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Evaluation of bond strength and failure mode of attachments
in clear aligner orthodontic appliance using self-adhesive
composite resin
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Objectives: The study was designed to 1) compare the shear bond strength (SBS) between self-adhesive
composite resin and etch and rinse adhesive systems with a conventional flowable composite resin in fabricating
the attachment of clear aligner on an enamel surface and 2) to evaluate the mode of failure.

Materials and Methods: The rectangular attachment size of 2.5x3x2 mm was fabricated on 48 upper first premolars.
These premolars were randomly allocated into three groups based on the attachment bonding protocols: Group 1
(etch and rinse + conventional flowable composite resin), Group 2 (self-adhesive composite resin), and Group 3
(etching + self-adhesive composite resin). The samples were subjected to thermocycling (1,000 cycles between 5°C
and 55°C). The SBS was measured by a universal testing machine. The data were analyzed using one-way analysis
of variance (ANOVA) with a significance level of p<0.05. All samples were examined under a stereomicroscope at 20x
magnification to evaluate the Adhesive Remnant Index (ARI) scores. The scores were presented in percentages.
Results: 62.5% of the attachments in Group 2 became dislodged after thermocycling. The mean SBS of Group 1
(17.3+5.76 MPa) and Group 3 (18.91 + 9.94 MPa) were statistically significantly higher than that of Group 2
(3.69 + 1.30 MPa) (p<0.05). No statistically significant differences were observed between Group 1 and Group 3
(p>0.05). For ARI evaluation, the majority of samples in Group 1 showed mixed failure, Group 2 showed Interfacial
failure between composite resin and enamel and Group 3 showed cohesive failure in composite resin.
Conclusion: The attachments that were fabricated with self-adhesive composite resin had the lowest SBS in this
study. However, etching prior to using self-adhesive composite resin enhanced SBS comparable to etch and
rinse + conventional flowable composite resin in fabricating the attachment.
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. appliances [2, 3]. Nonetheless, loss of attachments
Introduction . . . .
remains a therapeutic challenge, impacting

treatment outcomes negatively and prolonging the

Clear aligner orthodontic appliances have
gained popularity recently due to the increased
focus on esthetics among orthodontic patients during
their treatment [1]. Composite resin attachments,
serving as auxiliary components of clear aligners,
demonstrate the capability to enhance tooth
movement, allowing for the correction of severe and
complex malocclusion and improving retention of
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duration of the treatment [4]. According to
Reynold's study, clinically accepted bond
strengths range from 5.9 to 7.8 MPa, which allows
them to withstand masticatory forces effectively
[5]. The bond strength should be adequate to
minimize bond failures during treatment but not
excessively high to avoid any potential damage to
the substrate surface during debonding [6].
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The most dependable and efficient method
to obtain effective bonding to the enamel surface
is the etch and rinse system [7]. Nonetheless,
it has been widely reported that etching with
phosphoric acid produces a greater loss of
enamel [8]. Moreover, these systems can be very
time-consuming because of many bottles and
application steps [9]. Presently, the innovations in
dental adhesives are focused on simplification of
the bonding procedures to eliminate technique
sensitivity and time-consuming procedures,
so self-adhesive composite resin that is non-rinseable
was recently introduced [7,10]. Self-adhesive
composite resin is indicated for the restoration of
small Class | and V cavities, repairing porcelain,
as a liner for large Class | and Il restorations, or as
a pit and fissure sealant, and is also used for
orthodontic bracket bonding [10, 11]. Valizadeh
et al. reported that Vertise® Flow™ Resin, which is
a self-adhesive composite resin, can be used as
an alternative to etching + Transbond XT™, which
is conventional orthodontic adhesive, in bracket
bonding on aged composite resin [11]. In addition,
the mode of failure of Vertise® Flow™ Resin was
mainly adhesive and mixed failure [11].

Considering the limited information on the
bonding of self-adhesive composite resin as an
attachment of clear aligner orthodontic appliance,
the aim of this study was to compare the shear
bond strength (SBS) between self-adhesive
composite resin and etch and rinse adhesive
systems with conventional flowable composite
resin and to evaluate the mode of failure in the
aspect of fabrication of the attachments of clear
aligner orthodontic appliances.

Materials and Methods

This study was approved by the Faculty of
Dentistry Human Experimentation Committee.
The ethical approval number is 37/2022.
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The sample sizes were calculated from the pilot
study using the n4Studies application for one-way
analysis of variance. A total of 48 intact upper
premolars were collected and stored in a 10%
formalin solution. The inclusion criteria of tooth
were recently extracted intact upper first premolar
for orthodontic purposes with the absence of any
large or buccal surface restoration, and without
enamel abnormally. They were randomly divided
into 3 groups. The teeth in each group were put
into plaster of Paris blocks, four teeth per block,
and then the models were scanned to develop the
3D model by an intraoral scanner (TRIOS®, 3SHAPE,
Denmark) and the 3D model was exported as
a STL file. The rectangular box size of 2.5x3x2 mm
was designed by Blender 3.1 software and was
attached to the 3D model (Figure 1a). The 3D models
with rectangular attachments were printed as resin
models by a 3D printer (Formlab Form 2 3D printer,
Somerville, MA, USA). The resin models were
used for the fabrication of individual templates.

The teeth were cleaned with pumice for
10 seconds using a rubber cup, then thoroughly
washed with water and air-dried. The adhesive
systems and composite resin were performed in
each group (Figure 1b).

In Group 1: etch and rinse (Adper™
Scotchbond Multi-Purpose et, 3M ESPE, St. Paul,
MN, USA) was tested. The teeth were etched
with 37% phosphoric acid for 15 seconds, rinsed
with water for 15 seconds, excess water was
removed with an air syringe and the enamel
surface was air-dried to gain a chalky white
appearance. The primer was applied on the
enamel surface and gently dried for 5 seconds,
then the adhesive was applied and mild air-blown
to be thin film, light cured with a high-power
light-emitting diode curing unit (Mini LED™,
Satelec® Acteon Group, Merignac, France) for
10 seconds. The composite resin attachment
was fabricated by loading the template with
conventional flowable composite resin (Filtek™
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Z350Xt 3M ESPE, St. Paul, MN, USA). Then, the
template was positioned on the tooth block and
the composite was light cured for 20 seconds.

In Group 2: self-adhesive composite resin
(Vertise® Flow™ Resin, Kerr, Orange, CA, USA)
was applied in a thin layer of 0.5 mm to the
bonding area, then the template was filled with
Vertise® Flow™ Resin and positioned on the tooth
block, light cured for 20 seconds.

In Group 3: the tooth was pre-etched with
37% phosphoric acid (Adper™ Scotchbond
Multi-Purpose etchant, 3M ESPE, St. Paul, MN,
USA) for 15 seconds, rinsed with water for 15
seconds, excess water was removed with an air
syringe, and dried to gain a chalky white
appearance. Then, self-adhesive composite resin
(Vertise® Flow™ Resin, Kerr, Orange, CA, USA)
was applied in a thin layer of 0.5 mm to the
bonding area, the template was filled with Vertise®
Flow™ Resin and positioned on the tooth block,
light cured for 20 seconds.

All samples were aged by thermal cycling
machine (model HWB332R CWB332R TC301,
King Mongkut's Institute of Technology
Ladkrabang, Thailand) for 1,000 cycles between
5°C and 55°C with dwell time of 20 seconds and
transfer time of 10 seconds. After the aging
process, the teeth were cut with the round end
taper diamond bur to separate the crown and root,
and the crowns were embedded in the PVC mold
filled with Plaster of Paris. A gingivo-occlusal load,
produced by a universal testing machine (Instron
5566, Instron Calibration Laboratory, Canton, MA,
USA), was applied to test the SBS at a crosshead
speed of 1 mm/min (Figure 1c). The shear bond
strength was recorded in Newton (N) and was
calculated using the following formula: SBS (MPa)
= Force (N)/ A (mm?). A (mm?) is the enamel

surface under the attachment base, which was
computed by Materialise 3-Matic software (3-Matic
Research 13.0 software, Materialize, Leuven,
Belgium) (Figure 1d).

Figure 1

Show testing for shear bond strength (SBS): (a) Fabrication for the 3D model with rectangular

attachments; (b) The rectangular attachment was fabricated on the teeth; (c) SBS testing was
performed by pulled force; (d) Bonding area was simulated by Materialise 3-Matic software

(3-Matic Research 13.0 software).
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The ARI (Adhesive Remnant Index) was
evaluated after testing the SBS. The bonding
areas were inspected under a stereomicroscope
(model CK 40 culture microscope and DP 12
digital camera, Olympus, Japan) at 20X
magnification. The ARI evaluation criteria were
adapted from Pipatphatsakorn ef al in 2015 [12]
and employ the following scale: 1, Cohesive
failures in enamel; 2, Interfacial failure between
composite resin and enamel; 3, Mixed failure
with less than 50 percent of bonding areas
covered by composite resin; 4, Mixed failure with
more than 50 percent of bonding areas covered
by composite resin; and 5, Cohesive failure in
composite resin. The process of ARI evaluation
was repeated after 4 weeks for intra-rater reliability
testing.

The data were analyzed using SPSS 25.0
software (IBM® SPSS” Statistics, IBM, NY, USA)
The normality distribution of the data was assessed
using the Shapiro-Wilk test. One-way analysis of
variance (ANOVA) was performed to assess the
effect of different attachment bonding protocols
on the SBS and followed by Dunnett's T3 which
was used for pairwise comparison between
group (p<0.05). Pretest failures were not
included in the statistical analysis. The ARI was
also described by percentages to describe
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the extent of composite resin remaining on each
sample.

Result

The means of SBS of three groups are
shown in Table 1 and Figure 2. Significantly
different SBS were not found between Group 1
and Group 3 (p>0.05). The means SBS of
Group 1 and Group 3 were significantly greater
than that of Group 2 (p<0.05). Some attachments
(62.50%) in Group 2 became dislodged after
thermocycling.

Table 1 Mean and standard deviation of shear
bond strength in the 3 groups.
Mean SBS Group
Group .

(MPa) + SD difference

1 17.31 £5.76 A

2 3.69 £ 1.30 B

3 18.91 £ 9.94 A

Group1: etch and rinse (Adper™ Scotchbond Multi-Purpose) +
conventional flowable composite resin (Filtek™ Z350Xt),
Group 2: self-adhesive composite resin (Vertise® Flow™ Resin),
Group 3: etching (Adper™ Scotchbond Multi-Purpose etchant)+
self-adhesive composite resin (Vertise® Flow™ Resin)

Note: Groups with different letters are significantly different from
each other.

=3

2 3
Gr

Figure 2 Box-plots the mean of shear bond strength (SBS)

S14 M Dent J 2023 October; 43 (Suppl): S11-S18




Bond strength of attachments in clear aligner appliance; self-adhesive resin

———————————————————————————————————————————————————————————————————————————————————————————————— VRRI00L DENTAL J0URNAL

Table 2 displays the ARI of composite resin
that remains after bond failure, presented in
both frequency and percentages. In Group 1,
the majority of the samples exhibited less than
50 percent coverage of bonding areas by
residual composite resin, and there was
no residual composite resin observed on
the bonding areas without enamel fractures.
In Group 2, all samples had no residual
composite resin on the bonding area without
enamel fracture. In Group 3, almost all of
the samples had residual composite resin on
the total bonding area, and had more than half
of the bonding areas covered by residual
composite resin.

Discussion

There are several characteristics of the
ideal attachment material for a clear aligner
appliance, such as being tough to slip off, resistant,
and simple to use [13]. Presently, innovations in
dental materials are focused on simplification of
bonding procedures [14]. To simplify the clinical
procedure, a self-adhesive composite resin that
is a self-etch approach is introduced and is
claimed to be less technique-sensitive with

reduced chairside time [15]. This study intended
to evaluate SBS and the failure mode of
self-adhesive composite resin in fabricating
attachment. In the present study, the SBS of
composite resin attachments were compared
in different bonding protocol as follow: Group 1:
etch and rinse + conventional composite resin,
Group 2 self-adhesive composite resin, and
Group 3 etching + self-adhesive composite
resin. The ability to bond to the tooth structure of
dental adhesive system depends on two main
factors: (1) Demineralized surface, which
partially removed the mineral components and
increased tooth receptivity, and (2) subsequent
infiltration of monomers into the demineralized
zone [7]. Valizadeh et al [11] assessed the
tooth surface by SEM. They found that the higher
the SBS, the higher the surface roughness.
This study found that the mean SBS in Group 1
was higher than that of Group 2 significantly.
The explanation was that 37% phosphoric acid
has more acidity (pH 0.1-0.4) than the acid in
Vertise® Flow™ Resin (pH 1.9), so it produced more
surface roughness and improved mechanical
retention. However, etching with 37% phosphoric
acid prior to the self-adhesive composite
resin improved the SBS significantly. Group 3
showed the highest mean on SBS in this study,

Table 2 Frequency and percentage of the Adhesive Remnant Index (ARI) scores in 3 groups

Adhesive Remnant Index (ARI) scores

Group ] )
1 0 6
(0.00%) (40.63%)
0 16
(0.00%) (100%)
0 0
(0.00%) (0.00%)

3 4 5

9 1 0
(53.12%) (6.25%) (0.00%)

0 0 0
(0.00%) (0.00%) (0.00%)

8 5 8
(18.75%) (34.37) (46.88%)

Group 1: etch and rinse (Adper™ Scotchbond Multi-Purpose) + conventional flowable composite resin (Filtek™ Z350Xt),
Group 2: self-adhesive composite resin (Vertise® Flow™ Resin), Group 3: etching (Adper™ Scotchbond Multi-Purpose etchant)+ self-

adhesive composite resin (Vertise® Flow™ Resin)
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but it was not significantly different from Group 1.
The explanation was that enamel pretreatment
with 37% phosphoric acid increased microporosities
to enchant resin-interlocking and micromechanical
retention. In addition, Vertise® Flow™ Resin has
chemical adhesion that occurs by the phosphate
functional group of the glycero-phosphate
dimethacrylate (GPDM) united with the calcium
ions within the tooth structure [10]. This result
was in accordance with several studies that
confirmed the bond strength of self-adhesive
composite resin increased with pretreatment
of the surface with acid etching [16, 17]. Reynold
suggested that the clinically accepted bond
strength should be 5.9 to 7.8 MPa. So, this study
found that the SBS of Group 1 and Group 3 were
accepted for clinical use.

For the assessment of ARI score, all of
Group 2 showed failure at the interface between
composite resin and tooth surface. The low acidic
level of Vertise® Flow™ Resin might produce
minimal surface roughness and further decreased
mechanical retention. However, Group 3 showed
higher ARI score than Group 2. Alimost all of Group
3 had residual composite resin on the total bonding
area and had more than half of the bonding areas
covered by residual composite resin. Enamel
pretreatment with 37% phosphoric acid increased
microporosities and improved micromechanical
retention of Vertise® Flow™ Resin to intact enamel
surface. This finding agreed with Valizadeh S et al
[11] that using 37% phosphoric etching prior to
Vertise® Flow™ Resin increased ARI score. While
Group 1 showed lower ARI score than Group 3.
Almost all of Group 1 had less than half of the
bonding areas covered by residual composite
resin and no residual composite resin on the
bonding area without enamel fracture. In other
words, Group 3 showed higher percentages of
remnants of composite resin on enamel surface
than Group 1. The explanation is that Vertise®
Flow™ Resin created chemical retention by GPDM,

S16 M Dent J 2023 October; 43 (Suppl): S11-S18

and mechanical retention was increased by
pretreatment with 37% phosphoric acid. This
result conformed to the SBS result. An ARI score
of 3,4 or 5 indicates more remnant of adhesive
material is still present on the bonding area,
so removing the adhesive material can lead to
surface roughness and the loss of the intact
enamel surface [18, 19]. The lower the score or
a score of 2 with decreased composite resin
remnant may ease the tooth surface cleanup
and time saving [19, 20]. The bond failure at
enamel-adhesive interface can lead to enamel
fracture [20]. This study did not find any cohesive
failure in enamel.

However, this study had some limitations.
The experiments in this study were carried out
in vitro and might not exactly reflect clinical
circumstances. The randomized controlled
split-mouth clinical trial should be performed in
further study.

Conclusion

1. The attachment fabricated with self-
adhesive composite resin had the lowest SBS
in this study. However, etching before self-
adhesive composite resin enhanced the
SBS comparable to etch and rinse + conventional
flowable composite resin in fabricating the
attachment.

2. Etching with 37% phosphoric acid
was necessary in enhancing the bond strength
to the level of clinical acceptable for fabricating
the attachments with the self-adhesive composite
resin in a clear aligner. However, more remnants
of composite resin may be found. Thus, the loss
of intact enamel surface from removing remnants
of composite resin process should be aware.
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