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Effect of extended application time of universal adhesives on bond strength of

brackets and enamel integrity
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Abstract

The objective of this study to evaluate the effect of universal adhesives application time to enamel through shear bond
strength (SBS), adhesive remnant index (ARI), and morphological enamel integrity. Bovine incisors were divided into
four groups according to bonding system protocol (n=20): (1) conventional etch-and-rise adhesive — Transbond XT
Primer (P-XT); (2) one-step self-etching adhesive — Transbond Self Etching Primer (T-SEP); (3) one universal
adhesive — Single Bond Universal, which were rubbed for 20s (SBU-20) or (4) 40s (SBU-40). Transbond XT
composite was used to bond the brackets to enamel. SBS was evaluated in a universal test machine at 0.5mm/minute.
ARI was determined under x12.5 magnification and enamel damage was evaluated through scanning electron
microscope (SEM) after debonding (n=10). SBS data were compared using one-way ANOVA and Tukey’s test. The
Kruskal-Wallis test was used to compare the ARI scores (a =0.05). The P-XT and T-SEP groups showed significantly
higher bond strength than SBU-20 and SBU-40 (p<0.05). The ARI was similar for all groups (p>0.05). SEM showed
enamel damage only in T-SEP and P-XT groups. Conventional ‘etch and rinse’ and ‘self-etch’ adhesives had the
highest shear bond strength, but they were associated with more enamel damage compared to universal adhesives. The
application of universal adhesives with the time recommended by the manufacturer — ensure satisfactory bond
strength and enamel integrity.

Keywords: Orthodontic brackets; Dental bonding; Orthodontics.

Resumo

Avaliar o efeito do tempo de aplicacdo de adesivos universais no esmalte através da resisténcia ao cisalhamento
(SBS), indice de adesivo remanescente (IRA) e integridade morfolégica do esmalte. Métodos: Incisivos bovinos
foram divididos em quatro grupos de acordo com o protocolo do sistema de colagem (n = 20): (1) adesivo
convencional de ataque &cido - Transbond XT Primer (P-XT); (2) adesivo autocondicionante de passo Unico -
Transbond Self Etching Primer (T-SEP); (3) adesivo universal - Single Bond Universal, que foi esfregado por 20s
(SBU-20) ou (4) 40s (SBU-40). O composito Transbond XT foi usado para colar os braquetes ao esmalte. A SBS foi
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avaliada em uma méaquina de ensaios universais a 0,5 mm / minuto. O IRA foi determinado com aumento de 12,5 x e
o0 dano ao esmalte foi avaliado em microscdpio eletrénico de varredura (MEV) ap6s a descolagem (n = 10). Os dados
SBS foram comparados usando ANOVA de uma via e teste de Tukey. O teste de Kruskal-Wallis foi usado para
comparar os escores do ARl (a = 0,05). Os grupos P-XT e T-SEP apresentaram resisténcia de unido
significativamente maior do que SBU-20 e SBU-40 (p <0,05). O IRA foi semelhante para todos os grupos (p> 0,05).
SEM mostrou danos ao esmalte apenas nos grupos T-SEP e P-XT. Os adesivos convencionais e autocondicionante de
um passo apresentaram a maior resisténcia ao cisalhamento, mas foram associados a mais danos ao esmalte em
comparacdo com os adesivos universais. A aplicacdo de adesivos universais com o tempo recomendado pelo
fabricante - garante resisténcia de unido e integridade do esmalte satisfatdrias.

Palavras-chave: Braquetes ortodonticos; Colagem dentéria; Ortodontia.

Resumen

Evaluar el efecto del tiempo de aplicacion de los adhesivos universales sobre el esmalte mediante resistencia al
cizallamiento (SBS), indice de adhesivo remanente (IRA) e integridad morfoldgica del esmalte. Los incisivos bovinos
se dividieron en cuatro grupos de acuerdo con el protocolo del sistema de union (n = 20): (1) adhesivo de grabado
convencional - Transbond XT Primer (P-XT); (2) adhesivo autograbante de un solo paso - Transbond Self Etching
Primer (T-SEP); (3) adhesivo universal: Single Bond Universal, que se ha frotado durante 20 s (SBU-20) o0 (4) 40 s
(SBU-40). Se utiliz6 el composite Transbond XT para unir los brackets al esmalte. EI SBS se evalu6 en una maquina
de ensayo universal a 0,5 mm / min. EI ARI se determind con un aumento de 12,5x y el dafio al esmalte se evaluo en
un microscopio electrdnico de barrido (SEM) después del desprendimiento (n = 10). Los datos de SBS se compararon
utilizando ANOVA de una via y prueba de Tukey. Se utilizd la prueba de Kruskal-Wallis para comparar las
puntuaciones del ARI (a = 0,05). Los grupos P-XT y T-SEP tuvieron una fuerza de unién significativamente mayor
que SBU-20 y SBU-40 (p <0.05). EI ARI fue similar para todos los grupos (p> 0.05). SEM mostré dafio en el esmalte
solo en los grupos T-SEP y P-XT. Los adhesivos autograbantes convencionales y de un solo paso tuvieron la mayor
resistencia al cizallamiento, pero se asociaron con mas dafio al esmalte en comparacion con los adhesivos universales.
La aplicacion de adhesivos universales con el tiempo recomendado por el fabricante garantiza una fuerza de unién e
integridad del esmalte satisfactorias.

Palabras clave: Brackets de ortodoncia; Adhesién dental; Ortodoncia.

1. Introduction

It is essential that dental adhesives used to bond orthodontic brackets to enamel provide enough bond strength
between them to prevent spontaneous dislodgments during treatment. Adhesives should also not induce damage to the enamel
surface when removed (Lamper et al., 2014). The displacement of brackets during orthodontic treatment can occur due to an
unsatisfactory bonding with dental structure, increasing treatment time and costs (Almosa & Zafar, 2018). Occasionally,
excessive forces on removing the orthodontic brackets may cause enamel damage (Meeran, 2013), as in, it is recommended
that resin materials used on brackets bonding should stay adhered to the teeth surface after its intentional removal“.

Values of 6 MPa and 8 MPa have been reported to be suitable to tolerate masticatory forces as well as to preserve
dental structure during brackets’ removal (Alshahrani et al., 2018). Bond strength values higher than 12 MPa revealed a 70%
increase in the risk of enamel damage (Lamper et al., 2014), which is the case when using phosphoric acid 37% (lbrahim et al.,
2020). Self-etching adhesives for specific use in orthodontics were developed to reduce the enamel damage, the complexity of
bonding technique and to improve clinical time (Bayar & Cokakoglu et al., 2020). However, these adhesives need a low pH
value to achieve enamel etching and retention patterns similar to those obtained with the established adhesive - acid etching
systems. Thus, similar patterns of enamel damage have also been reported (Lamper et al., 2014).

A group of versatile adhesives, called “universal adhesives”, can be applied in both conventional and self-etching
techniques (Perdigdo & Swift, 2015). It is possible due to the distinguished composition of these products — based on the
presence of MDP monomer, which is able to chemically adhere to different substrates. The ability of chemical bonding of
MDP to hydroxyapatite promotes a long-lasting interaction (Carrilho et al., 2019) that may provide enough retention of
brackets until the end of the treatment, and protection of the dental enamel structure.

Universal adhesives used without previous application of phosphoric acid, has shown to be less efficient on the bond

strength to enamel compared to conventional adhesives and strong self-etching agents (Loguercio et al., 2015). Thus, an
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increase in the universal adhesives’ application time has been recommended to enhance the bond strength to dental structure
(Loguercio et al., 2015); however, it is not known so far if it may cause enamel damage.

Thus, the aim of this in vitro study was to evaluate the effect of universal adhesives application time on shear bond
strength (SBS), adhesive remnant index (ARI), and enamel integrity of orthodontic brackets bonded to bovine enamel. The null
hypotheses were: (1) there is no difference between shear bond strength (SBS) of the different adhesive protocols studied and;

(2) the adhesive remnant index (ARI) distribution has no differences between the studied groups.

2. Methodology
Specimen preparation

This study was submitted to the Animal Ethics Committee (CEUA/UFES/0017-2017). Eighty newly extracted bovine
teeth were used, which were stored for a maximum of 2 weeks in a 0.5% chloramine-T solution, at 4°C in a fridge. The criteria
for tooth selection included intact enamel, no cracks, no gross damage (10x magnification) and no caries.

The teeth were cleaned and polished with pumice and rubber prophylactic cups for 30 seconds, and embedded on a
PVC ring (Tigre, Joinville, SC, Brazil) filled with Durone type IV gypsum (Dentsply, York, Pennsylvania, USA), exhibiting
the crown on the top of the cylinder. The bonding area (14.31 mm?;) was delimited with an adhesive paper (Velasquez et al.,
2006).

The specimens were randomly separated and numbered into four groups of twenty specimens each. The enamel
surfaces were carefully dried with oil-free compressed air at a distance of 10 mm for 5 s. Table 1 lists the bonding protocol
used for each group. The resin composite Transbond XT (3M Unitek, Seefeld, Germany) was applied on the mesh-base of
metal brackets (Edgewise bracket for tooth 21; bonding area: 14.31 mm?; Morelli Ortodontia, Sorocaba, SP Brazil) that were
pressed on teeth with a force of 200gf using a tensiometer (Morelli Ortodontia, Sorocaba, SP Brazil). The excess of resin
composite was carefully removed and light-cured using a light emitting diode (LED Bluephase (Ivoclar Vivadent, Schaan,
SWZ) with 1,200 mW/cm? irradiance and one exposure of 20 seconds in each side of the bracket (mesial and distal), for a total
exposure time of 40 s. The specimens were immersed in distilled water for 24 h at 37 °C until shear bond strength test. A

single operator was responsible to perform all bonding procedures.

Table 1. Description of the studied groups.

Group Type of adhesive Manufacturer Application protocol

Etch enamel with 37% phosphoric acid gel for 15

P-XT 2-step Transbond 3M/ESPE, St. s; Rinse thoroughly for 30 s; Apply one layer
(Control Group) Primer XT (P-XT)  Paul, MN, EUA  of Transbond XT adhesive; Gently air-dry for 5s;

Light cure for 20 s

T-SEP Transbond Self 3M/ESPE, St.  Rub primer on the tooth for 5s; Gently air-dry for 5 s;
(manufacturer recommendatior Etching Primer (SEP  Paul, MN, EUA Light cure for 20 s

SBU-20 Single Bond 3M/ESPE, St.  Rub primer on the tooth for 20s; Gently air-dry for 5 ¢
(manufacturer recommendatior  Universal (SBU) Paul, MN, EUA Light cure for 20 s

SBU-40 Single Bond 3M/ESPE, St.  Rub primer on the tooth for 40s; Gently air-dry for 5 ¢
Universal (SBU) Paul, MN, EUA Light cure for 20 s

Source: Personal archives (2021).
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SBS analysis

The SBS was carried out as specified in 1SO 11405, using a universal test machine (EMIC, DL2000, S&o José dos
Pinhais, PR, Brasil) with a chisel at a crosshead speed of 0.5 mm/min until failure. The force required to debonding the bracket
was recorded in Newtons (N) and was divided by the area of the base of the bracket (mm?) and converted to Mega Pascal
(MPa) (Jacker-Guhr et al., 2019).
ARI analysis

After the brackets were debonded, the enamel surface of each tooth was examined under 12.5x magnification using a
stereomicroscope (Leica TCS-SL; Leica, Wetzlar, Germany) to determine the amounts of residual adhesive remaining on each
tooth. To determine the ARI, specimens were digitally photographed, standardized in relation to scanner light level, contrast,
exposure and saturation. The files were exported in JPEG format and analyzed by a single calibrated examiner —ImageJ 1.50i
software (National Institutes of Health, USA). The ARI assessment was performed in darkness by a single and previously
trained and calibrated examiner (kappa intra-examiner analysis = 1.0).

The ARI was used to classify the failure modes as follow (Artun & Bergland, 1984): score 0: no composite resin left
on the dental tooth; score 1: less than half of the composite resin left on the dental tooth; score 2: more than half of the
composite resin left on the dental tooth; and score 3: all composite resin left on the dental tooth, with a clear impression of the

bracket mesh.

Morphological Analysis of the Enamel

Ten teeth of each group were randomly selected, removed from the PVC cylinders. Dental fragments were dehydrated
in different ethanol concentrations (i.e., 70,80, 90, and 100%) and placed in a blue silica container for 24 hours. The dental
sections were fixed on metal stubs with double-sided adhesive carbon tape (Electron Microscopy Science) and sputter coated
with gold/palladium (SCD 050; Balzer, Schaan, Liechtenstein). Morphological analyses of the enamel (after debonding) were
carried out with a scanning electron microscope (SEM, JEOL JSM 6610 LV), operated at 20 kV, with a working distance of 15
mm and a spot size of 53. Magnification (x200) was used to obtain representative images from the debonding surface. In

representative regions were used x2000 of magnification.

Statistical Analysis

The normality and homoscedasticity of the data were analyzed by the Kolmogorov-Smirnov test. Shear bond strength
data were compared with one-way ANOVA and Tukey’s post-hoc test (P < 0.05). The Kruskal-Wallis test was used to
compare the ARI scores between the tested groups (P < 0.05). All analyses were performed using the software SPSS® 14.0 for
Windows® (SPSS Inc., Chicago, IL, USA).

3. Results

The SBS between groups was significant different (P < 0.001). T-SEP (16.92 + 3.45 MPa) and P-XT (17.27 + 3.63
MPa) showed higher shear bond strength than SBU-20 (10.94 + 3.24 MPa) and SBU-40 (8.41 + 2.62 MPa) (Table 2).
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Table 2. Descriptive statistics and ANOVA results and Tukey test for resistance (MPa).

Groups Mean Standard-deviation
P-XT 17.3A 3.6

T-SEP 16.94 34

SBU-20 10.98 3.2

SBU-40 8.48 2.6

* Different letters represent statistically significant differences by the Tukey test. Source: Personal archives (2021).

It was not observed a significant difference between the groups according to the ARI distribution (Figure 1, Kruskal-
Wallis test, P = 0,062). The score 1 (less than half of resin composite bonded to teeth) was the most frequent in all tested

groups.

Figure 1. Distribution of ARI scores according to groups.
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Source: Personal archives (2021).

SEM analysis showed that enamel damage was detected in T-SEP (Figure 2) and P-XT (Figure 3) groups. This is

observed within the erosion zones formed by phosphoric acid (Figures 2 and 3).
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Figure 2. Photomicrography of SEP-5 group.

Enamel erosion zones formed by phosphoric acid are shown (area between the red arrows). Source: Personal archives (2021).

Figure 3. Photomicrography of P-XT group, demonstrated the presence of erosion zones.

Source: Personal archives (2021).

In two specimens of the P-XT (Figure 4) group, small damages were observed at the dentin level.
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Figure 4. Photomicrography at higher magnification in P-XT group, damages in dentin level, characterized by exposed

dentinal tubules (red arrows).

Source: Personal archives (2021).

Enamel was intact in all specimens of Groups SBU-20 (Figure 5) and SBU-40 (Figure 6).

Figure 5. Photomicrography of SBU-20 group.

Enamel showing a healthy surface with no remarkable evidence of erosion (*). The bonding system is shown (red arrow). Source: personal
archives (2021).
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Figure 6. Photomicrography of SBU-40 group, enamel exhibited a healthy surface (*), note the bonding system (red arrow).

Source: Personal archives (2021).

4. Discussion

Our study showed that the conventional etch-and-rinse adhesive system, P-XT, and its self-etching version, T-SEP,
produced a greater enamel bond strength than when using the universal adhesive SBU. Thus, our first null hypothesis must be
rejected.

Previous studies also reported similar bracket-to-enamel SBS for P-XT and its self-etching version T-SEP (Seeliger et
al., 2017, Yadala et al., 2014). T-SEP was delivered to the market for brackets bonding; however, it has the same chemical
composition of Prompt-L-Pop —indicated for bond direct resin restorations. This adhesive presents the same acidity as
phosphoric acid (pH = around 1), producing also the same etching patterns (Di Hipolito et al., 2005). This acidity justifies the
similar immediate bond values found for P-XT and T-SEP.

The SBS can be affected by different variables, such as adhesive composition, etching time, acidity of the etchant and
brackets design (Ciocan et al., 2014). The prolonged application of universal adhesives is recognized as a viable alternative to
increase the etching time and by consequence resin—enamel bond strength (Loguercio et al., 2015). This approach increases the
contact of acidic resin monomers to enamel surface, creating a stable retentive pattern (Cardenas et al., 2017). Despite some
authors reported improved enamel bond strength using these techniques —this is not consensual. It seems that other factors,
such as the adhesive pH, as well as the application technique for each adhesive may have influenced the bond strength
(Kimmes et al., 2010, Shafiei et al., 2019).

In this context, self-etching adhesives are classified according to their pH in 'ultra-mild' (pH > 2.5); 'mild' (pH = 2);
‘intermediately strong' (pH ranging from 1 to 2); 'strong’ (pH < 1) SBU is an ‘ultra-mild" self-etching adhesive (i.e., pH = 2.7)
(Almosa & Zafar, 2018). SBU has a lower enamel etching potential compared to other types (Van Meerbeek et al., 2011). This
fact could explain the lower immediate SBS of SBU to intact enamel. On the other hand, based on our results, we observed
that, even though the SBU greater application time with the intact bovine enamel was not enough to promote greater retention
with the bracket.

Regarding the ARI distribution between all groups showed no significant differences, thus, the second hypothesis has
to be accepted. The score 1 (less than 50% of resin composite bonded to teeth) was the most frequent in all groups, as found

previously (Rodriguez-Chavez et al., 2017). The advantage of this feature is that minimum amounts of resin are adhered to the
8
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enamel after debonding, reducing the required time to remove the residual adhesive. In the contrary, some reports suggested a
potential enamel damage during debonding (Bosco et al., 2020), because its composition may promote more enamel damage
when SBS values are higher (Cruz-Gonzalez & Delgado-Mejia, 2020).

Even though T-SEP and PTX presented higher SBS, they produced greater enamel damage after debonding, when
compared with the other groups (SBU-20, SBU-40). While adequate bonding of a multibracket appliance seems to be critical
for complication-free treatment, the integrity of the enamel surface after debonding is very important too, to dentists and
patients. It has been suggested that the minimum SBS of 6.0 to 8.0 MPa is adequate for bonding orthodontic brackets to teeth,
which ensures that the bracket-adhesive-tooth bond remains intact (Mohammadi et al., 2018). As SBU is an 'ultra-mild' self-
etch adhesive, it has a more superficial interaction than 'mild’, 'intermediately strong’, and 'strong'. This interaction occurs with
dental substrate, and it is called "nano-interaction" (Carrilho et al., 2019). The ultra-mild interaction could explain the low
damage caused by the SBU adhesive to enamel.

On the contrary, the phosphoric acid techniques are associated with a risk of enamel cracking during debonding, due
to the aggressive etching pattern and the high adhesive penetration (Cehreli et al., 2005). However, the lower adhesive
penetration was produced by T-SEP when 37% phosphoric acid and a separate primer were used (Cehreli et al., 2005). When
T-SEP was compared to SBU, a great discrepancy was observed. The interaction of T-SEP with the enamel is micrometric
(between 1 and 2um) and for SBU is nanometric (few hundreds of nanometers) (Van Meerbeek et al., 2011) — justifying the
lower damage for SBU. Furthemore, the SBU adhesive, contains a functional monomer, called 10-methacryloyloxyydecyl
dihydrogen phosphate or 10-MDP, whose molecules and the polyalkenoic acids (as functional polymer in glass-ionomers)
chemically bond to Ca+ of HAp. The chemical reaction between these components form stable calcium phosphate and calcium
carboxylate salts, respectively, along with only a limited surface-decalcification effect (Tian et al., 2017). In addition to
reducing the number of operative steps SBU may reduce the equipment costs in orthodontics, and less materials are required to
achieve equally effective adhesive bond strengths. Eliminating the acid etching followed by bonding, the risk of errors during
application and the amount of chair time may be reduced (Cehreli et al., 2005).

In the present study, SBS of SBU adhesive ranged around 10 MPa. Based on security values for SBS (6 MPa and 8
MPa) (Alshahrani et al., 2018), it is possible to affirm that, that SBU offers adequate resistance to orthodontic fores and less
risk of damage to the enamel in case of debonding. Future investigations on the SBU adhesion strength, for more time, and in

clinical tests, could provide further insights to explain whether brackets bonded to teeth enamel will endure orthodontic forces.

5. Conclusion
The application of universal adhesives in the time recommended by the manufacturer ensure satisfactory bond
strength and enamel integrity. Conventional P-XT and T-SEP adhesives had the highest shear bond strength, but they were

associated with more enamel damage compared to universal adhesives.
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