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Abstract

Objectives: The purpose of the study was to evaluate the effect of adhesive application on the shear bond strength
(SBS) of orthodontic brackets and tubes to acid-etched human enamel when using different cementing agents. Study
Design: One hundred and sixty metal attachments (80 tubes and 80 brackets) were bonded to human third molars and
premolars that were randomly divided into identical groups of four: Transbond XT (XT); Wave MV Flow (WF);
APC Plus System (APC); and Fuji Ortho LC (LC). For each experimental group, half of the specimens were bonded
in combination with Transbond XT adhesive. After 72 h, a SBS test was performed using a universal testing machine.
Statistical analysis was performed using ANOVA with Bonferroni post hoc comparisons, x2 tests, and linear
regression modeling. Adhesive remnant index scores were determined for the teeth after failure. Representative tooth
surfaces from each subgroup were assessed under SEM. Results: Considering that each cement was observed, each of
them showed similar SBS when the adhesive system was applied as when the adhesive was not applied. By
comparing all cements together, it was noted that if an adhesive is not applied, all cements have similar values. If an
adhesive is applied, cement XT, WF, and APC showed significantly higher SBS values than LC did. The tubes
showed higher SBS than the brackets did in cements XT and WF with or without an adhesive, as well as APC Plus
with an adhesive. Conclusions: The use of an adhesive system in bonding brackets and tubes does not influence the
SBS obtained, independently of the cement.
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1. Introduction

Orthodontic bonding of brackets to teeth is a standard procedure to align teeth with fixed
appliances.[1] The success of a fixed appliance depends partly on the metal attachments being bonded to
the teeth (brackets) or molars (tubes) so that they do not become detached during treatment.[2] Bond
failure of metal attachments retards treatment and is costly in terms of time, material, and patient
inconvenience.[1] For this, both attachments show differences in design, especially in the volume
occupied by the surface cemented on the enamel. Brackets can affect the direction of the force vectors
when torque, angulations, and in/out are built into it,[2] as happens in the tubes to posterior teeth.

Tubes have several advantages over the use of traditionally employed bands: shorter clinical time in
its placement, greater preservation of periodontal tissues because of easier hygiene and preservation of
biological distances, and no need of previous interdental separation.[3,4]

Since the advent of bonding brackets,[5] clinicians and researchers have worked to improve the
quality of the adhesive systems used.[6-8] Bonding orthodontic brackets [9,10] and tubes [11-13] to
etched teeth using adhesives and resin composites has been introduced in contemporary orthodontic
practice as a standardized procedure. The main benefits of visible light-cured orthodontic adhesives
include high early bond strength, minimal extent of oxygen inhibition, and shorter work time than that
required for the optimal placement of brackets.[6] In this regard, one of the main objectives of research
into bonding procedures is to seek ways of reducing chair-side time,[14] as well as to try to decrease the
potential risk of surface decalcification that carries the enamel conditioning.

In order to achieve this, we evaluated these procedures, introducing alternative products, such as
flowable composites, compomers like precoated tubes, and resin-modified glass ionomer cements
(RMGICs).
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Currently, flowable composites are applied for orthodontic use.[15-19] These composites show two
desirable clinical handling characteristics: (1) non-stickiness and (2) fluid injectability. These
characteristics are associated with the low viscosity of this type of flowable resin.[18] Flowable
composites were created by retaining the same small particle sizes of traditional hybrid composites while
reducing the filler content and allowing the increased resin to reduce the viscosity of the mixture.[18]

Precoated attachments are those including cement, which provides a more uniform adhesive thickness
and a reduction in the number of bonding procedures.[7,12] The properties of precoated brackets and
tubes with composite resins have improved in recent years.[20] The introduction of the APC Plus system
(3M Unitek Dental Products) allowed for greater tolerance to humidity than its predecessors had, as this
adhesive is a compomer — a mixture of BIS-GMA resin and conventional glass ionomer — that possesses
unique properties.[21] In addition, the product contains fluoride.[21]

GICs have been considered an alternative adhesive in direct orthodontic brackets; however, no study
has yet been done on the efficacy of adhesive bonding in tubes. The use of these cements for direct
bonding of orthodontic attachments has been proposed because of their ability to adhere to base metal
alloys.[22] One major characteristic would be their fluoride release capacity over a period of months,[23]
acting as a reservoir for fluoride ions [24] and reducing the potential risk of enamel decalcification.[25]
Searching for improved physical characteristics has led to the development of RMGICs which are hybrid
materials of traditional GICs with a small addition of light-cured resin.[26] They should have the
advantages of both materials, such as adhesion to tooth structure, fluoride release, rapid hardening by
visible light, and enhanced mechanical and physical properties.[26]

When bonding an orthodontic attachment, the bond strength should be adequate to withstand the
chewing forces of mastication and stresses exerted by the archwires. Thus, if flowable composites,
compomer precoated orthodontic attachments, and RMGICs could guarantee clinically acceptable bond
strength for acid-etched enamel without applying an adhesive system prior to application, they would
provide an important savings of chair-side time by reducing the number of intermediate steps in the
attachment bonding procedures and this would lower the cost. In the case of orthodontic precoated
compomer attachments and RMGICs, they also reduce the risk of decalcification.

On the other hand, tubes bonded to molars support greater occlusal forces than brackets bonded to
teeth situated more anteriorly in the mouth.[27] Because of this, it is necessary to know whether the
difference in tube design, accompanied by the same cementing agents that are used to bond brackets, is
giving consistently higher bond strength to withstand increased forces. Until today, there has been no
literature from any study comparing the bond strengths of brackets vs. tubes using different families of
cements that are employed routinely in a dental clinic.

Therefore, this study aimed to evaluate the effect of adhesive application on the shear bond strength
(SBS) of orthodontic brackets and tubes to acid-etched human enamel when using as cementing agents, a
traditional orthodontic cement (Transbond XT), a flowable composite (Wave MV Flow), an orthodontic
precoated attachment compomer (APC Plus), and a RMGICs (Fuji Ortho LC). The study also evaluates
the adhesive remnant index (ARI) score assessment of orthodontic tubes and brackets.

The null hypothesis to be tested is that neither the application of an adhesive nor the type of
attachments or cement selection modifies the SBS to human enamel.

2. Materials and methods
2.1. Preparation of specimens

One hundred and sixty sound extracted teeth (80 human third molars and 80 premolars) (Figure 1)
were collected and were stored in a 0.5 chloramine T solution for a maximum of six months after
extraction. Exclusion criteria included previously restored teeth and teeth with enamel defects or cracking
and delamination of the enamel. The samples were mounted in a self-cured acrylic block. The buccal
crown surface of each tooth was polished with fluoride-free pumice slurry for 15 s, and then was rinsed
and dried.

Two groups were made, the first formed with 80 molars and the second with 80 premolars, which
were then divided into four equal subgroups (n=20), employing one of the four different cements
selected for the study: (1) a composite resin for bonding in orthodontics: Transbond XT® (3M Unitek; St.
Paul, MN, US -XT-); (2) a flowable composite: Wave MV (SDI; Cologne, Germany -WF-); (3) a
compomer precoated composite: APC Plus System (3M Unitek; Monrovia, CA, US -APC-); and (4) a
RMGICs: Fuji Ortho LC (GC America Inc, Chicago, 111 -FO-).
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Figure 1. Schematic of the different groups and subgroups used in the study. The sample was divided into 2 groups: 40 brackets and
40 tubes, and both groups were divided into four subgroups depending on the cement used. Finally, each group was divided into two
by applying an adhesive system to half of the specimens and not to the other half.

The orthodontic attachments employed in the study were: (1) for molars, 60 stainless steel Smart Clip
metal molar tubes with a micro-etched base (3M Unitek; Monrovia, CA, US) and 20 precoated composite
APC Plus System tubes cemented in molar buccal surfaces; and (2) for premolars, 60 premolar metal
brackets (Victory Series, 3M Unitek) and 20 precoated composite APC Plus System brackets cemented in
premolar buccal surfaces.

We calculated the area of each Smart Clip metal molar tube as having an approximate value of
15.8 mm?. Each tube was measured using the mathematical formula for calculating the area, where the
area is equal to its length multiplied by its width, with the lowest value being 15.4 mm? and the highest
being 16.2 mm?. We repeated the measurements for the rest of the orthodontic attachments. The average
surface area of the bases was approximately 15.3 mm? for the precoated composite APC Plus System
tubes, 9.4 mm? for the Victory brackets, and 9.79 mm? for the precoated composite APC Plus System
brackets.

The enamel of all bonding surfaces was etched with a 37% phosphoric acid gel (Etch-37, Bisco,
Schaumburg, IL, US) for 30 s, was rinsed for 15 s, and then was dried with oil-free and moisture-free air
for 20 s until the enamel showed a faintly white appearance. The same operator bonded all attachments at
the same temperature (room temperature). For each experimental subgroup, half of the specimens
(n = 10) were bonded with Transbond XT primer (3M Unitek) prior to cementation, while the other half
were directly bonded to the acid-etched enamel surfaces with the resin composites tested.

The attachments were positioned on the buccal surface and were pressed firmly with a Hollenback
carver to expel the excess adhesive. Each attachment was subjected to a 300 g compressive force using a
force gauge (Correx Co; Berne, Switzerland) for 10 s, after which the excess bonding resin was removed
using a sharp scaler. Then, the composite was light-cured for 40 s (20 s each from occlusal and gingival
aspects of the bonded attachment). Curing time is a fundamental factor in the SBS values obtained, so that
each additional second of photopolymerization increased bond strength by 0.077 MPa.[1] Most of the
remaining studies used 40s for polymerizing the adhesive; this corresponds to the routine clinical
standard.[1] The bonding adhesive was light-cured with a curing light (XL300; 3M/Unitek Dental
Products; Monrovia, CA, USA), with a light intensity of 1000 mW/cm?® measured with a built-in
radiometer that was calibrated every 10 m to ensure consistent light intensity.

The attachments were immersed in sealed containers of deionized water and were placed in an
incubator at 37 °C for 72 h to allow adequate water absorption and equilibration before the SBS test was
performed.
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2.2. SBS test

The specimens were secured in a jig attached to the base plate of a universal testing machine (Instron
Corp; Canton, MA, USA). A chisel-edged plunger was mounted in the movable crosshead of the testing
machine and positioned such that the leading edge was aimed at the enamel-composite interface before
being brought into contact, exerting a force parallel to a flat interface in the occlusal-apical direction. This
force attempts to imitate the force that makes the orthodontic arch during treatment. A crosshead speed of
0.5 mm/min was used. The force required to dislodge the brackets and tubes was measured in
kilonewtons, and the SBS (1 MPa = 1 N/mm?) was calculated by dividing the force values by the bracket
base area. An increase in crosshead speed of 1 mm/min yielded an increase in average bond strength of
1.3 MPa. Moreover, no effect was observed on bond strength with crosshead speed variations between 0.1
and 5 mm/min.[1]

The SBS values in MPa were obtained by dividing the maximum load (N) by the base area (mm?). We
used | vb image analysis equipment (Sony DXC-151-ap video camera, connected to an Olympus SZ11
microscope) and the MIP-4 (Micom Image Processing Software. Digital Image Systems, Barcelona,
Spain) software to estimate an average of the samples.

2.3. Failure mode analysis

After debonding, each specimen was examined under a stereoscopic zoom microscope (SMZ800,
Nikon Corporation; Tokyo, Japan) to identify the location of the bond failure. The residual composite
remaining on the molar or premolar surface was assessed using the ARI.[28] Each specimen was scored
according to the amount of material remaining on the enamel surface, as follows: 0 =no adhesive
remaining; 1 = less than 50% of the adhesive remaining; 2 = more than 50% of the adhesive remaining;
and 3 = all adhesive remaining, with a distinct impression of the attachment base.

2.4. Scanning electron microscope (SEM) analysis

A representative molar and premolar surface from the 16 experimental subgroups was selected and
was examined under a SEM. The specimens were stored for two days in absolute alcohol, air-dried for
2 h, were mounted on SEM stubs (enabling the inspection of the relevant area of interest), sputter-coated
with 10 nm of platinum in a Polaron E5100 SEM coating unit (Polaron Equipment Ltd. Hertfordshire,
England, UK), and were finally examined under SEM (DSM 940, Zeiss; Oberkochen, Germany).

Specific surface areas were considered, focusing with different magnifications (from 10x to 1000x) at
an accelerating voltage of 20kV to identify possible differences among the experimental groups, with
respect to the surface topography of the attachments.

2.5. Statistical analysis

Descriptive statistics, including means (MPa) and standard deviations (SD), were used to describe the
central tendency of the SBS data. A two-way analysis of variance (ANOVA) test was used to compare the
mean SBSs among the 16 subgroups, in order to evaluate the effect of both the composite and the
adhesive factors after the Bonferroni post hoc intergroup analyses. A step-wise linear regression model
for all the potential predictors was carried out. The ARI was analyzed using the 4 test for comparing the
distribution of the fracture types, grouping together within the same category ARI scores from 0 to 1 and
from 2 to 3. The significance for all statistical tests was predetermined at p < 0.05. All the statistical
analyses were conducted using the SPSS 15.0 package for Windows (SPSS Inc., Chicago, IL, USA).
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3. Results
3.1. SBSs

Results from the ANOVA tests depicted in Table 1 showed that in comparing only the use of cement
(Table 1, first row), we can see that they are equal between each other at this stage, with XT, WF, and
APC on the other side and, FO and APC on the other. Cements XT and WF showed statistically greater
SBS values (p = 0.003) than FO did (13.2 + 4.5).

If we include the variable ‘adhesive’ to see how it influences each cement (Table 1, row 2), we can
see that the application of adhesive holds the same values in all groups without increasing their SBS
values as without adhesive. If we do not apply adhesive, all cements have similar values, but if we do
apply adhesive, the cements XT, WF, and APC show significantly higher SBS values (p = 0.001) than FO
does.

Comparing the SBS values between the tubes and brackets of each cement with and without adhesive
(Table 1, row 3), the tubes were observed to show higher values than the brackets in cements XT and WF,
with or without adhesive, as well as APC with adhesive. The results obtained by cementing the brackets
with any of the cements were equal, regardless of the use of adhesive. In contrast, the results obtained by
cementing the tubes showed statistically lower values (p <0.001) than the rest of the APC without
adhesive cement and FO with and without adhesive cement.

3.2. Linear regression models (data not shown)

If we were to perform a linear regression model to predict the values of adhesion (MPa) depending on
the presence of the adhesive and the type of tooth to be treated within each composite, we would find that
all significant regression models, except in APC, where only significantly influences the type of
orthodontic attachment that is applied to each tooth (brackets for premolars and tubes for molars),
obtained better adhesion in tubes than in brackets.

For XT, the employment of a tube or bracket determines the adhesion values. XT put in a bracket
instead of a tube significantly reduces adhesion values between —165 and 85.7 MPa. Applying adhesive
seems to increase the bond strength between 7.2 and 72.1 MPa, but it does not become significant. The
same can also be said for the other groups, because they have the same tendency.

If we performed a linear regression model including the type of composite used as another predictor
variable, and if we consider the cement FO, we see that for this group, and in tubes without adhesive, an
average value of 162.6 can be achieved. If we add adhesive, the values increase to 27.7 MPa. If we put in
brackets, we reduce the value to 88.05 MPa. If we use other composites, it increases to 35.8 MPa (APC)
and 56.8 MPa (WF).

3.3. ARI

ARI scores were used to evaluate the adhesive residuals left on the enamel surfaces, with the results
presented in Table 2. In grouping residual adhesives into little adhesive remaining on the tooth surface
(0-1) and much adhesive remaining (2—3), we observed significant differences when comparing tubes and
brackets within each group composite when we applied XT with adhesive (p=0.001), WF without
adhesive (p =0.035), APC with (p =0.012) and without (p = 0.028) adhesive, and FO without adhesive
(p = 0.004).
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Table 1. Descriptive statistics of SBS (MPa) within subgroups tested by one-way ANOVA tests and student t-test using XT.

Transbond XT (N = 40) Wave MV flow (N = 40) APC plus (N = 40) Fuji Ortho (N = 40)
ANOVA:
F = 4.695; 17.7+9.3° 18.9+7.3 16.8+9.1 13.2+45°
p =0.003
) . _ Without adhesive - . _ Without adhesive . . _ Without adhesive With adhesive Without adhesive

With adhesive (n = 20) (n = 20) With adhesive (n = 20) (n = 20) With adhesive (n = 20) (n = 20) (n = 20) (n = 20)
ANOVA:
F = 3.853; 194 +85° 16.1+10.0 204+7.2° 175+73 19.9 +85° 13.7+838 12.6 +4.3° 13.9+47
p =0.001

_ PM _ PM _ PM _ PM _ PM _ PM _ PM M PM

M (n =10) (n =10) M (n =10) (n = 10) M (n = 10) (n=10) M (n = 10) (n = 10) M (n = 10) (n = 10) M (n = 10) (n=10) M (n = 10) (n=10) (=10) (n=12)
ANOVA:
F = 9.854; 26.3+46" 123+4.9° 21.6+11.4" 10.6+35°% 29.9+55" 157 +54% 19.9+9.1" 150+4.1% 246+8.9" 153+4.9% 179+109 95+1.7% 158+35° 93+21% 174+24 104+3.7°
p<0.001

Different letters are significant comparisons in rows data having the letter ‘a’ are higher that data having the letter ‘b’ data have no letter are indistinguishable from both groups.
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Table 2. ARI: scores registered on the enamel surface after debonding composite groups (n = 160).

Transbond XT (N = 40) Wave MV flow (N = 40) APC plus (N = 40) Fuji Ortho (N = 40)
With adhesive Without adhesive With adhesive Without adhesive With adhesive (n = 20) Without With adhesive Without adhesive
(n=20) (n=20) (n=20) (n=20) - adhesive(n = 20) (n=20) (n=20)
Mn=10 PMn=10 Mn=10 PMn=10 Mn=10 PMn=10 Mn=10 PMn=10 ni/llo PMn=10 Mn=10 PMn=10 Mn=10 PMn=10 Mn=10 PMn=10
ARI 0-1 (%) 83.3 16.7 91.7 83.3 333 58.3 417 83.3 41.7 0.0 66.7 100.0 91.7 100.0 83.3 25.0
ARI 2-3 (%) 16.7 83.3 8.3 16.7 66.7 41.7 58.3 16.7 58.3 100.0 33.3 0.0 8.3 0.0 16.7 75.0
('?ja“"e fiskof ARL 59 0.2 16 0.7 0.6 17 0.4 3.0 2.7 NS 0.4 NS 05 NS 4.2 03

x=1066p=0.001 x=0381p=0537 x=1510p=0.219 x=4.444p=0.035 x=6.316 p=0.012 x=4800p=0.028 x=1.043p=0.307

% =8.224 p=0.004
Enamel fractures (%) 16.7 16.7 0 0 8.3 33.3 0 16.7 66.7 8.3

8.3 8.3 0 8.3 0 0

NS: no sense.



Moreover, the highest number of fractures (66.7% of the sample) occurred when cementing molars
with APC and adhesive.

3.4. SEM

Representative SEM micrographs of debonded enamel surfaces after SBS testing are reported in
Figures 2-7.

Figure 2 shows the representative SEM images of the enamel premolar surfaces after the shear bond
testing. The specimen was bonded with APC with adhesive. More than 50% of the adhesive remained on
the tooth surface (ARI score: 2) (Figure 2(A)). The APC showed transverse cracks (Figure 2(C)) across
the interface in the residual composite (labeled in white).

Figure 3 shows the representative SEM images of the enamel molar surfaces after the shear bond
testing. The specimen was bonded with APC with adhesive. More than 50% of the adhesive remained on
the tooth surface (ARI score: 2) (Figure 3(A)). The APC showed voids/bubbles (Figure 3(B) and (C)) and
transverse cracks (Figure 3(B) and (C)) across the interface in the residual composite (labeled in white).

Figure 4 shows the representative SEM images of the enamel premolar surfaces after the shear bond
testing. The specimen was bonded with FO. Less than 50% of the adhesive remained on the tooth surface
(ARI score: 1) (Figure 4(A)). The FO showed transverse cracks (Figure 4(A)—(C)) across the interface in
the residual cement (labeled in white).

Figure 5 shows the representative SEM images of the enamel molar surfaces after the shear bond
testing. The specimen was bonded with FO with adhesive. Less than 50% of the adhesive remained on the
tooth surface (ARI score: 1) (Figure 5(A)). The FO showed transverse cracks (Figure 5(A)—(C)) across
the interface in the residual cement (labeled in white).
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Figure 2. Representation of SEM images of the fractured enamel surface of a premolar specimen bonded with APC Plus with
adhesive at 5 kV: (A) 50, (B) 100, and (C) 500 times magnification. More than 50% of the adhesive remained on the tooth surface
(ARI score: 2). APC Plus showed transverse cracks (C) across the interface in the residual composite (labeled in white).

Figure 3. Representation of SEM images of the fractured enamel surface of a molar specimen bonded with APC Plus with adhesive
at 5 kV: (A) 50, (B) 100, and (C) 500 times magnification. More than 50% of the adhesive remained on the tooth surface (ARI
score: 2). APC Plus showed voids/bubbles (B and C) and transverse cracks (B and C) across the interface in the residual composite
(labeled in white).
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Figure 4. Representation of SEM images of the fractured enamel surface of a premolar specimen bonded with Fuji Ortho with
adhesive at 5 kV: (A) 50, (B) 100, and (C) 500 times magnification. Less than 50% of the adhesive remained on the tooth surface
(ARI score: 1). Fuji Ortho showed transverse cracks (A—C) across the interface in the residual cement (labeled in white).
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Figure 5. Representation of SEM images of the fractured enamel surface of a molar specimen bonded with Fuji Ortho with adhesive
at 5 kV: (A) 50, (B) 100, and (C) 500 times magnification. Less than 50% of the adhesive remained on the tooth surface (ARI score:
1). Fuji Ortho showed transverse cracks (B and C) and voids/bubbles (C) across the interface in the residual composite (labeled in
white).
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Figure 6. Representation of SEM images of the fractured enamel surface of a premolar specimen bonded with Wave MV Flow
without adhesive at 5 kV: (A) 50, (B) 100, and (C) 500 times magnification. Less than 50% of the adhesive remained on the tooth
surface (ARl score: 1).



Figure 7. Representation of SEM images of the fractured enamel surface of a molar specimen bonded with Wave MV Flow without
adhesive at 5 kV: (A) 50, (B) 100, and (C) 500 times magnification. Less than 50% of the adhesive remained on the tooth surface
(ARI score: 1).

4. Discussion

A review of the literature identified a large variety of methods used to measure the bond strength of
orthodontic attachments. Therefore, in the present study, the suggestions made by Fox et al. [29] for in
vitro bond strength testing in orthodontics were followed. The nature of the forces exerted onto
orthodontic brackets in vivo and the nature of the stress distribution generated within the adhesive is
complex, and likely to combine shear, tensile, and compressive force systems. In the present study, a
shear method of testing was chosen as this was most likely to represent the clinical situation.

The results of the current experiment partly reject the null hypothesis because the type of attachments
and the cement selection modifies the SBS to human enamel, but otherwise the adhesive system
application does not affect the effectiveness of adhesion (see the results from ANOVA in Table 1).

When considering only the variable of cement, we found that among the new cements proposed in this
study for bonding orthodontic attachments to the enamel surface, flowable composites showed the same
values as the composite resin orthodontic XT and the compomer precoated. They also showed greater
SBS values than the RMGICs. Flowable resins can flow easily onto a tube and bracket base and into an
etched tooth structure, enhancing the potential of mechanical retention, so the permeability of the
demineralized enamel microporosity adhesive and composite fluid is similar.[30] On the other hand, the
RMGICs FO obtained the lowest SBS values on average. These findings are in agreement with previous
studies that report lower SBS for RMGICs than composites.[16,23] However, a study by Bishara [7]
reported the SBS for FO as not statistically different from XT. Another study reported FO as not
statistically different from composite adhesives, as long as the enamel is etched.[31] Variations in the
results between studies may be due to differences in research protocol and the technique sensitivity of the
materials. Further investigation in this area is warranted. APC finally showed the same values as that of
WF and XT. This precoated compomer displayed a well-defined resin penetration into the demineralized
enamel (without the presence of voids/bubbles) and showed high ‘humectancy’ with all of the adhesive
remaining on the enamel surface after debonding of the bracket (Figure 2(A)-(C)) and the tube (Figure
3(A)—(C)). In addition, it has the advantage of including fluoride and it decreases the potential risk of
enamel decalcification.[24]

When including the variable ‘adhesive’ to cement used, it was observed that it does not influence the
SBS obtained, regardless of the cement used. Several studies performed on tubes agree with our data;
[12,13] however, brackets have demonstrated higher SBS when using an intermediate adhesive.[14,17,18]
Few studies are related to brackets and with the same characteristics of our study because cements
proposed, or include chemical adhesion with the metal of orthodontic attachments and enamel
hydroxyapatite being a compomer,[22] in the case of APC and FO. In the case of WF, it is able to
penetrate the microporosity created by acid etching.[18] This causes for both brackets and tubes not to
influence on the SBS values shown.

In our study, the variant that really affected the adhesion values was the type of tooth (molar or
premolar) and the type of attachment (bracket/tube) placed on it. When cementing a tube and bracket with
the same cement, the tube showed higher SBS values, which are clinically desirable because tubes bonded
to molars support greater occlusal forces than attachments bonded to teeth situated more anteriorly in the
mouth.[27] This increase occurred in all SBS values except APC, WF without adhesive, and FO with and
without adhesive. Tubes have a larger surface area (15.8 mm? — Smart Clip metal molar tube — and
15.3 mm® — precoated composite APC Plus System tubes) than brackets (9.4 mm? — Victory brackets —
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and 9.79 mm’® — precoated composite APC Plus System brackets), so it appears to be a relationship
between the base surface area and the force to failure. Authors argue that each mm2 increase in base
surface area required an additional force of 3.11 N to debond the tube.[32] Moreover, all the elements
used in this study had the same base mesh, both the Victory brackets as Smart Clip brackets/tubes and the
APC showed a micro-etched 80-gauge mesh, along with the buccal indent and a correct anatomical
fit.[33] For this reason, we exclude that the differences in SBS values among different subgroups may be
due to variations in the base mesh attachment. No surface conditioning was applied that may influence on
SBS values obtained, such as ceramic bracket silanization.[34]

The ARI index provides information that has considerable clinical implications for clean-up following
the debonding of brackets and tubes, so ARI and bond factors to consider. Clinicians should get a good
adhesion of orthodontic attachments that preserve the enamel.

A high ARI score implies that there is a higher risk of iatrogenic damage to the enamel surface when
the residual resin composite is removed following debonding and clean-up procedures.[35,36] The ARI
[28] data registered in Table 2 grouped residual adhesive on little adhesive remaining on the tooth surface
(0-1 means that all or most of the resin is removed during debonding) (Figure 4(A)—(C); Figure 5(A)—
(C)) and much adhesive remaining (2-3) (Figure 6(A)—(C); Figure 7(A)—(C)). Many SBS studies reported
that metal tubes failed predominantly at the tube-adhesive interface.[37] Our results are in disagreement
with these studies because it is shown that the failure occurred in almost all groups of tubes
predominantly at the enamel-adhesive interface, though possibly a different tube base may adhere better.
Smart Clip tubes have a new mesh called Optimesh XRT, a 100-mesh screen with additional notches that
has been shown to increase up to 35% the resistance of cemented tubes.[38] Failure type showed
differences when comparing tubes and brackets with XT with adhesive, WF and FO without adhesive and
APC with and without adhesive, finding that ARI 0-1% was higher in molars that in premolars, except
WEF without adhesive (Figure 6(A); Figure 7(A)) and APC without adhesive.

When we studied the percentage of enamel fractures to debonding orthodontic attachments, it was
observed that the highest number of fractures (66.7% of the sample) occurred when cementing molars
with APC and adhesive. This high percentage of fractures may be associated with the high number of
mixed failures occurring (58.3%), due to high SBS values, which can be made at tube debonding. The
large area occupied has difficulty in debonding from the resin tags formed by the chemical union of
cement with hydroxyapatite,[22] producing numerous voids/bubbles, pores, and transverse cracks (Figure
3(C); Figure 4(B) and (C)) across the interface in the residual composite (labeled in white).

5. Conclusion

The use of an adhesive system when bonding brackets and tubes does not influence the SBS obtained,
independently of the cement, so the adhesive can be discarded, saving clinical time and money.

Under the tested experimental conditions, flowable composites and precoated compomers may be
recommended to bond orthodontic brackets and tubes to provide an adhesive effectiveness similar to
traditional cements, with the added advantage that the precoated compomer tube reduces the potential risk
of enamel decalcification.

Putting orthodontic composite cement and flowable composite on a molar tube instead of a premolar
bracket significantly increases adhesion values, which is clinically desirable because tubes bonded to
molars support greater occlusal forces than attachments bonded to teeth situated more anteriorly in the
mouth.

Failure type showed differences when comparing tubes and brackets applying traditional cements with
adhesive, flowable composites and RMGICs without adhesive and precoated compomers with and
without adhesive. Moreover, the highest number of fractures occurred when cementing molars with
precoted tubes and adhesive.
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