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ABSTRACT

Because the enamel adjacent to brackets may be affected by microorganisms, an antibacterial adhesive may be a useful choice to prevent and reduce 
demineralization. The purpose of this in vitro study was to determine the (1) shear bond strength of a self-etch and an antibacterial self-etch adhesive for orthodontic metal 
brackets and (2) bond failure interface of a self-etch and an antibacterial self-etch adhesive using a modified adhesive remnant index (ARI). Twenty-four defect-free 
premolars were randomly assigned into two groups. The teeth received the following treatments—group 1: Transbond Plus Self-Etching Primer + Transbond XT; group 2: 
antibacterial dentin bonding system (ABF) + Transbond XT. All samples were stored in deionized water at 37°C for 48 hours. Shear debonding tests were performed at a 
crosshead speed of five mm/min. The results in megapascals were (median, minimum, maximum) group 1: 8.53, 4.59, 12.63; group 2: 9.79, 4.01, 22.10, respectively. 
Mann-Whitney test revealed that the difference between the groups was not statistically significant (P = .2, P > .05). Failed brackets were examined by an optical 
microscope at 16× magnification to determine the bond failure interface using a modified ARI. The predominant mode of failure for both groups was at the bracket-adhesive 
interface. ABF may have sufficient mechanical properties and also an antibacterial effect that makes it a good choice for orthodontic bonding. 
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The introduction of the acid-etch bonding technique by Buonocore in 1955 has led to dramatic changes in the practice of orthodontics.1 By the late 1970s, the bonding of orthodontic 
brackets became an accepted clinical technique.2,3 Bonded orthodontic brackets have advantages over bands in that they have no interproximal contacts, are both easier to place and 
to remove, and are more esthetic, hygienic, and less irritating to the gingiva.4 

Orthodontic treatment with multibonded appliances imposes a significant caries risk.5–8 Demineralization (decalcification) is a common side effect of fixed appliance orthodontic 
treatment.9 It occurs when the pH of the oral environment favors diffusion of calcium and phosphate ions out of enamel and is reported to occur in anywhere from 2% to 96% of 
orthodontic patients.10 The components of the appliance and the bonding materials often promote plaque accumulation with subsequent acid production leading to decalcification and an 
alteration in the appearance of the enamel surface.5,6,11 

The development of fluoride-releasing composites and glass ionomer cements for bracket bonding has attracted considerable interest because they may inhibit the decalcification of 
the enamel around the brackets by offering fluoride delivery to the environment.12–17 Remineralization by release of fluoride is important, but the antibacterial property of fluoride is a 
direct strategy to eliminate the cause of dental caries.18 

Under these circumstances, bioactive adhesive systems that possess antibacterial effects or intensive remineralization ability are considered beneficial and capable of producing 
superior clinical performances.19 Recently, an experimental fluoride-releasing antibacterial bonding agent was developed by combining the physical advantages of dental adhesive 
technology and an antibacterial effect.

The purposes of this in vitro study were (1) to determine the shear bond strength of the brackets bonded with a fluoride-releasing, self-etching adhesive system and an experimental 
antibacterial, self-etching adhesive system and (2) to determine the mode of failure of the brackets as reported by a modified adhesive remnant index (ARI). 
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Twenty-four human premolars with intact buccal enamel and free of caries and cracks were extracted for orthodontic purposes and stored in distilled water. The teeth were cleaned 
and polished with pumice and rubber prophylactic cups for 10 seconds, embedded in methylmethacrylate, and randomly divided into two groups. The teeth received the following 
treatments: 

● Group 1: A fluoride-releasing, self-etching adhesive system (n = 12): Transbond Plus Self-Etching Primer (3M Unitek) + Transbond XT (3M Unitek, Monrovia, California) 

● Group 2: The experimental, fluoride-releasing, antibacterial, self-etching adhesive system (n = 12): Experimental antibacterial dentin bonding system (ABF) (Kuraray, Osaka, 
Japan) + Transbond XT (3M Unitek)
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Orthodontic metal brackets (Ormco Series 2000; first and second premolars w/hook) were used in this study. The average bracket base surface area was 9.63 mm2. The dimensions 
of the bracket were measured by a caliper compass and scanned. The scanned image was turned into a vectorial construction by Autocad software program. The measured dimensions 
were double-checked on the PC, and a three-dimensional, solid model was achieved by the Pro-Engineer program. Finally, the surface area of the bracket was calculated by this 
software. The brackets were bonded to the teeth according to the manufacturers' directions (Table 1 ).

All samples were stored in deionized water at 37°C for 48 hours. A universal test machine (Zwick Test Machine, Zwick GmbH & Co, Ulm, Germany) was used for the shear bond test 
at a crosshead speed of five mm/min. Each tooth was oriented so that its facial surface was parallel to the direction of force during the shear strength testing. Force was directly applied 
to the bracket-tooth interface by a one end flattened steel rod. The load at bracket failure was recorded by a PC connected to the Zwick test machine. The shear bond strength values 
were calculated in megapascals by dividing the force by the area of the bracket base. One sample from each group was lost during the debonding test. The lost samples were excluded 
from all statistical analyses.

After debonding, the teeth and brackets were examined under 16× magnification by an optical microscope (Leica MS5, Singapore, Singapore). Any adhesive that remained on the 
bracket after bracket removal was assessed according to a modified ARI and scored with respect to the amount of resin material that remained on the bracket surface.20 The ARI scale 
has a range of 5 to 0 (5 = 100% of adhesive left on bracket, 4 = 100–75% adhesive left on bracket, 3 = 75–50% of adhesive resin left on the bracket, 2 = 50– 25% of adhesive left on the 
bracket, 1 = less than 25% of adhesive left on the bracket, 0 = no adhesive left on the bracket). One sample from each group was lost during the ARI scoring. 

Median, minimum, and maximum values were calculated for each of the two test groups. The Mann-Whitney test was used for the statistical analysis. Significance was determined at 
a probability value of P < .05.
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The median, minimum, and maximum values for shear bond strength of the two groups are presented in Table 2 . There was no statistical significance between two groups (P = .2; 
P > .05). The brackets bonded with either of the two adhesives can withstand equal amounts of force during the shear bond test. 

The frequency distribution of the ARI score for groups is shown in Table 3 . The predominant mode of bracket failure for both groups was at the bracket-adhesive interface leaving 
less than 25% of the adhesive on the bracket base.
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The universal testing machine is a stable and rigid device capable of producing pure shear debonding forces, whereas a clinician introduces a combination of shear, tensile, and 
torsional forces when performing in vivo debonding. In addition, the rate of loading for a universal testing machine is constant, whereas the rate of loading for in vivo debonding is not 
standardized or constant. Thus, the minimum in vitro bond strength required for clinical reliable orthodontic debonding procedures still varies, depending on factors such as the adhesive 
systems used, bracket base design, enamel morphology, appliance force systems, and the clinician's technique.21 However, it is obvious that the in vitro studies provide a guide for the 
clinician in the selection of the bracket/adhesive choice to be used in vivo.22 

Phosphoric acid etching produces a roughened enamel surface by dissolving calcium components and forms enamel resin tags. Although the enamel etching technique is a useful 
and accepted orthodontic procedure for bonding orthodontic brackets, there is a need to improve the ability to maintain clinically useful bond strengths while minimizing the enamel 
loss.23 Self-etching primers function both as etching agents and primers. 

Rinsing of the enamel after application of the self-etching primer is not required. Thus, the use of a self-etching primer reduces the number of clinical steps and saves clinical 
operation time because separate acid etching and water rinsing steps are eliminated and application requires simply drying with air. The self-etching adhesive systems produce high 
bond strengths to human coronal dentin and ground enamel surfaces. These materials seem to be very promising for further clinical applications, and the results are very encouraging for 
the clinical success of these simplified adhesive systems.24 Moreover, phosphoric acid etching has been blamed for decalcification and the development of white-spot lesions around 
bonded orthodontic appliances.25,26 

The experimental self-etching adhesive system ABF has 12-methacryloyloxydodecyl-pyridinium bromide (MDPB), which is an antibacterial monomer incorporated in antibacterial 
adhesives. It was developed by combining the antibacterial agent quaternary ammonium and a methacryloyl group.27–29 Imazato et al30,31 have studied the use of MDPB since 1995 
and reported incorporation of MDPB into the self-etching primer and adhesive resin. MDPB copolymerizes with other monomers after curing, and the antibacterial agent is covalently 
bonded to the polymer network. The immobilized agent does not leach out from the material but acts as a contact inhibitor against the bacteria that attach to the surface.18 They have 
reported findings concerning in vitro antibacterial activity, bonding ability, cytotoxicity and pulpal response of MDPB-containing self-etching primer/adhesive.30–36 In addition, they 
confirmed that an MDPB-containing primer could show antibacterial effects in vivo using animal models, and validated the usefulness of the antibacterial adhesive systems.37 

Unlike its fluoride-release effect, the antibacterial activity of MDPB may not extend around the bracket thus, producing a potential limitation. The immobilized agent may be effective 
when bacteria contact the surface, however, studies in restorative dentistry have demonstrated that polymerization shrinkage and marginal leakage occurs between the tooth surface 
and the resin composite after polymerization. In addition, polymerization shrinkage increases when the filler content of the composite decreases. Although there is not much study on 
the microleakage of orthodontic brackets in the literature, clinicians usually face the problem of white-spot lesions around and beneath the orthodontic brackets.5 

The bond strength of adhesives should be sufficient to withstand the forces of mastication, the stress exerted by the archwires, and patient abuse. At the same time, the bond 
strength should be at a level to allow for bracket debonding without causing damage to the enamel surface. Various studies have suggested bond strengths ranging from 2.8 to 10 MPa 
as being adequate for clinical situations.38–41 According to Reynolds, adequate bond forces for routine orthodontic treatment range between 5.9 to 7.8 MPa.40 The maximum bond 
strength should be less than the breaking strength of enamel, which is about 14 MPa.42,43 

The results of the debonding test showed that the median shear bond strength of the two adhesives lay between 2.8 and 10 MPa. However, there is a large difference between the 
minimum and maximum values in the second group, whereas the maximum value is 22.10 MPa. This value exceeds the range of shear strength of enamel and may thus cause crazing 
in the enamel surface during the debonding procedure.

The manufacturers usually recommend etching unground enamel before using self-etching adhesives to increase the bond strength because the use of primer alone may not 
sufficiently condition the uncut enamel. However, the results of this study may show that etching before priming is not necessary because the resultant bond strength is quite enough for 
orthodontic purposes, and decalcification by phosphoric acid may be avoided.

The objectives of debonding are to remove the attachment and all the adhesive resin from the tooth and to restore the surface as closely as possible to its pretreatment condition. 
There are several factors involved in this procedure, the most important of which are the instruments used for bracket removal, the armamentarium for resin removal, and the type of 
adhesive used.4 

Many studies have shown that when self-etching primers are used, the degree of penetration by the adhesive to the etched enamel is less than with the use of a conventional acid-
etch technique. The more deeply the enamel surface is penetrated by the adhesive, the greater the penetration of the adhesive and the greater the risk of damage to the enamel during 
debonding.44 

The sites of failure within the bracket-adhesive-enamel complex can occur within the bracket, between the bracket and the adhesive, within the adhesive, and between the tooth 



surface and the adhesive.45 A modified ARI has been developed to quantify the amount of adhesive that remains on the bracket after a bracket base debond.20 

Martin and Garcia-Godoy46 have stated that high shear strength in orthodontics is not necessarily a beneficial property of an adhesive because enamel can be lost during the 
debonding procedures as well as during the cleanup process of residual resin removal.

There are two basic opinions on the remnant adhesive on the teeth surface after bracket debonding. One opinion mainly favors the bracket-adhesive interface failure leaving the 
adhesive resin mainly on the enamel surface.4,47 This is important when a heavy filled resin is used to bond orthodontic attachments to the enamel because the micro porosities created 
by etching are filled with the resin and provide mechanical retention. This is consistent with the finding of Bennett et al.48 In our study, the dominant ARI score is 1, which means 25% 
or less adhesive is left on the bracket. Our findings mainly support this opinion.

The second opinion favors the failure at the enamel-adhesive resin interface because there will be less adhesive left to remove from the enamel surface after debonding.49 This is 
contradictory to our findings. From our point of view enamel fracture and crazing may be seen during bracket debonding especially with ceramic brackets.50 This is of clinical 
significance because the concentration of fluoride is greatest at the surface of the enamel.51 However, Martin and Garcia-Godoy46 suggested that a weaker adhesive with a lower 
strength value might be preferable to increase failure or bracket debonding at the resin enamel interface so that minimal clean up effort will be needed and no damage to the enamel will 
occur.
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● Experimental antibacterial dentin bonding system (ABF) may be a prospective candidate for bonding brackets because it seems to have sufficient mechanical properties. 

● However, further research is needed to clarify whether the materials are sufficiently effective in inhibiting bacterial activity under in vivo conditions. 
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