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ABSTRACT  

 

BACKGROUND:  

                  An ideal orthodontic adhesive should have adequate bond strength while 

maintaining unblemished enamel after debonding. Shear bond strength (SBS) is the main 

factor, which has to be concerned in the evolution of bonding materials. The bond strength 

of the orthodontic bracket must be able to withstand the forces applied during the 

orthodontic treatment. The ideal bond strength considered is to be in the range of 10.4 and 

11.8Mpa. As of now, the current available literature lacks information regarding these 

aspects. Hence, there is a need for evaluation of SBS and ARI of orthodontic brackets 

bonded with various orthodontic adhesives to provide a reliable results. 

OBJECTIVES: 

         1. To compare and evaluate the Shear bond strength of metal and ceramic 

orthodontic brackets bonded with three different orthodontic adhesives. 

        2. To compare and evaluate the Adhesive remnant index of metal and ceramic 

orthodontic brackets bonded with three different orthodontic adhesives. 

MATERIAL AND METHODOLOGY:      

               A sample of 66 extracted premolars were randomly divided into two groups. 

Group-I consisted of Metal brackets and Group-II consisted of ceramic brackets. Each 

group was further divided into three sub groups based on brackets bonded with following 

the adhesives- 1) Transbond XT 2) Ormco Enlight 3) GC Solare. All the samples were 

debonded using Instron universal testing machine and the shear bond strength was 

assessed. After debonding they were analyzed in stereomicroscope for Adhesive remnant 

index. The results were analyzed using One-way ANOVA and Chi-square test using SPSS 

version 2.0 statistical software.    

RESULTS: 

            Analysis of variance test showed a significant differences among the various group 

and sub groups. On comparing between the sub group, Transbond XT has shown highest 

bond strength, followed by Ormco Enlight and GC solare. On comparing between the 

group, ceramic brackets has shown increased bond strength than metal brackets. 

x 



 

 

 

 Whereas, in ARI score Transbond XT has shown high score followed by Ormco enlight 

and GC solare. However, there was no significant difference in ARI score between metal 

and ceramic brackets. 

CONCLUSION:     

          Transbond XT has shown highest bond strength and ARI score compared with 

Ormco Enlight and GC Solare. Ceramic brackets has shown more bond strength 

compared to metal brackets. 

KEYWORDS:  

         Bonding, Shear bond strength, Adhesive remnant index, orthodontic brackets, 

adhesive material, Bond failure. 
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TITLE: COMPARISON OF SHEAR BOND STRENGTH AND 

ADHESIVE REMNANT INDEX OF METAL AND CERAMIC 

BRACKETS USING THREE DIFFERENT ORTHODONTIC 

ADHESIVES- AN IN-VITRO STUDY 

 

INTRODUCTION 

 

          The bonding of orthodontic brackets to the tooth surface is necessary to accomplish the 

contemporary clinical treatment. These orthodontic brackets must be able to withstand the 

masticatory forces and orthodontic forces applied during the treatment1. If the bracket to tooth 

surface adhesion fails, it results in prolonged treatment time causing inconvenience and 

untoward expenses to patients, damage the enamel surface due to repeated debonding of 

brackets2. Therefore for a successful clinical treatment, the bond strength of brackets is an 

important factor to be considered. Reynolds3 in his study stated that the ideal bond strength of 

5.9-7.8 Mpa resistances is sufficient to withstand masticatory forces. On further investigation, 

the shear bond strength of 10.4±4.4 Mpa was considered clinically acceptable. 

 

          This shear bond strength (SBS) can be affected by various factors like saliva 

contamination during the bonding procedure and also due to improper bonding technique 

which in turn reduces bond strength2, 4. Ricardo et al (2010)5 in his study concluded that the 

shear bond strength of orthodontic brackets to enamel and the performance of the adhesive 

systems were influenced by contamination with saliva. Bonding to porcelain veneers, crowns 

or any surface restorations, consuming more acidic foods, beverages like alcohol, soft drinks 

and patients with poor oral hygiene leading to accumulation of surface debris reduces bond 

strength6. Enamel demineralisation like fluorosis or bleached tooth surfaces and reduced PH of 

<5.5 in saliva (acidic PH) can also affects the bond strength of brackets to the tooth surface4. 

 

           The adhesion of these brackets to enamel is achieved by micromechanical retention of 

resin composites due to resin tag formation on the acid etched enamel surface7. The most 

widely used metal brackets relies on mechanical retention of bonding. Recently, the number of 

adults seeking orthodontic treatment have been increased. More number of esthetic ceramic 
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brackets has been used in the orthodontic practice. These ceramic brackets are of two types- 

monocrystalline and polycrystalline aluminium oxide brackets which are bonded to enamel by 

two different mechanisms - mechanical retention by undercuts in bracket base and chemical 

retention by silane coupling agents8. Weinberger (1997)9 stated that SBS of monocrystalline 

alumina brackets with silated bases shows more bond strength than polycrystalline alumina 

brackets. Other available aesthetic brackets like the plastic brackets which are made up of 

thermoplastic polyurethane exhibits mechanical retention and increased bond strength with the 

addition of adhesive boosters. The newly available Adhesive Pre-Coated (APC) brackets shows 

more bond strength than uncoated brackets10, 11. Bishara (2002)12 concluded in his study that 

APC brackets shows 5.9 ± 3.4 Mpa bond strength compared to uncoated brackets which shown 

5.2±1.6 Mpa.  

 

             Unlike the brackets, in the past three decades the bonding of various adhesives to 

enamel and dentin has developed a niche in nearly all areas of dentistry, including orthodontics. 

Since the advent of the acid-etch technique by Buonocore (1955)13, he demonstrated increased 

adhesion produced by acid pre-treatment of enamel with 85% phosphoric acid for 30 seconds. 

Later Bowen (1962)14 introduced stronger adhesive Bis-GMA. Then, with the advent of epoxy 

resin bonding Newman (1965)15 began to apply these findings to direct bonding of orthodontic 

brackets to enamel. In 1970’s Miura16 developed a technique for bonding polycarbonate plastic 

brackets with adhesive-Orthomite (Methyl methacrylate and polymethyl methacrylate) and 

found the bond strength decreased in time on exposure to oral fluids.   

 

          These led to dramatic changes in the practice of orthodontics. Advances in adhesive 

technology led to incorporate new adhesives, composite resins, and bonding techniques into 

clinical practice. In conventional methods the bonding procedure consisted of enamel etching, 

surface sealing and adhesive application4. Sharma et al (2016)17 compared four different 

adhesives and concluded that Transbond-XT showed highest bond strength and other self- 

etching adhesives shows clinically acceptable bond strength. The self-etching primer (SEP) 

products which combine acid and primer simplify the bonding procedure, reduce chair time 

and avoid the side-effects of acid etching (Buyukilamez et al,2003;Grubisa et 

al,2004;Sirirungrojying et al, 2004)18. Rogelio et al (2006)19 compared four different self-
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etching adhesives and concluded that self-etching adhesives yielded 5.9-7.8Mpa bond strength 

than conventional adhesives. 

 

             An ideal orthodontic adhesive should have an adequate bond strength while 

maintaining an unblemished enamel surface after debonding20, 21. Compared to metal brackets 

the ceramic brackets shows more enamel damage during debonding due to increased degree of 

polymerization of resin adhesive to bracket base22. Therefore, as a result of debonding pressure, 

partial or complete bracket breakage can cause undesirable micro-cracks on the enamel surface. 

Artun and Bergland23 studied the adhesives remnants on tooth surface after debonding, stated 

that lesser the bracket – adhesive interface cause less damage to enamel surface. They scored 

the ARI based on, the more adhesive remains on the tooth surface depicts less damage to the 

enamel surface. 

            Currently many orthodontic adhesives are available in market, which still remains a 

confusion of which adhesive has better bond strength. As of now, the present available 

literature lacks information about adhesives and their increased bond strength. Hence, there is 

a need for evaluation of Shear Bond Strength (SBS) and Adhesive Remnant Index (ARI) of 

orthodontic brackets bonded with various orthodontic adhesives. The purpose of this study was, 

to compare and evaluate the SBS and ARI of metal and ceramic orthodontic brackets bonded 

with three different orthodontic adhesives. 
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AIMS AND OBJECTIVES  

 

A. To compare and evaluate the shear bond strength (SBS) of metal and ceramic brackets using 

three different orthodontic adhesives. 

 B. To evaluate the Adhesive remnant index (ARI) on tooth surface after debonding procedure 

using three different orthodontic adhesives. 

 C. To derive a clinical implications, which will be helpful for a clinician in choosing a 

appropriate and advantageous bonding agent for day today’s clinical practice. 
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REVIEW OF LITERATURE 

 

           Over the years, there has been a progressive development in orthodontics especially in its 

technological and material advancements. Many researches have been conducted on materials for 

bonding and their bond strength. However, there is a lack of information related to accuracy in the 

value of bond strength. This review is an attempt to gather the ideal information from various 

literatures which allows ease of understanding.  

  

The available literature has been grouped under following heading: 

 Studies related to orthodontic bonding and adhesives. 

 Studies related to Bond strength.  

 Studies related to bond failure and Adhesive Remnant Index. 
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1. Studies related to orthodontic bonding and adhesives: 

          Buonocore (1955)13 was the first person to introduce the process of acid etching with 

phosphoric acid and that became a significant development in the field of orthodontics which 

allowed to directly bond the orthodontic attachments to enamel surfaces. He found that pre-

treatment of enamel surface with 85% phosphoric acid for 30 seconds allowed the adhesive 

(methyl methacrylate) to adhere more to tooth surface. But this could not stand the occlusal forces 

and did not work well with wet environment. 

          Bowen (1962)14 introduced Bis-Gma (Bis phenol A Glycidyl methacrylate) also called as 

Bowens resin. This Bis-Gma is the main component of the composite resin which has become the 

mainstay of orthodontic bonding of brackets to tooth surface ever since its introduction. This 

shown a greatest bond strength, less polymerization shrinkage, less water absorption, best adhesive 

for metal brackets. The first commercially available adhesive was OIS Adhesive system (The OIS 

Company in 1969 and Bracket Bond) GAC in 1970. This adhesive had a MMA -BPO-amine 

catalyst system which Showed weak Adhesion. In early 70’s, all adhesives consisted of MMA as 

it bonded chemically to plastic bracket.  

         Newman (1965)15 followed Buonocore research of increased adhesion, he used an epoxy 

resin (diglycidyl ether of bisphenol A with a polymide curing agent) for bonding brackets to 

enamel. He etched with 40%phosphoric acid for 60 seconds. But curing of 15 minutes with epoxy 

resin was a longer time which was a greater disadvantage.  

        Bowen (1965)36 advocated Adhesion Booster, a tooth surface primer, to increase the bond 

strength of composite resin to tooth surface. 

       Gwinnett and Matsui7 (1967) stated no known material is capable of forming an adhesive 

bond with the untreated enamel surface. To achieve good adhesion (attraction) between unlike 

molecules at an interface), between two surfaces they must contact at the atomic level i.e. they 

must be perfectly smooth, or if one surface is irregular, then the other must be in a liquid from in 

order to obtain the surface contact necessary for adhesion. Ideally, enamel and adhesive should 

have a zero contact angle, i.e. complete wettability. The use of lower acid concentration to prevent 

the formation of precipitates that could interface with adhesion. Application of 50% phosphoric 
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acid for 60 seconds results in formation of a monocalcium phosphate monohydrate precipitate that 

can be rinsed off. However, concentrations below 27% may create a dicalcium phosphate 

monohydrate precipitate that cannot be easily removed and, consequently, may interface with 

adhesion 

       Fujio Miura16 and associates in 1971 introduced Orthomite - MMA - Tri–N–Butyl Borane 

(catalyst) which showed increased adhesive strength. It has a Coupling agent – ‘silane’ 

methacryloxypropyltrimethoxysilane which showed increased adhesive penetration. These are 

chemically bonded to adhesive which had an affinity to enamel. 

       Silverman and Cohen (1972)10 introduced indirect bonding which seemed to offer further 

advantages. They used methylmethacrylate adhesive to attach to plastic brackets to model cast in 

laboratory. An unfilled bisGMA resin was used as an adhesive between etched enamel & 

previously placed adhesive. 

       Nishida and Yamauchi (1993)37 researched the development of a new bonding system, which 

combines the conditioning and priming agents into a single acidic primer solution, for 

simultaneous use on both enamel and dentin. 

       Silverman and Cohen (1995)11 were the persons to introduce Light cured Resin Reinforced 

GIC in orthodontic bonding procedure. After their extensive study they concluded that, “it 

eliminates need of etching, priming and keeping the field dry during the procedure, thus saving 

chair time. In addition it provides protection against tooth decalcification due to fluoride release. 

In (1996) an attempt to save chair side time during bonding, adhesive precoated ceramic and metal 

brackets were introduced. The adhesive used on the precoated brackets is similar in composition 

to that used for bonding uncoated brackets; the differences are essentially in the percentages of the 

different ingredients incorporated in the material.  In (1998) shortly after the introduction of 

RMGICs, “compomers” were introduced to the market. They were marketed as a new class of 

dental materials that would provide the combined benefits of composites (the “comp” in their 

name) and glass ionomers (“omer”). 
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   Thomas W. Ortendahl (2000)26 introduced Cynoacrylate as a new adhesive material in 

orthodontics with great bond strength. In (2001) new hydrophilic enamel primers for use in 

orthodontic treatment were formulated with alcohol and/or acetone as ingredients to displace 

moisture from the enamel surface isolated for bonding. These primers were later researched to play 

a role in the successful bonding to a contaminated enamel surface. 

       Ajlouni and Bishara (2004)8 in an attempt to overcome some of the limitations and concerns 

associated with the traditional composites, a new packable restorative material was introduced 

called Ormocer, which is an acronym for organically modified ceramic technology. Ormocer 

materials contain inorganic-organic copolymers in addition to the inorganic silanated filler 

particles. Ormocers are described as 3-dimensionally cross-linked copolymers. The abundance of 

polymerization opportunities in these materials allows Ormocers to cure without leaving a residual 

monomer, thus having greater biocompatibility with the tissues. 

 

2. Studies related to bond strength:          

       

       Reynolds2 (1975) an important factor in producing a successful bond is the adhesive used. 

The two most important groups of adhesives currently in use for direct bonding are polymers, 

which can be classified as: 

 Acrylic resin  

 Diacrylate resin 

Acrylic resins: These are based on the commonly used self-curing acrylics. They consist of methyl 

methacrylate monomer and ultra-fine polymer powder, usually activated by tertiary amine benzoyl 

peroxide curing system, or possibly the tri-n-borane derivative. 

Diacrylate resins: These resins have been loosely described under a variety of different names – 

epoxy type, acrylated epoxy, dimethacrylate, epoxyacrylate, epoxy acrylic which has led to some 

confusion. The most commonly found Diacrylate resin is bisphenol-A glycidyl dimethacrylate (Bis 

GMA), which was patented as Bowen’s resin. It combines the setting versatility of acrylic resin 
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with the strength and stability of epoxy resin. Commercial products are usually a variation of this 

material. 

         Kaizere, Tencate and Arends (1976)28 investigated a number of resin systems on their 

adhesive bonding onto enamel as well as to bracket. The maximum bond strength to enamel was 

found to be 121 kg/cm2 and the same for bracket was 53 kg/cm2. This revealed that the attachment 

of adhesive to bracket is the bottleneck of direct bonding procedure. 

          Tencate27 (1976) reported that not only do the chemical and mechanical properties of 

adhesive and bracket material influences the clinical result but the adhesive forces at the enamel-

adhesive and adhesive-bracket interfaces also play a significant role. The mechanical strength of 

the adhesive and bracket material, as well as the adhesive forces at the interfaces must be 

significantly great to resist forces exerted during the entire orthodontic procedure. When the 

enamel surface is pretreated with acid prior to bonding. Macroscopically, the surface becomes 

opaque and dull white on drying, and has a “frosted” appearance. Studies with the scanning 

electron microscope show that before treatment the enamel surface is smooth and almost 

featureless in appearance. After etching, the surface shows a honey comb appearance: the acid 

attacks the prism cores.        

       Brannstrom et al4 (1982) reported a number of factors that can potentially contribute to the 

bond strength between the enamel and the orthodontic bracket include: Type of enamel 

conditioner, Acid concentration, Length of etching time, Composition of the adhesive, Bracket 

base design, Bracket material, Oral environment and Skill of clinician etc. Basically there are 

three factors involved in creating a successful bond that is the tooth surface, the adhesive and the 

bracket backing. The effects of 15 and 60 seconds of etching with a 37% phosphoric acid showed 

superior retentive conditions after 15 seconds of etching in young permanent teeth. However, there 

are conflicting reports concerning the optimal etching time. An etching time of 60 seconds 

was originally recommended for permanent enamel using 30-40% phosphoric acid. 

      Barkmeier et al38 (1987) showed that even a 5% solution produces at least in vitro shear bond 

strengths close to those of a 37% gel whether applied for 15-60 seconds. They concluded that resin 

bond strength results from good wetting of the conditioned enamel surface. The etching time could 
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be reduced to 15 or even 5 seconds without significant morphological differences in the enamel or 

loss of shear bond strength. 

      Wang et al30 (1991) concluded that there were no statistically significant differences in bond 

strength among the 15, 30, 60 or 90 second etching times. However, the 120-second group showed 

significantly less bond strength. They proposed that the optimal etching time should be 15 seconds. 

     Fox et al6 (1991) bond strengths are notorious for producing results which have wide variation. 

The difference in results may be obtained may arise on account of different factors such as: 

Nature of enamel surface and bracket base. 

Thickness of material tested (enamel-bracket base distance) which is related to seating pressure. 

Material used may behave differently when used with different. 

Bracket types. 

Method of bond strength testing. 

Operator technique of bonding etc. 

All these factors should be considered before interpreting the results of the in vitro bond strength 

study. It’s always assumed that the clinical test results would be similar to those in vitro. Bonding 

systems with no statistically significant differences in vitro mean bond strength values appear to 

have different clinical failure rates. No simple relationship exists between in vitro mean bond 

strength values and in vivo failure rates. 

      Wang et al31 (1992) evaluated the effectiveness of a visible light source in curing the resin 

under a solid metal bracket, compared the tensile bond strength at different exposures and analyzed 

the broken interface distribution between light cure resin with various light exposure times and 

self-cured resin. The bond strength of Transbond with 60 seconds and 40 seconds of light 

exposure was greater than both the bond strength of Transbond with 20 seconds of light exposure 

and the strength of the self-cure resin (concise). Transbond with 40 seconds of exposure was 

suggested for clinical application. 
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      Surmount et al39 (1992) also reported that etching enamel for 15 or 60 seconds did not 

influence the shear bond strength of orthodontic brackets. 

      Chamada et al34 (1996) studied time related bond strengths of light cured and chemically cured 

bonding systems.   The immediate bond strengths achieved with a light cured system (Transbond) 

and those at selected time intervals were tested. The light cured composite resin displayed initial 

bond strengths of sufficient magnitude (60-70% of bond strength at 24 hrs) to withstand immediate 

application of orthodontic forces and these bond strengths also increased with time. This increase 

was either due to a dual cure system in the formulation of the resin or to the polymerization of the 

resin under the bracket after the diffusion of free radicals. The bond strengths obtained with light 

cured resin after 2 minutes and 5 minutes of curing were significantly greater, than those produced 

by chemical cure resin (Concise) at similar time periods. The bond strength of chemical cured 

resin also increased with time. There was no significant difference in the strength produced by 

light and chemically cured resins from 10 minutes to 24-hour intervals. 

      Bishara et al25 (1998) compared the effect of an acidic primer on shear bond strength of 

orthodontic brackets as compared to acid etching priming system. Group-I-teeth were etched with 

37% phosphoric acid; brackets were bonded with System 1+ adhesive (Ormco). Group-II - teeth 

were etched with 10% maleic acid, brackets bonded with System 1+ adhesive. Group-III an acidic 

primer was used and brackets were bonded with     a lightly filled resin. Group-IV same acidic primer 

was used as in group-III, adhesive used was a highly filled (Panavia21). In vitro findings suggested 

that the use of acidic primer to bond orthodontic brackets to enamel surface could provide 

clinically acceptable shear bond strength when used with a highly filled (77%) adhesive. This 

was comparable to that obtained with phosphoric acid (10.4+4.4Mpa), Maleic acid 

(10.9+4.4Mpa). With lightly (10%) filled adhesive significantly lower bond strength (5.9 

+5.6Mpa) was  obtained.  

    Bishara et al24 (1999) compared the shear bond strength obtained with an acidic primer  and 

conventional phosphoric acid etching and priming system. Control group teeth were etched with 

phosphoric acid and bonded with Transbond XT. Experimental group teeth were etched with an 

acidic primer (Clearfil Liner Bond 2), adhesive used was Transbond XT like in control group. 



REVIEW OF LITERATURE 

 

12  

Results showed that the control group provided the highest strength of (10.4+4.4Mpa). Acidic 

primer group provided very low bond strength of (2.8+1.9Mpa).  

      Sunna et al22 (1999) evaluated the shear bond strength using 3 types of bracket base design. 

Three main bracket base designs are commercially available: mesh type, integral bases with 

undercut channels, and microetched bases. Mesh bases are generally made by the lamination of a 

fine mesh to a foil. The bracket body and the base are assembled with a light weld tack, after which 

a paste containing brazing alloy is applied to the joint. The first integral bases available were Dyna-

Lock (3m Unitek) brackets in which retention is provided by horizontal undercut channels open at 

the mesial and distal extremities, with a  v-grooved pattern running vertically on the surface of the 

base. 

       Larmour et al18 (2003) compared the bond strength of Transbond Plus with that obtained   

with the conventional method (control) in both wet and dry conditions. They found that Transbond 

self-etching primer system achieves adequate bond strength levels when  applied to dry enamel 

surface but lower bond strength levels when applied to dry enamel surface but lower bond strength 

levels when applied to wet enamel.   Also that the self-etch primer failed more often at the enamel/ 

resin interface with less retained resin compared with control. 

        Shaik et al (2015)41 conducted a study to compare the shear bond strength of three visible 

light-cured composites (Transbond XT, Heliosit and Enlight) and two self-cured composites 

(Rely-a-bond and Concise). There were statistically significant differences among the five groups 

(p<0.05) shear bond strength of Enlight (13.92Mpa) was similar to Transbond XT (14.57Mpa). 

Therefore, Enlight can be used as an alternative for Transbond XT. 

        Sharma et al (2016)17 conducted a study to compare the shear bond strength of orthodontic 

brackets bonded with four different adhesives. eighty newly extracted premolars were bonded to 

0.022 SS brackets (Ormco, Scafati, Italy) and equally divided into four groups based on adhesive 

used: (1) Rely-a-Bond (self-cure adhesive, Reliance Orthodontic Product, Inc., Illinois, USA), (2) 

Transbond XT (light-cure adhesive, 3M Unitek, CA, USA), (3) Transbond Plus (sixth generation 

self-etch primer, 3M Unitek, CA, USA) with Transbond XT (4) Xeno V (seventh generation self-

etch primer, Dentsply, Konstanz, Germany) with Xeno Ortho (light-cure adhesive, Dentsply, 

Konstanz, Germany) adhesive. Brackets were debonded with a universal testing machine (Model 
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No. 3382 Instron Corp., Canton, Mass, USA). The adhesive remnant index (ARI) was recorded. 

In addition, the conditioned enamel surfaces were observed under a scanning electron microscope 

(SEM). He concluded that Transbond XT shown highest bond strength (15.4 Mpa  

       Kamboj et al (2019) 32 conducted a study to compare the bond strength and enamel alterations 

with contemporary light cure adhesives using SEM study. Ninety caries free, intact extracted 

mandibular first molar teeth. All the molar tubes were subsequently tested for evaluation of shear 

bond strength with a universal testing machine. Scanning Electron Microscope (SEM) was used 

to evaluate the effect of various light cure adhesives on the enamel morphology. Concluded that 

Transbond-XT exhibited the highest bond strength (22.6 MPa) closely followed by Transbond Plus 

SEP (19.6 MPa) and GC Fuji Ortho LC (13.89 MPa).  

        Montasser et al (2014) 33 conducted a study to compare the shear bond strength (SBS) of 

orthodontic brackets bonded with conventional and self-etching primer (SEP) adhesive systems. 

The two protective agents used were resin infiltrate (ICON) and Clinpro; the two adhesive systems 

used were self-etching primer system (Transbond Plus Self Etching Primer + Transbond XT 

adhesive) and a conventional adhesive system (37% phosphoric acid etch + Transbond XT primer 

+ Transbond XT adhesive ). Adhesive remnant index scores (ARI) were assessed. Statistical 

analysis consisted of a One-way ANOVA for the SBS and Kruskal-Wallis test followed by Mann-

Whitney test for the ARI scores. They concluded that the conventional system shown more 

strength than SEP system. Similarly in our study conventional adhesive system of light cure 

adhesive Transbond XT shown highest bond strength.         

       Benkli et al (2017) 34 conducted a study to to compare the Shear Bond Strength (SBS) of six 

different adhesive systems including Transbond XT (3M ESPE) and Light Bond Kit (Reliance) as 

orthodontic bonding system; Fusion Xtra (Voco) and Xtrafil (Voco) as bulk-fill composites; Nexus 

(Kerr) and Maxcem Elite (Kerr) as adhesive-resin cements for bonding of metal and ceramic 

brackets. Shear bond strength of the samples were done by Shimatsu instron instrument. Following 

the shear bond test, samples were evaluated under stereomicroscope for Adhesive Remnant Index 

(ARI) scores. The data were analyzed using analysis of variance (ANOVA), post hoc Tukey HSD 

and chi-square tests. The bond strength of ceramic brackets was significantly higher than metallic 

ones except Xtrafil and the adhesive-resin cement 
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2. Studies related to bond failure: 

 

          Cacciafesta et al2 (2003) assessed the effect of water and saliva contamination on the shear 

bond strength and bond failure site of three different orthodontic primers (Transbond XT, 

Transbond Moisture Insensitive Primer and Transbond Plus Self Etching Primer; 3M Unitek) used 

with a light cured composite resin (Transbond XT). Non contaminated enamel surfaces had the 

highest bond strengths for conventional, hydrophilic, and self-etching primers, which produced 

the same strength values. In most contaminated conditions, the self-etching primer had the 

higher strength values than  either the hydrophilic or conventional primers. The self-etching 

primer was the least influenced by water and saliva contamination, except when moistening 

occurred after the recommended 3-second air burst. No significant differences in debond locations 

were found among the groups bonded with the self-etching primer under the various enamel 

conditions. 

      Ireland et al40 (2003) in an in vivo, cross-mouth clinical trial investigated the bond failure 

rates with Transbond Plus self-etching primer. They reported a higher bond failure rate (10.99%) 

with the self-etching primer as compared to control conventional etch and priming group (4.95%). 

     Artun and burgland23 introduced Adhesive Remnant Index (ARI) which is an analysis used 

to measure bond failure after shear bond strength testing by assessing how much adhesive is left 

on a tooth after a bracket has been debonded. 

It consists of four scoring categories, 0 to 3. Each category is described below:  

Score definition: 

 0-No adhesive remaining on the tooth. 

 1-Less than half of the adhesive left on the tooth. 

 2-More than half of the adhesive left on the tooth.  

 3-All adhesive remaining on the tooth. 
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              Kaneshima et al41 also found that when assessing adhesive remnant removal, SEM and 

visual analyses did not yield significantly different results. As ARI scores are interpreted, it is 

important to keep in mind the implications of the different surfaces the scores are made on relative 

to tooth or bracket. For example, a low ARI score suggests a reduced risk of enamel tear, which 

would be beneficial to the patient. This is due to less adhesive being left on the bracket and more 

adhesive on the tooth. A high modified ARI score, on the other hand, may be favourable in the 

sense that chairside time spent removing adhesive remnants would likely be reduced due to the 

less amount of residual resin left on the tooth and more on the bracket. 

      In relation to bond strength, Mirzakouchaki et al42 stated that the changes in bond strengths 

are parallel with the changes in the ARI index. The greater the bond strength the more likelihood 

there will be more adhesive left on tooth enamel than if there is weaker bond strength. This would 

imply a greater amount of time is necessary chairside in removing adhesive remnants after 

debonding. 
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MATERIALS AND METHODOLOGY 

 

Source of data: 

       The samples of extracted first premolars were collected from patients undergoing 

therapeutic orthodontic extraction in the Department of Oral and Maxillofacial Surgery – SDM 

College of Dental sciences and Hospital, a constituent unit of Shri Dharmasthala 

Manjunatheswara University, Dharwad, Karnataka (Figure 1). Along with the Patient’s 

consent, an ethical clearance from Institutional Review Board was acquired for this study. 

Source of material: 

        Brand new Metal brackets with mesh base was purchased from 3MTM Unitek Gemini 

brackets (Figure 2).   

       Brand new polycrystalline clear ceramic brackets with three groove base was purchased 

from 3MTM Unitek Gemini brackets (Figure 3).   

       Adhesives were purchased from 3MTM Unitek Transbond-XT, Ormco Enlight and GC 

Solare Universal for this study (Figure 4).  

Study design: 

       A comparative In-Vitro study aimed to compare and evaluate the Shear Bond Strength and 

Adhesive Remnant Index of Metal and Ceramic brackets bonded with three different 

orthodontic adhesives. 

Sample collection: 

       A total number of 66 extracted first premolars were selected for this study (Figure 1). 

Inclusion criteria: 

       Extracted first premolars were collected only if the buccal enamel surface was intact.  

Exclusion criteria: 

1) Tooth having surface cracks or fractured during the extraction procedure. 

2) Tooth treated with chemical agents. 

3) Presence of any restoration on the tooth surface.  

4) Tooth with dental caries. 
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5) Tooth undergone attrition.  

6) Demineralized tooth like fluorosis or bleached enamel surface. 

7) Tooth previously bonded or undergone any orthodontic procedure with surface 

alterations.  

Study group: 

         For the ease of understanding, sample size were divided into following groups and sub 

groups. A total number of 66 extracted first premolars were divided into two groups (Figure1). 

Group-I consisted of Metal brackets which are bonded using three different orthodontic 

adhesives. Group-II consisted of Ceramic brackets which are bonded using three different 

orthodontic adhesives. Each groups were further divided into three sub groups based on 

adhesives bonded to the brackets.  

 Group-I consisted of 33 extracted first premolars. Each sample was bonded with 

Metal brackets using three different orthodontic adhesives. 

 Sub group-IA consisted of 11 extracted first premolars. Each sample 

was bonded with metal bracket using Transbond XT adhesive and primer 

(Figure 6). 

 Sub group-IB consisted of 11 extracted first premolars. Each sample 

was bonded with metal bracket using Ormco Enlight adhesive and primer 

(Figure 7). 

 Sub group-IC consisted of 11 extracted first premolars. Each sample 

was bonded with metal bracket using GC Solare universal adhesive and 

primer (Figure 8). 

 Group-II consisted of 33 extracted first premolars. Each sample was bonded with 

Ceramic brackets using three different orthodontic adhesives. 

 Sub group-IIA consisted of 11 extracted first premolars. Each sample 

was bonded with ceramic bracket using Transbond XT adhesive and 

primer (Figure 9). 

 Sub group-IIB consisted of 11 extracted first premolars. Each sample 

was bonded with ceramic bracket using Ormco Enlight adhesive and 

primer (Figure 10). 
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 Sub group-IIC consisted of 11 extracted first premolars. Each sample 

was bonded with ceramic bracket using GC Solare universal adhesive 

and primer (Figure 11). 

Sample size calculation: 

                    A total number of 66 extracted first premolars were divided into two groups. 

Group-I consisted of Metal brackets which are bonded using three different orthodontic 

adhesives. Group-II consisted of Ceramic brackets which are bonded using three different 

orthodontic adhesives. Each groups were further divided into three sub groups based on 

adhesives bonded to the brackets. 

 

      Formula: 

                                

M1 Mean test intervention  11* 

M2 Mean control intervention 12.62* 

S1 Standard deviation of M1 1.85* 

S2 Standard deviation of M2 2.47* 

S Pooled SD 2.18 

AH One sided =1 , two sided =2 2 

1-α Set level of confidence, usual values 0.95 ; 0.99 0.99 

1-β Set level power of test. Usual values 0.8 , 0.9 0.95 

Z1 Z value associated with alpha** 2.57 

Z2 Z value associated with beta 1.64 

 

The level of significance is at 0.05% 
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Statistical analysis: 

1. Statistical Package for Social Sciences (SPSS) version 20. (IBM SPASS statistics [IBM corp. 

released 2011] was used to perform the statistical analysis. 

 2. Inferential statistics like 

  The Chi-square test is applied for qualitative variables.  

 Independent sample t-test / Mann-Whitney test (Based on data distribution) is applied to 

compare the Shear Bond strength between the groups. 

  ANOVA / Kruskal-Wallis test is applied to compare the shear bond strength among the sub 

groups with post-hoc Bonferroni / Mann-Whitney test to compare the SBS between the sub 

groups. 

                                                 

    METHODOLOGY 

 

1. Sample collection: 

         A total number of 66 extracted first premolars were collected from patients 

undergoing therapeutic orthodontic extraction (Figure 1). 

 

2. Sample mounting:      

        All the collected samples were mounted onto the acrylic block by using the 

following techniques.  

A custom-made round mould was fabricated using a heavy body putty material. Then 

self-cure acrylic is poured into the mould using the sprinkle- on method. When the 

acrylic is in the dough stage, the collected tooth is mounted into the acrylic block in 

such a way that the roots are embedded into the acrylic upto the cemento-enamel 

junction, leaving the crown exposed. Once the acrylic is set, the mounted teeth samples 

are retrieved from the moulds. After which, each acrylised tooth sample is numbered 

according to their groups and sub groups.  
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3. Bonding of samples: 

       All the mounted tooth samples were bonded as per the following steps. 

      STEP 1: Prophylaxis of tooth  

      STEP 2: Etching  

STEP 3: Priming  

            STEP 4: Adhesive application 

            STEP 5: Bracket positioning  

            STEP 6: Curing 

STEP 1: Prophylaxis of tooth. 

            The buccal surface of all the mounted tooth samples was cleaned and polished with 

slow speed airotor using pumice and rubber cups for 10 seconds/tooth. This eliminates the 

debris or contaminants that may interfere with conditioner or primer reaching the enamel 

surface during their application which in turn might affect the bond strength (Figure 5A). 

STEP 2: Etching of tooth surface. 

           All the mounted tooth samples were etched with 37% phosphoric acid gel or aqueous 

solution for approximately 60 seconds, this provides a surface for mechanical 

retention/bonding. After 60 seconds samples were rinsed with copious amounts of water to 

remove all acid for 15 seconds. Then dry with moisture and oil-free air to show the dull-white 

frosty demarcated etched enamel surface (Figure 5B). 

STEP 3: Priming. 

           The sealant/primer (preferably filled) is applied to all the mounted tooth samples using 

an applicator brush and cured for 10 seconds (Figure 5C). 

STEP 4: Adhesive application. 

         The application of adhesive material behind the bracket mesh was done under a dry 

environment in all the mounted tooth samples. A total number of 66 extracted first premolars 

were divided into two groups, Group-I consisted of Metal brackets which are bonded with three 

different orthodontic adhesives. Group-II consisted of Ceramic brackets which are bonded with 
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three different orthodontic adhesives. Each group was further divided into three sub groups 

based on adhesives bonded to the brackets.  

STEP 5, 6: Bracket positioning and curing. 

           Using bracket holding tweezer, position the brackets on the tooth surface and remove 

the excess composite around the bracket using probe. Once bracket positioned, all the 

mounted tooth samples were cured with LED curing gun (Ivoclar Bluephase N M) for 20 

seconds (Figure 5D). 

 Group-I consisted of 33 extracted first premolars. Each sample was bonded with 

Metal brackets using three different orthodontic adhesives. 

 Sub group-IA consisted of 11 extracted first premolars. Each sample 

was bonded with metal bracket using Transbond XT adhesive and primer 

(Figure 6). 

 Sub group-IB consisted of 11 extracted first premolars. Each sample 

was bonded with metal bracket using Ormco Enlight adhesive and primer 

(Figure 7). 

 Sub group-IC consisted of 11 extracted first premolars. Each sample 

was bonded with metal bracket using GC Solare universal adhesive and 

primer (Figure 8). 

 Group-II consisted of 33 extracted first premolars. Each sample was bonded with 

Ceramic brackets using three different orthodontic adhesives. 

 Sub group-IIA consisted of 11 extracted first premolars. Each sample 

was bonded with ceramic bracket using Transbond XT adhesive and 

primer (Figure 9). 

 Sub group-IIB consisted of 11 extracted first premolars. Each sample 

was bonded with ceramic bracket using Ormco Enlight adhesive and 

primer (Figure 10). 

 Sub group-IIC consisted of 11 extracted first premolars. Each sample 

was bonded with ceramic bracket using GC Solare universal adhesive 

and primer (Figure 11). 
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4. Bond strength evaluation : 

        The shear bond strength of each sample is evaluated using Universal Testing Machine 

(UTM).This testing was done in SDM College of engineering and technology (Department 

of mechanical engineering), Dharwad, Karnataka (Figure 12). 

The mounted samples were placed on the crosshead of UTM (Figure 13). An occluso-

gingival load was applied to produce a shear force at the bracket-tooth interface. This was 

accomplished with the flattened end of a steel rod attached to crosshead of UTM. The bond 

strengths were measured at a crosshead speed of 1 mm/min, and the load applied at the time 

of fracture was recorded in Newton and then calculated by dividing the debonding force by 

the bracket base surface area yielding Mega pascals (MPa) as a unit. 

5. Adhesive Remnant Index evaluation : 

           Once the debonding process was completed all the samples were subjected for 

evaluation of Adhesive Remnant Index (ARI). The sheared surfaces and base of the bracket 

was further investigated with a stereomicroscope at 10x magnification to assess the 

adhesive remnants on the specimen surface (Figure 14). ARI scores were used as a means 

of defining the sites of bond failure between the composite surface, resin (adhesive), and 

bracket base. The scoring of which is as follows: 

Score 0: No adhesive remained on the surface.  

Score 1: Less than 50% of the adhesive remained on the surface.  

Score 2: More than 50% of the adhesive remained on the surface.  

Score 3: All adhesives remained on the surface. 

Adhesive remnant index scores of all the samples (both metal and ceramic brackets) were 

estimated and subjected to statistical evaluation. 
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COLOR PLATE-1 

 

Figure 1:   Extracted 1st premolar teeth. 
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COLOR PLATE-2 

 

Figure 2:  Metal brackets (3MTM Unitek Gemini). 

 

 

Figure 3:  Ceramic brackets (3MTM Unitek Gemini). 
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COLOR PLATE-3 

 

Figure 4:  Adhesives- A) Transbond –XT B) GC- Solare C) Ormco Enlight. 

 

 

 

Figure 5: Bonding procedure: A) Cleaned tooth surface B) Etching C) Primer 

application D) Curing after adhesive application and bracket positioning. 

 

A 

B 

C 

A B C D 
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COLOR PLATE-4 

Sample groups and sub groups: 

Group-I: Samples bonded with Metal brackets. 

 

Figure 6: Sub group- IA– Samples bonded with Metal brackets using Transbond XT 

adhesive (N =11). 

 

 

Figure 7: Sub group-IB – Samples bonded with Metal brackets using Ormco Enlight 

adhesive (N =11). 
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COLOR PLATE-5 

 

Figure 8: Sub group-IC-Samples bonded with Metal brackets using GC Solare (N =11). 

 

Group-II – Samples bonded with Ceramic brackets. 

Figure 9: Sub group-IIA: Samples bonded with Ceramic brackets using Transbond XT 

adhesive (N =11). 
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 COLOR PLATE-6 

 

Figure 10: Sub group-IIB- Samples bonded with Ceramic brackets using Ormco 

Enlight adhesive (N =11). 

 

Figure 11: Sub group-IIC - Samples bonded with Ceramic brackets using GC Solare 

adhesive (N =11). 
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COLOR PLATE-7 

 

Figure 12: Universal Testing Machine 
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COLOR PLATE-8 

 

Figure 13: Mounting of acrylized tooth sample on crosshead of UTM 

 

Figure 14: Stereomicroscope 
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COLOR PLATE-9 

Adhesive Remnant Index: 

 

Figure 15: A) score 0 B) score 1 C) score 2 D) score 3 
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RESULTS 

 

          The results obtained were tabulated and subjected to statistical analysis. The Shear Bond 

Strength and Adhesive Remnant Index of metal and ceramic brackets using three different 

orthodontic adhesives were compared and evaluated. 

 

 

Tabulated results are as follows:  

1. Table of raw data.  

2. Table of statistical results. 
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TABLE OF RAW DATA (MASTER CHART) 

SHEAR BOND STRENGTH 

GROUP-I: Samples bonded with Metal brackets 

SUB GROUP-IA: Samples bonded with metal brackets using Transbond-XT adhesive.  

SAMPLE TIME (seconds) LOAD (gms) STRAIN (Mpa) STRESS (Mpa) 

1-A1 

 

17.9 0.86 8.69 7.81 

1-A2 

 

30.3 1.61 16.12 11.22 

1-A3 

 

21.17 1.12 11.21 18.17 

1-A4 

 

16.5 0.73 7.3 5.62 

1-A5 

 

14 0.01 6.46 6.22 

1-A6 

 

18.2 0.07 43.1 3.38 

1-A7 

 

6 0.01 2.54 4.6 

1-A8 

 

22.3 0.03 11.54 15.96 

1-A9 

 

15.2 1.21 10.6 13.16 

1-A10 

 

12.4 0.91 7.1 5.8 

1-A11 

 

24.1 1.13 12.13 10.4 

 

SUB GROUP-IB: Samples bonded with metal brackets using Ormco Enlight adhesive.  

SAMPLE TIME (seconds) LOAD (gms) STRAIN (Mpa) STRESS (Mpa) 

1-B1 85.8 0.056 

 

4.42 25.31 

1-B2 25.9 

 

0.02 

 

13.7 

 

9.96 

 1-B3 20.3 

 

0.02 

 

10.6 

 

11.33 

 1-B4 21 

 

0.01 

 

11 

 

5.48 

 1-B5 54.6 

 

0.02 

 

27.9 

 

9.44 

 1-B6 0.4 

 

0.006 

 

3.8 

 

2.46 

 1-B7 0.4 

 

0.01 

 

4.4 

 

4.9 

1-B8              0.1 
 

0.004 

 

1.8 

 

1.81 

 1-B9 0.4 

 

0.005 

 

4.3 

 

2.5 

 1-B10 

 

18.2 0.0023 1.92 3.6 

1-B11 

 

13.8 0.0045 6.45 7.2 

 

SUB GROUP-IC: Samples bonded with metal brackets using GC Solare adhesive.  

SAMPLE TIME (seconds) LOAD (gms) STRAIN (Mpa) STRESS (Mpa) 

1-c1 0.8 
 

0.03 
 

8.08 
 

13.7 
 1-c2 1.2 

 
0.01 7.2 8.5 

1-c3 0.6 
 

0.01 6.6 
 

7.3 
 1-c4 0.39 0.01 3.94 0.44 
 1-C5 1.5 

 
0.01 15.3 6.79 

1-C6 1.15 0.015 
 

11.52 
 

6.69 
 1-C7 1.06 0.02 

 
10.6 

 
11.04 

 1-C8 0.48 0.01 4.8 
 

6.11 
 1-C9 0.4 

 
0.01 

 
4.5 

 
4.6 

1-C10 
 

1.4 
 

0.007 
 

14.9 
 

3.5 
 1-C11 

 
2.12 0.10 12.21 5.67 
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GROUP-II: Samples bonded with Ceramic brackets 

SUB GROUP-IIA: Samples bonded with Ceramic brackets using Transbond-XT adhesive.  

SAMPLE TIME (seconds) LOAD (gms) STRAIN (Mpa) STRESS (Mpa) 

2-A1 

 

1.09 0.05 12.43 9.82 

2-A2 2.01 

 

0.02 

 

20.1 

 

11.7 

          2-A3 15.5 

 

8.7 

 

87.8 13.41 

2-A4 1.4 

 

0.02 

 

0.03 

 

0.95 

 2-A5 6.2 

 

0.05 

 

18.6 

 

25.2 

 2-A6 27.3 

 

1.4 

 

14.31 

 

6.9 

2-A7 45.1 

 

2.31 

 

23.1 

 

20.2 

 2-A8 70.2 

 

3.7 

 

37.1 

 

40.5 

 2-A9 

 

38.1 2.1 18.2 23.4 

2-A10 

 

23.4 1.9 12.5 10.2 

2-A11 

 

18.9 2.3 11.7 8.9 

 

SUB GROUP-IIB: Samples bonded with Ceramic brackets using Ormco Enlight adhesive.  

SAMPLE TIME (seconds) LOAD (gms) STRAIN (Mpa) STRESS (Mpa) 

2-B1 27.3 

 

1.4 

 

14.3 

 

2.2 

 2-B2 5.3 

 

0.2 

 

2.19 7.32 

 2-B3 16.5 

 

0.7 

 

7.8 

 

4.8 

 2-B4 3.6 

 

0.01 1.3 6.2 

 2-B5 12.2 

 

0.5 

 

5.3 

 

4.8 

 2-B6 17.1 

 

 

0.8 

 

 

8.1 

 

5.9 

 

 
2-B7 11.5 

 

0.5 5.1 1.2 

2-B8 30.6 1.6 16.2 12.8 

 2-B9 17.7 

 

0.8 

 

8.5 2.5 

2-B10 66.9 

 

3.5 35 34.2 

 2-B11 6.9 

 

0.01 3 7.3 

  

SUB GROUP-IIC: Samples bonded with Ceramic brackets using GC Solare adhesive.  

SAMPLE TIME (seconds) LOAD (gms) STRAIN 

(Mpa) 

STRESS (Mpa) 

2-C1 29.3 
 

1.5 
 

15.5 
 

9.4 
 2-C2 44.2 

 
2.2 

 
22.7 9.3 

 2-C3 16.1 
 

0.7 
 

7.6 
 

4.2 
 2-C4 24.2 

 
1.2 

 
12.7 

 
11.3 

 2-C5 24.3 
 

1.2 
 

12.7 
 

10.6 
 2-C6 16.9 

 
0.8 

 
8 9 

 2-C7 11.6 
 

0.5 
 

5.1 
 

4.5 
 2-C8 13.7 

 
0.6 

 
6.3 

 
6 
 2-C9 5.3 

 
0.2 

 
2.3 

 
1.9 

 2-C10 20.8 
 

1 
 

10.5 
 

7.1 
 2-C11 12.5 

18.6 
1.3 12.4 8.6 
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ADHESIVE REMNANT INDEX 

GROUP-I: Samples bonded with Metal brackets.  

SUB GROUP-IA:Samples bonded with Metal brackets using Transbond-XT adhesive.  

SAMPLE SCORE 

1-A1 1 

1-A2 2 

1-A3 0 

1-A4 3 

1-A5 3 

1-A6 0 

1-A7 0 

1-A8 1 

1-A9 1 

1-A10 1 

1-A11 2 

 

SUB GROUP-IB: Samples bonded with Metal brackets using Ormco Enlight adhesive.   

SAMPLE  SCORE 

1-B1 3 

1-B2 2 

1-B3 1 

1-B4 1 

1-B5 3 

1-B6 0 

1-B7 3 

1-B8 0 

1-B9 0 

1-B10 1 

1-B11 2 

 

SUB GROUP-IC: Samples bonded with metal brackets using GC Solare adhesive. 

SAMPLE SCORE 

1-C1 2 

1-C2 1 

1-C3 3 

1-C4 0 

1-C5 0 

1-C6 1 

1-C7 3 

1-C8 1 

1-C9 1 

1-C10 0 

1-C11 1 
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GROUP-II: Samples bonded with Ceramic brackets. 

SUB GROUP-IIA: Samples bonded with Ceramic brackets using Transbond-XT adhesive.   

SAMPLE SCORE 

2-A1 2 

2-A2 2 

2-A3 1 

2-A4 3 

2-A5 1 

2-A6 0 

2-A7 1 

2-A8 3 

2-A9 3 

2-A10 0 

2-A11 1 

 

SUB GROUP-IIB: Samples bonded with Ceramic brackets using Ormco Enlight adhesive.  

SAMPLE SCORE 

2-B1 1 

2-B2 2 

2-B3 3 

2-B4 1 

2-B5 1 

2-B6 0 

2-B7 0 

2-B8 1 

2-B9 0 

2-B10 3 

2-B11 2 

 

SUB GROUP-IIC: Samples bonded with Ceramic brackets using GC Solare adhesive. 

SAMPLE SCORE 

2-C1 1 

2-C2 2 

2-C3 2 

2-C4 0 

2-C5 0 

2-C6 1 

2-C7 1 

2-C8 1 

2-C9 2 

2-C10 1 

2-C11 2 
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TABLE OF STASTICAL RESULTS 

Data was normally distributed, One-way Anova and Post-Hoc Bonferroni test was performed 

among the groups and sub groups.  

A total number of 66 extracted first premolars were divided into two groups. Group-I consisted 

of Metal brackets which are bonded using three different orthodontic adhesives. Group-II 

consisted of Ceramic brackets which are bonded using three different orthodontic adhesives. 

Each groups were further divided into three sub groups based on adhesives bonded to the 

brackets. 

I.  SAMPLES BONDED WITH METAL BRACKETS: 

TABLE-1: Comparison of Shear bond strength of Metal brackets bonded using 3 different 

adhesives (One-way ANOVA). 

METAL 

BRACKETS 

MEAN 

(Mpa) 

SD 

(Mpa) 

F 

(variance 

ration) 

P 

(p-value) 

TRANSBOND-

XT 

9.27  4.798  

 

0.667 

 

 

 

 

0.52 
ORMCO-

ENLIGHT 

7.45  6.654 

GC SOLARE 6.82  3.601 

 

*ONE-WAY ANOVA                                         P≤0.05 IS STATISTICALLY SIGNIFICANT 

 

 

TABLE-2: Comparison of Shear bond strength of Metal brackets bonded using 3 different 

adhesives (Post- Hoc Bonferroni test). 

 

METAL BRACKETS 

MEAN 

DIFFERENCE 

P 

(p-value) 

TRANSBOND-XT ORMCO-ENLIGHT 1.818 1.000 

GC SOLARE 2.455 0.824 

ORMCO-ENLIGHT TRANSBOND-XT -1.818 1.000 

GC SOLARE .636 1.000 

GC SOLARE TRANSBOND-XT -2.455 0.824 

ORMCO-ENLIGHT -.636 1.000 

 

*POST-HOC BONFERRONI                         P≤0.05 IS STATISTICALLY SIGNIFICANT 
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GRAPH-1: Comparison of Shear bond strength of Metal brackets bonded using 3 

different adhesives. 

 

 

II. SAMPLES BONDED WITH CERAMIC BRACKETS: 

TABLE-3: Comparison of Shear bond strength of Ceramic brackets bonded using 3 different 

adhesives. 

CERAMIC 

BRACKETS 
MEAN 

(Mpa) 

SD 

(Mpa) 

F 

(variance 

ration) 

P 

(p-value) 

TRANSBOND-

XT 

23.18  23.332  

 

2.841  

 

 

0.074 
ORMCO-

ENLIGHT 

9.55  9.647 

GC SOLARE 7.58  5.803 

 

*ONE-WAY ANOVA                                       P≤0.05 IS STATISTICALLY SIGNIFICANT 
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TABLE-4: Comparison of Shear bond strength of Ceramic brackets bonded using 3 

different adhesives (Post-hoc Bonferroni test). 

 

METAL BRACKETS 

MEAN 

DIFFERENCE 

P 

(p-value) 

TRANSBOND-XT ORMCO-ENLIGHT 13.636 0.122 

GC SOLARE 12.636 0.170 

ORMCO-ENLIGHT TRANSBOND-XT -13.636 0.122 

GC SOLARE -1.000 1.000 

GC SOLARE TRANSBOND-XT -12.636 0.170 

ORMCO-ENLIGHT 1.000 1.000 

 

*POST-HOC BONFERRONI                         P≤0.05 IS STATISTICALLY SIGNIFICANT 

 

 

 

 

GRAPH-2: Comparison of Shear bond strength of Ceramic brackets bonded using 3 

different adhesives. 
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CHI-SQUARE TEST for qualitative variables (ARI) among the group: 

 

TABLE-5: Comparison of Adhesive remnant index of Metal brackets bonded using 3 

different adhesives. 

METAL 

BRACKETS 

NUMBER (n)  

(%) 

 

 

X2 

 

 

P 

SCORE 0 SCORE 1 SCORE 2 SCORE 3   

TRANSBOND-XT 3 

(27.27%) 

4 

(36.37%) 

2 

(18.18%) 

2 

(18.18%) 

 

 

1.186 

 

 

0.97 ORMCO-ENLIGHT 3 

(27.27%) 

3 

(27.27%) 

2 

(18.19%) 

3 

(27.27%) 

GC SOLARE 3 

(27.27%) 

5 

(45.45%) 

1 

(9.1%) 

2 

(18. 18%) 

 

* X2 CHI-SQUARE TEST                             P≤0.05 IS STATISTICALLY SIGNIFICANT 

 

 

 

GRAPH-3: Comparison of Adhesive Remnant Index of Metal brackets bonded 3 different 

adhesives. 
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TABLE-6: Comparison of Adhesive remnant index of Ceramic brackets bonded using 3 

different adhesives. 

CERAMIC 

BRACKETS 

NUMBER (n)  

(%) 

 

X2 

 

P 

SCORE 0 SCORE 1 SCORE 2 SCORE 3  

 

 

 

4.240 

 

 

 

 

0.664 

TRANSBOND-

XT 

2 

(18.18%) 

4 

(36.37%) 

2 

(18.18%) 

3 

(27.27%) 

ORMCO-

ENLIGHT 

3 

(27.27%) 

4 

(36.37%) 

2 

(18.18%) 

2 

(18.18%) 

GC SOLARE 2 

(18.18%) 

5 

(45.45%) 

4 

(36.37%) 

0 

(0.0%) 

 

* X2 CHI-SQUARE TEST                             P≤0.05 IS STATISTICALLY SIGNIFICANT 

 

 

 

GRAPH-4: Comparison of Adhesive remnant index of Ceramic brackets bonded using 3 

different adhesives. 
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COMPARISON BETWEEN GROUPS: 

Unpaired T -test was performed between groups. 

Group-I- Samples bonded with metal brackets. 

Group-II- Samples bonded with Ceramic brackets. 

TABLE-7: Comparison of Shear bond strength between Metal and Ceramic brackets.  

BRACKET MEAN 

(Mpa) 

SD 

(Mpa) 

F 

(variance 

ration) 

P 

(p-value) 

METAL BRACKETS 9.27  4.798  

-1.937 

 

.067 
CERAMIC 

BRACKETS 

23.18  23.332 

 

*UN PAIRED T-TEST                                         P≤0.05 IS STATISTICALLY SIGNIFICANT 

 

 

 

Graph-5: Comparison of Shear bond strength between Metal and Ceramic brackets. 
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TABLE-8: Comparison of Adhesive remnant index among between Metal and Ceramic 

brackets. 

BRACKETS NUMBER (n)  

(%) 

 

F 

(Variance 

ration) 

 

 

P 

SCORE 0 SCORE 1 SCORE 2 SCORE 3  

 

 

0.400 

 

 

 

0.94 

METAL 

BRACKETS 

3 

(27.27%) 

4 

(36.37%) 

2 

(18.18%) 

2 

(18.18%) 

CERAMIC 

BRACKETS 

2 

(18.18%) 

4 

(36.37%) 

2 

(18.18%) 

3 

(27.27%) 

 

* UNPAIRED T- TEST                                        P≤0.05 IS STATISTICALLY SIGNIFICANT 

 

 

 

 

 

 

GRAPH-6: Comparison of Adhesive remnant index between Metal and Ceramic 

brackets. 
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DISCUSSION 

 

           Successful bonding in orthodontics requires careful attention of three components of the 

system: the tooth surface and its preparation, the design of the attachment base and the bonding 

material4, 6.The tooth surface conditions and type of bonding material greatly affect the bond 

strength6. New technologies using novel materials are constantly evolving to improve the 

quality of the bond between the brackets and tooth or artificial subjects37. 

        An acceptable bracket bonding system must be able to resist destructive forces applied by 

orthodontic wires as well as the loads applied in the oral cavity36. Evidence obtained from 

various studies showed the clinically acceptable bond strength has been reported to range from 

6 to 8 MPa, Mean shear bond strength using metal brackets has reported bond strengths in the 

6.2-12.8 MPa range, Mean shear bond strength using ceramic brackets have reported bond 

strengths in the 7.8–18.4 MPa range2, 25.  

     The bond strength can be increased by increasing the etching time, reducing the salivary 

contamination, using larger filler particles of adhesives and addition of adhesive boosters4, 6, 25. 

The bond strength decreases during increased consumption of aerated drinks, varying salivary 

PH (acidic), poor bonding technique and environment26, 38. 

         A balance in bond strength must be achieved when choosing a bracket-adhesive 

combination for fixed orthodontic treatment27 Bond strength should neither be too low to get 

debonded during treatment nor should be too high causing damage to the enamel surface while 

getting debonded28. However, various studies have been performed to assess the adequate bond 

strength of different brackets with different adhesives. 

            If the enamel-adhesive interface is less, it leads to bond failure due to decreased bond 

strength. This bond failure or debonding can delay the treatment period and damage the enamel 

surface by leaving surface cracks providing inconvenience to patients and clinicians30, 31. So it 

is important for the clinician to choose an ideal adhesive to have adequate bond strength while 

maintaining unblemished enamel during debonding.             

         Assessment of adhesive remnant after debonding is an important factor in the selection 

of orthodontic adhesives and removal of adhesive resins from the tooth surfaces. As described 

by Artun and Bergland (1984)23, the adhesive remnant index has been widely used in studies 
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in order to evaluate the amount of adhesive remnants after debonding. The scoring is done 

based on a 4-point scale of 0 = no adhesive remains on tooth surface; 1 = <50% of adhesive 

left on tooth surface; 2 = >50% of adhesive left on tooth surface; 3 = all adhesive remains on 

the tooth surface. Based on enamel-adhesive retention- If the ARI score is high, the enamel-

adhesive interface is more causing less damage to enamel during debonding. If the ARI score 

is less, the enamel-adhesive interface is less causing more damage to enamel leaving surface 

cracks during debonding. This provides sensitivity and pain to patients.  

                  In this study, the bond strength of metal and ceramic brackets was compared and 

evaluated. The results showed, there were variations in bond strength between different 

adhesives. Amongst them Transbond XT showed high bond strength compared to the other two 

adhesives. However, the mean bond strength was well above the minimum requirement with 

all the combinations of adhesives resulting in sufficient bond strengths.  

         The Adhesive remnant index of each adhesive was compared and evaluated. The results 

revealed, there were variations in the ARI scoring scale between three different adhesives. 

Amongst them Transbond XT adhesive showed a high ARI score causing less damage to the 

enamel surface followed by Ormco Enlight and GC Solare respectively.  

Study design: 

        A comparative In-Vitro study aimed to compare and evaluate the Shear Bond Strength 

and Adhesive Remnant Index of Metal and Ceramic brackets bonded with three different 

orthodontic adhesives. Though various studies have been performed on bond strength, there is 

a lack of information as well as the amount of accuracy in the values of bond strength. This 

study design was appropriate because of using standardized instruments and machines which 

provided the accurate value of bond strength of different adhesives bonded to different 

orthodontic bracket bases. 

Study group: 

               For ease of understanding, the sample size was divided into the following groups and 

sub groups. A total number of 66 extracted first premolars were divided into two groups 

(Figure1). Group-I consisted of Metal brackets which are bonded with three different 

orthodontic adhesives. Group-II consisted of Ceramic brackets which are bonded with three 

different orthodontic adhesives. Each group was further divided into three sub groups based on 

adhesives bonded to the brackets. All 66 samples were tested for SBS using Universal Testing 
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Machine and ARI scores were evaluated using Stereomicroscope. The derived results were 

then subjected to statistical analysis.  

Interpretation of results: 

One-way ANOVA test was performed to compare the shear bond strength of three different 

adhesives which was bonded with metal and ceramic brackets. 

1. Table-1 shows the comparison of shear bond strength in metal brackets bonded using 

three different adhesives.  

One-way ANOVA test was performed, Transbond-XT has shown high bond strength 

of 9.27Mpa followed by Ormco Enlight which showed a bond strength of 7.45Mpa and 

GC Solare has shown the least bond strength of 6.82Mpa. 

2. Table-2 shows the comparison of shear bond strength in metal brackets bonded using 

three different adhesives.  

Post-Hoc Bonferroni test was performed, Transbond-XT has shown high bond 

strength followed by Ormco Enlight and then GC Solare which showed less bond 

strength. 

3. Graph-1 shows the comparison of shear bond strength in metal brackets bonded using 

three different adhesives. 

Transbond-XT has shown high bond strength followed by Ormco Enlight and then 

GC Solare which has shown less bond strength. 

4.  Table-3 shows the comparison of shear bond strength in ceramic brackets bonded 

using three different adhesives.  

One-way ANOVA test was performed, Transbond-XT has shown increased bond 

strength with a mean of 23.18Mpa, followed by Ormco Enlight which showed a bond 

strength of 9.55Mpa and GC Solare showed the least bond strength of 7.58Mpa. 

5. Table-4 shows the comparison of shear bond strength in ceramic brackets bonded using 

three different adhesives.  

Post-Hoc Bonferroni test was performed, Transbond-XT has shown high bond 

strength followed by Ormco Enlight and then GC Solare which showed less bond 

strength. 
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6. Graph-2 shows the comparison of shear bond strength in ceramic brackets bonded 

using three different adhesives. 

Transbond-XT has shown high bond strength followed by Ormco Enlight and then 

GC Solare which has shown less bond strength. 

 From these results, it is conclusive that the shear bond strength is more in ceramic 

brackets bonded with TRANSBOND-XT adhesive compared to the other two adhesives. 

One-way ANOVA test revealed that the different groups exhibited different bond strengths 

which were not statistically significant. There were statistically insignificant results in the shear 

bond strength between the sub groups and groups tested in the study.   

    Chi-square test was performed for qualitative variables among sub groups.  

7. Table-5 shows the comparison of adhesive remnant index in metal brackets bonded 

using three different adhesives. 

Chi-square test was performed, Transbond-XT showed a high ARI score, followed 

by Ormco Enlight and then GC Solare. 

8. Graph-3 shows the comparison of adhesive remnant index in metal brackets using 

three different adhesives. 

Chi-square test was performed, Transbond-XT showed a high ARI score, followed 

by Ormco Enlight and then GC Solare. 

9. Table-6 shows the comparison of adhesive remnant index in ceramic brackets bonded 

using three different adhesives.  

Chi-square test was performed, and Transbond-XT showed a high ARI score, 

followed by Ormco Enlight and then GC Solare. 

 

10. Graph-4 shows the comparison of adhesive remnant index in ceramic brackets bonded 

using three different adhesives. 

Chi-square test was performed, and Transbond-XT showed a high ARI score, 

followed by Ormco Enlight and then GC Solare. 

From these results, it is conclusive that the TRANSBOND-XT adhesive bonded with 

ceramic brackets showed more adhesive remnants on the tooth surface which reduces 

enamel fracture during debonding.  
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On performing Unpaired T-tests between groups. 

11. Table-7 shows the comparison of shear bond strength between metal and ceramic 

brackets. 

The ceramic brackets showed more bond strength compared to metal brackets.  

12.  Graph-5 shows the comparison of shear bond strength between metal and ceramic 

brackets. 

 The ceramic brackets shows more bond strength compared to metal brackets. 

13.  Table-8 shows the comparison of adhesive remnant index between metal and ceramic 

brackets.  

There was no significant difference, both metal and ceramic brackets have the same 

score. 

14.  Graph-6 shows the comparison of adhesive remnant index between metal and ceramic 

brackets. 

 There was no significant difference, both metal, and ceramic brackets have the same 

score. 

 From these results the following conclusion can be drawn, 

 Transbond-XT has shown increased bond strength and adhesive remnant 

index score scale compared to Ormco Enlight, Gc solare. 

 Ceramic brackets has shown more bond strength compared to metal brackets. 

  No significant difference in ARI scores between metal and ceramic brackets 

bonded with different adhesives. 
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Comparison with other studies: 

           Shaik et al (2015) conducted a study to compare the shear bond strength of three 

visible light-cured composites (Transbond XT, Heliosit and Enlight) and two self-cured 

composites (Rely-a-bond and Concise). A total of 100 extracted premolars were collected 

and stored in 0.1% thymol. The samples were randomly divided into 5 test groups of 

different adhesives. Brackets were bonded to the teeth in each test group with the respective 

adhesive according to the manufacturer’s instructions and kept in distilled water at room 

temperature for 24 hours before debonding. Each specimen was debonded using Universal 

Testing Machine and the shear bond strength for each specimen was calculated. There were 

statistically significant differences among the five groups (p<0.05) shear bond strength of 

Enlight (13.92Mpa) was similar to Transbond XT (14.57Mpa). Therefore, Enlight can be 

used as an alternative to Transbond XT. However, in our study, the Transbond XT showed 

more bond strength compared to Enlight which is contradicting the previous study because 

the collected tooth samples were stored in 0.1% thymol and bonded samples were then kept 

in distilled water for 24 hours before debonding. This might have reduced the dentin 

permeability of adhesives which in turn reduced the bond strength.  

          Sharma et al (2016) conducted a study to compare the shear bond strength of 

orthodontic brackets bonded with four different adhesives. eighty newly extracted 

premolars were bonded to 0.022 SS brackets (Ormco, Scafati, Italy) and equally divided 

into four groups based on the adhesive used: (1) Rely-a-Bond (self-cure adhesive, Reliance 

Orthodontic Product, Inc., Illinois, USA), (2) Transbond XT (light-cure adhesive, 3M 

Unitek, CA, USA), (3) Transbond Plus (sixth generation self-etch primer, 3M Unitek, CA, 

USA) with Transbond XT (4) Xeno V (seventh generation self-etch primer, Dentsply, 

Konstanz, Germany) with Xeno Ortho (light-cure adhesive, Dentsply, Konstanz, Germany) 

adhesive. Brackets were debonded with a universal testing machine (Model No. 3382 

Instron Corp., Canton, Mass, USA). The adhesive remnant index (ARI) was recorded, then 

the conditioned enamel surfaces were observed under a scanning electron microscope 

(SEM). They concluded that Transbond XT showed the highest bond strength (15.4 Mpa). 

Similarly in our study, Transbond XT showed high bond strength in both metal and ceramic 

brackets and a high ARI score due to its high filler content. Since the content of inorganic 

particles directly influences the resistance of composite resin Transbond XT shows 

increased bond strength. 
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            Kamboj et al (2019) conducted a study to compare the bond strength and enamel 

alterations with contemporary light cure adhesives using SEM a study. Ninety caries-free 

intact extracted mandibular first molar teeth. The roots of the teeth were embedded in the 

center of a cold cure acrylic. A molar tube of 0.018” Roth prescription with a micro-etched 

base was bonded to each molar with three different bonding agents. All the molar tubes 

were subsequently tested for evaluation of shear bond strength with a universal testing 

machine. A scanning Electron Microscope (SEM) was used to evaluate the effect of various 

light cure adhesives on the enamel morphology. They concluded that Transbond-XT 

exhibited the highest bond strength (22.6 MPa) closely followed by Transbond Plus SEP 

(19.6 MPa) and GC Fuji Ortho LC (13.89 MPa). Similarly in our study, Transbond XT 

showed the highest bond strength and GC showed less bond strength of (6.82 ± 1.92 Mpa) 

which is still above the ideal requirement of bond strength. GC shows less bond strength 

because of its composition of diacrylate monomers in adhesive. Whereas, Transbond XT 

has composition of methacrylate monomers with phosphate ions which increases bond 

strength. 

            Montasser et al (2014) conducted a study to compare the shear bond strength (SBS) 

of orthodontic brackets bonded with conventional and self-etching primer (SEP) adhesive 

systems. The two protective agents used were resin infiltrate (ICON) and Clinpro; the two 

adhesive systems used were a self-etching primer system (Transbond Plus Self Etching 

Primer + Transbond XT adhesive) and a conventional adhesive system (37% phosphoric 

acid etch + Transbond XT primer + Transbond XT adhesive). Sixty premolars were divided 

into three major groups and six subgroups were included. The shear bond strength was 

tested 72 hours after bracket bonding. Adhesive remnant index scores (ARI) were assessed. 

Statistical analysis consisted of a One-way ANOVA for the SBS and Kruskal-Wallis test 

followed by the Mann-Whitney test for the ARI scores. They concluded that the 

conventional system showed more strength than the SEP system. Similarly in our study, 

conventional adhesive system of light cure adhesive Transbond XT showed highest bond 

strength. Because the enamel etching pattern was different with SEP showing a shallower 

etch pattern resulting in a reduction in the depth of enamel demineralization. Whereas, in 

the conventional method usage of 37% phosphoric acid leaves well-defined prisms and 

surface roughness which increases bond strength. 
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         Benkli et al (2017) conducted a study to compare the Shear Bond Strength (SBS) of 

six different adhesive systems including Transbond XT (3M ESPE) and Light Bond Kit 

(Reliance) as orthodontic bonding system; Fusion Xtra (Voco) and Xtrafil (Voco) as bulk-

fill composites; Nexus (Kerr) and Maxcem Elite (Kerr) as adhesive-resin cement for 

bonding of metal and ceramic brackets. Sixty permanent maxillary premolars were 

randomly divided into twelve equal groups. Stainless steel (Gemini bracket; 3M Unitek) 

and ceramic (Radiance, American Orthodontics) maxillary premolars brackets with a 

0.022-inch slot, were bonded to the teeth using six different adhesive systems according to 

manufacturers' instructions. The shear bond strength of the samples was done by the 

Shimatsu Instron instrument. Following the shear bond test, samples were evaluated under 

a stereomicroscope for Adhesive Remnant Index (ARI) scores. The data were analyzed 

using analysis of variance (ANOVA), Post-hoc Tukey HSD and Chi-square tests. They 

concluded that the bond strength of ceramic brackets was significantly higher than metallic 

ones except for Xtrafil and the adhesive-resin cement. Similarly in our study, ceramic 

brackets have shown higher bond strength with Transbond XT compared to metal brackets. 

This could be attributed to ceramic brackets which bond to the tooth surface by forming 

both mechanical and chemical retention by means of undercuts in the bracket base and via 

silane coupling agents. 

Clinical implications of the present study: 

1. Though the market has various adhesives, clinicians don’t have clear information 

about ideal adhesives and their importance in bonding. This study would help 

clinicians to choose appropriate and advantageous bonding agents for the day of 

today’s clinical practice.  

2. The bond strength was compared in both metal and ceramic brackets bonded with 

three commercially used adhesives allowing the clinician to choose the best material. 

3. Apart from shear bond strength, the adhesive remnant index was also evaluated 

which allows the clinicians to understand the importance of adhesive remnants and 

choose materials that will not cause enamel damage. 

4. Our study compared the shear bond strength and ARI score of metal and ceramic 

brackets using three different orthodontic adhesives. The Transbond XT has shown 

increased bond strength and a high ARI score compared to the other two adhesives 

of Ormco Enlight and GC Solare. 
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Limitations: 

1. In vitro experiments of bond strength cannot be generalized to clinical situations 

where different forces are exerted from various directions over brackets. 

2. The sample collection could have been more in numbers for more reliable results. 

3. Some differences exist among tensile, shear, and torsional loads; however, shear 

loads are among the most common and destructive forces in the oral cavity. 

4.  Although these are standard tests, they cannot simulate the actual loads applied in 

the oral environment because the speed of jaw movements during mastication is in 

the range of 81-100mm/second with a frequency of 1.03-1.2 Hz, which is different 

from the selected crosshead speeds of UTM. 

Scope for future studies: 

1. This study is an in-vitro study, were the disintegration and dissolution of saliva, 

bacterial activity, erosion and wear caused by masticatory forces in oral environment 

cannot be replicated in an in-vitro study. Therefore, an In-vivo study would give 

more reliable and accurate results. 

2. Similar studies can be performed on various surfaces of the tooth. Eg: demineralized 

tooth surfaces like fluorosis, and restored tooth surfaces. 

3. In this study debonding was performed using shear force. Various debonding 

techniques like electrothermal debonding, laser debonding, usage of chemical 

solvents, and applying other forces of tensile and torsional forces can also be 

performed and compared.  

4. In this study only conventional bonding system adhesives were used. Whereas new-

generation on SEP system adhesives, nano-particles and adhesives, adhesives with 

boosters can be compared and studied further.  

5. Similar studies can be performed using recycled or thermocycled brackets can be 

performed. 

6. Similar studies can be performed on bracket bases with different designs. 
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CONCLUSION 

 

        The present study compared and evaluated the shear bond strength and Adhesive remnant 

index of metal and ceramic brackets bonded with three different orthodontic adhesives. 

From these results we can conclude that, 

 The highest bond strength and ARI score was observed in Transbond-XT, followed 

by Ormco enlight and lowest with GC Solare. 

 Ceramic brackets shown more shear bond strength compared to metal brackets when 

bonded with three different adhesives. 

  Samples tested for ARI scores under the stereomicroscope shown No significant 

difference in ARI scores between metal and ceramic brackets. All the tested samples 

has shown higher ARI score and there was no damage to the enamel surface. 

 As stated by Reynolds2, all three studied adhesives have been proved to have adequate 

adhesion for use as bonding agents for orthodontic brackets. 

 Various studies have been performed on shear bond strength. The results of this study 

can only be used as a guideline in choosing the right bonding system for better clinical 

practice. 
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SUMMARY 

          Bond strength is an important property and determines the amount of force delivered and 

treatment duration in orthodontics. Many light-cured bonding materials are being used; but it 

is required to determine the most efficient one with desired bond strength. An ideal orthodontic 

adhesive should have optimal bond strength when the brackets are bonded to the etched enamel 

surface to withstand masticatory forces and forces of the orthodontic appliance. On the other 

hand, it should also debond without causing any damage to the enamel at the end of the 

treatment. 

       Though various studies has been performed in bond strength, there is lack of information 

as well as the amount of accuracy in the values of bond strength. Therefore, this study aimed 

to compare and evaluate the shear bond strength (SBS) and Adhesive Remnant Index (ARI) of 

metallic and ceramic brackets using three different adhesives. This would be helpful for the 

clinician in choosing an appropriate and advantageous bonding agent for day today’s clinical 

practice. 

           For the ease of understanding, sample size were divided into following groups and 

subgroups. A total number of 66 extracted first premolars were divided into two groups. Group-

I consisted of Metal brackets which are bonded with three different orthodontic adhesives. 

Group-II consisted of Ceramic brackets which are bonded with three different orthodontic 

adhesives. Each groups were further divided into three subgroups based on adhesives bonded 

to the brackets of Transbond XT, Ormco Enlight and GC Solare. All the tooth samples were 

bonded with metal and ceramic brackets using three different adhesives. The SBS was 

evaluated using Universal Testing Machine and ARI scores were evaluated using 

Stereomicroscope under 10X magnification. 

                The obtained data were statistically analysed with a software of Statistical Package 

for Social Sciences (SPSS) version 2.0 [IBM corp. released 2011]. Inferential statistics like 

Chi-square test is applied for qualitative variables. Independent sample t-test / Mann Whitney 

test (Based on data distribution) is applied to compare the Shear Bond strength between the 

groups. ANOVA / Kruskal-Wallis test is applied to compare the shear bond strength among 

the sub groups with post hoc Bonferroni / Mann Whitney test to compare the SBS between the 

sub groups. 
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        The results shown the highest bond strength was observed in Transbond XT, 

followed by Ormco Enlight and lowest with GC Solare. Ceramic brackets shown more 

shear bond strength compared to metal brackets. However, the SBS of all the different types 

of adhesives used for the study had shown bond strength above the ideal range of required 

bond strength. Samples tested for ARI scores under the Electron microscope shown 

Transbond XT has a high ARI score and there was no significant difference in ARI 

scores between metal and ceramic brackets.  

         Our study compared the SBS and ARI of metal and ceramic brackets bonded with 

three different orthodontic adhesives. We conclude that Transbond XT shown increased 

bond strength and high ARI score compared to other two adhesives of Ormco Enlight and 

GC Solare. Therefore, the clinician should take these parameters into consideration before 

choosing the right material for better bonding. 
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