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Abstract
The aim of this in-vitro study is to compare the shear bond strengths of ceramic brackets bonded to zirconia surfaces by using 
different primers. Forty rectangular-shaped zirconia blocks were manufactured at 10 × 5 × 2.5 mm. Zirconia surfaces were 
sandblasted with 30-μm aluminum-oxide particles. Afterward, thermocycling for 2000 cycles and a shear bond strength test 
was applied. Universal primer (Monobond-Plus, Z Prime Plus, Clearfil) was applied to all specimen surfaces. The upper 
central ceramic brackets were bonded with light cure adhesive paste (3 M Transbond XT) to zirconia surfaces. The samples 
were equally divided into four groups according to the primer used in the bonding procedure: group I (control group), group 
II (Clearfil group), group III (Monobond-Plus group), group IV (Z Prime Plus group). The Z Prime Plus adhesive primer 
showed statistically higher shear bond strength values than that in the Monobond-Plus and control group. The results in 
the control group were statistically significantly different from the values obtained in all other groups. Monobond Plus, 
Z-Prime Plus, and Clearfil ceramic primer agents can be effective methods for bonding zirconia restorations with ceramic 
orthodontic brackets.
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Introductıon

Orthodontic treatment has attained popularity among adults 
[1]. Orthodontists face new challenges in managing more 
aged, restored, and periodontally vulnerable dentitions. They 
must be prepared to adequately bond to crowns, and fortu-
nately, the materials exist to accomplish this feat, as alluded 
to earlier. The prevalence of porcelain-fused-to-metal (PFM) 
and full metal crowns is decreasing while the use of all-
ceramic crowns is increasing. Zirconia-based ceramics have 
developed and risen to prominence in the dental field over 
the last 20 years. Because of its esthetic natural appearance, 
high mechanical strength, toughness, and chemical stabil-
ity, it has a wide clinical application [2]. Besides its supe-
rior mechanical properties, it has made it a preference for 
patients and clinicians aesthetically with its natural tooth 

color appearance. All these features for dental applications 
create the ideal set of properties required from a material 
used. However, the non-reactive surfaces of zirconia exhibit 
low adhesion with other substrates [3].

Zirconia ceramics are very good aesthetically, mechani-
cally, and biologically. But the adhesion ability of zirconia 
ceramics is still controversial. For this reason, surface modi-
fications are applied to the zirconia surface to increase the 
adhesion ability of the surface, or different adhesives are 
applied to increase the adhesion [4].

Ceramic brackets are more preferred in adult patients 
because of their aesthetic properties. There are two different 
ceramic brackets, although aluminum oxide is composed of 
polycrystalline and monocrystalline aluminum. Polycrystal-
line brackets are currently easier to produce and available in 
large quantities [5–7].

The most significant difference between polycrystal-
line and monocrystalline brackets is in their optic clarity. 
Monocrystalline brackets are clearer up to translucent than 
polycrystalline brackets. Both monocrystalline and polycrys-
talline brackets resist staining and discoloration [7].

There is a higher failure rate in bonding orthodon-
tic brackets to porcelain restorations in adult orthodontic 
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patients with different porcelain restorations [8]. Bond 
strength is mostly affected by the bracket material type and 
retention mode, material properties of the bonding adhesive, 
the porcelain material type, surface conditioning, the light-
curing source, as well as the skill of the clinician [9]. The 
strength of the bond between the attachment-adhesive and 
the surface area of the attachment are factors in withstanding 
tensile or shearing forces [10].

Different surface conditioning methods have been pro-
posed to achieve high adhesion of zirconia strength, such 
as sandblasting or tribochemical silica coating [11]. While 
using acids to achieve the effect of micro etching, air abra-
sion (AA), also called sandblasting, causes macro etching 
[12]. With aluminum oxide, sandblasting may be provided 
to increase surface area, surface energy, and wettability for 
the proper bonding procedure [13].

The aim of this study was to eliminate failed bonding of 
orthodontic brackets to porcelain restorations in adult ortho-
dontic patients with zirconia ceramic restorations and to deter-
mine the primers with high bond strength with zirconia. For 
these reasons, the aim of this study is to compare the shear 
bond strength (SBS) of ceramic orthodontic brackets bonded to 
zirconia surfaces by using different primers. The null hypoth-
esis of this study is that there was no difference in the shear 
bond strength of the orthodontic ceramic bracket bonded to zir-
conia surfaces using different primers and universal adhesive.

Materıal and methods

Forty rectangular-shaped sintered zirconia samples (Zirkon-
Zahn Bruneck, Italy) measuring 10 × 5 × 2.5 mm were used 
for this in vitro study. Each zirconia sample was embedded 
individually in a mold with auto-polymerizing acrylic resin. 
To get the roughness on the surface of zirconia samples, 
water cooling and a hand under pressure using a silicon 
carbide abrasive paper polishing machine (Phoenix Beta, 
Buehler, Germany) for 1 min are polished.

Samples obtained from the application of the surface 
treatment were ultrasonically cleaned in distilled water 
for 15 min and then air-dried and randomly distributed 
to one of the following surface treatment protocols. Air 
abrasion on the zirconia surfaces was sandblasted with 
30-μm aluminum-oxide (A2O3) particles (Cojet Sand, 
3 M-ESPE, Germany). A universal primer (Monobond-
Plus, Z Prime Plus, Clearfil) and an orthodontic adhesive 
composite (3 M Transbond XT Light cure adhesive paste) 
were applied to all specimen surfaces. Experimental mate-
rials and their characteristics were given in Table 1. The 
orthodontic adhesive composite was applied to the upper 
central ceramic brackets for bonding to zirconia surfaces. 
Then, it was photopolymerized. A flow chart of experi-
mental groups and their respective treatment processes is 
given in Fig. 1.

The four experimental groups were composed accord-
ing to primer applied (N: 40 and n: 10 in each group): 
group I (control group) no primer was applied, group II 
(Clearfil ceramic primer group), group III (Monobond-
Plus group), group IV (Z Prime Plus group).

The orthodontic bracket bonding procedure

The upper central incisor ceramic brackets were used by 
Orthoclassic (Evrclear, Orthoclassic, McMinnville, OR, 
USA). Evrclear brackets are monocrystalline brackets 
made of a fully transparent monocrystalline material. The 
four different primers were applied on zirconia surfaces 
and cured for 15 s before applying composite resin cement. 
Then, a little amount of adhesive composite cement (3 M 
Transbond XT Light cure adhesive paste) was applied to 
the bracket base, and the bracket was placed tightly on the 
zirconia surfaces. Abundance bonding resin was removed 
with a small instrument and the bonding composite resin 
under the bracket base was cured with a light-emitting 
diode for the 40 s.

Table 1   Experimental materials and their characteristics

Bis-GMA bisphenol-A-diglycidyl methacrylate, MDP 10-methacryloyloxydecyl dihydrogen phosphate, 3-TMSPMA 3-trimethoxysilylpropyl 
methacrylate, BPDM biphenyl dimethacrylate, HEMA hydroxyethyl methacrylate

Material Composition Manufacturer

Zirconia ZrO3: Y2O3%4–6, Al2O3%1, SiO2%0,02, Fe2O3%0,01, Na2O %0,04 ZirkonZahn, Bruneck, Italy
Monobond-Plus Ethanol, (3-methacryloyloxy propyl trimethoxysilane Ivoclar Vivadent, Schaan, Liechtenstein
Clearfil MDP, 3-TMSPMA, ethanol Kuraray, Osaka, Japan
Z-Prime Plus BPDM, HEMA, ethanol, MDP Bisco Inc., Schaumburg, IL, USA
Transbond XT light cure adhesive Silane-treated quartz, BIS-GMA, bisphenol-a-bis, Silane-treated 

silica, diphnyliodonium hexafluorophosphate
3 M Unitek, Monrovia, CA, USA

Evrclear ceramic bracket Mono crystal aluminum oxide Orthoclassic, McMinnville, OR, USA
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Thermal cycling and shear bond strength test (SBS)

Initially, all the specimens were held in distilled water at 
37 °C for 24 h. Afterwards, thermocycling for 2000 cycles 
between 5 ± 2 °C and 55 ± 2 °C in 20 s of standby time and 
10 s of transfer time. For the shear bond strength test, the 
adhesion properties of each surface of the zirconia group 
were evaluated at a crosshead speed of 1 mm/min until an 
adhesion fracture occurred. The knife-edge was positioned 
between the bracket’s wing and the base, which is perpendic-
ular to the slot of the bracket and parallel to the base (Fig. 2). 
A computer recorded the first bond strength force values of 
breaking and converted them into megapascals (MPa).

Field emission scanning elektron microscope 
(FE‑SEM) examination

The morphologies of bracket bases were imaged using an 
FE-SEM (field emission scanning electron microscope, 
HITACHI Regulus 8230, 0.7 nm/1 kV, Tokyo, Japan). The 
specimens were covered with 4 nm Au–Pd (LEICA EM 
ACE600 sputter coater) and imaged.

Statistical analysis

All analyses were performed by the Statistical Package for 
Social Sciences (SPSS) (version 19.0, Chicago, USA). The 
power analysis of this study was performed using reference 
information from previous similar studies [8]. As a result 
of the analysis made by taking alpha (α) = 0.05, effect size 
(f) 2.672566, and power (1-β) = 0.95, it was calculated that 
there should be at least 10 specimens in each group.

The Shapiro–Wilk test was used to evaluate normality 
and indicated that the data for shear bond strength values 
was normally distributed. Parametric statistical one-way 

Fig. 1   Flow chart of experimental groups and respective treatment processes

Fig. 2   An orthodontic bracket is bonded to the zirconia surface for 
shear bond strength test
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ANOVA tests were used to compare the SBS of the group. 
Further comparisons with Tukey multiple comparison tests 
in between groups were conducted. The significance for the 
statistical test was set at p < 0.05.

Results

The mean values and standard deviations of SBS for all 
groups were summarized in Table 2. The highest mean SBS 
was recorded in group IV (Z Prime Plus group) (13,64 MPa), 
followed by group II (Clearfil group) (11,80 MPa). In addi-
tion, Tukey’s test showed that a significant difference was 
found between group III and group IV and no significant 

difference was found between groups II–group III and group 
II–group IV. The results in the control group were statisti-
cally significantly different from the values obtained in all 
other groups (Table 2, Fig. 3).

The FE-SEM images (× 70 and × 1.00 k magnification) 
of the zirconia surfaces were applied with the four different 
methods shown in Figs. 4 and 5. The control group specimen 
(a) shows a smooth surface while the other group speci-
mens (b, c, d) show different surface morphologies (Fig. 4). 
Since no primer was used in the control group, the compos-
ite resin did not adhere to the zirconia surface. While the 
control group (a) does not show composite resin remaining 
on the zirconia surface, there seems to be a greater amount 
of remaining composite resin in other groups. Some surface 
roughness with a granulated texture was observed on the 
group II, III and IV (Fig. 5).

Discussion

In this study, the effect of different primer agents on 
the shear bond strength of ceramic orthodontic brackets 
bonded to zirconia ceramic surfaces that were used in 
prosthetic restorations was evaluated. Incompatible with 
the results, the null-hypothesis was rejected since there 

Table 2   Shear bond strength test mean, standard deviation (SD), min, 
and max values

Same superscript letters indicate statistically significance (p > 0.05)

Cement type n Mean SD Min Max

Group I: control 10 2.48a  ± 0.46 1.83 3.17
Group II: Clearfil 10 11.80bc  ± 2.84 9.42 16.67
Group III: Monobond-Plus 10 10.85 c  ± 2.58 6.70 14.85
Group IV: Z Prime Plus 10 13.64 b  ± 0.83 11.66 14.44

Fig. 3   The shear bond strength 
% values
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was a difference in shear bond strength of the orthodontic 
ceramic bracket bonded to zirconia surfaces using differ-
ent primers and universal adhesive. While Z Prime Plus 
is the most effective agent in bonding ceramic brackets to 

the zirconia surface, Monobond Plus, and Clearfil ceramic 
primers have been found effective.

The light transmittance at the adhesive-bracket inter-
face, which allows for better photo-polymerization and 

Fig. 4   FE-SEM (× 70 magnifi-
cation) images of the surface of 
zirconia. a Group I. b Group II. 
cGroup III. d Group IV

Fig. 5   FE-SEM (× 1.00 k mag-
nification) images of the surface 
of zirconia. aGroup I. b Group 
II. cGroup III. d group IV
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reduced stress, is the reason for the higher bond strength 
of ceramic brackets [14–16]. In most studies on SBS val-
ues, the mean shear bond strength of the ceramic brack-
ets is significantly greater than metallic brackets [17, 18]. 
Therefore, monocrystalline ceramic brackets are preferred 
in this study.

In some other studies, the ceramic brackets might be 
expected to have greater bond failure rates because ceramic 
bracket mesh base designs have considerably fewer mechani-
cal undercuts [7]. This problem may be overcome by using 
different applications on the bracket base. The ceramic 
brackets used in our study have a coated base system. The 
coated base system forms a base that gives very good bond-
ing strength.

Besides the bracket base design affecting the bond 
strength, there are various other factors, including etching 
time, type of bonding resin, surface conditioning methods, 
and preparation of teeth [19, 20]. The air abrasion from sur-
face conditioning methods on the zirconia surfaces sand-
blasted with 30-μm aluminum-oxide (A2O3) particles has 
been widely used. Kwak et al. found that the use of 30-μm 
aluminum oxide combined with silane resulted in a higher 
bond strength than hydrofluoric acid with silane [21]. In 
our study, zirconia surfaces were sandblasted with 30-μm 
silica-coated aluminum oxide particles to increase the sur-
face energy, surface area and wettability. The surface condi-
tioning methods alone are not capable of producing reliable 
bond strength between zirconia and adhesive resin agents. 
At the same time, it is also necessary to apply primers to zir-
conia surfaces. But if so, a combination of both pretreatment 
methods is reachable to achieve higher bond strength values. 
Because the SBS test is simple to apply and fast to pro-
duce results, it was preferred. Thermally, 2000 cycles were 
applied in each bath. All the samples were held in distilled 
water at 37 °C for 24 h before testing. Shear bond testing and 
thermocycling may be advised as a standard method of test-
ing the bond strength of brackets to different surfaces [14, 
15]. Other studies were stored in distilled water for 30 days 
or thermal cycles [22–24].

During mastication, the average force transmitted to 
a bracket has been reported to be between 40 and 120 N. 
In some studies about the optimal adhesive force that is 
required to ensure sufficient adhesion of the brackets with-
out the danger of surface damage during bracket removal 
was found between 6 and 8 MPa (Reynold 60–80 kg/cm2, 
Whitlock 6–8 MPa) [7, 10, 25–27]. According to these find-
ings, group II, group III, and group IV had acceptable shear 
bond strength values in this study. Monobond shear bond 
strength values above the optimal range required for ortho-
dontic treatment were detected. When compared to Mono-
bond and Monobond S, Monobond S had higher shear bond 

strength values [28]. Additionally, Monobond-Plus occurred 
at high enough SBS levels for all restorative materials tested 
[22]. In this study, in the Monobond-Plus group (group III), 
we found high SBS levels (10.85 MPa).

In a similar study by Lee et al. with ceramic brack-
ets, the control group shear bond strength value was 
1.07 ± 0.81 MPa, while the Z Prime Plus primer shear 
bond strength value was found to be 10.47 ± 2.69 MPa 
[8]. In this study, it was found to be control group 
2.48 ± 0.46 MPa, while the Z Prime Plus primer shear 
bond strength value was 13.64 ± 0.83 MPa.

Kitayama et al. stated that the primer containing a silane 
coupling agent, phosphonic acid monomer, a phosphate 
ester monomer, including 6-MHPA and MDP were effec-
tive in improving the bonding of resin cement to zirconia 
ceramic [29]. In particular, the primers containing MDP 
(10-methacryloyloxydecyl dihydrogen phosphate) can 
react with the zirconium oxide and this increases the bond 
strength [8, 30, 31]. The Z-Prime Plus and Clearfil primers 
that were used in this study contain MDP (10-methacry-
loyloxydecyl dihydrogen phosphate) and showed higher 
bond strength values.

In the study of Magne et al., the SEM micrograph of the 
abraded zirconia with Al2O3 airborne particle was charac-
terized by a uniform presence of irregularities and shallow 
pits. In contrast with, the primed surfaces are uniformly 
smooth. Additionally, on the non-primed surface groups, 
the adhesive failure mode is clearly seen [24]. These find-
ings are in accordance with this study that found in the 
non-primed control groups, the adhesive composite resin 
had not adhered to the zirconia surface.

Performing this study in vitro is one of its limitations. 
There are differences between the clinical and the experi-
mental conditions. In the mouth, brackets are influenced 
by different tensile stretch forces with chewing force. In 
addition, humidity, acidity, temperature, and microbial 
plaque exist are different from experimental conditions. 
Because of these reasons, in vivo studies are needed to 
validate the present finding.

Conclusion

Using the zirconia primers may increase the bond strength 
between the ceramic bracket and zirconia restoration. 
The Z Prime Plus group showed the highest shear bond 
strength. Ceramic orthodontic brackets bonded to zirco-
nia restorations with Monobond Plus and Clearfil ceramic 
primer agents can also be an effective method for bonding 
zirconia restorations with ceramic orthodontic brackets.
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