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on shear bond strength in resin composite
restoration repair
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Abstract

Background It was aimed to investigate the effect of sandblasting and laser surface treatment on shear bond
strength in composite restoration repair in vitro.

Methods A micro-hybrid composite (Filtek 2250, 3 M-ESPE, USA) was used to prepare 120 samples. The samples
were subjected to a thermal cycle test 5,000 times between 5 and 55 °C, and they were randomly divided into 12
groups (n=10). No surface treatment was performed in Groups 1 to 4, which were designed as control groups. The
surfaces of the samples in Groups 5 to 8 were sandblasted with a Cojet device, and the surfaces of the samples in
Groups 9 to 12 were applied Er, Cr: YSGG laser. After the sample surfaces were divided into groups with and without
acid etching, universal adhesive was applied, and the repair process was performed using Filtek Z250 or nano-filled
resin composite (Filtek Ultimate, 3 M-ESPE, USA). The thermal cycle test was repeated 5,000 times between 5 and 55
9C on all repaired samples. The repair shear bond strength of the samples was measured using a universal testing
device (Shimadzu IG-IS, Kyoto, Japan). The fracture types were evaluated by optical microscopy and scanning electron
microscopy (SEM). Statistical analyses of the findings were evaluated by the Kruskal Wallis test and Mann Whitney U
test at 0.05 significance degree.

Results The highest mean shear bond strength values were obtained from the samples sandblasted with CoJet,
followed by Er, Cr: YSGG laser, and the control group. It was determined that there was a significant difference
between the mean shear bond strength values obtained from the control group and the other surface treatment
groups (p <0.05). In general, significantly higher mean shear bond strength values were obtained when the universal
adhesive was applied in total-etch mode compared to the application in self-etch mode (p < 0.05). Additionally, it
was determined that higher shear bond strength values were obtained with Filtek Ultimate compared to Filtek 2250
(p<0.05).

Conclusion Within the limitations of this study, it can be concluded that the use of universal adhesive in total-etch
mode, in addition to surface treatments on the resin composite surface in the repair protocol and the use of nano-
filled resin composite as repair material can increase the mean shear bond values in repair.
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Introduction

The concept of a minimally invasive approach in den-
tistry has led to a more conservative removal of caries.
Today, the restoration of cavities prepared with this tech-
nique, combined with resin composite and adhesive sys-
tems, has enabled the attainment of clinically acceptable
results [1, 2]. However, some problems such as secondary
caries formation, marginal deterioration, fracture, and
discoloration at the restoration margins due to deterio-
ration of adhesive bonding over time have persisted [3].
The restoration should be replaced or repaired when
such a situation is encountered.

Repair is defined as restoring the part of the restora-
tion that is accepted as failed without touching the intact
part of the restoration [4, 5]. Repairing the restoration
results in less removal of intact tooth tissue and, there-
fore, decreases the risk of complications in the pulp.
Today, repairing failed resin composite restorations is
widely accepted as a popular treatment technique, due to
advancements in adhesive technologies [6].

Repair of a resin composite restoration that functions
in the oral environment is performed clinically using a
new resin composite [7]. During this treatment, a good
bonding of the new resin composite to the existing resin
composite surface is desired. However, this may not be
achieved sufficiently due to the decrease in the amount
of unreacted methacrylate groups on the existing resin
composite surface due to aging [8] For this reason, in in
vitro studies, samples are subjected to water storage or
thermal cycle tests in order to imitate the oral environ-
ment [7, 8]. In this way, hydrolytic degradation occurs in
the structure of the resin composite. Additionally, it is
not possible for the clinician to know the structure of the
resin composite restoration present in the patient. This
causes doubt about the bonding between the two materi-
als in the repair made with a resin composite of different
structure [9].

To increase the bonding of the new resin composite
to the aged resin composite surface, it has been recom-
mended to apply some physical or chemical treatment
methods to the aged resin composite surface. Physical
surface treatments such as diamond bur roughening,
phosphoric acid, hydrofluoric acid, sandblasting, air abra-
sion, and laser roughen the aged resin composite surface,
creating an irregular surface. This causes micromechani-
cal bonding to occur between the aged resin composite
and the resin composite used for repair, thus increasing
the shear bond strength [6, 10]. It has been reported that
the treatment of silane coating agents or adhesive resins
to the roughened resin composite surface moisturizes the
aged resin composite surface and enables the formation
of chemical bonding between the aged resin composite
and the repair resin composite [11, 12].
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Universal adhesive systems developed in recent years
are adhesive systems in which the bonding agent and
the primer containing acidic monomer are combined
in a single bottle. Manufacturers have introduced these
adhesive systems as universal adhesive systems because
they can bond to enamel, dentin, composite resin,
ceramic, and metal surfaces [13]. The major advantage of
these adhesive systems is that they can be used in total-
etch, self-etch, and selective-etch modes. They contain
10-MDP, methacrylate resins, polyalkenes acid copoly-
mer, filler, ethanol, water, polymerization initiator, and
silane. Silane has been additionally added to the content
of some universal adhesive systems to increase the bond
strength. It has been reported that this way, especially the
silane treatment step, will be eliminated, and therefore,
the clinical application time will be reduced, and clinical
use will be easier [13]. Some universal adhesives, such as
Scotchbond Universal Plus, contain double silane mono-
mer and have a pH of 2.7 [14]. It has been reported to
show good binding to dental tissues thanks to the poly-
alkenoic acid copolymer, and 10-MDP contains [15].
This is realized by replacing the carboxyl groups in the
polyalkenoic acid copolymer with phosphate ions and
establishing ionic bonds with calcium in hydroxyapatite.
However, there is a lack of information about the place
of universal adhesives in resin composite repair. There is
not enough information in the literature about the effec-
tiveness of universal adhesives, which have the advan-
tage of being applied in different modes, on repair bond
strength in cases where different surface treatments are
applied. Additionally, in scenarios where these adhesives
are used in the repair protocol, there is a lack of infor-
mation on the choice of resin composites to be used for
repair purposes.

Therefore, the aim of this in vitro study was to examine
the effects of applying a universal adhesive in different
modes (total-etch or self-etch) on resin composite sur-
faces with different surface treatments (CoJet sandblast-
ing and Er, Cr: YSGG laser), as well as the effect of using
different resin composites as a repair material on the
repair shear bond strength. The null hypotheses are that
the surface treatment has no effect, the adhesive applica-
tion mode has no effect, and the repair material has no
effect on the repair bond strength, respectively.

Methods

This study was supported by the Gazi University Scien-
tific Research Projects Unit. The materials used in the
study and their properties are given in Table 1.

Preparation of samples

Power analysis was used to determine the number of
samples of the groups in the study. For the power analy-
sis, the effect level was taken as 0.50, and the « value was
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Table 1 Materials used in the study and their properties

Materials used Type Content Lot
Numbers

Filtek 2250 Mikro-hybrid resin composite Bis-GMA, Bis-EMA, UDMA, TEGDMA SiO,/ZrO, NE63820

(3 M ESPE, St. Paul, USA) (60% v, 75-85% wt)

Filtek Ultimate Nano-filled resin composite Bis-GMA, Bis-EMA, UDMA, TEGDMA NE85554

(3 M ESPE, St. Paul, USA) Silica, Zr (63.3% v, 72.5% wt)

Scotchbond Universal Etchant Acid 37% orthophosphoric acid 582491

(3 M ESPE, St. Paul, USA)

Scotchbond Universal Plus Universal adhesive system 10-MDP, dimethacrylate resins, polyalkenoic acid 8658701

(3 M ESPE, St. Paul, USA)

ColJet and Sand

(3 M ESPE, St. Paul, USA)

Er, Cr: YSGG Laser

(Waterlase MD, Biolase Technology, California,
USA)

device

Tribochemical silica coating

copolymer, filler, ethanol, water, polymerisation
initiator and double silane

Silica-coated aluminum oxide sand grains of
30 ym size

Non-contact laser MGG 6 laser tip

0.05, and the power value (1- B) was calculated as 0.90.
Accordingly, it was determined that the number of sam-
ples for each group should be 8, and the total number of
samples for 12 groups should be 96. Based on this result,
a total of 120 samples were prepared, 10 in each group, to
avoid any negative situation that could affect the results
during the study process.

Teflon molds with a depth of 4 mm and a diameter of
5 mm were used to prepare the resin composite samples.
Filtek Z250 was placed in the molds in 2 mm thick lay-
ers. Each layer was then photopolymerized using a LED
curing unit (D-Light Pro, GC, Leuven, Belgium) with a
wavelength of 430-480 nm and a light intensity of 1.200
mW/cm? according to the manufacturer’s instructions.

The polymerized resin composite samples were embed-
ded in cylindrical molds with an inner diameter of 15 mm
and a length of 35 mm filled with cold acrylic resin. Then,
the prepared resin composite samples were exposed to
the thermal cycle test 5,000 times between 5 and 55 °C
with an immersion time of 30 s in each bath and an inter-
bath change time of 5 s [16].

After the thermal cycle test, the surfaces of all prepared
samples were roughened for 30 s under running water
using 320 grit silicon carbide abrasive paper to imitate
the clinical conditions. Subsequently, the samples were
randomly divided into 12 groups of 10 specimens each,
and the following repair protocols were applied to each
group.

Control groups were selected by not applying any sur-
face treatment to the surface of the samples from Groups
1to 4.

The surface of the samples in Groups 5 to 8 were sand-
blasted using a tribochemical silica coating device, CoJet.
For this purpose, 30 um sized silica coated aluminum
oxide sand particles (CoJet Sand, 3 M-ESPE, St. Paul,
USA) were used. The device was applied perpendicularly
to the sample surfaces from a distance of 10 mm for 15 s
with a pressure of 2.3 bar.

In Groups 9 to 12, Er, Cr: YSGG laser (Waterlase MD,
Biolase Technology, California, USA) device was applied
to the sample surfaces with a power output of 5 W, fre-
quency of 20 Hz, using a 0.6 mm diameter tip, with 30%
air for 20 s. To simulate clinical practice, the laser treat-
ment was performed by the same physician at a distance
of approximately 1 mm from the tooth, in high mode, in
the vertical and horizontal direction for a homogeneous
scan, without water. Laser treatment was applied to the
resin composite surface by moving the laser tip both
vertically and horizontally at a distance of 1 mm from
the surface. Thus, the laser was able to scan the surface
homogeneously.

After surface treatment, universal adhesive was applied
to the sample surfaces using total-etch or self-etch mode.
For use in total-etch mode, after 37% orthophospho-
ric acid (Scotchbond Universal Etchant, 3 M ESPE, St.
Paul, USA) was applied to the sample surfaces for 30 s,
the sample surfaces were washed with water for 20 s and
dried with light air for 15 s. Then, Scotchbond Universal
Plus (3 M ESPE, St. Paul, USA) was applied with a rub-
bing motion by the manufacturer’s instructions, dried
with light air for 5 s, and polymerized with an LED light
device for 10 s. In self-etch mode, Scotchbond Universal
Plus was applied to the sample surfaces in the same way
as in total-etch mode, without applying acid.

Following the adhesive treatment, a mold with a diame-
ter of 2 mm and a depth of 2 mm was placed in the center
of the resin composite samples. During the repair proce-
dure, slight pressure was applied to prevent the forma-
tion of a gap at the interface (Fig. 1). Then, micro-hybrid
resin composite (Filtek Z250, 3 M ESPE, St. Paul, USA) or
nano-filled resin composite (Filtek Ultimate, 3 M ESPE,
St. Paul, USA) used as repair material is placed into these
molds and polymerized by applying light for 20 s with
LED light device.

All samples to which the repair protocol was applied
were kept in distilled water in the incubator at 37 °C for
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Fig. 1 Image after applying the repair treatment to the resin composite sample surface

24 h. Then, the thermal cycle test between 5 and 55 °C
was repeated 5,000 times with an immersion time of 30 s
in each bath and an inter-bath change time of 5 s [16].

Measurement of Shear Bond Strength

The shear bond strength of the samples was measured
using a Universal testing machine (Shimadzu IG-IS;
Kyoto, Japan). The load was applied to the interface at
a cross-head speed of 1 mm/min until failure, and the
stress-strain curve was analyzed with the machine’s soft-
ware program. The force causing fracture was recorded
in Newtons (N). This value was then divided by the sam-
ple surface area to convert the mean shear bond strength
values to Megapascals (MPa).

Fracture analysis
The fracture type at the failure surface of the samples
subjected to the shear bond strength test was examined
at x10 magnification under a stereomicroscope (Olympus
S$Z2-LGB, Tokyo, Japan) and evaluated according to the
following fracture types.

Adhesive fracture; fracture at the bonding surface,

Cohesive fracture; fracture of the repaired resin
composite,

Mixed fracture; both adhesive and cohesive fracture
[17].

Scanning Electron Microscopy (SEM) evaluation

In the study, one sample from each group was selected
for SEM imaging to examine the fracture surfaces after
the shear bond strength test. The surface of the selected
samples was coated with gold for 90 s under a vacuum
in a gold plating device (Polaron Range SC7620, Quorum
Technologies, West Sussex, UK). Then, the sample sur-
faces were examined in SEM (JEOL JSM-6060 LV, Tokyo,
Japan), and the images were recorded.

In addition, a sample was prepared for each of the
tested surface preparation methods to observe the
changes created by CoJet sandblasting and Er, Cr: YSGG
laser treatment on the sample surfaces in SEM. After the

surface of these prepared samples was coated with gold,
the SEM images of the sample surfaces were examined
at x500, x1000, and x2000 magnification, and the images
were recorded.

Statistical analysis

Statistical analysis of the data was performed with the
SPSS 26 program at a 95% confidence interval. Mean
(Mean), standard deviation (SD), minimum, maximum,
and median (M) statistics for measurements, frequency
(n), and percentage (%) statistics for grouped variables
were calculated. In the study, the Kruskal-Wallis test was
used for the comparison of the mean shear bond strength
values according to groups, and the Mann-Whitney U
test was used for the pairwise comparison of all groups.

Results

The statistical findings of the mean shear bond strength
values obtained from all groups tested in the study are
given in Table 2. The effect of repair resin, surface treat-
ment, and adhesive application modes on repair bond
strength are given in Table 2. Pairwise comparisons
between repair resin composites and adhesive applica-
tion modes are given in Table 3.

When surface treatment groups were analyzed, while
the highest mean shear bond strength values were
obtained in the group sandblasted with CoJet, the low-
est values were obtained in the control groups (p<0.05)
(Table 2).

In the control group, the highest mean bond strength
values were obtained in Group 3. When the relationship
between the control groups was analyzed, no signifi-
cant difference was observed only between Group 3 and
Group 4 (p>0.734).

In the groups sandblasted with CoJet, the highest mean
shear bond strength values were obtained from Group
7. It was shown that there was a significant difference
between the groups sandblasted with Cojet (p<0.05).

In the Er, Cr: YSGG laser-treated groups, the highest
mean shear bond strength values were obtained from
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Table 2 Statistical relationship between all groups tested in the study
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Repair material Universal adhe- Surface Preparation Methods

used sive application  ¢qnero) Sandblasting with CoJet Er, Cr: YSGG Laser
mode Groups Mean shear bond Groups Mean shear bond Groups Mean shear bond
strenght values strenght values strenght values
* + +
SD SD SD
Filtek 2250 Total-etch Group 1 23.28%P<AB 1+ 165 Group 5 4121%P" 1+ 385 Group 9 38.59%P8 + 275
Self-etch Group 2 1866> 48 + 2. 19 Group 6 37.68%NC 4291 Group 10 34.84*<%BC 4+ )56
Filtek Ultimate  Total-etch Group 3 27120448 1+ 1 68 Group 7 444824 A + 3 49 Group 11 43.90>¢€8 + 283
Self-etch Group 4 262858 C Group 8 40689 +413 Group12  3848%¢F 1237

The same small letters in the column indicate that there is a significant difference between the subgroups of each surface treatment group (p<0.05)

The same big letters in the row indicate that there is a significant difference between the surface treatment methods in each group, Mann Whitney U test (p<0.05)

Table 3 Effect of universal adhesive application mode and different repair materials on shear bond strength

Repair material used Surface Preparation Methods

Universal adhesive application mode

Groups Total-etch Groups Self-etch
Mean = SD Mean + SD
Filtek 2250 Control Group 1 23.28*+ 1.65 Group 2 18.66*+ 2.19
Sandblasting with CoJet Group 5 41.21*+3.85 Group 6 376877+ 291
Er, Cr: YSGG Laser Group 9 38.59%+ 2.75 Group 10 34.84%+ 2.56
Filtek Ultimate Control Group 3 27.12+1.68 Group 4 2628+ 2.56
Sandblasting with CoJet Group 7 44.48%+ 349 Group 8 40687+ 4.13
Er, Cr: YSGG Laser Group 11 43.90*+2.83 Group 12 38.48%+ 237

In the row * indicates that there is a significant difference between the use of universal adhesive in total-etch and self-etch mode (p<0.05), in the columnzsymbol
indicates that there is no significant difference between the use of Filtek Z250 and Filtek Ultimate as repair material (p>0.05), Mann Whitney U test

Group 11. In the groups where this surface treatment
was applied, no statistically significant difference was
detected only between the mean shear bond strength val-
ues of Group 9 and Group 12 (p>0.705).

When adhesive application modes were compared,
in all groups, total-etch modes showed higher bond
strength than the self-etch mode. When compared in
terms of adhesive application modes, significant differ-
ences were observed between all groups except Group 3
and Group 4 Filtek Ultimate was used as repair material
(p<0.05) (Table 3).

Higher mean shear bond strength values were obtained
in the groups using Filtek Ultimate as the repair material
compared to the groups using Filtek Z250. When a pair-
wise comparison is performed between groups in terms
of repair resin composites, statistically significant differ-
ences were obtained between all groups except Group
6 and Group 8 sandblasting was applied with CoJet,
and the universal adhesive was used in self-etch mode
(p>0.05) (Table 3).

When the fracture types were examined, it was found
that adhesive fracture was generally observed in the con-
trol group. In the sandblasting with Cojet groups, cohe-
sive fractures were observed in the total-etch adhesive
application, while mixed-type fractures were observed in
the self-etch etch application groups. In laser application
groups the fracture types were generally adhesive type
(Fig. 2).

When SEM images were evaluated, it was observed
that the sample surfaces were smooth in the control
groups. On the other hand, it was observed some grains
on the surface, as well as rougher surface structures in the
groups sandblasted with CoJet. In the Er, Cr: YSGG laser-
treated groups, crater-shaped formations were detected
on the surfaces. In this group, no findings such as burns
or vitrification due to the use of laser on the sample sur-
faces were observed (Fig. 3).

Discussion

In this in vitro study, the lowest mean shear bond
strength were obtained in the control group, followed by
Er, Cr: YSGG laser application groups. This finding sup-
ports the findings of Cavalcanti et al’s [18]. study, that
reported roughening the resin composite surface only
with a diamond bur resulted in lower bond strength val-
ues. In our study, the smear layer formed on the surface
obtained with abrasive paper application may be the
reason for lower bond strength in the control groups. In
SEM images, while smear layer formation was observed
after the abrasive paper application, no smear layer was
formed after the Er, Cr: YSGG laser treatment. The find-
ings of studies reporting higher bond strength were
obtained with surfaces treated with Er, Cr: YSGG laser
compared to groups without surface treatments support
the findings of our study [18-21]. Regardless of the repair
material used, a significant difference was found between
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Fig. 3 SEM images of sample surfaces after surface tretaments were performed (a, b, ¢: SEM image of the sample surfaces of the control group at x500,
x1000, x2000 magnification, d, e, f: SEM image of the sample surfaces of the Sandblasting with CoJet group at x500, x1000, x2000 magnification, g, h, j:
SEM image of the sample surfaces belonging to the Er, Cr: YSGG laser treatment group at x500, x1000, x2000 magnification)
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laser application groups regarding adhesive application
mode. However, significantly higher bond strength val-
ues were obtained in the sandblasting with Cojet groups
compared to the laser application groups, regardless
of the repair material. This finding is similar to that of
Dursun et al. [22], and Rashidi et al. [23], who reported
that higher bond strength values were obtained in CoJet
blasted samples compared to Er, Cr: YSGG laser-treated
samples. In the context of these findings, the first null
hypothesis of our study, “Different surface treatments
have no effect on repair bond strength” was partially
rejected.

In this study, higher shear bond strength values in all
surface treatment groups were obtained in total-etch
application mode. This finding is similar with the litera-
ture that higher bonding to dental tissues and resin com-
posite is obtained with the use of adhesive systems in
total-etch mode [24, 25]. Based on these findings, the sec-
ond null hypothesis of our study, “The application of the
universal adhesive system in different modes (total-etch
or self-etch) has no effect on the repair bond strength”
was partially rejected. The universal adhesive Scotchbond
Universal Plus used in the study differs from other uni-
versal adhesive systems in that it contains a double silane
monomer. The manufacturer claimed that that monomer
eliminates the need of appliying additional silan [26]. For
that reason, no additional silane step was applied to the
surfaces in the study.

Another finding obtained in this study is that higher
mean shear bond strength values were obtained in the
groups where Filtek Ultimate was used as repair mate-
rial compared to Filtek Z250, and a statistical difference
was generally detected between them. Based on this
finding, the third null hypothesis of our study, “The use
of different resin composites as repair material has no
effect on repair bond strength” was generally rejected.
Although the organic matrix of both resin composites
is similar, the filler percentages and types are differ-
ent. The organic matrix of both resin composites used
in the study contains Bis-GMA, Bis-EMA, UDMA, and
TEGDMA monomers [27]. The inorganic components
of the micro-hybrid resin composite Filtek Z250 consist
of 0.01-3.5 pm silica and zirconium fillers. The percent-
age of filler added is 75-85 by weight and 60 by volume.
The inorganic components of the nano-filled resin com-
posite Filtek Ultimate consist of 20 nm silica, 4—11 nm
zirconium, and 0.6—-10 um silica. The proportion of fill-
ers added is 72.5 by weight and 55.6 by volume [27]. Nas-
soohi et al. [28] reported that they obtained higher repair
bond strength values with micro-hybrid resin compos-
ites than with nano-filled resin composites in the study
in which they examined the repair bond strength of two
nano-filled and one micro-hybrid resin composites. This
finding is opposite to the findings obtained in our study.
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This may be due to the different surface treatment meth-
ods as well as the structural properties of the resin com-
posites tested in both studies.

Based on all the findings obtained in the study conclude
that the use of the universal adhesive in total-etch or self-
etch mode does not affect the bond strength values if the
repair treatment is performed using Filtek Ultimate after
only bur removal on the resin composite surface, on the
contrary, Filtek Z250 is used, higher bond strength values
can be obtained by using the universal adhesive in total-
etch mode. This finding is partially opposite to the find-
ings of Irmak et al. [29] This may be due to the different
adhesive systems used in both studies. When sandblast-
ing was performed with CoJet on the resin composite
surface, it was determined that using universal adhesive
in total-etch mode in both resin composites used as
repair material caused an increase in bond strength val-
ues. This finding is in agreement with the findings of
Nassoohi et al. [28] who reported that they obtained
higher bond strength values with 35% phosphoric acid
treatment after sandblasting. However, their methodol-
ogy was different from our study. The findings obtained
from the Er, Cr: YSGG laser-treated groups were simi-
lar to the findings obtained from the CoJet sandblasting
group. Therefore, we believe that if Er, Cr: YSGG laser
is to be applied to the sample surfaces, the use of uni-
versal adhesive in total-etch mode, regardless of what is
used as repair material, will increase the bond strength
values. We think that the use of the adhesive system in
total-etch mode contributes to the cleaning of the sample
surfaces after Cojet blasting or Er, Cr: YSGG treatment.
Accordingly, the adhesive system may have penetrated
the irregularities formed on the surface better, and higher
bonding values may have been obtained.

To test the repair bond strength in the study, all sample
surfaces prepared with Filtek Z250 were first roughened
using 320-grit silicon carbide-coated sandpaper. Thus,
it was aimed to simulate the procedure of restoration
correction using a diamond bur in the clinic [30]. The
samples were then tested for 5,000 times thermocycling
ranging from 5 to 55 °C to simulate the process by which
the restoration functions in the mouth [31, 32]. It has
been demonstrated previously that the number of 5,000
cycles corresponds to the six-month aging process of the
samples [31]. The thermal cycling test applied before the
repair procedure was also applied to the samples after the
repair procedure to expose the samples to the conditions
of the oral environment during the six-month post-repair
period.

Studies are showing that adhesive-type fracture is more
common in adhesive systems with low bond strength val-
ues and cohesive and mixed fracture types are more com-
mon in adhesive systems with high bond strength values
and that there is a relationship between bond strength
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values and fracture type [33]. When the fracture types
obtained in the study are examined, it is difficult to make
such a conclusion. This may be due to the methodology
of the studies and the different materials used.

The study findings of Ahmadizenouz et al. [33], who
reported that the most cohesive type fracture was
observed on the sample surfaces roughened with dia-
mond burs, are opposite to the findings obtained from
the control group. This may be because the materials
used in the study were different from the materials used
in our study. Similar to our study, Fornazari et al. [34]
reported that more cohesive fractures were observed in
the specimens sandblasted with CoJet. The study findings
of Kiomarsi et al. [35], who reported that more adhesive-
type fractures were observed on Er, Cr: YSGG laser-
treated sample surfaces, support our study findings.

In the evaluation made by SEM, a smoother surface
image was obtained in the control group since no treat-
ment was applied to the sample surfaces. On the oppo-
site, it was observed that the sample surfaces in the group
sandblasted with CoJet were rougher and aluminum
oxide particles were present on the surface. In the Er,
Cr: YSGG laser-treated group, it was found that wave-
shaped craters were formed on the surface, but no side
effects related to laser use occurred. These findings sup-
port the findings obtained as a result of the shear bond
strength test. It is also in agreement with the findings
of Cho et al. [36]. EDS scanning after SEM evaluation
revealed that only the filler particles of the resin compos-
ite were present on the surfaces of the control group or
Er, Cr: YSGG laser-treated samples. This shows that the
laser parameters we used were correct, and no thermal
damage occurred on the resin composite surface during
laser treatment. The sample surfaces sandblasted with
CoJet showed the formation of aluminum oxide particles
in addition to the filler particles of the resin composite.
This finding supports the findings of studies reporting
that aluminum oxide particles are embedded in the sur-
face after sandblasting with CoJet.

This study also has some limitations. The first one is
that, the Filtek Z250 and Filtek Ultimate resin compos-
ite were used as repair materials. The findings obtained
reflect the effects of using only these two resin compos-
ites in the repair protocol. Therefore, it is not possible
for these findings to shed light on the repair protocol of
all resin composites. Moreover, only one adhesive sys-
tem was evaluated in this study. The adhesive system
may be comparable to other adhesives with or without
silane. Further studies should be carried out on this sub-
ject. Another limitation is that the samples were only
subjected to aging by thermal cycling test. Although the
thermal cycling test is the most preferred aging method,
in clinical conditions, teeth and restorations are exposed
to not only thermal but also mechanical and chemical
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factors such as parafunctional habits and acidic or alco-
holic drinks consumption. Therefore, further in vitro and
long-term clinical studies should be conducted to pro-
long the durability of repair restorations.

Conclusion
Within the limitations of this study:

1. CoJet sandblasting and Er, Cr: YSGG laser
treatments demonstrated higher shear bond strength
compared to control groups.

2. The use of universal adhesive in total-etch mode
resulted in higher mean shear bond strength values
than in self-etch mode.

3. Control groups exhibited predominantly weak
adhesive failures, whereas groups treated with
CoJet sandblasting showed predominantly cohesive
failures.

As a result of these findings, it is emphasized that surface
preparation methods and the choice of materials signifi-
cantly influence shear bond strength in repair protocols.
Clinicians should carefully consider these factors during
clinical applications.
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