Original Article

Ann Med Res 2023;30(5):621-627

24

Ann Med Res

Current issue list available at AnnMedRes

Annals of Medical Research

Annals of Medical Research

journal page: www.annalsmedres.org

Effects of different surface conditioning protocols on shear
strength of orthodontic brackets bonded to CAD/CAM

materials

Hande Baser?,

@ Private Dental Clinic, Trabzon, Tirkiye

Mehmet Birol Ozel®,

Baris Baser®*

bKocaeli University, Faculty of Dentistry, Department of Orthodontics, Kocaeli, Tiirkiye
¢Karadeniz Technical University, Faculty of Dentistry, Department of Orthodontics, Trabzon, Tirkiye

ARTICLE INFO

Keywords:

Temporary crown materials
CAD/CAM systems
Orthodontic bonding

Shear bond strength

Received: Apr 17, 2023
Accepted: May 23, 2023
Available Online: 26.05.2023

DOLI:
10.5455 /annalsmedres.2023.04.098

0o

Abstract

Aim: The aim of this study was to evaluate the effects of different surface conditioning
method combinations on the shear strength of orthodontic brackets bonded various tem-
porary crown materials used in computer aided design and computer aided manufacturing
systems.

Materials and Methods: 100 polymethyl methacrylate, 100 bis-acrylic composite
and 100 polyetherketoneketone surfaces were prepared from provisional temporary crown
blocks. Five different conditioning protocols (etching with 9.6 % hydrofluoric acid, sand-
blasting with 50 pm Al2Og3 particles, roughening with ultrafine diamond bur, Er,Cr:YSGG
laser irradiating and priming with methylmethacrylate monomer were applied to the sur-
faces for each material group. Shear test was performed to half of the bonded samples after
24 hours while the other half 14 days later. The share strengths of the bonded brackets
were measured in Newton and Megapascals.

Results: In all material groups, the highest share strength values were found in samples
sandblasted with Al1203 particles. For bis-acrylic composite and polymethyl methacrylate
groups, the lowest bond strength value were found in samples irradiated with Er,Cr:YSGG
laser.

Conclusion: The shear bond strengths of the orthodontic brackets bonded to the tem-
porary crown materials produced in CAD/CAM systems vary according to the structure
of the material and surface conditioning processes.

Copyright (© 2023 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction

The chemical, physical and clinical properties of the most
commonly used resins for provisional crowns vary. Bis-

With the increasing number of adult patients applying for
orthodontic treatment, the variety of materials encoun-
tered by orthodontists in the mouth increases and the at-
tachment of brackets to these materials becomes more im-
portant. Provisional restorations used before permanent
prosthetic rehabilitation are a type of prosthetic treat-
ment applied to protect the support teeth, to observe the
prognosis of the teeth, and to provide the patient with a
temporary solution that is aesthetic, functional, phonetic
and provides tissue harmony. These restorations are often
used to improve the therapeutic efficacy of the treatment
plan and to evaluate the form and function of the planned
permanent restoration. In such a clinical situation, or-
thodontic attachments are bonded to provisional crown
materials.
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acryl composite resins, polymethyl methacrylate resins
and ethyl methyl methacrylate resins are among the most
frequently used materials for this purpose. Provisional
crowns can be produced directly with various materials
available in powder liquid form or prefabricated as poly-
carbonate crowns. There are studies reporting that pro-
visional crowns produced with the Computer Aided De-
sign and Computer Aided Manufacturing (CAD/CAM)
system, which has been successfully used in dentistry for
a long time, give better results in terms of durability and
marginal fit [1]. In many studies in the literature, pro-
visional restorations produced with CAD/CAM systems
and conventional methods have been compared in terms
of marginal edge matching, color stability and mechanical
properties. There are studies indicating that provisional
restorations produced with CAD/CAM systems have bet-
ter color stability and marginal edge matching than those
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produced with conventional methods [2-4]. High den-
sity polymer blocks produced for use in CAD/CAM sys-
tems have high mechanical properties and smoother sur-
faces because they are polymerized under special condi-
tions (high temperature and pressure) |2, 4-6]. Various
ready-made blocks have been used in different studies on
provisional restoration materials produced in CAD/CAM
systems. Polymethyl methacrylate (PMMA) (Telio CAD,
artBloc Temp,), bis-acryl composite (Vita CAD-temp,
Ambarino high-class, Everest C- temp), polyetheretherke-
tone (PEEK), and UDMA (Lava Ultimate) are the most
commonly used blocks [7-10].

Brackets bonded to provisional crown materials must have
adequate bonding resistance against orthodontic forces.
Although both physical and chemical forces play a role
in the bonding process, the basic principle is based on me-
chanical interlocking between the treated surface and the
low-density polymer bonding agent [11, 12]. Inadequate
bonding resistance of brackets causes high failure rates and
negative results in orthodontic treatment in terms of cost
and effectiveness. The bond strength between the bracket
and the provisional material is influenced by factors such
as surface preparation, adhesive material, waiting period
after bonding, and thermal cycling [13]. In order to ensure
direct adhesion to the restoration surfaces, various sur-
face roughening methods should be applied. In addition
to mechanical methods such as green stone, emery, dia-
mond milling, sandblasting with aluminum oxide, chemical
agents such as hydrofluoric acid, phosphoric acid, acidu-
lated phosphate fluoride and laser applications such as
Er:YAG, Nd:YAG, CO2 have also been studied in the lit-
erature [14-19].

Although there are many studies in the literature investi-
gating the bond strength between the bracket and various
restorative materials, there are limited studies investigat-
ing the bond strength between provisional crown materi-
als and the bracket. Based on this information, the aim
of this study was to evaluate the bonding resistance of
orthodontic attachments that underwent different rough-
ening techniques to the surfaces obtained by CAD/CAM
from polymethyl methacrylate, polyetherketoneketone and
bis-acryl composite blocks and to determine the most ap-
propriate method to ensure acceptable bonding on these
surfaces.

Materials and Methods
Preparation of samples

Three types of provisional crown materials used in
CAD/CAM systems were included in the study: bis-acryl

Figure 1. a) Digital design of the samples b) Producted
samples containing surfaces ¢) A custom-made device for

the orthodontic brackets to place vertically.
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composite (Vita CAD-temp Zahnfabrik, Bad Sackingen,
Germany), polymethyl methacrylate (Tempo CAD, On-
Dent, Izmir, Tiirkiye) and polyetherketoneketone (Pekk-
ton Ivory, Cendres+Métaux, Biel Bienne, Switzerland).
Provisional crown blocks were milled on the "Coritec 550i
imes-icore" device with dimensions of 10 mm x 20 mm x 20
mm and 10 samples were prepared for each group. Each
sample was designed to contain 12 surfaces for double-
sided use (Figure la, 1b). Each of the 30 samples contain-
ing a total of 300 surfaces was divided into 30 separate
groups (n: 10 surfaces) (Table 1). Five different surface
roughening procedures were planned for the samples ob-
tained (Table 2).

*Group 1-6 (9.6% HF + Silane): 9.6% Hydrofluoric acid
gel (Pulpdent, MA, USA), Silane (Ultradent, South Jor-
dan, Utah, USA)

*Group 7-12 Sandblasting with (A1203 + Silane): (Hagen
Werker, Duisburg, Germany), Silane (Ultradent, South
Jordan, Utah, USA)
*Group 13-18 (Roughening with diamond milling +
Silane): Komet, Brasseler, Germany, (Ultradent, South
Jordan, Utah, USA)

*Group 19-24 (Er,Cr:YSGG laser roughening + Silane):
(Biolase, Waterlase MD), (Ultradent, South Jordan, Utah,
USA)

*Group 25-30 (Methylmethacrylate Monomer application
+ Silane): (Imicryl, Konya, Tiirkiye).

Bonding of brackets

In our study, a total of 300 upper premolar brackets with
0.018 metal slots (Ormco mini 2000, Ormco Cop., CA,
USA) were used for the treated sample surfaces. Trans-
bond XT Light Cure Adhesive (3M/Unitek, Monrovia,
California) was applied to the base of the orthodontic
brackets and the brackets were placed on the surfaces with
the help of holders. At this stage, a setup was used so that
the bracket base could be parallel to the vertical plane on
which the shearing force would be applied (Figure 1c).

Storage of samples

Half of the samples were kept in 10 separate containers
with distilled water in an incubator for 24 hours. The
other half were kept in the same conditions for 14 days.
The temperature of the incubator was fixed at 37 °C to
mimic the intraoral environment.

Figure 2. A custom-made device for shearing test.
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Shear test

Instron Universal Tester (Instron 3382, Istanbul, Tiirkiye)
was used for the shear test. A special set-up was prepared
to keep the specimens stationary during the application
of the shear force (Figure 2). The maximum force that
the moving arm can apply was set to 500 Newton and the
speed was set to 1 mm/min. Shear force was applied at the
bracket-sample surface junction by means of a fine-tipped
stainless steel blade fixed to the movable upper part of the
device. The values obtained in N (Newton) were converted
to megapascals using the equation Mpa=N/mm2. The
base area of the brackets used in the study was calculated
as 9.63 mm? and this value was used in the equation.

Statistical analysis

Statistical analysis was performed using SPSS (Statistical
Package for Social Sciences) for Windows 17.0 (SPSS, Inc.,
Chicago, IL USA) program. Descriptive statistics were
presented as mean and standard deviation. In the data
evaluation stage, the Kolmogorov—Smirnov test was used
to assess the normality of the data. Two-way ANOVA test
was applied to the data showing normal distribution in
the shear bond strength test. The results were evaluated
at 95% confidence interval and p<0.05 significance level.

Results

The calculated MPa values were analyzed by two-way
ANOVA and interaction data were obtained. According
to these results, material used and method applied had
statistically significant effects when evaluated individually
and together (p<0.05). Waiting time was found to be sta-
tistically significant when evaluated separately by material
and method (p<0.05).

The mean bracket rupture values and standard deviations
in MPa (megapascals) for the Vita CAD-temp material af-
ter 24 hours and 14 days of shear testing are given in Table
3. The binding value in Group 1 (9.6% HF acid) was sig-
nificantly lower than Group 7 (50 nm Al;O3) and signif-
icantly higher than Group 19 (Er,Cr:YSGG laser); while
no statistically significant difference was found when com-
pared to Group 13 (Ultrafine milling cutter) and Group
25 MMA (Methyl Methacrylate monomer). The bind-
ing value in group 7 (50 pm Al,O3) was significantly
higher compared to the other groups. There was no
significant difference between Group 13 (Ultrafine drill),
Group 19 (Er,Cr:YSGG laser), and Group 25 (MMA). The
binding strength in Group 4 (9.6% HF acid) was signifi-
cantly higher than Group 16 (Ultrafine bur) and Group
22 (Er,Cr:YSGG laser). The value in Group 10 (50 pm
Al,O3) was found to be significantly higher compared to
Group 4 (9.6% HF acid), Group 16 (Ultrafine bur), Group
22 (Er,Cr:YSGG laser), and Group 28 (MMA). The value
in Group 28 was significantly higher compared to Group 22
(Er,Cr:YSGG laser), but no difference was found between
Group 28 and Group 16 (Ultrafine bur).

The average bracket rupture values and standard devia-
tions of Tempo CAD material after 24 hours and 14 days
of shear testing are given in MPa (megapascal) in Ta-
ble 4. Shear test results of Tempo CAD material were
also compared and statistically significant differences were
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found between some groups (p<<0.05). The value in Group
2 (9.6% HF acid) was significantly lower compared to
Group 8 (50 pm Al1203), Group 14 (Ultrafine bur), and
Group 26. There was no statistically significant differ-
ence between Group 2 (9.6% HF acid) and Group 20
(Er,Cr:YSGG laser). Group 8 (50 pm Al;O3) showed
the highest value among the groups. The value in Group
14 (Ultrafine bur) was significantly higher compared to
Group 20 (Er,Cr:YSGG laser) and the value in Group 20
(Er,Cr:YSGG laser) was significantly higher compared to
Group 26. The value in Group 11 (50 pm AlyOs3) was
significantly higher compared to Group 5 (9.6% HF acid)
and Group 23 (Er,Cr:YSGG laser). The value in Group
17 (Ultrafine bur) and Group 29 (MMA) was significantly
higher compared to Group 23 (Er,Cr:YSGG laser). The
mean bracket rupture values and standard deviations of
the Pekkton Ivory material after 24 hours and 14 days
of shear testing are given in MPa (megapascals) in Ta-
ble 5. Shear test results of Pekkton Ivory material were
also compared and statistically significant differences were
found between some groups (p<0.05). The value in Group
9 (50 pm Al;O3) was significantly higher than the values
in Group 3 (9.6% HF acid), Group 15 (Ultrafine bur), and
Group 27 (Methyl Methacrylate monomer). There was
no statistically significant difference between the values in
Group 15 (Ultrafine bur), Group 21 (Er,Cr:YSGG laser),
and Group 27 (MMA). The value in Group 12 (50 pm
Al;,O3) was significantly higher than the values in Group
6 (9.6% HF acid), Group 18 (Ultrafine bur), Group 24
(Er,Cr:YSGG laser) and Group 30 (MMA). There was
no statistically significant difference between the values in
Group 6 (9.6% HF acid), Group 18 (Ultrafine bur), Group
24 (Er,Cr:YSGG laser), and Group 30 (MMA).

Discussion

Provisional crowns can be produced directly with various
materials available in powdered liquid form or prefabri-
cated in the form of polycarbonate crowns. Studies in
the literature examined many parameters such as surface
roughening methods, waiting times of specimens, bonded
orthodontic attachments, and bonding agents [13, 20-27].

There are studies indicating that provisional restorations
produced with CAD/CAM systems have better color sta-
bility and marginal accuracy than those produced with
conventional methods [2-4]. Rayyan et al. compared
PMMA blocks with conventional resin materials and re-
ported that PMMA blocks gave better results in terms
of color stability, less water absorption, higher abrasion
resistance, surface hardness, and fracture strength [28].
Therefore, it is beneficial to use CAD/CAM systems in
cases where provisional restorations need to be used for
a long period of time [10]. There are many studies in
the literature on the bonding dynamics of orthodontic
attachments to provisional crown materials obtained by
conventional methods [13, 20-27]. However, there are no
studies on the bonding dynamics of orthodontic attach-
ments to provisional restorations produced in CAD/CAM
systems. Based on this information, the aim of the
present study was to evaluate the bonding resistance of
orthodontic attachments undergoing different roughening
processes to the surfaces obtained by CAD/CAM from
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Table 1. Study design.
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HF Al,O3 Bur Laser MMA
24 hours 14 days 24 hours 14 days 24 hours 14 days 24 hours 14 days 24 hours 14 days
Vita CAD Group1 Group4 Group10  Group13  Group16  Group19  Group22  Group25 Group28
Tempo CAD Group2 Group5 Group8 Group11 Group14  Group17 Group20  Group23  Group26  Group29
PEKK Group3 Group6 Group12 Group15 Group18 Group21 Group24 Group27 Group30

HF: Hydrofluoric acid gel, MMA: methylmethacrylate monomer,PEKK: polyetherketoneketone, Al,O; :Aliminum Oxide.

Table 2. Groups and surface conditioning protocols.

Groups (n:10)

Surface conditioning protocols

HF

Group 1-6 Silane %9.6, 2 minutes
Transbond XT Primer 60 seconds
Transbond XT Adesive
Al,O4

Group 7-12 Silane 50pm, 2.5 bar, 10 sec, 10 mm
Transbond XT Primer 60 seconds
Transbond XT Adesive
Diamond Bur

Group 13-18 Silane Ultrafine, 30um, 10 sec.
Transbond XT Primer 60 seconds
Transbond XT Adesive
Er,Cr:-YSGG Laser

Group 19-24 Silane 3W, 8 mm, 10 Hz, 20 sec.
Transbond XT Primer 60 seconds
Transbond XT Adesive
Metil Metakrilat Monomer
Silane 180 seconds

Group 25-30

Transbond XT Primer
Transbond XT Adesive

60 seconds

HF: Hydrofluoric acid gel, AI203 :Aliminum Oxide, W:Watt, sec:Second, pm:Micrometer, mm:Milimeter, Hz:Hertz.

Table 3. The comparison of shear bond strength values (Mpa) of Vita CAD-temp material after different surface

conditioning protocols.

24 hours 14 days
Groups Mean + SD p Groups Mean + SD p
Group 7-p<0.01 Group10- p<0.01
G 13-p>0.05 G 16- p<0.01
Group 1 (Vita-HF) 8.92 + 4.43 roup>rp> Group 1 (Vita-HF) 8.34+3.59 roupo p=
Group19- p>0.05 Group22- p<0.01
Group25- p>0.05 Group28- p>0.05
Group13- p<0.01 Group16- p<0.01
Group 7 (Vita-Al,O3) 15.85+2.75 Group19- p<0.01 Group 10 (Vita-Al,O3) 14.08+3.55 Group22- p<0.01
Group25- p<0.01 Group28- p<0.01
G 19- p>0.05 G 22- p>0.05
Group 16 (Vita-Bur) 8.77+4.78 roup - p> Group 16 (Vita-Bur) 2.41£1.39 roups2-p>
Group25-p>0.05 Group28- p>0.05
Group 22 (Vita-Laser) 6.5614.61 Group25- p>0.05 Group 22 (Vita-Laser) 2.41+1.39 Group28- p<0.01
Group 28 (Vita-MMA) 8.41+6.04 Group 28 (Vita-MMA) 8.06+4.57

p<0.05, Two-way ANOVA test HF: Hydrofluoric acid gel, MMA: methylmethacrylate monomer, Al,O5: Aliminum Oxide.

polymethyl methacrylate, polyetherketoneketone and bis-
acryl composite blocks and to determine the most appro-

faces.
624

priate method to ensure acceptable bonding on these sur-
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Table 4. The comparison of shear bond strength values (Mpa) of Tempo CAD material after different surface condi-

tioning protocols.

24 hours 14 days
Groups Mean + SD p Groups Mean = SD p
Group 8-p<0.01 Group11- p<0.01
G 14- p<0.01 G 17-p<0.05
Group 2 (Tempo-HF) 4.38 +4.10 roupti b= Group 5 (Tempo-HF) 6.65 + 4.37 rouptip=
Group20-p>0.05 Group23- p>0.05
Group26- p<0.01 Group29- p<0.05 1
Group14-p<0.05 Group17- p<0.05
Group 8 (Tempo-Al,03) 15.61 + 3.33 Group20- p<0.01 Group 11 (Tempo-Al,03) 14.23 +2.35 Group23- p<0.01
Group26- p<0.01 Group29- p<0.05
G 20- p<0.01 G 23- p<0.01
Group 14 (Tempo-Bur) 12.62 + 3.01 roup=i- p= Group 17 (Tempo-Bur) 10.77 + 3.13 roups3- p<
Group26-p>0.05 Group29- p>0.05
Group 20 (Tempo-Laser) 4.05 + 1.74 Group26- p<0.01 Group 23 (Tempo-Laser) 4.76 £2.51 Group29- p<0.0
Group 26 (Tempo-MMA) 10.9 + 2.49 Group 29 (Tempo-MMA) 11.00 + 3.54

P<0.05, Two-way ANOVA test HF: Hydrofluoric acid gel, MMA: methylmethacrylate monomer, Al,O5 :Aliminum Oxide.

Table 5.

conditioning protocols.

The comparison of shear bond strength values (Mpa) of Pekkton Ivory material after different surface

24 hours 14 days
Groups Mean + SD p Groups Mean + SD p
Group 9-p<0.01 Group12- p<0.01
G 15-p>0.05 G 18- p>0.05
Group 3 (PEKK-HF) 0.64 + 0.31 roup”omp> Group 6 (PEKK-HF) 1.45 £ 0.77 roup“ep=
Group21- p>0.05 Group24- p>0.05
Group27- p>0.05 Group30- p>0.05
Group15- p<0.01 Group18- p<0.01
Group 9 (PEKK-AI,03) 7.28 +4.20 Group21-p<0.05 Group 12 (PEKK-AI,03) 11.10 + 4.77 Group24- p<0.01
Group27- p<0.01 Group30- p<0.01
G 21- p>0.05 G 24- p>0.05
Group 15 (PEKK-Bur) 202+ 1.18 roups-p> Group 18 (PEKK-Bur) 121+0.71 roup=a-p>
Group27- p>0.05 Group30- p>0.05
Group 21 (PEKK-Laser) 2.39 +2.62 Group27- p>0.05 Group 24 (PEKK-Laser) 0.70 + 0.40 Group30- p>0.05
Group 27 (PEKK-MMA) 0.36 £ 0.13 Group 30 (PEKK-MMA) 1.22 + 1.17

P<0.05, Two-way ANOVA test HF: Hydrofluoric acid gel, MMA: methylmethacrylate monomer, Al,O3 :Aliminum Oxide.

Various ready-made blocks have been used in differ-
ent studies on provisional restoration materials pro-
duced in CAD/CAM systems. PMMA (Telio CAD, art-
Bloc Temp,), bis-acryl composite (Vita CAD-temp, Am-
barino high-class, Everest C- temp), polyetheretherketone
(PEEK), and UDMA (Lava Ultimate) are the most com-
monly used blocks [1, 7-10]. Three types of CAD/CAM
temporary blocks, Vita CAD-temp (Bis-acryl compos-
ite), Tempo CAD (Polymethyl methacrylate), and Pekk-
ton Ivory (Poly-ether-ketone-ketone), were included in our
study.

Although there are many studies in the literature investi-
gating the bond strength between the bracket and various
restorative materials, there are limited studies investigat-
ing the bond strength between provisional crown materials
and the bracket. Jabbari et al. reported that a bracket ap-
plied to a provisional crown material with an unroughened
surface produces too low bond strength to withstand the

forces required for orthodontic tooth movement [20].

The bonding strength should be high enough to prevent
unwanted bracket detachment during orthodontic treat-
ment, but not too high to cause enamel-damaging forces
during the removal of the brackets at the end of treat-
ment. High values of bonding strength are therefore not
essential for good clinical performance [29]. Reynolds re-
ported that the bonding resistance between the bracket
and tooth should be at least 5.9-7.8 MPa to suit the or-
thodontic movement of the teeth [30]. Bowen et al. re-
ported that the average tensile strength of enamel is 14.5
Mpa [31]. The different CAD/CAM provisional materials
we used in our study had an effect on the bonding values
of the brackets.

After 24 hours of shear testing, the specimens in the Vita
CAD-temp material group gave better results than the
Tempo CAD material groups in the HF acid, Er,Cr:YSGG
laser and, although not significantly, in the sandblasting
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with A1203 powder groups. After 14 days of shear testing,
the bonding values of the specimens in the Al,O3 powder
and Er,Cr:YSGG laser groups were higher in the Tempo
CAD material group, but the difference was not statisti-
cally significant. The bonding values of the specimens in
the Ultrafine bur and MMA groups were higher for the
Tempo CAD material both after 24 hours and 14 days of
shear testing. In the present study, the groups in which the
highest bonding values were recorded in all material groups
were the specimens sandblasted with 50 pm Al,O3 powder
(Group 7 (Vita-24 hours-15.85+2.75), Group 10 (Vita-14
days-14.08+3.55), Group 8 (Tempo-24 hours-12.62+3.01),
Group 17 (Tempo-14 days-14.23+2.35), Group 9 (Pekk-24
hours-7.28+4.20), Group 12 (Pekk-14 days-11.10+4.77)).
The lowest bonding strength values were recorded in
Er,Cr:YSGG laser treated specimens in all material groups
(Group 19 (Vita-24 hours-6.56+4.61), Group 22 (Vita-14
days-2.41+1.39), Group 20 (Tempo-24 hours-4.05+1.74),
Group 23 (Tempo-14 days-4.76+2.51), Group 21 (Pekk-
24 hours-2.3942.62), Group 24 (Pekk-14 days-0.7010.40)).
No statistically significant difference was observed in each
of the material groups between 24 hours and 14 days.

Increasing the waiting time to 14 days resulted in lower
values only in the bis-acryl composite (Vita CAD- temp)
material group in the milled and laser-treated specimens.
No significant change was noted in the PMMA material
group. The destructive effect of the thermal cycling pro-
cess on PMMA material suggested by Jabbari et al. was
not observed after the 14-day waiting period applied in our
study [20].

In their study, Chay et al. applied various roughening
methods on the surfaces of conventional temporary crown
materials (Protemp 3/Bis-acryl composite and Temporary
Bridge Resin/PMMA) [13]. They found that roughen-
ing using green stones was not as effective as sandblast-
ing with 50 pm Al,O3 powder. The authors stated that
there was a significant decrease in bonding strength in
the bis-acryl composite material group, but there was no
statistical difference in the PMMA material group, albeit
non-significant increases in the values. Although the sand-
blasting method we used in our study was the same as the
method used by Chay et al., the bonding values of the
sandblasted samples in the bis-acryl composite material
group, more prominently in the PMMA material group,
were higher than the values found by the researchers. The
fact that CAD/CAM provisional materials are different
from conventional provisional materials in terms of me-
chanical properties, the application of silane after sand-
blasting method in our study, different waiting times and
different application of shear force are thought to be the
reasons for these differences in the values obtained.

Blakey et al. investigated the effects of diamond milling,
9.6% HF acid, and sandblasting with 50 pm aluminum
oxide on bonding strength of polycarbonate crowns [21].
They reported that polycarbonate crowns, which are struc-
turally similar to PMMA, were resistant to acid applica-
tions. The highest bonding values were measured in the
sandblasted group and then in the milled group. Similarly,
in the present study, in the PMMA (Tempo CAD) material
group, the bonding strengths of the samples treated with
9.6% hydrofluoric acid were found to be lower than the
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groups treated with Ultrafine bur, MMA monomer, and
sandblasting (Group 2 (HF-24 hours-4.38+4.10), Group 5
(HF-14 days-6.65+4.37)).

Goymen et al. applied different roughening methods on
five different conventional provisional crown materials,
namely PMMA (Dentalon Plus), PEMA (Trim II), bis-
acryl composite (Structur Premium, Protemp 4), UDMA
(Revotec LC), and measured the highest bonding strength
values in the shear tests after thermal cycling in all ma-
terial groups in the Er:YAG laser treated samples [24].
The authors stated that more successful results were ob-
tained in bis-acryl composite material groups compared to
other material groups. They reported that higher values
were obtained in the group roughened with 50 pm Al>;Og
sandblasting and similar values were obtained in the group
treated with 37% phosphoric acid. However, since these
values were lower than the accepted minimum bonding
values, the authors argued that sandblasting and acid ap-
plication methods would not give successful results, espe-
cially in the PMMA material group In the present study,
the bonding values obtained in the bis-acryl composite and
PMMA material groups treated with Er,Cr:YSGG were
similar to the results reported by Goymen et al. Laser ap-
plication gave results above the minimum accepted bond-
ing values only in the bis-acryl composite group.

In the PEKK (Pekkton Ivory) material group, the effects
of different surface roughening treatments and shear tests
applied for different time periods on the bonding strength
of orthodontic brackets were examined and all methods
except for sandblasting with 50 pm Al O3 yielded results
below the minimum bonding value. The failure of bond-
ing between the PEKK material and the adhesive resin
was attributed to the lack of PEKK primer. PEKK mate-
rial was used for the first time in the literature to examine
bonding strength, and only AlyOgsandblasting was effec-
tive among the surface roughening procedures applied on
the PEKK material used. Due to its high mechanical prop-
erties, PEKK material is used in many areas of dentistry;
however, further studies are needed before it can be used
as a provisional crown material.

Conclusion

1. The bonding strength of brackets bonded to provi-
sional CAD/CAM materials varies depending on the

type of material and the roughening method used.

Sandblasting with 50 pm AlyO3 powder yielded the
highest bonding strength values in all material groups.
Er,Cr:YSGG laser treatment yielded the lowest bond-
ing strength values in all material groups.

. Bis-acryl composite material group gave more success-
ful results compared to other material groups. This
material can be preferred in orthodontic treatments
that require long-term use of a provisional restora-
tion.

In the PMMA material group, the application of
methyl methacrylate monomer gave results above the
minimum bonding values. This method, which is
easy to apply in clinical settings, can be preferred in
the surface preparation of provisional crowns made of
polymethyl methacrylate.
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6. In the PEKK material group, all surface roughen-

ing procedures except sandblasting with 50 pm Al;Og
powder resulted in low bonding strength values of or-
thodontic brackets.

7. Waiting period before the shear test had no significant

effect on the bonding strength values of the brackets.

Ethical approval
It is a study that does not require ethical approval.

References

1.

10.

11.

12.

13.

14.

15.

Abdullah AO, Tsitrou EA, Pollington S. Comparative in
vitro evaluation of CAD/CAM vs conventional provisional
crowns. Journal of applied oral science. 2016;24:258-63.
doi.org/10.1590/1678-775720150451.

Alt V, Hannig M, Wéstmann B, Balkenhol M. Fracture strength
of temporary fixed partial dentures: CAD/CAM versus di-
rectly fabricated restorations. Dental materials. 2011;27(4):339-
47. doi.org/10.1016/j.dental.2010.11.012.

Goéncii Bagaran E, Ayna E, Vallittu PK, Lassila LV.
Load-bearing capacity of handmade and computer-aided
design—computer-aided manufacturing-fabricated three-
unit fixed dental prostheses of particulate filler compos-
ite. Acta Odontologica Scandinavica. 2011;69(3):144-50.
doi.org/10.3109/00016357.2010.545034.

Stawarczyk B, Ender A, Trottmann A, Ozcan M, Fischer J,
Hammerle CH. Load-bearing capacity of CAD/CAM milled
polymeric three-unit fixed dental prostheses: effect of ag-
ing regimens. Clinical oral investigations. 2012;16:1669-77.
https://doi.org/10.1007/s00784-011-0670-4.

. Giith JF, Almeida E Silva JS, Ramberger M, Beuer F, Edelhoff

D. Treatment concept with CAD/CAM-fabricated high-density
polymer temporary restorations. J Esthet Restor Dent. 2012
Oct;24(5):310-8.doi: 10.1111/j.1708-8240.2011.00497 .x.
Stawarczyk B, Ozcan M, Trottmann A, Schmutz
F, Roos M, Hammerle C. Two-body wear rate of
CAD/CAM resin blocks and their enamel antagonists.
The Journal of prosthetic dentistry. 2013;109(5):325-32.
doi.org/10.56501 /intjprosthorehab.v3i2.678.

Khng KYK, Ettinger RL, Armstrong SR, Lindquist T, Gratton
DG, Qian F. In vitro evaluation of the marginal integrity of
CAD/CAM interim crowns. The Journal of prosthetic dentistry.
2016;115(5):617-23. doi.org/10.1016/j.prosdent.2015.10.002.
Peniate L, Basilio J, Roig M, Mercadé M. Comparative
study of interim materials for direct fixed dental pros-
theses and their fabrication with CAD/CAM technique.
The Journal of prosthetic dentistry. 2015;114(2):248-53.
doi.org/10.1016/j.prosdent.2014.12.023.

Wiegand A, Stucki L, Hoffmann R, Attin T, Stawarczyk B. Re-
pairability of CAD/CAM high-density PMMA-and composite-
based polymers. Clinical oral investigations. 2015;19:2007-13.
doi.org/10.1007/s00784-015-1411-x.

Yao J, Li J, Wang Y, Huang H. Comparison of the flex-
ural strength and marginal accuracy of traditional and
CAD/CAM interim materials before and after thermal cy-
cling. The Journal of prosthetic dentistry. 2014;112(3):649-57.
doi.org/10.1016/j.prosdent.2014.01.012.

Craig R, Power J. Restorative dental materials. Mosby-year
book. Inc, Missouri. 1997:486.

Matasa CG. Adhesion and its ten commandments. Amer-
ican Journal of Orthodontics and Dentofacial Orthopedics.
1989;95(4):355-6. doi: 10.1016,/0889-5406(89)90171-6.

Chay SH, Wong SL, Mohamed N, Chia A, Yap AUJ. Effects of
surface treatment and aging on the bond strength of orthodon-
tic brackets to provisional materials. American Journal of Or-
thodontics and Dentofacial Orthopedics. 2007;132(5):577. eT7-.
ell. doi.org/10.1016/j.ajodo.2004.01.024.

Bourke BM, Rock WP. Factors affecting the shear bond
strength of orthodontic brackets to porcelain. Br J Orthod. 1999
Dec;26(4):285-90. doi: 10.1093/ortho/26.4.285.

Gillis I, Redlich M. The effect of different porcelain conditioning
techniques on shear bond strength of stainless steel brackets.
American Journal of Orthodontics and Dentofacial Orthopedics.
1998;114(4):387-92. doi.org/10.1016,/S0889-5406(98)70183-0.

627

Original Article

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

2023;30(5):621-627

strength of
1983;62:297.

Simonsen R. Tensile bond
etched porcelain. J Dent Res.
https://cir.nii.ac.jp/crid /157338744945720038414.

Yassaei S, Moradi F, Aghili H, Kamran M. Shear
bond strength of orthodontic brackets bonded to porce-
lain following etching with Er: YAG laser versus hy-
drofluoric  acid.  Orthodontics  (Chic).  2013;14(1):e82-
7. https://www.researchgate.net/profile/Sogra-Yassaei-
2/publication/236640226 _Shear bond_strength _of orthodon
tic_ brackets bonded to porcelain following etching with
_ErYAG_ laser_versus_hydrofluoric_ acid/links/5703b8b908a
ea09bblad4a9e/ Shear-bond-strength-of-orthodontic-brackets-
bonded -to-porcelain-following-etching-with- ErYAG- laser-
versus-hydrofluoric-acid.pdf.

Zachrisson BU, Buyukyilmaz T. Recent advances in bonding to
gold, amalgam, and porcelain. 1993.

Zachrisson Y@, Zachrisson BU, Biiyiikyilmaz T. Surface prepa-
ration for orthodontic bonding to porcelain. American Journal of
Orthodontics and Dentofacial Orthopedics. 1996;109(4):420-30.
doi.org/10.1016/S0889-5406(96)70124-5.

Al Jabbari YS, Al Taweel SM, Al Rifaiy M, Algahtani MQ, Kout-
soukis T, Zinelis S. Effects of surface treatment and artificial ag-
ing on the shear bond strength of orthodontic brackets bonded
to four different provisional restorations. Angle Orthodontist.
2014;84(4):649-55. doi.org/10.2319,/090313-649.1.

Blakey R, Mah J. Effects of surface conditioning on the
shear bond strength of orthodontic brackets bonded to
temporary polycarbonate crowns. American Journal of Or-
thodontics and Dentofacial Orthopedics. 2010;138(1):72-8.
doi.org/10.1016/j.ajodo.2008.08.030.

Cumerlato M, Lima EMd, Osorio LB, Mota EG, Menezes LMd,
Rizzatto SMD. Effect of surface treatment of prefabricated teeth
on shear bond strength of orthodontic brackets. Dental press
journal of orthodontics. 2017;22:47-52. doi.org/10.1590,/2177-
6709.22.4.047-052.0ar.

Dias FMCS, Pinzan-Vercelino CRM, Tavares RRdJ, Gurgel
JdA, Bramante FS, Fialho MNP. Evaluation of an alterna-
tive technique to optimize direct bonding of orthodontic brack-
ets to temporary crowns. Dental press journal of orthodontics.
2015;20:57-62. doi.org/10.1590/2176-9451.20.4.057-062.0ar.
Goymen M, Topcuoglu T, Topcuoglu S, Akin H. Effect of
different temporary crown materials and surface roughen-
ing methods on the shear bond strengths of orthodontic
brackets. Photomedicine and laser surgery. 2015;33(2):55-60.
doi.org/10.1089,/pho.2014.3818.

Maryanchik I, Brendlinger EJ, Fallis DW, Vandewalle KS.
Shear bond strength of orthodontic brackets bonded to var-
ious esthetic pontic materials. American Journal of Or-
thodontics and Dentofacial Orthopedics. 2010;137(5):684-9.
doi.org/10.1016/j.ajodo.2008.06.031.

Rambhia S, Heshmati R, Dhuru V, Iacopino A. Shear bond
strength of orthodontic brackets bonded to provisional crown
materials utilizing two different adhesives. The Angle Orthodon-
tist. 2009;79(4):784-9. doi.org/10.2319/060908-298.1ri.

Wan Abdul Razak WS, Sherriff M, Bister D, Seehra J. Bond
strength of stainless steel orthodontic brackets bonded to prefab-
ricated acrylic teeth. Journal of orthodontics. 2017;44(2):105-9.
doi.org/10.1080/14653125.2017.1296636.

Rayyan MM, Aboushelib M, Sayed NM, Ibrahim A,
Jimbo R. Comparison of interim restorations fabri-
cated by CAD/CAM with those fabricated manually.

The Journal of prosthetic dentistry.
doi.org/10.1016/j.prosdent.2015.03.007.
ARICI S, Tamer T, Mete O. Rezinle Giiglendirilmis Bir Cam-
iyonomer Simanla Ortodontik Braket Yapigtirilmasi. Ondokuz
May1s Universitesi Dig Hekimligi Fakiiltesi Dergisi. 2000;2(3).
doi.org/10.1016/j.prosdent.2015.03.007.
Reynolds 1. A review of direct
ing. British journal of orthodontics.
doi.org/10.1080,/0301228X.1975.11743666.
Bowen R, Rodriguez MS. Tensile strength and modulus of elas-
ticity of tooth structure and several restorative materials. The
Journal of the American Dental Association. 1962;64(3):378-87.
doi.org/10.14219 /jada.archive.1962.0090.

2015;114(3):414-9.

orthodontic  bond-
1975;2(3):171-8.



