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Effect of different surface treatments 
and bonding modalities on the shear 
bond strength between metallic 
orthodontic brackets and glazed 
monolithic zirconia crowns
Jamal Y. Amer1 and Mohammad M. Rayyan2

Abstract:
OBJECTIVE: To evaluate the effect of different surface treatments and bonding modalities on the 
shear bond strength (SBS) between metallic orthodontic brackets and zirconia crowns.
MATERIALS AND METHODS: Sixty zirconia specimens were computer‑aided design/computer‑aided 
manufacturing milled, sintered, glazed, and embedded in acrylic resin. The specimens were divided 
into three groups according to the surface treatment applied: C: no surface treatment (control), 
S: sandblasted with 50 µm Al2O3, and D: Sof‑Lex disc roughening. Each group was further subdivided 
into two subgroups according to the resin cement used: P: Clearfil Ceramic Primer + Panavia 
F2.0 (Kuraray) and R: RelyX U200 (3M/ESPE). Metallic orthodontic brackets were bonded to the 
labial surface of the specimens. All specimens underwent thermocycling. SBS test was applied 
using a universal test machine at a cross head speed of 1 mm/min. Data were analyzed using 
Mann–Whitney test (α = 0.05).
RESULTS: Subgroup SP showed the highest SBS (20.8 ± 4.8 MPa), followed by subgroups SR 
(16.7 ± 4.6 MPa), DP (12.3 ± 2.8 MPa), and DR (11.6 ± 3 MPa). However, all specimens in the 
control group underwent debonding during thermocycling. The different surface treatment groups 
showed highly significant differences (P < 0.05), whereas the resin cement subgroups showed no 
significant differences (P > 0.05).
CONCLUSION: SBS between glazed zirconia crowns and metallic brackets strongly depended on 
the surface treatment applied. Sandblasting achieved the highest SBS. Roughening with Sof‑Lex disc 
proved to be a reliable surface treatment modality for glazed zirconia. Bonding to untreated glazed 
zirconia surfaces led to bond failure. Both resin cements yielded strong SBS results.
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Introduction

The demand for esthetic restorations goes 
hand in hand with the pursuit of beauty, 

so ceramic crowns, veneers, and prostheses 
are now widely used in the dental field. Full 
monolithic zirconia crowns are preferred by 
many dentists and patients due to their color 

stability, biocompatibility, high flexural 
strength,[1] wear resistance, and elimination 
of veneer delamination risk.[2]

Contrarily, the awareness among adults 
about the importance of occlusion has 
increased, and the number of adults seeking 
orthodontic treatment is rapidly growing.[3] 
Achieving a good bond to enamel can be 
accomplished by applying phosphoric acid 
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to the enamel before bonding.[4] Etching of feldspathic 
ceramic surfaces with 9.6% hydrofluoric acid also 
causes micro retentions that can achieve a good bond.[5] 
However, the glass‑free nature of zirconia is resistant to 
all these methods, so other bonding procedures must be 
considered.[6,7] Orthodontic brackets need to withstand 
intraoral masticatory forces, necessitating a minimum 
bond strength of 5.9–7.8 MPa to maintain a good bond 
through the orthodontic treatment.[8]

Improving bonding to zirconia can be achieved 
mechanically by modifying the zirconia surface,[9] 
chemically using innovative primers and resin 
cements, or preferably both.[10‑12] Primers containing 
10‑methacryloxydecyl dihydrogen phosphate (MDP) 
have improved the bonding to a zirconia core by the 
chemical bond that forms between zirconia oxides 
and the free end chains of MDP.[12] One of the most 
currently used surface treatment for zirconia is 
sandblasting (airborne particle abrasion) using Al2O3 
particles. Since sandblasting requires the use of an 
intraoral micro‑blaster, which is not available in all 
orthodontic clinics, we used polishing discs as an 
alternative in this study. Previous studies showed that 
repolishing a flat zirconia surface with Sof‑Lex discs[13] 
or an NTI polishing kit[14] restored its initial smooth 
texture. However, to our knowledge, no study has yet 
evaluated the use of polishing discs as a way to increase 
the mechanical retention on glazed zirconia. The aim of 
this study was to evaluate the shear bond strength (SBS) 
between glazed zirconia and metallic brackets using 
different surface treatments and two resin cements.

Materials and Methods

Sample preparation
Sixty identical zirconia specimens (Yeti‑Dental, 
Digital Line, Germany) were fabricated using 
computer‑aided design/computer‑aided manufacturing 
technology (Wieland Dental, Zenotec Select, Germany). 
The specimens were designed to be identical to a 
natural‑size crown and to simulate the contour of the 
buccal surface of the lower second premolar with a 
stump base. The specimens underwent sintering for 
9 h in a zirconia‑sintering furnace (Programat S1, 
Ivoclar Vivadent), with temperature reaching 1500°C, 
for 2 h. A glaze layer (Glasur, Degudent) was applied 
to all the specimens and fired for 15 min in a ceramic 
furnace (ProFire 2 Press, Degudent). One specimen was 
mounted in a stone base, simulating its position in the 
oral cavity, and three industrial silicon molds (Catasil 
21; Vertex, Switzerland) were made for this specimen. 
Each specimen was placed in its proper indentation in 
the mold, and chemical‑cured acrylic resin (Meliodent, 
Heraeus Kulzer, Germany) was then poured to fill the 
mold. This procedure was repeated to obtain 60 identical 

specimens. All the specimens were bonded with stainless 
steel Discovery brackets #790‑123‑00 (Dentaurum GmbH, 
Ispringen, Germany) for a lower second premolar with 
a laser‑structured base. The average surface area of the 
bonded bracket was 13.42 mm2.[15]

Surface treatment
The specimens were randomly divided into three groups 
(n = 20) according to the surface treatment applied: 
C: control, glazed specimens without any surface 
treatment, S: sandblasted using an intraoral sandblaster 
(Microetcher IIA, Danville Materials, CA, USA) with 
50 µm Al2O3 particles for 15 s, under 2.8 bars of pressure 
at a distance of approximately 10 mm perpendicular to 
the surface, and D: roughened with coarse polishing discs 
(Sof‑Lex 2382C, 3M ESPE) at 10,000 RPM for 5 s; each disc 
was used only once and then discarded. Each group was 
further subdivided into two subgroups with respect to 
the resin cement used: P: “Clearfil Ceramic Primer (CCP) 
+ Panavia F2.0 (Panavia)” and R: “RelyX U200,” resulting 
in six subgroups: CP: glazed, CCP + Panavia, control; 
CR: glazed, RelyX U200, control; SP: glazed, sandblasted, 
CCP + Panavia; SR: glazed, sandblasted, RelyX U200; DP: 
glazed, Sof‑Lex Disc, CCP + Panavia; and DR: glazed, 
Sof‑Lex Disc, RelyX U200. Figure 1 shows a diagram 
summarizing the groups, subgroups, variables, and 
outcomes.

Before the bonding procedures, the specimens were 
cleaned with an ultrasonic device in isopropanol solution 
for 3 min, rinsed with water, and then air dried [Figure 2].

Bonding procedure
For subgroups P, a thin layer of Clearfil Ceramic 
Primer (Kuraray, Noritake, Japan) was applied using 
a microbrush to the bonding surface and left to react 
for 1 min. Equal amounts of Panavia F2.0 (Kuraray) 
Paste A and Paste B were then mixed following the 
manufacturer’s directions. For subgroups R, no primer 
was applied. The resin cement was mixed after being 
equally dispensed from the RelyX U200 (3M/ESPE, 
GmbH, Germany) clicker, as recommended by the 
manufacturer. The resin cements and the primer 
components are listed in Table 1.

Each resin cement was applied to the base of the 
orthodontic bracket. The brackets were held with 
orthodontic tweezers to the labial surface of each 
specimen. A silicon index was fabricated to ensure 
correct and reproducible bracket positioning at the 
center of the buccal surface (4.5 mm away from the 
occlusal plane). A static load of 300g[16] was applied 
using a customized machine[17] [Figure 3] with a 
customized stainless steel rod that fit the center of the 
bracket [Figure 4] to deliver a uniform pressure along the 
mesh base, thereby ensuring uniform cement thickness. 
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each side. The intensity of curing light was measured 
after each specimen.

All specimens were stored at 37°C in distilled water for 
24 h. The specimens then underwent 500 cycles[16] in an 
electronic thermocycler (JULABO GmbH, Germany) 
between 5°C and 55°C, with a dwell time of 30 s.

Shear bond test
SBS was measured using a universal testing machine 
(YLE‑UTM GmbH, Germany) with a load cell of 500 N. 
A chisel cross‑head was applied at a speed of 1 mm/min, 
perpendicular to the cement–crown interface, until the 
bracket debonded [Figure 5]. The SBS was calculated 
according to the following equation:

SBS( ) =
Force( )

Area( )2
MP

N

mm


Where F is the force in Newtons, and A is the average 
surface area of the Discovery bracket mesh base 
(13.42 mm2). The failure mode was evaluated for 
all specimens using a 25 × stereoscopic microscope 
(Leica, Germany) according to the following 4‑point 
scale ordinal: cohesive within cement, adhesive between 
zirconia/resin, adhesive between resin/bracket, and 
complex adhesive/cohesive.

Statistical analysis
Data were collected, tabulated, and statistically analyzed 
using the IBM SPSS statistics 20 statistical package 
software. The descriptive statistics, mean, standard 
deviation, maximum, and minimum were presented 

After specimens were inspected for proper adaptation, 
excess cement was removed using a sharp orthodontic 
scaler (Dentaurum). The resin cement was polymerized 
with a light‑emitting diode curing light (Radii Plus, SDI, 
Australia) at a light intensity of 1400 mW/cm2 for 10 s 

Figure 2: Specimens after surface treatment; letters identify each subgroup

Figure 1: Summary of groups, subgroups, variables and outcomes

Figure 3: Custom‑made static load device
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for each subgroup. Shapiro–Wilk test was used to 
test the homogeneous distribution of the data. The 
results revealed that the groups were not normally 
distributed, so nonparametric Mann–Whitney test was 
used (α = 0.05) to check the statistical significance of 
SBS differences among groups and subgroups. A power 
test analysis was also performed and revealed sufficient 
power (0.88), thereby indicating the high probability 
of detecting a significant difference among the tested 
variables.

Results

Descriptive statistics for the SBS are presented in 
Figure 6. The SP subgroup showed the highest SBS 
(20.8 ± 4.8 MPa, 95% confidence interval 17.7–24.2), 
followed by the SR subgroup (16.7 ± 4.6 MPa, 95% 
confidence interval 13.6–19.7). The DP (12.3 ± 2.8MPa, 
95% confidence interval 10.3–14.1) and DR (11.6 ± 3 MPa, 
95% confidence interval 9.3–13.7) subgroups showed 
lower SBS values, whereas both the control subgroups CP 
and CR underwent debonding during thermocycling and 
were given a zero value.

Statistical analysis using Mann–Whitney test among 
surface treatment groups C, S, and D revealed highly 
significant differences (P < 0.001). Mann–Whitney 
test analysis revealed a high statistically significant 

difference (P = 0.001) among the control subgroups and 
all other subgroups, as well as between the SP‑DP and 
SP‑DR subgroups. However, no statistically significant 
differences were observed between the subgroups of 
the same surface treatment SP‑SR (P = 0.165), DP‑DR 
(P = 0.902), and CP‑CR (P = 1).

Mode of failure
The failure mode analysis was performed using a 
25× stereoscopic microscope (Leica). Only four specimens 
of the S subgroups (SP and SR) showed a complex 
adhesive and cohesive failure, where less than half of 
the adhesive was left on the zirconia surface [Figure 7]. 
All the other specimens showed a complete adhesive 
failure between the zirconia and the resin cement, with 
no adhesive left on the zirconia surface [Figure 8]. Table 2 
shows the mode of failure of each subgroup.

Discussion

The methodology of this study was aimed at simulating 
clinical intraoral conditions. Zirconia crowns were 
fabricated and glazed, rather than discs, to mimic the 
buccal surface anatomy.

The intraoral sandblaster and low‑speed hand piece are 
dental unit equipment that orthodontists use frequently. 
The specimens were air‑abraded with 50 µmAl2O3 

Figure 4: Custom‑made rod seated in the center of the bracket Figure 5: Chisel end perpendicular to the cement–crown interface

Table 1: Bonding materials and their composition
Material Composition Manufacturer
RelyX U200 
(self‑adhesive resin 
cement)

Base paste: methacrylate monomers containing phosphoric acid 
groups, methacrylate monomers, silanated fillers, initiator components, 
stabilizers, rheological additives.
Catalyst paste: methacrylate monomers, alkaline (basic) fillers, silanated 
fillers, initiator components, stabilizers, pigments, rheological additives

3M/ESPE, GmbH, 
Germany

Panavia F2.0 (adhesive 
resin cement)

Paste A: MDP, DMA, silanated silica filler, DL‑camphorquinone
Paste B: DMA, silanated barium glass filler, sodium fluoride

Kuraray, Noritake, Japan

Clearfil Ceramic Primer MDP, MPS, ethanol Kuraray, Noritake, Japan
MDP – 10‑methacryloyloxydecyl dihydrogen phosphate; DMA – Dimethacrylate; MPS – 3‑methacryloxypropyltrimethoxysilane
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particles, since increasing the particle size to more than 
50 µm does not increase the SBS[7] but increases the risk 
of inducing minor cracks in the zirconia surface.[7,18] 
Polishing discs (Sof‑Lex) were used in this study since 
they are commercial, readily available, and do not 
require special equipment. An orthodontic gauge and a 
silicon matrix were used to ensure that the brackets were 
bonded at 4.5 mm from the occlusal surface at the center 
of the bracket mesiodistally. A pointed stainless steel 
rod was custom‑made to fit the center of the Discovery 
bracket and secure it during cement setting. Discovery 
brackets are often used as reference brackets, according 
to the DIN standard 13990.[15] The load cell of 500 N used 
in the universal testing machine is the optimal load‑cell 
capacity for precise reading with a minimal range of 
error.

Figure 6: Box plot showing the mean SBS results for each subgroup. 
SP: sandblasting, CCP + Panavia; SR: Sandblasting, RelyX U200; DP: Sof‑Lex 

disc, CCP + Panavia; DR: Sof‑Lex disc, RelyX U200; CP: CCP + Panavia, control; 
CR: RelyX U200, control

Figure 7: Complex adhesive and cohesive failure between zirconia surface and the 
bracket base

Figure 8: Adhesive failure between the zirconia surface and the resin cement

The results of this study showed that the surface 
treatment of glazed monolithic zirconia is the key factor 
to achieve a durable bond. The air‑abraded sandblasted 
subgroups (SP and SR) achieved the highest SBS because 
sandblasting increases the surface area, roughness, and 
wettability of the zirconia surface.[19] The SP subgroup 
achieved the highest SBS value (20.8 MPa), which 
was about triple the optimal bond strength required. 
Similarly, the SR subgroup achieved a high SBS 
value (16.7 MPa). These results are in agreement with 
several previous studies,[9,20‑22] which concluded that 
sandblasting is a key factor in obtaining a good bond 
to zirconia, with no statistical significance observed 
between resin cements/primers that contained MDP 
and those without MDP.

Despite the advantage of achieving durable bonds 
after sandblasting the zirconia surface, high debonding 
forces may induce minor cracks, especially if the 
monolithic zirconia crown is thin. Furthermore, 
complex cohesive–adhesive failures were observed with 
both cements. Removing the cement remnants after 
debonding may further damage the zirconia surface[23] 
and is time‑consuming.

The results for the D subgroups showed that the 
glazed zirconia surface treated with Sof‑Lex discs 
attained double optimal bond strength with both 
cements, DP (12.3 MPa) and DR (11.6MPa). These SBS 
values pose less risk of damaging the zirconia surface 
during debonding when compared with sandblasting. 
Moreover, no remnants were detected on any of the 
zirconia surfaces after debonding. This allows the 
orthodontist to easily repolish the bonding surface using 
smoother Sof‑Lex discs (medium, fine, and superfine) to 
gain a smooth and glossy surface.[13]

The results for the resin cements used indicated no 
significant difference between the use of CCP + Panavia 
F2.0 or self‑adhesive RelyX U200 between subgroups 
of the same surface treatment, and similar findings 
were noted by Sanli et al.[22] Only when preceded by 
sandblasting, the CCP + Panavia treatment achieved 
a noticeably higher SBS. This may be due to the areas 
where the glazed layer had been removed, allowing 
the MDP molecules to bond to the exposed oxides on 
the zirconia surface.[21] This finding agrees with many 

Table 2: Failure mode of different subgroups
Mode of failure Subgroups

SP SR DP DR CP CR
Adhesive between zirconia/resin 8 8 10 10 10 10
Adhesive between resin/bracket ‑ ‑ ‑ ‑ ‑ ‑
Complex adhesive and cohesive 2 2 ‑ ‑ ‑ ‑
SP – Sandblasting; CCP + Panavia; SR – Sandblasting; RelyX U200; 
DP – Sof‑Lex disc; CCP + Panavia; DR – Sof‑Lex disc; RelyX U200; CP – CCP 
+ Panavia; control; CR – RelyX U200, control
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previous studies in which sandblasting and MDP 
primer/resin cement were applied.[7,12] Conversely, no 
advantage was evident in using CCP + Panavia, either 
on the specimens that were treated with Sof‑Lex discs 
or on the control specimens. This could be explained by 
the weak bond between MDP and the silica molecules 
embedded in the glazed layer.[21]

RelyX U200 achieved good SBS values when combined 
with sandblasting or Sof‑Lex discs surface treatments. 
Self‑adhesive resin cements are less promising in 
achieving a durable bond to zirconia after thermocycling. 
However, the presence of silica particles in the glaze layer 
enhances the bond with the phosphoric acid methacrylate 
monomer found in RelyX U200.[24] The usage of RelyX 
U200 saves the time of applying an additional primer, 
and thus is less technique‑sensitive.

All the control specimens of both resin cement 
subgroups (CP and CR) underwent debonding during 
thermocycling. This highlights the importance of 
treating the glazed zirconia surface prior to bonding 
and illustrates the advantage of the mechanical retention 
that is created. Further studies are recommended to 
evaluate the effects of other surface treatment methods 
and cements/primers on the SBS between orthodontic 
brackets and monolithic zirconia crowns.

Conclusion

Within the limitations of this study, it was possible 
to conclude that glazed monolithic zirconia crowns 
require special surface treatment prior to bonding 
of orthodontic brackets. Sandblasting achieved the 
highest SBS, but it required special equipment. On 
the other hand, treating the surface of glazed zirconia 
with a coarse Sof‑Lex disc proved to be an alternative 
convenient method that orthodontists can easily apply. 
Both cements, Panavia and RelyX U200, achieved 
adequate bonding results.
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