AA

B Porcelain + Cojet

w Porcelain+ Laser

w Porcelain+ Laser & Cojet

Adhesive

Cohesive Mixed

Figure 8 - Bar chart representing failure modes in the different
groups.

Figure 9 - Different modes of failure (A) Adhesive in zirconia (B)
Mixed in zirconia (C) Cohesie in porcelain (D) Mixed in porcelain.
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DISCUSSION

Zirconia has been used in dental field for
many years due to its good strength properties
and the ability to withstand stresses during
function for long period.

Layering of zirconia has been introduced
to add more natural translucent appearance
to the restoration .However this layering
technique has its drawbacks as the bond
between zirconia framework and the
overlying porcelain was low and chipping of
the overlying porcelain was always a common
drawback.

Studies showed that failure that occurred
clinically due to delamination of porcelain
was 13% after 3 years and 15.2% after 5 years
[4,5].This study was conducted to evaluate the
effect of different surface treatment methods
on shear bond strength between either zirconia
or feldpsathic porcelain and repair composite
resin. Surface treatment methods tested in
this study were Laser, Cojet, Air Abrasion, and
Laser and Cojet combination.

Airborne abrasion comprises the use
of air pressed alumina particles that can
have different size ranges as 50 microns
and 110 microns which tend to change the
topography of the surface. Many studies
revealed that air abrasion particles can
penetrate up to 15 microns into the substrate
surface leading to development of cracks and
phase transformation [6,7]. In this study the
parameters of air abrasion were 2 bar air
pressure, the size of the particles were 50
microns and the tip distance from the ceramic
surface was 10 mm for 20 seconds blasting
time per ceramic surface. The selection of the
parameters was based on the previous study
of Barutcigil et al. [8]. The selected particle
size and air pressure was recommended to
avoid phase transformation of the zirconia or
crack creation.

The use of the Cojet intraoral adhesive
repair system was introduced by 3m company.
The usage is by airborne particle abrasion

Shear Bond Strength of Composite Repair System to Bilayered

Zirconia Using Different Surface Treatments (In Vitro Study)

using a chair side abrader for 15 seconds
with a small size 30microns silica modified
AL203 particles at an air pressure of 3 bar.
Cojet results in embedding silica particles
inside the surface of the zirconia rendering it
more chemically reactive to chemical bonding
agents and subsequently increasing bond
strength (6).The parameters used with cojet
system in this study was 30 microns cojet
sand particle size, 2.3 bar air pressure and at
a 10 mm distance from the ceramic surface.
The parameters were determined based on
previous study [9-11].

In addition to the most common currently
used surface treatment methods laser has
been introduced modify the surface and for
surface treatment of the ceramics. The process
of surface treatment comprises very rapid
heat change with the free running micro pulse
emission causing explosive dislocation of the
particles creating irregularities or depressions
and micro irregularities. Laser used in this
study was Er:Cr YSGG with parameters of
3W output power at 50Hz frequency based
on previous study of Zanjani et al. [10]
who evaluated Er:Cr YSGG laser with other
different surface treatment methods. It was
found that only at 3w power output can the
Er:Cr USGG laser be considered a surface
treatment method to create surface roughness
and irregularities for better bond strength.

To mimic the clinical condition in the
patient’s mouth, thermocycling was done by
application of 1000 cycles between 5c and
55c as some reports stated that humidity and
oral environment conditions affect the bond
strength but not in a statistically significant
way [12-14].

After  surface treatment method
phosphoric acid application along with
ultrasonic cleaning was done to ensure the
cleanliness of the surface of the specimens
by removing contaminations from the surface
and to facilitate bonding to composite rather
than create roughness as mentioned by In-Hae
Han et al. [7].

8
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Composite resin was applied to the
surface of the discs incrementally and light
cured. The composite chosen for the study
was Clearfil-AP-X esthetics which is a micro-
hybrid composite. The choice of this type of
composite was based on previous studies
that implemented it in the repair process and
testing the shear bond strength [15-17].

Studies showed that the silica content
of porcelain is 50-60% by weight while in
zirconia it is less than 1% by weight. For this
reason silane coupling agent is not effective
with zirconia based surface as it contains
nearly no silica which are the main component
that chemically bond to silane and increase
the bond strength. For this reason silane was
not used with zirconia discs and was used with
feldpsathic discs as they contain enough silica
to chemically band with the silane. To achieve
chemical bond to zirconia Z-prime was used
as it contains phosphate ester monomer 10-
MDP which chemically bonds with oxide layer
of zirconia and increase bond strength [7].

Bond strength in vitro was evaluated
using shear testing method by application of
load on the bonded composite disc from the
side until fracture. Shear bond strength test
was selected from other tests as microshear
and tensile for its simplicity and clear test
protocol and test results can be analyzed
rapidly. Monobeveled chisel with a thickness
of 0.5 mm was used to perform the shear
bond test in a direction parallel to the surface
of the disc and at a crosshead speed of 1
mm/min according to ISO/TS 11405:2003.
Measurement of shear bond strength values
were calculated by converting the loads into
MPa by dividing the maximum failure load
(N) by the bonding area (mm2) saved in excel
sheet.

Regarding the effect of ceramic type:
Zirconia showed statistically significantly
lower mean shear bond strength than porcelain
because of the lack chemically active silica
which chemically bonds to composite through
silane bonding agent since the silica content

Shear Bond Strength of Composite Repair System to Bilayered

Zirconia Using Different Surface Treatments (In Vitro Study)

of feldspathic porcelain (50-60 % by weight)
is higher than zirconia (lower than 1% by
weight) as stated by In-Hae Han et al. [7]
which is responsible for higher chemical
bond strength to silane and composite resign
accordingly

Regarding the effect of surface treatment
regardless of the ceramic type: there was a
statistically significant difference between
surface treatments. Cojet recorded the
statistically significantly highest mean shear
bond strength, which is in accordance with In-
Hae Han et al. [7] due to the blasted silica
modified aluminum silicate particles that
create silica coat for bonding to composite
resin through silane coupling agent.

Other studies by Abushelib et al. [12]
,Markus et al. [18] and Encke et al. [19] stated
that the presence of phosphate ester monomer
10-MDP provided stable and strong chemical
bond to zirconia because it binds directly to
the zirconia oxide layer with high bonding
strength. As the Z-prime =zirconia primer
contains such MDP and provide high bond
strength and increase chemical bond strength
to zirconia, thus these findings conform to
previous studies.

Laser showed the lowest mean shear
bond strength which is in accordance with
Zanjani et al. [10] who attributed the weak
effect of laser is the inability to create surface
irregularities and roughness enough to affect
the shear bond strength compared to air
abrasion. In addition, analysis of the surface
of zirconia after laser surface treatment was
done by Foxton et al. [20] and revealed dark
areas, damaged surface with cracks which is
probably due to the melting of the surface
using laser.

With Zirconia: Pair-wise comparisons
between the surface treatments revealed that
Cojet recorded the statistically significantly
highest mean shear bond strength which is in
accordance with May et al. [21] and this high
bond strength was attributed to the action of
silica coating of the surface of the zirconia

9
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making the surface chemically bondable to
MDP based resin cements and silane coupling
agents and it was also attributed to increased
roughness and surface area from the blasting
action of silica coated aluminum oxide
particles onto the surface of zirconia.

Laser showed the lowest mean shear
bond strength which can be explained due to
the melting action of the laser to the surface of
the ceramic material as mentioned by Foxton
et al. [20] who mentioned the presence of
damaged surface, dark areas and cracks which
were probably due to the melting action of the
laser.

With Porcelain: there was a statistically
significant  difference = between surface
treatments. Pair-wise comparisons between
the surface treatments revealed that Cojet
recorded the statistically significantly highest
mean shear bond strength. Laser showed the
statistically significantly lowest mean shear
bond strength, which is in accordance with
Sarac et al. [15]. This can be explained as the
porcelain has high content of silica 50-60%
by weight and the action of Cojet increased
the amount of silica by embedding silica
coated aluminum oxide to the surface of the
porcelain which resulted in high amount of
chemically bondable silica that achieved high
bond strength to the silane coupling agent
and also can be attributed to the increase in
surface area and roughness that resulted from
the blasting action of silica coated aluminum
oxide to the surface of porcelain which was
considered by Sarac et al. the “major” factor
for a strong bond [17,19]

In general the laser shear bond strength
values were less in the porcelain sub groups
than in zirconia sub groups and this can be
explained in accordance to Sari et al. [22]
in his study that measured light transmission
of Er:Yag laser through different ceramic
materials and it was found that the light
transmission of laser in monolithic zirconia
is higher than in porcelain which means the
energy of the laser is not absorbed in zirconia
with the same degree in feldpsathic porcelain

Shear Bond Strength of Composite Repair System to Bilayered

Zirconia Using Different Surface Treatments (In Vitro Study)

and as a result it will not affect the surface
or change its topography as well as the
feldpsathic porcelain surface [22-28].

Regarding mode of failure

Zirconia + Laser showed the highest
prevalence of adhesive failure which is
conformed with the shear bond strength test
values and with previous study of Kirmali et
al. [9] as the Er:Cr YSGG group showed high
prevalence of adhesive failure in his study (70
% adhesive failure) as this group showed the
lowest mean shear bond strength value [28-
30].

Porcelain + Cojet showed the highest
prevalence of cohesive failure which is in
accordance with the shear bond strength test
values as the porcelain/Cojet sub group showed
the highest shear bond strength and as a result
the anticipated failure with such high bond
value will be cohesive as the composite/ceramic
interface has a high bond strength. Zirconia +
Air Abrasion showed the highest prevalence of
mixed failure as air abrasion creates surface
roughness and irregularities but the shear
bond strength values were less than Cojet
group which can explain the mixed failure in
this sub group as Air abrasion depends mainly
on mechanical interlocking without chemical
mean of bond while Cojet acts by mechanical
and chemical bonding mechanisms [30-35].

The null hypotheses proposed for this
study were:

I- LASER surface treatment will not
significantly affect shear bond strength
compared to other methods.

II-There will be no difference in shear
bond strength between different surface
treatments with either zirconia or porcelain.

The first null hypothesis was accepted
because laser did not significantly improve the
shear bond strength when compared to other
surface treatment methods.

The second null hypothesis was rejected
by the results of shear bond strength testing as
it showed that there is a significant difference
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in shear bond strength results when different
methods of surface treatments were used.
Cojet showed the highest shear bond strength
values due to its 2 modes of increasing the
bond strength chemically and mechanically
while laser showed the least shear bond
strength value. In addition, Zirconia showed
statistically significantly lower mean shear
bond strength than Porcelain [36-42].

There were some limitations in this study
as it was an in vitro study without exposure to
different oral conditions and oral environment
variables as PH, enzymatic changes, different
load patterns. In addition the different power
outputs of laser might have an effect on the
results of shear bond strength. Further clinical
trials are recommended to confirm the in vitro
results from this study.

CONCLUSION

Within the parameters used and limitations
of this study, it can be concluded that:

1- Cojet surface treatment provided
superior shear bond strength in comparison
to the tested surface treatment methods
and regardless of the ceramic type whether
zirconia or porcelain;

2- Porcelain provided superior shear
bond strength values in comparison to zirconia
regardless of the surface treatment method
tested;

3- Porcelain showed higher percentage of
cohesive failure that while the mode of failure
in zirconia was most commonly adhesive.

Clinical Relevance

Based onthisstudy, Cojetisrecommended
as the surface treatment method in case of
intraoral repair of fractured bilayered zirconia
restoration. In addition, it is recommended
to conserve as much feldpsathic porcelain as
possible because it offers higher shear bond
strength in comparison to zirconia regardless
of the surface treatment method used.

Shear Bond Strength of Composite Repair System to Bilayered

Zirconia Using Different Surface Treatments (In Vitro Study)
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