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and the surface treatments were applied as indicated 
in Table 2.

All surface treatments were applied by a single 
researcher. Sandblasting processes were performed 
with a sandblasting device (Airsonic; Hager &Werken, 
Duisburg, Germany) at a distance of 10 mm under 4 
bar pressure with 50 µm Al2O3, and the specimens 
were washed with distilled water and dried for 60 
seconds after sandblasting. Tribochemical silica 
coating treatments were applied with an intraoral 
pen sandblasting device (CoJet Prep; 3M ESPE, 
Seefeld, Germany) at a distance of 10 mm under 2.8 
bar pressure. No cleaning process was applied to the 
surfaces of the specimens after the treatment in order 
not to damage the salinization. After the application 
of %98 sulfuric acid, the surfaces of the specimens 
were washed with distilled water and dried for 60 
seconds. All applied surface treatments were applied 
in 3 different working times as 10, 15, and 20 seconds.

Shear bond strength test
After the surface treatments were completed, the 
bonding agent was applied to the surfaces of the 
specimens with the help of a cotton pellet for 10 seconds 
and polymerized for 10 seconds with a light device 
(Valo Grand; Ultradent Products, South Jordan, USA). 
The molds with a diameter of 3 mm and a height of 
3 mm were prepared from transparent additive type 
silicone (Elite Glass; Zhermack, Badia Polesine, Italy) 
to standardize the composite resins to be bonded to the 
surfaces of the specimens. The prepared molds were 
placed so that they would coincide with the center 
of the PEEK specimens. The composite resins were 
placed in these mold cavities, teflon tape was placed 
on them by removing the excess amount, and they 
were polymerized with a light device under constant 
load (400 g) for 20 seconds. The silicone molds on 
the specimens, the polymerization of which was 
completed, were removed. The specimens were tested 
in shear bond strength (SBS) test setup with a head 
speed of 1 mm/min in the shear mode of a universal test 
device (Model 2519-106; Instron Corp., Norwood, MA, 
USA). The bond strength values,   and fracture types of 
each specimen were recorded. The shear bond strength 
values obtained in Newton were converted to the MPa 
unit. The SEM image of a randomly selected specimen 
from each group was taken at × 2000 magnification 
and recorded. Figures 1-4 show the SEM images of the 
specimens at ×2000 magnification.

Statistical analysis
Statistical analysis was performed with the Kolmogorov-
Smirnov test for normality test and analysis of variance 
(ANOVA) using IBM SPSS Statistics v. 20 (SPSSv20.0; 
SPSS Inc., Chicago, IL, USA). Duncan’s multiple 
comparison test was used for intergroup comparisons 
(α = 0.05).

Figure 1. Scanning electron microscope images of specimen 
from C group. Original magnification × 2000.

Figure 2. Scanning electron microscope images of 
specimens from SB group. Original magnification × 2000. 
A, 10s. B, 15s C, 20s. 

Figure 3. Scanning electron microscope images of 
specimens from CJ group. Original magnification × 2000. 
A, 10s. B, 15s C, 20s.

Figure 4. Scanning electron microscope images of 
specimens from SU group. Original magnification × 2000. 
A, 10s. B, 15s C, 20s.
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RESULTS

The ANOVA detected significant differences among 
the surface treatments of the PEEK specimens (p < 
0.001). Duncan’s multiple comparison test found that 
the specimens treated with sulfuric acid at different 
times were significantly different from the control, 
sandblasting, and CoJet applied specimens (p < 0.05). 
It was found that there was no difference (p > 0.05) 
between the C and SB10 groups. However, these two 
groups differed (p < 0.05) compared to all other groups, 
and there was a statistical difference (p < 0.05) only 
between CJ10 and CJ20 among the sandblasted and 
CoJet applied specimens. The highest SBS values 
were observed in SU20 (27.91 ± 4.44 MPa), while the 
lowest SBS values were observed in C (4.24± 1.53 MPa) 
specimens. Table 3 shows the results of ANOVA, and 
the mean and standard deviation values. Table 4 shows 
the results of the failure modes.

When the SEM images of the specimens (× 2000) were 
examined;
It was observed that C and SB10 specimens had 
appearances close to each other and had very small 
cracked areas on their surfaces, that the specimens 
in the SB15, SB20, CJ10, CJ15, and CJ20 groups had 
appearances close to each other and their surface areas 
consisted of dense lattice structures, and that large 
porosities were formed on the surfaces of the specimens 
in the sulfuric acid group due to the increase in time 
together with dense lattice structures and irregular 
areas (Fig. 1-4). The bonding material penetrates these 

irregular areas. When the SEM images of the SU10, 
SU15 and SU20 groups are examined, it is seen that the 
surface morphology of the PEEK samples contains in 
accordance with the penetration of the resin material. 
it is seen that these do not weaken the structure of 
the surface but provide more indented surface than 
sandblasting and tribochemical coating groups. 

DISCUSSION

Although the effect of surface roughening treatments 
on the bond strength between PEEK and composite 
resin has been examined in previous studies, the 
effect of different application times on this bond is 
unknown. In this study, it was aimed to examine the 
connection of different roughening methods applied to 
the surface of the PEEK material at different times with 
the composite resin. According to the study results, the 
null hypothesis of the study was accepted since the 
application of sulfuric acid increased the bond strength 
values compared to other surface treatments. 

A large number of mechanical tests, such as shear bond 
strength, pull-out, tensile, and microtensile tests, are 
used to measure the bond strength between materials.20 
The shear test is the most commonly used test type for 
this purpose since it is easy to apply and can stimulate 
loads in the oral environment.21 Therefore, in the 
current study, the shear bond strength test was preferred 
to evaluate the bond strength of the materials. 

Table 3. Least square means and standard deviation (SD) for SBS test.

Groups Mean ± SD N p
C 4.24 ± 1.53a 11 0.000
SB10 7.20 ± 4.02a 11
SB15 15.01 ± 6.63b,c 11
SB20 14.38 ± 5.42b,c 11
CJ10 13.75 ± 5.09b 11
CJ15 15.81 ± 5.15b,c 11
CJ20 18.81 ± 4.75c 11
SU10 27.08 ± 4.54d 11
SU15 27.38 ± 5.42d 11
SU20 27.91 ± 4.44d 11
Total 17.16 ± 9.14 110

Different lowercase letters mean significantly different.

Table 4. Distribution of the observed failure mode.

Failure mode C SB10 SB15 SB20 CJ10 CJ15 CJ20 SU10 SU15 SU20
Adhesive 11 11 11 11 9 10 9 7 9 9
Cohesive - - - - - - - - - -
Mixed - - - - 2 1 2 4 2 2
Total 11 11 11 11 11 11 11 11 11 11
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