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were introduced to simplify bonding. This study compared the shear bond strength (SBS)
and evaluated the failure modes of self-adhesive and conventional composite resin.

Methods: Eighty-four intact upper first premolars were used, 80 were randomly allocated
into five groups with different bonding protocols: Group 1 (etch and rinse + conventional
flowable composite resin), Group 2 (self-etching + conventional flowable composite
resin), Group 3 (self-adhesive composite resin), Group 4 (etching + self-adhesive com-
posite resin), and Group 5 (self-etching + self-adhesive composite resin). After thermo-
cycling, the SBS was tested using a universal testing machine and analyzed with one-way
ANOVA (p<0.05). Failure modes were determined under a stereomicroscope. The enamel
surface of four unallocated teeth with different preparations were assessed by a scanning

electron microscope.

Results: 62.5% of attachments in Group 3 dislodged after thermocycling. The mean SBS
(MPa) was significantly higher in Group 1 (17.72+5.37), Group 2 (19.13£5.37), Group
4 (19.03+6.91), and Group 5 (13.21+4.87) than in Group 3 (3.69+1.30); (p<0.05). Most
failures in Groups 1, 2, 4, and 5 were mixed, while Group 3 exhibited only adhesive failure.

Conclusions: Self-adhesive composite resin alone had the lowest SBS. Pretreatment with
37% phosphoric acid or a self-etching primer significantly improved the SBS.

Keywords: attachment of clear aligner, intact enamel surface, self-adhesive composite
resin, shear bond strength
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Introduction

Today, orthodontic patients place greater emphasis
on aesthetics during treatment, which has led to the wide-
spread use of clear thermoplastic materials for orthodontic
aligners.!" Additional components, such as attachments,
are incorporated into these clear aligners to achieve
effective tooth movement and address complex maloc-
clusions.® These attachments are essential not only for
guiding proper tooth movement but also for improving
appliance retention.’®)

Composite resin is widely utilized for orthodontic
attachments owing to its aesthetic compatibility, ease of
manipulation in clinical settings, and ability to establish
micromechanical retention with etched enamel surfaces.®
Moreover, the mechanical properties of composite resins
specifically hardness and bond strength are frequently
considered integral factors in their selection and perfor-
mance as orthodontic attachment materials.*> Attach-
ment loss may lead to substantial clinical challenges,
including prolonged treatment duration, an increased
frequency of rebonding appointments, and diminished
efficacy of tooth movement.>>7) In orthodontics, bond
strength must be adequate to prevent bond failure during
treatment while not being strong enough to damage the
tooth surface during debonding.®® Clear aligners exhibit
a retention force as high as approximately 49.3 newtons
(N).©) A shear bond strength (SBS) of 5.9-7.8 MPa is
recommended for clinically acceptable direct orthodontic
bonding systems to withstand masticatory forces effec-
tively.(19

The etch and rinse method is considered the most
reliable for enamel bonding. However, the rinsing and
drying process can introduce complexity and impact
technique sensitivity. Recent advances in dental materials
aim to simplify bonding procedures, reduce technique
sensitivity, and shorten chair-side time.'") These innova-
tions include two-step etch and rinse, two-step self-etch,
and one-step self-etch methods.!" In addition, self-
adhesive composite resins that do not require rinsing have
also been introduced. These materials are commonly used
for small Class I and II cavity restorations and porcelain
repairs. Self-adhesive composite resins are also used for
bracket bonding.(1?)

Given the restricted data on the bonding of self-
adhesive composite resin as an attachment of clear aligner

orthodontic appliances, this study aimed to (i) compare the
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SBS and (ii) evaluate the mode of failure of self-adhesive
composite resin and conventional composite resin with
different adhesive protocols for fabricating the attach-

ments of clear aligner orthodontic appliances.

Materials and Methods

This study received ethical approval from the Human
Experimentation Committee of the Faculty of Dentistry,
Chiang Mai University, Chiang Mai, Thailand (No.
37/2022).

Teeth preparation

The inclusion criteria for the teeth were as follows:
intact upper first premolars without restorations on
the buccal surface, without enamel abnormalities, and
recently extracted as part of orthodontic treatment. After
extraction, the teeth were rinsed with water to eliminate
any residual connective tissue and subsequently stored in
a 10% formalin solution, which is recommended for tooth
preservation and does not adversely affect shear bond
strength.(!>!% The sample size was determined from an
earlier study.('> The total calculated sample size from n4
Studies application was 10 for each group. However, this
study involved 84 intact upper first premolars. Then, 80
intact upper first premolars were randomly selected and
assigned to five groups based on the adhesive system used
(16 per group):

Group 1: Etch and rinse+conventional flowable
composite resin

Adper™ Scotchbond Multi-Purpose etchant+
Adper™ Scotchbond Multi-Purpose primer+Adper™
Scotchbond Multi-Purpose adhesive+Filtek™ Z350 XT
Flowable Composite

Group 2: Self-etching+conventional flowable com-
posite resin

Transbond™ Plus Self Etching+Adper™ Scotch-
bond Multi-Purpose adhesive+Filtek™ Z350 XT Flow-
able Composite

Group 3: Self-adhesive composite resin

Vertise® Flow™ Resin

Group 4: Phosphoric acid etching+self-adhesive
composite resin

Adper™ Scotchbond Multi-Purpose etchant+
Vertise® Flow™ Resin

Group 5: Seclf-etching+self-adhesive composite

resin
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Transbond™ Plus Self Etching + Vertise® Flow™
Resin

The teeth in each group were embedded in plaster of
Paris blocks, with four per block. Next, the models were
scanned using an intraoral scanner (iTero Element™ 2
imaging system; Align Technology, Tempe, AZ, USA) to
create 3D models, which were exported as Standard Trian-
gle Language (STL) files. Then, a rectangular 2.5%3.0x2.0
mm box was designed using Blender 3.1 software (Blender,
Amsterdam, Netherlands) to serve as the shape of the
attachment. This attachment was then incorporated into
the 3D model and printed as a resin model using a 3D
printer (Form 2 3D Printer; Formlabs, Somerville, MA,
USA). Then, the resin model was used to fabricate in-
dividual templates. Next, the teeth were cleaned using
pumice for 10 seconds with a rubber cup, followed by
thorough rinsing with water and air drying. Finally, the
adhesive systems and composite resins were applied as
described in Table 1.

After preparation, all samples were aged using a
thermal cycling machine (Model TC 301 with cold and hot
water baths, models CWB332R and HWB332R, Medical
and Environment Equipment Research Laboratory, King
Mongkut’s Institute of Technology Ladkrabang, Bangkok,
Thailand) for 1,000 cycles between 5°C and 55°C with
a dipping time of 20 seconds and a transfer time of 10

seconds.

Shear bond strength test

All samples were sectioned 2 mm apical to the

Table 1: Materials in this study and their application.
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cementoenamel junction using a diamond bur. Then, they
were embedded in PVC molds (20 mm in diameter, 15 mm
in height) with plaster of Paris, leaving only the buccal
surface exposed (Figure 1A). The occlusal and gingival
surfaces of the attachment were oriented perpendicular
to the horizontal plane of the mold. The SBS test was
performed using a universal testing machine (UTM)
(Instron 5566; Instron Calibration Laboratory, Canton,
MA, USA) at a crosshead speed of 1 mm/min. A load was
applied to the occlusal surface of the attachment in the
occluso-gingival direction using a 2 mm-wide metal band
until bond failure occurred (Figure 1B). The SBS was re-
corded in Newtons (N), and the SBS was calculated using
the formula SBS (MPa) = Force (N) / A (mm?), where A is
the actual enamel surface area located beneath the attach-
ment base, which was calculated for every samples using
the Materialise 3-matic Research software (version 13.0;
Materialise, Leuven, Belgium). The details and reference
landmarks about finding the enamel surface areas were

demonstrated in Figure 2A-D.

Evaluation of the mode of failure

All samples were examined under a stereomicro-
scope (model CK 40 culture microscope and DP 12 digital
camera, Olympus, Japan) at 10x and 20x magnification
to determine the adhesive remnant index (ARI) after
bond failure. The ARI evaluation was repeated after four
weeks to assess intra-rater reliability. The criteria used to
evaluate the ARI were adapted from Artun and Bergland.'®)
The ARI was classified into the following categories: 1)

Product
1.Adper™ Scotchbond
Multi-Purpose etchant
2.Adper™ Scotchbond
Multi-Purpose primer
3.Adper™ Scotchbond
Multi-Purpose adhesive
4.Transbond™ Plus Self Etching

5.Vertise® Flow™ Resin

6.Filtek™ Z350XT Flowable Composite

Manufacturer (Lot, Exp. date)
3M ESPE, St. Paul, MN, USA
(Lot: 7574156, 2024-01-26)
3M ESPE, St. Paul, MN, USA
(Lot: NC73875,2023-07-21)
3M ESPE, St. Paul, MN, USA
(Lot: NE18400, 2024-01-22)
3M ESPE Monrovia, CA, USA)
(Lot: 831721, 2023-07-03)

Kerr, Orange, CA, USA
(Lot:10136401, 2025-06-09)

3M ESPE Monrovia, CA, USA)
(Lot:10100202, 2025-04-23)

Application
Etch for 15 seconds on enamel, rinse for 15 seconds,
remove excess water with an air syringe

Apply to enamel and dry gently for 5 seconds
Apply to enamel, light cure for 10 seconds

Apply liquid onto enamel while applying some pressure
for a minimum of 5 seconds per tooth, gentle air burst
for 2 seconds to each tooth to dry primer into a thin film.
Apply a 0.5 mm thin layer to the center of the tooth, then
fill the template with Vertise® Flow™ Resin and place
it on the corresponding tooth, light cure for 20 seconds
Fill the template with Filtek™ Z350XT and place it

on the corresponding tooth, light cure for 20 seconds
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Figure 1: (A) The teeth with attachment was embedded in a mold;
(B) The sample was assembled on the universal testing machine
with a pull force in occluso-gingival direction and the shear bond

strength was recorded.

Figure 2: (A) The attachment on intact enamel surface. Four points

at the extreme corners of the attachment were located under maximal
magnification; (B) Top-view quadrilateral defined by connecting each
corner points; (C) The attachment was hidden to reveal the underly-
ing enamel surface bounded by the quadrilateral; (D) Final trimmed

surface of bonding under the attachment whose area was measured.

cohesive failure in enamel, 2) interfacial failure between
the composite resin and enamel, 3) mixed failure with
less than 50% of the bonding area covered by composite
resin, 4) mixed failure with at least 50% of the bonding
area covered by composite resin, and 5) cohesive failure

in the composite resin.

Scanning electron microscope (SEM) analysis

Four teeth were randomly selected to assess the
intact enamel surface and enamel surface after preparation
with Adper™ Scotchbond Multi-Purpose Etchant, Trans-
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bond™ Plus Self Etching, and Vertise® Flow™ Resin.
They underwent ultrasonic cleaning, then dehydrated with
an ascending ethanol concentration. After that, they were
sputter-coated with a thin layer of gold using a sputter
coater(model 108; Cressington Scientific Instruments
Ltd., Watford, United Kingdom). The surface analysis was
performed using SEM (fourth generation VEGA; TESCAN,
Brno, Czech Republic) on cross-sectional views in the

buccolingual direction at 9000 magnification.

Statistical analysis

The SBS data were presented as mean+standard
deviation and analyzed using SPSS Statistics software
(version 29.0.2.0%9; IBM, Armonk, NY, USA). The
normality of the data distribution was assessed using
the Shapiro-Wilk test. The effect of different attach-
ment bonding protocols on the SBS was evaluated using
a one-way analysis of variance (ANOVA) followed by
post hoc Dunnett’s T3 tests when a significant difference
among groups was detected (p<0.05). The ARI data were
presented as percentages and frequency and analyzed
using descriptive statistics.

Results

After thermocycling, most (62.50%) of the attach-
ments in Group 3 dislodged, resulting in only six samples
from Group 3 being included in the statistical analysis.
The means and standard deviations of the SBS in the five
groups are presented in Table 2 and Figure 3. The mean
SBS was significantly higher in Groups 1, 2, 4, and 5
than in Group 3 (p<0.05). In addition, the mean SBS was
significantly higher in Group 2 than in Group 5 (p<0.05).
However, the mean SBS did not differ significantly
between Groups 1, 2, and 4 (p>0.05) or Groups 1, 4, and
5 (p>0.05).

The ARI evaluation demonstrated good to excellent
consistency within each group, with intraclass correla-
tion coefficients (ICC) ranging from >0.75 to >0.90. The
remaining composite resins after bond failure are pre-
sented as percentages and frequencies in Table 3. Most
samples within Groups 1, 2, and 5 exhibited mixed failure
with <50% of bonding areas covered by composite resin
(score=3) and mixed failure with >50% of bonding areas
covered by composite resin (score=4). All samples in
Group 3 exhibited interfacial failure between the composite

resin and enamel (score=2). Most samples in Group 4



Oral Sci Rep: Volume 47 Number 1 January-April 2026 99

exhibited mixed failure with >250% of bonding areas  Adper™ Scotchbond Multi-Purpose etchant with a depth

covered by composite resin (score=4) and cohesive failure ~ of 12.75 um, Transbond™ Plus Self-Etching Primer with

in the composite resin (score=5). adepth of 13.21 um, and Vertise® Flow Resin with a depth
SEM analysis found a demineralization zone using  of 4.04 pm (Figures 4A-D).

Table 2: Mean and standard deviation of shear bond strength in 5 groups.

 Growp N MeanSBS+SD(MPa)  Maximum (MPa)  Minimum (MP&)  Group differencet
16

1 17.72+5.37 26.35 9.50 A,B
2 16 19.13+£5.37 27.24 9.95 A
3 6 3.69+1.30 5.12 1.57 C
4 16 19.03+6.91 32.40 9.30 A, B
5 16 13.21+4.87 21.28 6.16 B

Group 1: Etch and rinse+conventional flowable composite resin, 2: Self etching+conventional flowable composite resin, 3: Self-adhesive

composite resin, 4: Etching+Self-adhesive composite resin, 5: Self etching+Self- adhesive composite resin

-

1 2 3 4 5
Group

Shear bond strength (MPa)

Figure 3: Boxplot of the mean of shear bond strength (SBS). 1: Etch and rinse+conventional flowable composite resin, 2: Self etching+
conventional flowable composite resin, 3: Self-adhesive composite resin, 4: Etching+Self-adhesive composite resin, 5: Self etching+
Self-adhesive composite resin.

Table 3: Percentage and frequency (f) of ARI score in 5 groups.

T

1 0 % (0) 6.25% (1) 75.00% (12) 12.50% (2) 6.25% (1) 22.86% (16)
2 0 % (0) 6.25% (1) 43.75% (7) 40.63% (6.5) 9.38% (1.5) 22.86% (16)
3 0 % (0) 100% (6) 0% (0) 0% (0) 0% (0) 8.56% (6)
4 0 % (0) 0% (0) 15.63% (2.5) 37.60% (6) 46.88% (7.5) 22.86% (16)
5 0% (0) 18.75% (3) 53.11% (8.5) 21.88% (3.5) 6.26% (1) 22.86% (16)

Total 0% (0) 15.71% (11) 42.87% (30) 25.71% (18) 15.71% (11) 100% (70)

Group 1: Etch and rinse+conventional flowable composite resin, 2: Self etching+conventional flowable composite resin, 3: Self-adhesive
composite resin, 4: Etching+Self-adhesive composite resin, 5: Self etching+Self- adhesive composite resin

ARI 1: Cohesive failure in enamel, 2: Interfacial failure between composite resin and enamel, 3: Mixed failure with less than 50% of
the bonding area covered by composite resin, 4: Mixed failure with 50% or more of the bonding area covered by composite resin, and
5: Cohesive failure in composite resin.
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Figure 4: SEM with 9,000x magnification of (A) Intact enamel

surface; (B) Demineralization zone using Adper™ Scotchbond
Multi-Purpose etchant; (C) Demineralization zone using Trans-
bond™ Plus Self Etching; (D) Demineralization zone using Vertise®

Flow Resin.

Discussion

The ideal material for clear aligner attachments
should offer resistance to slipping, durability, and ease
of application.!”) The etch and rinse system remains the
most reliable technique for bonding to enamel. Recent
advances in dental materials focus on simplifying bond-
ing procedures to reduce technique sensitivity and chair
time.(!"Y) The development of self-adhesive composite
resin also offers significant benefits by simplifying the
bonding process. Our study aimed to compare the SBS
and assess the failure mode of the attachment of clear
aligners on intact enamel surfaces with different bonding
protocols.

The success of a dental adhesive system depends on
its ability to demineralize the tooth surface to enhance its
receptiveness and the penetration of monomers into the
demineralized zone.'" A previous study indicated that
the etch and rinse and self-etch systems produce compa-
rable SBS on enamel, consistent with our findings that the
SBS was similar between Groups 1 and 2.1

The bonding mechanism of the Vertise® Flow™

Resin involves two processes: chemical adhesion, where
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the phosphate group of the glycerophosphate dimethac-
rylate monomer (GPDM) binds to calcium ions in the
tooth structure, and micromechanical interlocking through
etching, which creates a network between polymerized
monomers and dentin collagen fibers.'® Our study found
that Group 3 had the lowest mean SBS, significantly lower
than the other groups. SEM analysis revealed an enamel
surface withashallow demineralized zone in Group 3 (Figure
4D), which can be attributed to the Vertise® Flow™
Resin’s low acidity (pH 1.9), which reduces enamel
demineralization. In addition, its high viscosity limited
monomer penetration into the demineralized zone.('%!%)
Our study observed that 62.5% of the attachments
in Group 3 dislodged after thermocycling. These findings
are consistent with Goracci et al., who reported a signifi-
cant decrease in the SBS for the Vertise® Flow™ Resin
after aging.('> However, the SBS of the self-adhesive
composite resin was increased by pretreating the surface
with phosphoric acid etching (Group 4) and self-etching
(Group 5). This finding aligns with the results of prior
studies.®*?) Group 3 showed a high failure rate, leaving
only six samples for analysis. Post hoc Dunnett’s T3 test
was performed for this unequal group sizes with valid
results and unchanged reliability.®? Nevertheless, the
high early failure rate itself provides clinically relevant
information, indicating that self-adhesive resin, when used
without additional surface pretreatment, may not provide
adequate bonding performance for attachment retention.
Surface pretreatment with either phosphoric acid etching
or a self-etching primer should be performed prior to its
application to ensure adequate bonding effectiveness.
Clear aligners exhibit a retention force as high as
approximately 49.3 N.©) SBS of 5.9-7.8 MPa is recom-
mended for clinically acceptable direct orthodontic bond-
ing systems to withstand masticatory forces effectively.(!?)
Therefore, our study found that the SBS of Groups 1,
2,4, and 5 are acceptable for clinical use. Nevertheless,
the bond strength in orthodontics should be sufficient to
minimize bond failure during treatment but not high enough
to damage the substrate surface during debonding.® A re-
port indicated that enamel fractures might be associated
with a high bond strength, with the risk of enamel damage
increasing by nearly 50% when adhesion forces exceed
14.7 MPa.®® Therefore, clinicians should carefully
balance the requirement for reliable attachment stability

with the potential risk of irreversible enamel damage by
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targeting an optimal range of shear bond strength that
is sufficient for clinical retention but not excessively
high. Based on the findings of the present study, Group 5
appears to provide the most favorable outcome, offering
adequate retention force while minimizing the risk of
enamel damage.

It is widely recognized that the failure mode indicates
bonding effectiveness, with adhesive or interfacial failure
between the composite resin and the enamel signifying
low bond strength.!'” Our results indicated a predomi-
nance of adhesive failure in Group 3, consistent with the
previously reported low bond strengths and corroborating
earlier findings.('”) The low acidity and high viscosity of
the Vertise® Flow™ Resin might have caused a decrease
in the SBS.U%!) Similarly, the ARI increased with the
SBS for self-adhesive composite resins applied after
surface pretreatment with phosphoric acid etching (Group
4) and self-etching (Group 5). The increased presence of
material remnants in the bonding area leads to surface
roughness and the loss of the intact enamel surface after
these remnants are removed.\'? Nevertheless, if the SBS
is considered acceptable for clinical use, we expect that
the attachment will remain adhered to the enamel surface
throughout the treatment period. Finally, the attachment
will be removed using a dental bur, surface roughness
and the loss of the intact enamel surface are unavoidable.
Finishing and polishing are necessary after removing the
attachment.

The impact of various sterilizing procedures on shear
bond strength test has been investigated. The most signifi-
cant decrease in bond strength was reported for storage in
5.25% sodium hypochlorite (NaOCI) because of enamel
deproteinization. NaOCl is not recommended as a storage
solution.!! On the other hand, sterilization and storage
in 10% formalin was shown no significant effect on
bond strengths.”) The 10% formalin also demonstrated
that sterilization is completely effective.?*) Centers for
Disease Control and Prevention (CDC) guidelines sug-
gest immersion in a 10% formalin solution for 2 weeks
should be effective for disinfecting.?>> From in vitro den-
tal bonding investigations, immersion in 10% formalin
might be the best option for storage and sterilizing.(!¥
In addition, the shear bond strength was not statistically
different when storing the teeth in 10% formalin for

24 hours and 2 months.(!®) Regarding methodology for
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surface finding, various studies evaluating the SBS on
enamel surfaces conducted successive grinding and
polishing to create a uniform flat surface to regulate the
size of the bonding area.?*?”) Grinding and polishing to
create a uniform flat surface might not represent the SBS
on an intact enamel surface. Our study aimed to assess
the SBS on intact enamel surfaces. However, the actual
enamel surface beneath the attachment base exceeds the
area of the attachment base due to the curvature of the
tooth surface. Therefore, the Materialise 3-Matic Research
software was used to calculate the actual intact enamel
surface beneath the attachment base for every sample.
(Figure 2A-D).

The limitations of our study were its in vitro design
and the possibility that its findings may not precisely
reflect clinical situations. Moreover, while thermocy-
cling is commonly employed to simulate adhesive aging
in vitro, it may not fully replicate intraoral conditions such
as salivary moisture, enzymatic activity, ionic fluctua-
tions, and occlusal forces. Therefore, the findings should
be interpreted with caution, as they may not accurately
reflect the long-term clinical performance. A randomized
controlled split-mouth clinical trial should be conducted

to address these issues.

Conclusions

Attachments made from self-adhesive composite
resin had the lowest SBS, which appeared clinically
unsuitable. However, surface pretreatment with either
37% phosphoric acid or self-etching primer before
applying the self-adhesive composite resin significantly

improved the SBS, making it clinically acceptable.

Acknowledgment

This work was supported by the Research Fund for
Postgraduate Students of the Faculty of Dentistry, Chiang
Mai University, Chiang Mai, Thailand. The authors also
would like to thank Dr. Thanapat Sastraruji and Mr. Panwarit
Sukantamala from the Faculty of Dentistry, Chiang Mai
University, Thailand, for their assistance in laboratory

analysis.

Conflict of interest

The authors declare no conflicts of interest.



102

References

1.

10.

11.

12.

13.

14.

Weir T. Clear aligners in orthodontic treatment. Aust Dent
J.2017;62:58-62.

Jedlinski M, Mazur M, Greco M, Belfus J, Grocholewicz K,
Janiszewska-Olszowska J. Attachments for the orthodontic
aligner treatment-state of the art-a comprehensive systematic
review. Int J Environ Res Public Health. 2023;20(5):4481.
Yaosen C, Mohamed AM, Jinbo W, Ziwei Z, Al-Balaa M,
Yan Y. Risk factors of composite attachment loss in ortho-
dontic patients during orthodontic clear aligner therapy:
a prospective study. Biomed Res Int. 2021. 2021:6620377.
Alshammari RR, Alshihah N, Aldweesh A. Mechanical
properties of different types of composite resin used as
clear aligner attachments: an in vitro study. Saudi Dent J.
2025;37(4-6):12.

Ocak I, Gorucu-Coskuner H, Aksu M. Wear resistance of
orthodontic attachments: a comparative analysis of different
composite resins in clear aligner therapy. Clin Oral Investig.
2025;29(5):242.

Dasy H, Dasy A, Asatrian G, Rézsa N, Lee HF, Kwak JH.
Effects of variable attachment shapes and aligner material
on aligner retention. Angle Orthod. 2015;85(6):934-40.
Nucera R, Dolci C, Bellocchio AM, Costa S, Barbera S,
Rustico L, et al. Effects of composite attachments on ortho-
dontic clear aligners therapy: a systematic review. Materials
(Basel). 2022;15(2):533.

Bayram M, Yesilyurt C, Kusgdz A, Ulker M, Nur M. Shear
bond strength of orthodontic brackets to aged resin com-
posite surfaces: effect of surface conditioning. Eur J Orthod.
2010;33(2):174-9.

Al Noor HSS, Al-Joubori SK. Retention of different
orthodontic aligners according to their thickness and the pre-
sence of attachments. Int J] Med Res Health Sci. 2018;7
(11):115-21.

Reynolds IR. A Review of direct orthodontic bonding.
Br J Orthod. 1975;2(3):171-8.

Ozer F, Blatz MB. Self-etch and etch-and-rinse adhesive
systems in clinical dentistry. Compend Contin Educ Dent.
2013;34(1):12-4, 16, 18; quiz 20, 30.

Valizadeh S, Alimohammadi G, Nik TH, Etemadi A, Tan-
bakuchi B. In vitro evaluation of shear bond strength of
orthodontic metal brackets to aged composite using a
self-adhesive composite: effect of surface conditioning and
different bonding agents. Int Orthod. 2020;18(3):528-37.
Tosun G, Sener Y, Sengun A. Effect of storage duration/
solution on microshear bond strength of composite to
enamel. Dent Mater J. 2007;26(1):116-21.

Lee JJ, Nettey-Marbell A, Cook A, Jr., Pimenta LA, Leonard
R, Ritter AV. Using extracted teeth for research: the effect of

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Oral Sci Rep: Volume 47 Number 1 January-April 2026

storage medium and sterilization on dentin bond strengths.
J Am Dent Assoc. 2007;138(12):1599-603.

Goracci C, Margvelashvili M, Giovannetti A, Vichi A,
Ferrari M. Shear bond strength of orthodontic brackets
bonded with a new self-adhering flowable resin composite.
Clin Oral Investig. 2013;17(2):609-17.

Artun J, Bergland S. Clinical trials with crystal growth
conditioning as an alternative to acid-etch enamel pretreat-
ment. Am J Orthod. 1984;85(4):333-40.

Chen W, Qian L, Qian Y, Zhang Z, Wen X. Comparative
study of three composite materials in bonding attachments
for clear aligners. Orthod Craniofac Res. 2021;24(4):520-7.

. Sabbagh J, Dagher S, El Osta N, Souhaid P. Randomized

clinical trial of a self-adhering flowable composite for Class
I restorations: 2-year results. Int J Dent. 2017;2017:5041529.
Elraggal A, Raheem IA, Holiel A, Alhotan A, Alshabib A,
Silikas N, et al. Bond strength, microleakage, microgaps,
and marginal adaptation of self-adhesive resin composites
to tooth substrates with and without preconditioning with
universal adhesives. J Adhes Dent. 2024;26:53-64.

Veli [, Akin M, Kucukyilmaz E, Uysal T. Shear bond strength
of a self-adhering flowable composite when used for lingual
retainer bonding. J Orofac Orthop. 2014;75(5):374-83.
Talan J, Gupta S, Nikhil V, Jaiswal S. Effect of mechanical
alteration of enamel surface on shear bond strength of
different bonding techniques. J Conserv Dent. 2020;23(2):
141-4.

Dunnett CW. Pairwise multiple comparisons in the unequal
variance case. ] Am Stat Assoc. 1980;75(372):796-800.
Lamper T, Ilie N, Huth KC, Rudzki I, Wichelhaus A,
Paschos E. Self-etch adhesives for the bonding of ortho-
dontic brackets: faster, stronger, safer?. Clin Oral Investig.
2014;18(1):313-9.

Sandhu SV, Tiwari R, Bhullar RK, Bansal H, Bhan-
dari R, Kakkar T, et al. Sterilization of extracted human
teeth: a comparative analysis. J Oral Biol Craniofac Res.
2012;2(3):170-5.

Kohn WG, Collins AS, Cleveland JL, Harte JA, Eklund
KJ, Malvitz DM. Guidelines for infection control in
dental health-care settings-2003. MMWR Recomm Rep.
2003;52(RR-17):1-61.

Sibai N, El Mourad A, Al Suhaibani N, Al Ahmadi R, Al
Dosary S. Shear bond strength of self-adhesive flowable
resin composite. Int J Dent. 2022;2022:1-8.

Meharry MR, Moazzami SM, Li Y. Comparison of enamel
and dentin shear bond strengths of current dental bond-
ing adhesives from three bond generations. Oper Dent.
2013;38(6):E237-45.


https://pubmed.ncbi.nlm.nih.gov/28297094/
https://pubmed.ncbi.nlm.nih.gov/36901488/
https://pubmed.ncbi.nlm.nih.gov/33553424/
https://pubmed.ncbi.nlm.nih.gov/40455353/
https://pubmed.ncbi.nlm.nih.gov/40214796/
https://pubmed.ncbi.nlm.nih.gov/26516708/
https://pubmed.ncbi.nlm.nih.gov/35057250/
https://pubmed.ncbi.nlm.nih.gov/20660131/
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.ijmrhs.com/medical-research/retention-of-different-orthodontic-aligners-according-to-their-thickness-and-the-presence-of-attachments.pdf
https://www.tandfonline.com/doi/abs/10.1080/0301228X.1975.11743666
https://pubmed.ncbi.nlm.nih.gov/23550327/
https://pubmed.ncbi.nlm.nih.gov/32451267/
https://pubmed.ncbi.nlm.nih.gov/17410901/
https://pubmed.ncbi.nlm.nih.gov/18056105/
https://pubmed.ncbi.nlm.nih.gov/18056105/
https://pubmed.ncbi.nlm.nih.gov/22538472/
https://pubmed.ncbi.nlm.nih.gov/6231863/
https://pubmed.ncbi.nlm.nih.gov/33386697/
https://pubmed.ncbi.nlm.nih.gov/28348594/
https://pubmed.ncbi.nlm.nih.gov/38329120/
https://pubmed.ncbi.nlm.nih.gov/25158950/
https://pubmed.ncbi.nlm.nih.gov/33384485/
https://www.semanticscholar.org/paper/Pairwise-Multiple-Comparisons-in-the-Unequal-Case-Dunnett/a94f9c71b225ae0ca388060e7463335583078e22
https://pubmed.ncbi.nlm.nih.gov/23408192/
https://pubmed.ncbi.nlm.nih.gov/25737861/
https://pubmed.ncbi.nlm.nih.gov/14685139/
https://pubmed.ncbi.nlm.nih.gov/35572356/
https://pubmed.ncbi.nlm.nih.gov/23802638/

