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Abstract 
 
Self-etching primers (SEPs) and indirect bonding have both been used separately to bond 

brackets with clinical success, and both have advantages over more traditional bonding 

methods.  Thus, the purpose of this study was to determine if SEPs used with an indirect 

bonding technique can provide acceptable bracket strengths under both dry and 

contaminated conditions.   

Sixty-four human maxillary premolars were cleaned, mounted, and randomly divided into 

four groups of sixteen.  In group 1 (control), 16 orthodontic brackets were bonded to dry 

teeth using a traditional phosphoric acid etchant/primer; in group 2 (control), the same 

etchant/primer was used but saliva contamination occurred after the primer was applied; 

in group 3, a SEP was used on dry enamel surfaces; in group 4, the SEP was used, and 

saliva contamination occurred after SEP application.  In all groups, the bonding adhesive 

and indirect bonding method were the same.  The teeth were debonded ~36 hours 

following initial bonding using a universal testing machine.  After debonding, the amount 

of residual adhesive remaining on each tooth was evaluated.  Analysis of Variance was 

used to compare the shear bond strength of the four groups, and the Pearson exact test 

was used to compare the Adhesive Remnant Index (ARI) scores for the four groups.   The 

Analysis of Variance (F=1.94) indicated that there were no significant differences (p = 

0.133) in bond strength between the groups.  The comparisons of the ARI scores 

indicated that bracket failure mode was not significantly different (p = 0.11). 

The present findings indicated that using an SEP with indirect bonding can provide 

acceptable bond strengths when bonding orthodontic brackets.  Saliva contamination 



 

 iv 

occurring after the placement of the primer or SEP had no negative effect on the shear 

bond strength; thus, the SEP provided no substantial benefit when bonding under 

contaminated conditions.  For all groups, the ARI scores showed that the majority of the 

adhesive stayed on the teeth after debonding, providing evidence that contamination 

occurring after the primer/SEP application does not negatively affect the bond strength to 

enamel. 
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INTRODUCTION: THE BASIC BONDING TECHNIQUE 

The applicability of using adhesive bonding resins in dentistry has significantly increased 

with the introduction of the enamel acid-etch technique by Buonocore in 1955.  By 

demonstrating a 100-fold increase in retention of small polymethylmethacrylate buttons 

to teeth that had been etched with 85% phosphoric acid for 30 seconds, Buonocore 

opened the door to modern adhesive dentistry techniques.1   Over the last 50 years the 

bonding of various resins to enamel has also developed a niche in orthodontics. The 

orthodontic bonding techniques revolve around the concept of attaching appliances to 

tooth structure using adhesives and the acid-etching technique, and this method has 

become a foundation of contemporary orthodontics.  In general, the technique for 

orthodontic bonding includes 3 steps using an etchant, a primer, and an adhesive.     

 

The concept of adhesion has been well studied, and currently a combination of 

mechanical, adsorption, diffusion, and electrostatic theories are typically used to describe 

the phenomena.2  Further studies determined that microporosities created during the acid-

etching process allowed for the incorporation of small resins “tags” into the enamel 

surface, thereby creating microscopic mechanical interlocks between the enamel and 

resin.3-5  Mechanical theories propose that adhesion occurs primarily through microscopic 

interlocks between the adherend and adhesive. The increase in the contacting surface area 

between the two results in a greater number of “interlocks”, and thus, greater adhesive 

forces.  
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The conventional acid-etch bonding process involves four steps: 1) Enamel surface 

cleansing, 2) Enamel conditioning (etching), 3) Primer application, and 4) Adhesive 

application.  The purpose of enamel cleansing is to eliminate debris or contaminants that 

may interfere with the conditioner or primer reaching the enamel surface during their 

application.  Typically, enamel cleansing is accomplished using rubber prophy cups and 

pumice for ~5 seconds per tooth.  Enamel conditioning (etching) has traditionally been 

accomplished using 35-40% ortho-phosphoric acid, which has the capability of 

dissolving enamel rods to create the microporosities necessary for resin tag development.  

The priming agent is used to help the adhesive monomers diffuse the complete depth of 

the enamel etch pattern.  This is followed by the application of an adhesive resin, which 

is typically either self-setting and/or polymerized by light curing.  By following this 

standard procedure, clinicians have been successfully bonding orthodontic brackets and 

other appliances directly or indirectly to teeth, with sufficient strength to withstand most 

of the forces routinely experienced in the oral cavity during orthodontic treatment. 

 

A 37% ortho-phosphoric acid concentration has typically been used for traditional 

bracket bonding procedures.  While this etchant provides a deep etching pattern and 

suitable bond strengths, irreversible enamel loss during the procedure has been a concern 

to the clinician.  Thus, in an effort to reduce the amount of enamel loss during the etching 

process, other less aggressive etchants have been investigated.  Maleic acid was 

introduced as an alternative etching material in the early 1990s in an attempt to control 

the depth of the enamel etch.  Studies have demonstrated that the use of 10% maleic acid 



 

 3 

as the etchant had no significant effect on the shear bond strength (SBS) of orthodontic 

brackets.6,7 Furthermore, scanning electron microscopy (SEM) showed that the etch 

patterns produced by 10% maleic acid were morphologically similar but shallower than 

those produced by 37% phosphoric acid.8  While maleic acid appeared to be an adequate 

etchant, its use in orthodontics never gained popularity.  Another enamel conditioner that 

has been investigated is polyacrylic acid.  The use of 10% and 20% polyacrylic acid for 

bonding was introduced by Smith.9  He found that polyacrylic acid cements adhered to 

dental enamel as a result of the interaction of the aqueous polyacrylic acid component 

with the enamel surface.  The acid produced mild etching of the enamel surface and also 

resulted in a crystalline deposit which bonded firmly to the enamel surface and resisted 

mechanical removal.10 The crystals were shown to be calcium sulfate dihydrate 

(gypsum), and their formation depended mainly on the sulfate ion concentration in the 

polyacrylic acid solution.  When studied for use in bonding brackets, Bishara et. al. 

determined that the shear bond strength of brackets bonded to enamel with either 10 or 

20% polyacrylic acid were significantly lower than brackets bonded to enamel 

conditioned with 37% phosphoric acid.11   

 

Traditionally, the use of acid etchants followed by the application of priming materials 

was an essential part of the bonding procedure.  Priming agents are usually non-filled or 

very lightly filled acrylic resins that often contain 2-Hydroxyethyl methacrylate (HEMA) 

or dimethacrylate.  The primary purpose of the primer is to allow good surface wetting 

and penetration of the adhesive into the etched enamel. The latter allows for the 
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formation of “resin tags” deeper into the enamel surface, thus creating a mechanical 

bond.  While the specific techniques and materials used in bracket bonding have changed, 

the basic procedure has stayed relatively constant and is still commonly used.  However, 

in an effort to reduce the number of steps involved in the bonding procedure, researchers 

evaluated whether the acid conditioner could be combined with the priming agent, 

reducing the bonding procedure by one step.   

 

Self-Etching Primers (SEPs) 

One of the first reports on the use of SEPs during the bonding procedure demonstrated 

that when used with a highly filled composite resin, these “acidic primers” provided shear 

bond strength comparable to the traditional acid-etch/primer/adhesive systems.7 While 

these conditioners were initially developed for use on dentin, researchers have 

determined that adhesive systems combining conditioning and priming can also be 

successfully used to bond orthodontic brackets to enamel.12-15  

 

It is interesting to note that scanning electron micrographs have shown that SEPs produce 

a less pronouced etch pattern than that produced by phosphoric acid.16  While all SEPs 

are acidic, those available on the market vary in their pH levels and aggressiveness.  

Recently, a report indicated that the differences in the pH of the SEPs used to bond 

brackets does not significantly affect the shear bond strength of the brackets.17  More 

specifically, aggressive self-etchants with lower pH levels did not provide greater 
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bonding strengths. At the same time, it has also been demonstrated that SEPs that 

produce a minimal etch pattern can still provide adequate bracket shear bond strength.17   

 

Enamel loss and damage has always been, and still is, a concern to the clinician.  Thus, 

those etchants that produce a minimal etch pattern, while still providing adequate bond 

strength, should be preferred.  A recent study showed that a self-etching primer produced 

less pronounced etching of the enamel surface when compared to 35% phosphoric acid18; 

similar results where observed in another study.17  Additionally, significantly less enamel 

loss (from conditioning alone) was seen when using the SEP when compared to the 

conventional etching process.  Scanning electron micrographs showed that after etching 

with phosphoric acid, resin tags greater than 20 µm were produced; this compares to the 

“thin resin tags” that were only 5-10 µm in depth that were produced after SEP 

application.18  It was observed that following bracket bonding with a traditional etch, 

regular debonding and “clean-up” with high and low speed tungsten carbide burs 

removes an average of 10.72 and 3.02 µm of enamel, respectivity.19  From the results of 

these studies, if a conventional phosphoric acid etch can produce resin tags of ~20 µm, 

and if only ~5-10 µm of enamel is removed during “clean-up”, the remnants of these 

resin tags will likely persist.  While these resin tags may be removed through normal 

enamel wear from mastication and toothbrushing, they may persist and have the potential 

to discolor over time.20 
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It has been demonstrated that shear bond strengths of brackets bonded using different 

“self-etch” primers were not significantly different from brackets bonded with the 

conventional acid-etch technique.12,14-15  While in vitro tests have shown that SEPs 

provide comparable shear bond strength when compared to the traditional acid etch, 

clinical reports have comfirmed that SEPs can be used to bond brackets successfully.  No 

significant differences in bracket failure rates where seen between brackets bonded using 

a SEP or a conventional etch after 6 months21 or 18 months.22  However, another clinical 

report observed significantly higher bond failure rates when using an SEP (11.2%) versus 

a conventional etch (3.9%).23 

 

While SEPs offer the advantage of a reduced enamel etch, other benefits have also been 

reported.  SEPs may save time during the bonding procedure; it was determined that the 

mean bracket bonding time per tooth was significantly less when using a SEP than with a 

conventional etch.21  Another potential advantage when using SEPs has to do with their 

inherent ability to resist moisture contamination.   

  

Moisture Contamination 

Bonding is a technique sensitive process, and adequate isolation during the bonding 

procedure is a critical variable that can jeopardize bond strengths if not maintained.  

Various studies have evaluated the shear bond strengths of different bonding systems on 

both normal and contaminated enamel surfaces.24-28 Success of resin bonding systems to 

enamel was negatively affected by contamination with oral fluids such as saliva and 
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plasma.24,28 There was a reduction of about 50% in the mean shear bond strengths when 

resin composite was bonded directly to saliva-contaminated etched enamel surfaces when 

compared to the bond strength to uncontaminated surfaces.24,28  Other studies have 

confirmed that bracket shear bond strength using conventional acid etching + primer is 

significantly decreased after saliva or moisture contamination; moreover, SEPs 

maintained adequate bond strengths under both wet and dry conditions, and were less 

affected by contamination.29,30  When specifically testing the effects of saliva 

contamination on the shear bond strength of orthodontic brackets when using a SEP, it 

was reported that adequate shear bond strength could be maintained if contamination 

occurred either before or after the application of the SEP.  However, contamination both 

before and after the application of the SEP resulted in a significantly weaker shear bond 

strength.31  In essence, SEPs, which are more hydrophilic in nature, seem to have a 

protective effect during bonding when isolation is difficult, and adequate bond strengths 

can be achieved under both wet and saliva contaminated conditions. 

 

In summary, self-etching primers offer multiple benefits to the clinician by: 1) Reducing 

technique sensitivity in the bonding process while providing adequate bond strengths; 2)  

Reducing the depth of enamel rod dissolution, and thus, leaving the enamel in a more 

unblemished condition upon debonding; and 3) Enabling the clinician to bond 

successfully under wet and saliva contaminated conditions. 
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Indirect Bonding 

Following the advent of enamel conditioning through acid etching, direct bonding of 

orthodontic brackets was introduced.32 Direct bonding of orthodontic brackets is a 

technique sensitive procedure and requires considerable doctor chair time.  In an effort to 

place brackets on teeth more accurately and increase bonding efficiency, Silverman first 

described a method to indirectly bond brackets.33 Thomas described a technique where he 

bonded brackets to models using composite resin that had been coated with separator.  

Once the composite was cured, it created a custom-fit pad that could then be bonded to 

the tooth using a transfer tray.34  (Figure 1)  Although a number of modifications to the 

procedure have been described,35-36 the overall goal of indirect bonding is the same – to 

accurately place and successfully bond brackets with minimal chair time and increased 

patient comfort.  A popular technique involves placing brackets on a stone model to 

create custom bases of composite resin and using a transfer tray to accurately place the 

brackets in the mouth.  The actual bonding of the brackets to the teeth is accomplished by 

using a lightly filled sealant or flowable composite resin. 
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Figure 1.  Stone model and indirect bonding transfer tray 

 

A number of studies have evaluated the bond strengths of indirectly bonded brackets, and 

many comparisons to directly bonded brackets have been made.  While the adhesives 

used in direct and indirect bonding techniques differ, several researchers found no 

significantly differences in bond strengths between the two methods in vitro.37-42  

Adequate bond strengths were obtained when indirectly bonding using both chemical and 

light-cured sealants40, after thermocycling39, as well as under contaminated conditions 

when used with a moisture-insensitive primer.42  While most of these reports tested bond 

strength 24-72 hours after bonding, one study observed that adequate bond strengths were 
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achieved within 30 minutes following bonding.41  This is an important finding, as indirect 

transfer trays are typically removed 5-10 minutes after bonding, and the bond to enamel 

needs to be strong enough at this time to withstand the force of both tray removal and the 

archwire, which typically is ligated within the first 30 minutes following bonding.   

 

In addition to the in vitro tests which have shown that adequate bond strengths can be 

obtained through indirect bonding, clinical reports have found similar success rates 

between indirect and direct bonding methods.43-44  When using a split-mouth design, no 

significant difference in bracket failures rates was found between direct (2.9%) and 

indirectly (2.2%) bonded brackets.43  However, a very small number of brackets placed 

indirectly required rebonding at the time of placement (7 out of 279, 2.5%).  In a 

comprehensive comparison of the two bonding techniques, similar failure rates were 

reported.44  This study examined nearly 30,000 brackets in over 1,300 patients from 11 

different orthodontic offices.  Per-patient debond prevalences were 1.17% ± 3.62% for 

direct bonding and 1.21% ± 3.81% for indirect bonding; this difference was not 

significantly different.   

 

In summary, indirect bonding offers the potential for reduced doctor chairtime, increased 

patient comfort, and more accurate bracket placement.  A recent study found that bracket 

placement errors were similar with both direct and indirect bonding.45 However, this 

study only evaluated bracket placement on the anterior teeth.  As visibility is limited in 

the posterior regions of the mouth, accurate bracket positioning is more difficult on 
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posterior teeth.  When bonding posterior teeth, indirect bonding may provide an 

advantage in the accuracy of bracket placement.  

 

SPECIFIC AIMS 

Self-etching primers and indirect bonding have both been used separately to bond 

brackets with clinical success, and both have advantages over more traditional bonding 

methods.  However, all previous studies evaluating indirect bonding have used a 

conventional phosphoric acid etching step, and it has not been determined if self-etching 

primers can be used with the specific adhesives used in indirect bonding to provide 

adequate bond strengths.  Thus, the purpose of this study was to determine if self-etching 

primers used with an indirect bonding technique can provide acceptable bracket strengths 

under both dry and contaminated conditions.  The specific aims of this study were:   

 

1. To compare the shear bond strength of orthodontic brackets that were bonded 

indirectly using the conventional acid-etch procedure to those bonded using a 

self-etching primer. 

2. To compare the shear bond strength of orthodontic brackets that were bonded 

indirectly under saliva contaminated conditions using the conventional acid-etch 

procedure to those bonded using a self-etching primer. 

3. To determine if self-etching primers provide a protective effect (i.e. minimal 

decrease in bond strength) under saliva contaminated conditions when used to 

bond brackets indirectly. 



 

 12 

4. To determine the nature of bond failure using an adhesive remnant index. 

 

NULL HYPOTHESES 

1. There is not a significant difference in shear bond strength of brackets bonded 

indirectly to enamel when using the conventional acid-etch method of bonding 

under dry conditions and the self-etch method of bonding under dry conditions. 

2. There is not a significant difference in shear bond strength of brackets bonded 

indirectly to enamel when using the conventional acid-etch method of bonding 

under dry conditions and the conventional acid-etch method of bonding under 

saliva contaminated conditions. 

3. There is not a significant difference in shear bond strength of brackets bonded 

indirectly to enamel when using a self-etching primer in bonding under dry 

conditions and when using a self-etching primer in bonding under saliva 

contaminated conditions. 

4. There is not a significant difference in shear bond strength of brackets bonded 

indirectly to enamel when using the conventional acid-etch method of bonding 

under saliva contaminated conditions and the self-etch method of bonding under 

saliva contaminated conditions. 

5. There is not a significant difference in the amount of composite remaining on the 

teeth following debonding. 
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MATERIALS AND METHODS 

Sample Collection and Storage: 

Sixty-four freshly extracted human maxillary premolars were collected and stored in a 

solution of 0.1% (weight/volume) chloramine.  To meet the criteria for use in the study, 

the teeth were selected only if they had intact buccal enamel, had not been pretreated with 

chemical agents (e.g. H2O2), had no visible surface cracks from extraction forceps, and 

were free of caries or restorations.  The samples were submerged in the chloramine 

solution at all times except during the bonding and debonding procedure.  The teeth were 

randomly divided into four groups of 16.  A group size of 16 was chosen as it provided 

adequate power and because the collection of 64 sample teeth was realistically 

obtainable.   Prior to selecting the size of the groups, nQuery Advisor® 6.0 software 

(Statistical Software, Saugus, MA) was used to calculate the statistical power.  When the 

sample size in each of the 4 groups is 16, a one-way analysis of variance (assuming an 

standard deviation of 2 megaPascals, a scenario where the group shear bond strength 

means are 15, 10, 15, and 15, and alpha=0.05) will have 99% power to detect a difference 

in means.   

 

Group 1 – Conventional-etch bonding, dry conditions 

Group 2 – Conventional-etch bonding, contaminated conditions 

Group 3 – Self-etching primer, dry conditions 

Group 4 – Self-etching primer, contaminated conditions   
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Brackets: 

Orthodontic maxillary premolar metal brackets (Victory Series APC Plus, 0.018 slot, 

MBT prescription, 3M Unitek, Monrovia, California) were used in the study.  These 

brackets are precoated with Transbond XT composite adhesive resin.    Before bonding, 

the dimensions of five brackets that were not used in the bonding procedure were 

measured with digital calipers.  The area of each bracket base was then determined, and 

the average of the five was calculated and used for bond strength calculations.  The 

average surface area of the bracket base was determined to be 10.4 mm2.   

 

Sample Mounting:   

Before bonding, subgroups of four teeth within a group (Figure 2) were attached to a 

0.036 stainless steel wire with sticky wax so that adjacent teeth were in contact on their 

interproximal surfaces.  The wire was pre-bent in an approximate archform.  A 2 inch 

section of PVC coupling served as a mold for mounting the teeth.  The wire and wax was 

luted to the edge of each coupling piece, suspending the roots of the teeth within the 

coupling.  The teeth were then mounted in self-cure orthodontic acrylic resin.  The teeth 

were embedded in acrylic to just below the cemento-enamel junction, which provided 

adequate retention but maintained a sufficient amount of tooth structure.  Care was taken 

during mounting to keep the buccal surfaces of the teeth perpendicular to the acrylic base. 

(Figure 2) 
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Figure 2.  Subgroup of four teeth mounted in acrylic resin and PVC coupling 

 

Indirect Bonding model preparation and transfer tray fabrication: 

An alginate impression of each subgroup (4 teeth mounted in-line) was made, and a 

working model was poured using orthodontic stone. The stone models were then allowed 

to set for 24 hours, and a layer of separating medium (Al-Cote separating agent, Dentsply 

Trubyte, York, PA) diluted with water at a 1:1 ratio was placed on each model and 

allowed to dry for 1 hour.  The brackets were placed on the working model using the 

composite on the bracket base pad.  Firm pressure was applied to the bracket, and excess 

resin was removed with a hand instrument.  The model was then placed in a light curing 
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box (Maxi-Light Light Cure Box, Select Dental Manufacturing Company, Farmingdale, 

NY) and cured for 10 minutes.  Brackets were positioned in the mesio-distal center of 

each tooth with the base of the bracket perpendicular to the acrylic mounting block.  

(Figure 3)  

 

Once the brackets were attached to the model, the indirect bonding transfer tray was 

fabricated using two components: a soft transparent polyvinylsiloxane (PVS) gel inner 

tray material and a hard thermal forming suck down material.  The inner tray material 

(RM Bond Inner Tray Material, Rocky Mountain Orthodontics, Denver, CO) was 

expressed around each bracket using a standard PVS mixing gun, fully encapsulating the 

buccal, occlusal, and lingual surfaces of the model teeth.  The inner tray material was 

smoothed with a moistened paper towel and allowed to harden for 10 minutes.  Next, a 

1mm thick thermoplastic material (Essix A+ Plastic, Raintree Essix, Inc., Bradenton, FL) 

was applied over the tray using a vacuum forming machine.  Excess material was 

trimmed from the model using scissors and a wheel saw in a low speed handpiece.  The 

trays fully encapsulated the bracket and extended 3mm apical to the bracket on the buccal 

surface, and to the gingival margin on the lingual surface. The model was then soaked in 

a bowl of warm water for 15 minutes.  The transfer trays were then removed and placed 

into the same light curing box for an additional 10 minutes with the bracket bases facing 

the light.  Each bracket base was then lightly air-blasted with 10 micron aluminum oxide 

to remove any additional separating medium.  Lastly, any remaining separator and 
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aluminum oxide particles were removed using the explorer under warm running water.  

The trays with the brackets were then blown dry with oil-free compressed air. (Figure 3) 

 

 

Figure 3.  One subgroup – mounted teeth, indirect working model, and indirect 

bonding transfer tray 

 

Once all the transfer trays had been fabricated, each subgroup of four teeth was randomly 

placed into one of the four experimental groups.  Each experimental group consisted of 4 

subgroups of four teeth each (16 teeth total).  (Figure 4)  For identification purposes, the 
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subgroups were numbered randomly from 1-16 prior to being placed into an experimental 

group. 

 

 Figure 4.  Simplified flowchart of groups and subgroups 

 

Moisture contamination: 

When indicated (groups 2 and 4), prepared enamel surfaces were contaminated with 

human saliva. Human saliva was collected from one subject (26 y/o male) the morning of 

the bonding procedure.  This individual did not eat or drink for one hour prior to sample 

collection.  A micropipette was used to dispense 5 µL of saliva onto the tooth surface. 

 

 

 

Extracted Teeth (64 teeth) 
(storage in 0.1% chloramine) 

Subgroup 1a (4 teeth) 

Group 1 (16) 
Etch, dry Group 2 (16) 

Etch, contaminated 
Group 3 (16) 

SEP, dry 

Group 4 (16) 
SEP, contaminated 

Subgroup 1b (4) 

Subgroup 1c (4) 

Subgroup 1d (4) 

Subgroup 2a (4 teeth) 
Subgroup 2b (4) 

Subgroup 2c (4) 

Subgroup 2d (4) 

Subgroup 3a (4 teeth) 
Subgroup 3b (4) 

Subgroup 3c (4) 

Subgroup 3d (4) 

Subgroup 4a (4 teeth) 
Subgroup 4b (4) 

Subgroup 4c (4) 
Subgroup 4d (4) 

- Teeth within a subgroup were mounted adjacent to one another and bonded 
simultaneously using the same indirect bonding tray (see figure 3) 
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Groups Tested: 

This study used four groups of samples for comparison, two control groups and two 

experimental groups.  The control groups were bonded using the traditional phosphoric 

acid etchant, while the experimental groups were bonded using the self-etching primer 

(SEP). 

Group 1 (non-contaminated control)-  Brackets were bonded using a traditional 35% 

phosphoric acid-etch, primer, and Transbond Supreme LV Low Viscosity Light Cure 

Adhesive without moisture contamination of the enamel surface. 

Group 2 (contaminated control)-  Brackets were bonded using a traditional 35% 

phosphoric acid-etch, primer, and Transbond Supreme LV Low Viscosity Light Cure 

Adhesive with saliva contamination of the enamel surface after etching and priming. 

Group 3 (non-contaminated experimental)-  Brackets were bonded using Transbond Plus 

SEP and Transbond Supreme LV Low Viscosity Light Cure Adhesive without moisture 

contamination of the enamel surface. 

Group 4 (contaminated experimental)-  Brackets were bonded using Transbond Plus SEP 

and Transbond Supreme LV Low Viscosity Light Cure Adhesive with saliva 

contamination of the enamel surface after conditioning with the SEP. 

 

Bonding Procedure: 

All teeth were cleaned using a coarse pumice and water slurry with rubber prophylaxsis 

cups for 5 seconds and thoroughly rinsed using an air/water spray for 10 seconds.  The 
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teeth were then dried using an air-water syringe for 10 seconds.  For all bonding steps, 

manufacturer’s instructions for each bonding material were followed. 

Group 1: Etchant gel (Unitek Etching Gel, 3M Unitek) containing 35% phosphoric acid 

was applied to the bonding area of the tooth for 15 seconds, rinsed for 10 seconds, and 

thoroughly dried with oil-free compressed air for 10 seconds.  A thin layer of Transbond 

XT Primer (3M Unitek) was applied to the tooth surface, and a thin layer of Transbond 

Supreme LV was applied to the bracket pads.  Next, the brackets were placed on the teeth 

using the transfer tray.  Once seated, each tooth was light cured for 20 seconds through 

the transfer tray, 10 seconds from the occlusal aspect and 10 seconds from the gingival 

aspect.  The transfer tray was then removed, and each tooth was subjected to 5 more 

seconds of light curing from the occlusal aspect. 

Group 2:  Teeth were bonded in the exact same manner as described for Group 1, but 

with one exception.  After applying the primer to the teeth, 5 µL of saliva was placed on 

each tooth surface.  The saliva was allowed to sit on the tooth surface for 5 seconds 

followed by a light air burst prior to transfer tray placement. 

Group 3:   Transbond Plus self-etching primer (SEP) utilizes a packaging system that has 

two “blister” compartments: one contains methacrylated phosphoric acid esters, initiators, 

and stabilizers, whereas the other contains water, fluoride complex, and stabilizers. One 

loli-pop was used for each subgroup (4 teeth).  To activate the product, the 2 

compartments were squeezed so that the contents of each compartment were allowed to 

mix.  The resulting mix was then rubbed into each tooth surface for 3-5 seconds.  A 

gentle air burst was then applied to each tooth to evaporate solvents.  A thin layer of 
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Transbond Supreme LV was applied to the bracket pad, and the brackets were placed on 

the teeth using the transfer tray.  Once seated, each tooth was light cured for 20 seconds 

through the transfer tray, 10 seconds from the occlusal aspect and 10 seconds from the 

gingival aspect.  The transfer tray was then removed, and each tooth was subjected to 5 

more seconds of light curing from the occlusal aspect. 

Group 4:  Teeth were bonded in the exact same manner as described for Group 3, but 

with one exception.  After applying the SEP, 5 µL of saliva was placed on the tooth 

surface.  The saliva was allowed to sit on the tooth surface for 5 seconds followed by an 

air burst and transfer tray placement.  The application of air following SEP placement 

and contamination was chosen as it simulates clinical bonding with contamination most 

accurately. 
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Figure 5.  Brackets bonded following indirect bonding procedure 

 

The order of bonding was randomized by arbitrarily selecting a subgroup of teeth to 

bond, bonding this subgroup of teeth following the assigned protocol, and then randomly 

selecting the next subgroup of teeth and bonding following that group’s assigned 

protocol.  Thus, the bonding did not proceed from group to group, and one group was not 

completely bonded prior to beginning the bonding procedure for the other groups. 

 

After bonding, all teeth were stored in fresh distilled water for ~36 hours at 22°C before 

being debonded. 
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Shear Bond Strength Testing: 

The shear bond strength of each group was determined approximately 36 hours after the 

bonding procedure.  A steel rod with a chisel-shaped end was attached to the crosshead of 

a universal testing machine (Instron Corp., Canton, MA, Model #4202).  (Figure 6a)  The 

rod applied an occlusogingival load to the bracket, producing a shear force at the bracket-

tooth interface.  Samples were mounted so that the long axis of the bracket was parallel to 

the debonding chisel.  Care was taken to apply the force of the chisel edge at the junction 

of the bracket base and bracket body, but not on the fine lip of the base pad. (Figure 6b)  

The bracket base pad is too thin for the chisel to consistently “catch” during the 

debonding procedure, and thus, was not used as the site for force application.   The 

results of each test were recorded by a computer that is electronically connected to the 

testing machine.  The Instron machine (cell capacity = 50 kN) recorded the results from 

each test in kilograms (kg) at a crosshead speed of 2.0 mm per minute.  Shear bond 

strength (SBS) was determined by dividing the peak debonding force (kg) by the surface 

area of the bracket base (mm2).  Shear bond strength was then converted to megaPascals 

(MPa). 



 

 24 

 

Figure 6a.  Instron machine and debonding chisel used in the study 
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Figure 6b.  Chisel placement at the junction of the bracket body and base prior to 

debonding 

 

Adhesive Remnant Index: 

Once the brackets were debonded, the enamel surface of each tooth was examined under 

10x magnification to determine the amounts of residual bonding adhesive remaining on 

each tooth.  A modified adhesive remnant index46,47 (ARI) was used to quantify the 

amount of remaining adhesive using the following scale: 1 = all the composite remained 
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on the tooth, 2 = more than 90% of the composite remained on the tooth, 3 = between 10-

90% of the composite remained on the tooth, 4 = less than 10% of the composite 

remained on the tooth, and 5 = no composite remained on the tooth.  Only the bonding 

adhesive, not the custom composite pad, was utilized to determine the ARI scores.   

 

No information on which group the teeth belonged to was available to the examiner when 

the ARI scores were calculated.  This eliminated any bias in determining the ARI scores. 

 

Statistical Analysis: 

There were three components to the statistical analysis.  First, the Analysis of Variance 

was utilized to determine whether there was a significant difference in shear bond 

strengths between the four test groups.  Pairwise (t-test) comparisons would be made 

between the groups if the Analysis of Variance indicated there were significant 

differences between the four groups.  Second, the Analysis of Variance was used to 

determine if there were significant differences in the four subgroups within each group.  

Pairwise (t-test) comparisons would be made between the subgroups if the Analysis of 

Variance indicated there were significant differences between the four subgroups within 

each group.  Lastly, Fisher’s exact test was used to compare the bond failure mode (ARI 

scores) between the three groups.  For the purpose of statistical analysis, the ARI scores 1 

and 2 as well as 4 and 5 were combined (giving three groups for analysis).  Significance 

for all statistical tests was predetermined at p ≤ 0.05.  
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RESULTS 

Shear Bond Strength (SBS) 

The descriptive statistics including the mean, standard deviation, minimum and 

maximum values for the three groups are presented in Table 1.  One sample was 

eliminated from both groups 2 and 4 because of premature debonding that occurred 

during the setup for SBS testing.  Additionally, one bracket from group 2 debonded 

during tray removal, so this sample was also not included for statistical analysis.   

 

Table 1.  Descriptive statistics of bracket shear bond strength in megapascals (MPa) of 

the four groups 

Group Conditioner Condition n x  SD Range 

1 Phosphoric Acid Dry 16 6.9 1.1 5.2-8.7 
2 Phosphoric Acid Contaminated 14 7.8 1.4 5.4-10.1 

3 SEP Dry 16 9.0 4.2 2.4-18.4 
4 SEP Contaminated 15 7.4 1.9 5.0-10.7 

N = sample size; x = mean; SD = standard deviation 
ANOVA  p-value = 0.133 (F value 1.94) 

                                                                           
 

The results of the Analysis of Variance indicated there were no statistically significant 

differences (p = 0.133) in mean shear bond strength between the groups.  Since the 

ANOVA for comparing the four means was not significant (p > 0.05), pairwise 

comparisons were not made.   

 

Additionally, Analysis of Variance was utilized to determine if there were any significant 

differences between the four subgroups within each group.  This could occur if there was 
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improper seating of the indirect tray, or if the self-etching primer (SEP) was not activated 

properly.  The results of the Analysis of Variance indicated that there were no statistically 

significant differences in the subgroups within each group (Table 2).  Since no one 

subgroup differed significantly from the others, it was determined that each individual 

bracket strength test could be considered an independent event.  Thus, using the mean 

shear bond strength of each group for comparison purposes was valid.  Complete data 

tables can be found in Appendix C. 

 

Table 2.  Descriptive statistics of bracket subgroup average shear bond strength in 

megapascals (MPa)  

Group Conditioner Condition n x  SD Range 

1 Phosphoric Acid Dry 4 6.9 0.2 6.6-7.2 

2 Phosphoric Acid Wet 4 7.8 0.9 7.1-9.1 

3 SEP Dry 4 9.0 2.8 5.2-12.0 

4 SEP Wet 4 7.4 1.2 6.0-9.0 
Group 1:  ANOVA p-value = 0.9400 (F-value 0.13) 
Group 2:  ANOVA p-value = 0.1832 (F-value 1.97) 
Group 3:  ANOVA p-value = 0.1312 (F-value 2.28) 
Group 4:  ANOVA p-value = 0.2149 (F-value 1.75) 

 
 
 

Adhesive Remnant Index (ARI): 

The failure modes of the three groups are presented in Table 3.  For the purpose of 

statistical analysis, the ARI scores 1 and 2 as well as 4 and 5 were combined.  The results 

from Fisher’s exact test indicated that the groups did not differ significantly (p = 0.106) 
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in their bracket failure modes.  For all groups, the majority of the bond failures left all or 

some of the bonding composite on the tooth.  In some instances, both the flowable 

bonding composite as well as some of the composite from the custom bracket base pad 

remained on the teeth following debonding.  These cases were scored similarly to teeth 

that only had the bonding adhesive remaining on them.  The most critical variable used to 

determine the ARI score was the amount of composite remaining on the tooth, as a 

percentage of the bracket base area.   

 
Table 3.  Frequency (percent) distribution of the modified adhesive remnant index (ARI) 

Scores of the four groups 

    Modified ARI Scores 

Group Conditioner Condition n 1 2 3 4 5 

1 Phosphoric Acid Dry 16 10 (63) 2 (13) 3 (19) 1 (6) 0 

2 Phosphoric Acid Wet 14 7 (50) 0 6 (43) 0 1 (7) 

3 SEP Dry 16 4 (25) 1 (6) 5 (31) 6 (38) 0 

4 SEP Wet 15 9 (60) 0 5 (33) 1 (7) 0 

1 - all composite remained on the tooth; 2 – more than 90% of the composite remained on the tooth; 3 – 10-90% of 
the composite remained on the tooth; 4 – less than 10% of the composite remained on the tooth; 5 – no composite 
remained on the tooth  
n = sample size; P = probability 

Fisher’s exact test p-value = 0.1060 
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DISCUSSION 

Traditional methods of bonding orthodontic brackets to teeth have relied on the 

utilization of the acid-etch technique to achieve adequate retention.  However, of primary 

concern to the clinician is the maintenance of a sound, unblemished enamel surface after 

the removal of brackets.  Self-etching primers (SEPs) were introduced in an effort to 

reduce the etching effect on enamel while also reducing the bonding procedure from 

three to two steps, effectively reducing chair time and increasing cost-effectiveness.  

While typically designed for use in operative bonding procedures, SEPs have been used 

to successfully bond orthodontic brackets with shear bond strength (SBS) values similar 

to the conventional acid-etch technique.12, 14-15 Additionally, while brackets directly 

bonded to saliva contaminated teeth after traditional acid etching experience about a 50% 

reduction in shear bond strength,24,28 adequate shear bond strength can be obtained with 

using an SEP on saliva contaminated enamel.31  Thus, due to their hydrophilic nature, 

SEPs have a “protective effect” when bonding to saliva contaminated enamel surfaces.  

 

Indirect bonding was introduced in an effort to increase bonding accuracy while reducing 

doctor chairtime and increasing patient comfort.  While the accuracy of directly bonded 

brackets vs. indirectly bonded brackets is subject to debate, indirect bonding has been 

shown to be comparable to direct bonding in both in vitro strength tests,37-42 as well as in 

clinical performance.43,44 
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This study evaluated the shear bond strength (SBS) of orthodontics brackets indirectly 

bonded to human enamel using a conventional acid etchant and a self-etching primer 

(SEP).   For both protocols, bond strength was tested under both dry and saliva 

contaminated conditions. While the mean shear bond strength of the conventional method 

under dry conditions (6.9 ± 1.1 MPa) was less than SEP method under dry conditions 

(mean SBS = 9.0 ± 4.2 MPa), this result was not statistically significant.  This compares 

to previous studies that found similar results when comparing shear bond strength values 

of directly bonded brackets bonded using a traditional etch vs. an SEP under non-

contaminated conditions.12, 14-15   It is generally regarded that shear bond strength values 

of 6.0-8.0 MPa are adequate for orthodontic bonding.46,47  As these two groups have 

mean bond strength values within or above this range, brackets bonded using the 

aforementioned protocols can be considered to provide acceptable bond strength for most 

orthodontic purposes.    

 

Interestingly, the mean shear bond strength of the conventional method under 

contaminated conditions (7.8 ± 1.1 MPa) was not statistically different from the group 

bonded using the conventional method under dry conditions (mean SBS = 6.9 ± 1.1 

MPa).  This contrasts to previous studies which have found a reduction in shear bond 

strength when directly bonding brackets to saliva contaminated enamel surfaces.24,28,29,30   

As previous reports have shown that saliva contamination during the bonding procedure 

with traditional etching can lead to dramatic drops in shear bond strength values, these 

findings are unexpected, and difficult to explain.  A number of factors in this study could 
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have contributed to this, including 1) time of saliva contamination, 2) method of saliva 

contamination, and 3) the application of air following contamination.  In this study, the 

enamel surfaces of the teeth in groups 2 and 4 (contaminated groups) were exposed to 

saliva after the application of the primer or self-etching primer (SEP).  In previous 

reports that have shown a significant (~50%) reduction in bond strength when bonded to 

saliva contaminated surfaces, contamination occurred prior to placement of the primer 

and adhesives.28,29 Additionally, a previous report that followed a protocol similar to that 

used in this study (contamination after primer application), found a minimal reduction 

(13.2 MPa to 11.1 MPa) in bond strength when bonding to contaminated acid etched 

surfaces.30  While these authors stated that the difference was statistically significant, it is 

likely that this difference is not clinically significant.  More importantly, this study, 

similar to another31, provides evidence that adequate bond strength can be obtained if 

saliva contamination occurs after primer application.  Another factor to consider when 

comparing this study to other reports is the method of saliva application.  In this study, a 

micropipette was used to dispense 5 µL of saliva on the tooth surface when indicated.  

The micropipette never touched the tooth surface.  In other studies that have found a 

significant reduction in bond strength to saliva contaminated surfaces, a cotton tip or 

brush saturated with saliva was rubbed on the tooth surface.31,48  The method of saliva 

contamination used in this study was chosen because it more accurately simulates the 

contamination that would occur clinically.  Clinically, saliva contamination is likely to 

occur by “running” or “pooling” on the enamel surface, with no mechanical stimulation.  

By using a cotton tip or brush to rub the contaminant on the tooth surface, it is difficult to 
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control the amount of contaminant applied, and the mechanical stimulation may remove 

SEP/primer from the tooth surface, which likely does not occur clinically.  Lastly, the 

application of air following SEP/primer and contamination may help explain the results 

from this study.  In this study, a gentle burst of air was administered after primer 

application, or in the contaminated groups, after primer and saliva application.  This was 

done in the conventional etch groups as it simulates clinical bonding; practitioners 

typically apply a gentle burst of air following primer placement to disperse and thin the 

primer layer.  In the SEP groups, a gentle air burst after SEP application is recommended 

to help evaporate the water based solvents.  In this study, while the contaminant was 

allowed to sit on each tooth surface for 5 seconds, it is likely that some, or most, of the 

contaminant was removed with the application of the air burst, and thus, had little effect 

on the bonding.  While this may have contributed to our unexpected results, this is 

significant because the protocol followed in this study most closely simulates clinical 

bonding.  When indirect bonding, the operator would most likely apply primer/SEP to a 

dry enamel surface.  Additionally, they would likely start at one end of the dental arch 

and move from one tooth to the next as they applied the primer/SEP, starting at one end 

of the arch and finishing at the other.  As they continued to move around the arch to 

apply primer/SEP, their field of vision would change, and those teeth previously primed 

would likely be outside of their field of vision.  Contamination to the previously 

conditioned teeth is most likely to occur at this point in the bonding procedure.  Once the 

clinician is finished applying the primer/SEP, they would then apply a gentle air burst to 

all teeth, and in the process, could remove any saliva contamination.     
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Moreover, the mean shear bond strength of brackets bonded to a contaminated enamel 

surface with the conventional method (7.8 ± 1.4 MPa) was not statistically different from 

those bonded to a contaminated enamel surface using the self-etching primer (SEP) 

(mean SBS = 7.4 ± 1.9 MPa).  These results indicate that using a self-etching primer 

provides no “protective effect” when indirectly bonding brackets to contaminated 

surfaces.  However, in this study, contamination occurred after placement of the primer 

or SEP, which, as described above, is the most likely time for saliva contamination to 

occur clinically.  On the other hand, when contamination occurs prior to primer/self-

etching primer application, self-etching primers do appear to have a “protective effect”.  

When applying primer/self-etching primer to a contaminated surface, Rajagopal et. al. 

observed more than a 50% drop in bracket bond strength when using a traditional etch; in 

the self-etching primer group, bond strength was only reduced 3%, and was still clinically 

acceptable.29  Thus, self-etching primers may offer a “protective” effect when bonding to 

saliva contaminated surfaces, if the surface is contaminated prior to self-etching 

primer/primer application.  However, this could not be confirmed in the present study 

(due to our study design). 

 

When comparing the mean shear bond strength between brackets bonded using a self-

etching primer (SEP) on uncontaminated enamel (9.0 ± 4.2 MPa) and after contamination 

(7.4 ± 1.9 MPa), there was a small reduction in bond strength.  This is in agreement with 

other reports that have reported bond strengths of non-contaminated SEP groups to be 
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higher than contaminated SEP groups.31,48 However, the difference found in this study 

was not statistically different, and is likely not clinically significant.  It is difficult to 

precisely determine what quantitative difference in bond strength is required to reach 

clinical significance.  While contamination did cause an 18% reduction in bond strength 

when using the self-etching primer, both of these groups are within or above the range of 

bond strength values that are considered adequate for bonding.  Thus, the actual clinical 

performance of brackets bonded under the two protocols is likely quite similar. 

    

To our knowledge, this is the first study that evaluated the use of self-etching primers 

(SEPs) in combination with indirect bonding.  While the minimum in vitro bond strength 

required for clinically acceptable bonding is not known, it has been suggested that a 

minimum shear bond strength of 6.0-8.0 MPa is adequate for bonding orthodontic 

brackets to teeth.49,50  In this study, the mean shear bond strength of all four groups were 

within or above this range when tested at 36 hours post bonding.  Thus, it appears that 

indirectly bonding brackets using a self-etching primer can provide satisfactory bond 

strengths.  Moreover, adequate bond strengths can be maintained when the bonding 

surface is contaminated with saliva, as long as the contamination occurs after self-etching 

primer/primer application.  However, this study failed to demonstrate that self-etching 

primers have a significant advantage over traditional etching when indirect bonding 

under saliva contaminated conditions. While indirect bonding with traditional etching or 

self-etching primers both provide acceptable shear bond strength, self-etching primers 

may have an advantage by reducing chair time and reducing the depth of enamel etch.  
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However, self-etching primers are typically more expensive than traditional etchant.  

Clinicians should weigh the advantages and disadvantages when deciding to use self-

etching primers during indirect bonding.  

   

For fixed appliance therapy to be successful, the attachments must have adequate bond 

strength and low failure rates.  The bond strengths of orthodontics adhesives need to be 

sufficient to withstand the forces of mastication and the forces from orthodontic 

treatment.  However, the bond strengths also need to be low enough that the appliances 

can be removed without enamel damage.  It is difficult to precisely determine an 

acceptable bond strength because fixed appliances are subjected to a number of intraoral 

forces and these force levels will vary from patient to patient.  Thus, each patient is going 

to have their own distribution of stresses within the adhesive and at each bonding 

interface.   

 

It is important to realize that due to the difficulties involved with accurately and 

consistently testing bond strengths intraorally, most orthodontic bonding materials are 

evaluated by performing shear bond strength tests on universal testing machines.  

However, there are many variables in the oral environment that may affect bond strengths 

and can not be simulated on an in vitro model.51  Rueggeberg52 states that there are a 

number of variables that must be considered, some of which include the design of the 

test, nature of enamel surface used for bonding, type of adhesive used, bracket base 

design, humidity during bonding, temperature during bonding, storage medium, method 
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of determining the bond strength, and operator technique, just to name a few variables.   

Thus, it has been suggested that the shear bond strength values obtained from in vitro 

bond strength tests may not be clinically applicable.53  As a result, efforts have been 

made to compare in vivo and in vitro shear bond strength to elucidate the differences.  In 

one study, brackets were bonded to premolars which were planned for extraction.  These 

teeth were subjected to the oral environment for one week, at which time the patients 

returned and had the teeth with the bonded brackets extracted.  Teeth were mounted and 

subjected to bond strength testing, and the values were compared to the shear bond 

strength obtained on previously extracted teeth which had been subjected to in vitro 

testing.  The authors observed a 72% decrease in tensile bond strength and a 48% 

decrease in shear bond strength when the in vivo premolars were compared to the in vitro 

samples.54  More recently, Hajrassie et al. demonstrated similar reductions in intraoral 

bracket shear bond strength when comparing them to an in vitro control.    Using a 

special appliance designed to debond brackets in vivo while recording shear bond 

strength, the authors found that the mean in vivo bond strengths were approximately 40% 

less than those in the in vitro groups.55  These findings were consistent when bond 

strength tests were performed 10 minutes, 24 hours, 1 week, and 4 weeks after bonding.  

Therefore, it is important for the clinician to realize that most bond strength tests are 

performed in vitro, and that intraoral bond strengths may not be as high as those reported 

using in vitro models.  Additionally, due to the lack of standardization of bond strength 

testing, the clinician should be cognizant of the fact that accurately comparing bond 

strengths between different studies may be difficult.56   Two factors that are often 
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different in study designs is 1) crosshead speed during bond strength testing and the 2) 

amount of time that passes between bonding and bond strength testing.  Crosshead speed 

has been shown to be inversely proportional to shear bond strength,57 and bond strengths 

of composite resins have been shown to change over time.58,59  As a result of these factors 

which typically vary between studies, more emphasis should be placed on comparing 

trends or conclusions from studies rather than trying to compare the exact bond strength 

values collected during the studies. 

 

The shear bond strength (SBS) values observed in this study are lower than those of 

previous reports that evaluated indirect bonding adhesives. While mean SBS values in 

this study ranged from 6.9-9.0 MPa, other studies reported SBS values in the range of 11-

19 MPa.37-42  When compared to previous reports, several testing variables were different 

in this study.  Specifically, other researchers used a slower crosshead speed37-40,42, bovine 

teeth41-42, and a shear-peel debonding method41-42.  These differences, at least in part, 

could help explain why lower SBS values were observed in this study.  Additionally, all 

previous reports have used different indirect bonding adhesives in their studies; this is the 

first study that has evaluated the in vitro bond strength of Transbond XT Low Viscosity.  

However, as stated previously, caution is advised when comparing bond strength values 

obtained from separate studies, as there are a multitude of factors which can impact bond 

strength.  Thus, it is often more valuable to look at trends within a study rather than 

comparing bond strengths from separate studies.  It should be emphasized that while the 

bond strengths observed in this study are relatively low, they are still within or above the 
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range that is typically considered clinically acceptable for orthodontic bonding (6.0-8.0 

MPa).  Moreover, in orthodontics, higher bond strengths are not necessarily desirable, as 

enamel fracture can occur during debonding when bond strengths are too high.  Enamel 

fractures have been shown to occur with bond strengths as low as 13.53 MPa60; it was 

also reported that a mean safe debonding strength should be less than 11.28 MPa.61     

 

It is important to mention that in this study, the bond strength tests were performed ~36 

hours after bonding.  This is significant, as composite resins have been shown to have a 

significantly lower shear bond strength at 30 minutes post bonding than at 24 hours post 

bonding.58,59  In general, the shear bond strength of composite resins increases for the 

first 24 hours following bonding, reaching a maximum at this time, and then tends to 

decrease over time.59  This is important for the clinician to realize, as the bond strength 

immediately after bonding is likely to be weaker than that 24 hours later.  Still, lower 

bond strengths may be adequate for initial bonding, as forces of the archwires used for 

initial alignment are, in general, less than those applied at a later point in treatment.   

 

No significant differences in the ARI scores among the four groups were found, 

suggesting similar debonding modes among the groups.  However, although the 

differences were not significant, there was a general trend for more adhesive to remain on 

the tooth with the traditional etch groups, especially in the non-contaminated traditional 

etch group.  While not absolute, ARI scores give a good indication of where the bond 

failure occurs.  In general, bond failure for all four groups occurred either at the 



 

 40 

bracket/adhesive interface or within the adhesive.  Only one sample had complete failure 

at the tooth/adhesive interface (no adhesive remaining on the tooth).  Bracket failure at 

each of the two interfaces has its own advantages and disadvantages.  As an example, 

bracket failure at the bracket/adhesive interface is advantageous since it leaves the 

enamel surface relatively intact; however, considerable chair time is needed to remove 

the residual adhesive with the added possibility of damaging the enamel surface during 

the cleaning process.19,62 On the other hand, when brackets fail at the enamel/adhesive 

interface, less residual adhesive remains, but the enamel surface can be damaged when 

failure occurs in this mode.63   

 

As the majority of debonded brackets left at least some, if not all, of the adhesive on the 

tooth, it appears that the tooth/adhesive interface was not typically the site of failure.  For 

those groups with saliva contamination, this result is somewhat unexpected.  Saliva 

contaminates the enamel surface by plugging the pores created through 

etching/conditioning.  Thus, penetration of the primer into these pores is impaired, which 

limits the amount of micromechanical retention and resultantly, the bond strength is 

compromised.  However, in this study, the self-etching primer/primer was applied prior 

to saliva contamination, and thus, it seems as if the pores were effectively “sealed off” 

from the saliva.  Thus, even after saliva contamination, bond strengths were minimally 

affected, as the micromechanical retention to the enamel surface was maintained.  The 

ARI scores show that the bond at the enamel surface was for the most part preserved, and 

strengthens the explanation that the saliva could have been effectively blown off the 
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surface of the self-etching primer/primer during the application of the air burst.  

Moreover, this helps explain why the contaminated groups in this study had similar bond 

strengths to the uncontaminated surfaces. 

 

When indirectly bonding brackets following the described protocol, an additional 

interface is created at the bonding site, that between the custom composite base and the 

bonding adhesive.  It should be mentioned that determining if this interface was the site 

of failure was not one of the goals of this study.  While it was noted that some debonds 

occurred at this interface (all bonding adhesive remaining on the tooth/all custom base 

remaining on the bracket), others occurred partly within one of the two adhesives and 

partly at the interface.   In some instances, both the composite bonding adhesive as well 

as some of the composite from the custom bracket base pad remained on the teeth 

following debonding.  These cases were scored similarly to teeth that only had composite 

bonding adhesive remaining on them following debond.  Since many of the failures 

occurred at least partially at the composite adhesive/custom base interface, it appears that 

this additional interface may be the weakest link in this bonding system.  However, while 

this bonding protocol may inherently incorporate an additional weak interface, the bond 

strength values observed in this study were considered clinically acceptable.  

Furthermore, failure at this “weak” interface may actually be desirable for two reasons.  

First, there would be minimal risk of enamel fracture, and second, removing the flowable 

composite remaining on the teeth would likely require less chairtime than removing 

conventional highly filled composite bonding adhesives. 
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  SUMMARY 

 The following conclusions can be made from the present study: 

1. The mean shear bond strength of the conventional etch method under dry 

conditions was not significantly different than the self-etching method under dry 

conditions.  (Fail to reject null hypothesis #1) 

2. The mean shear bond strength of the conventional etch method under dry 

conditions was not significantly different than the conventional etch method under 

contaminated conditions.  (Fail to reject null hypothesis #2) 

3. The mean shear bond strength of the self-etching bonding method under dry 

conditions was not significantly different than the self-etching primer method 

under contaminated conditions.  (Fail to reject null hypothesis #3) 

4. The mean shear bond strength of the conventional method under contaminated 

conditions was not significantly different than the self-etching primer method 

under contaminated conditions.  (Fail to reject null hypothesis #4)  The 

conventional etch contaminated group actually had a slightly greater shear bond 

strength when compared to the dry group, while there was a slight reduction in 

shear bond strength when comparing the self-etching primer contaminated group 

to the self-etching primer dry group.  Thus, the self-etching primer does not seem 

to have a “protective effect” when indirect bonding in the presence of 

contamination, as long as the contamination occurs after self-etching 

primer/traditional primer application. 
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5. There was no statistical difference in the bond failure locations when comparing 

the four groups.  The majority of bond failures for all groups occurred within the 

adhesive or at the bracket/adhesive interface. (Fail to reject null hypothesis #5)  
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APPENDIX A 

Bonding Materials 

• Transbond XT Etching Gel – 35% Phosphoric Acid (3M Unitek)  REF 712-

039, LOT 8MP 

• Transbond XT Light Cure Orthodontic Adhesive Primer (3M Unitek)  REF 

712-034, LOT 9FF 

• Transbond Plus Self-Etching Primer (SEP) (3M Unitek)  REF 712-090, LOT 

348965B 

• Transbond Supreme LV Low Viscosity Light Cure Adhesive (3M Unitek)  

REF 712-046, LOT 20090109 

• APC II Adhesive Coated Appliance Maxillary Premolar Orthodontic 

Brackets, MBT Prescription, Victory Series (3M Unitek)  REF 3024-790, 

LOT BC3NC 

• Ortholux LED Curing Light (3M Unitek) REF 012-142 
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APPENDIX B 

Bonding Sequence Summary 

Group 1 

• Pumice – 5 sec, rinse – 5 sec, air dry – 10 sec 

• Etch – 15 sec, rinse – 10 sec, air dry – 10 sec 

• Apply primer to teeth, adhesive to bracket  

• Light air burst on teeth 

• Seat tray and cure adhesive 

Group 2 

• Pumice – 5 sec, rinse – 5 sec, air dry – 10 sec 

• Etch – 15 sec, rinse – 10 sec, air dry – 10 sec 

• Apply primer to teeth, adhesive to bracket 

• 5 µL saliva applied to teeth – 5 sec 

• Light air burst on teeth 

• Seat tray and cure adhesive 

Group 3 

• Pumice – 5 sec, rinse 5 sec, air dry – 10 sec 

• Mix self-etching primer (SEP), SEP applied to teeth – 5 sec, adhesive applied to 

bracket 

• Light air burst on teeth 

• Seat tray and cure adhesive 
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Group 4 

• Pumice – 5 sec, rinse 5 sec, air dry – 10 sec 

• Mix SEP, SEP applied to teeth – 5 sec, adhesive applied to bracket 

• 5 µL of saliva applied to teeth – 5 sec 

• Light air burst on teeth 

• Seat tray and cure adhesive 
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APPENDIX C 

Data Tables 

Table 4.  Shear bond strength and ARI score results for samples in test group 1 

Group 1 
Subgroup # Teeth Peak Force (kg) Peak SBS (Mpa) ARI Score 

15 1 7.15 6.74 3 
 2 7.32 6.90 3 
 3 8.62 8.13 4 
 4 6.51 6.14 3 
     

5 1 7.9 7.45 1 
 2 6.97 6.57 1 
 3 9.15 8.63 1 
 4 6.32 5.96 1 
     

10 1 5.86 5.53 1 
 2 6.24 5.89 1 
 3 9.25 8.73 1 
 4 6.78 6.40 1 
     

16 1 5.46 5.15 2 
 2 7.76 7.32 1 
 3 8.69 8.20 1 
 4 7.38 6.96 2 

 

Table 5.  Shear bond strength and ARI score results for samples in test group 2 

Group 2 
Subgroup # Teeth Peak Force (kg) Peak SBS (Mpa) ARI Score 

1 1 10.72 10.11 1 
 2 7.62 7.19 1 
 3 9.83 9.27 1 
 4 10.35 9.76 3 
     

13 1 ----- ----- ----- 
 2 8.77 8.27 3 
 3 6.38 6.02 1 
 4 8.72 8.23 1 
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8 1 ----- ----- ----- 

 2 9.48 8.94 1 
 3 8.4 7.92 1 
 4 5.76 5.43 5 
     

4 1 6.77 6.39 3 
 2 7.49 7.07 3 
 3 7.6 7.17 3 
 4 8.15 7.69 3 

 

Table 6.  Shear bond strength and ARI score results for samples in test group 3 

Group 3 
Subgroup # Teeth Peak Force (kg) Peak SBS (Mpa) ARI Score 

12 1 5.48 5.17 3 
 2 2.54 2.40 4 
 3 10.58 9.98 1 
 4 3.41 3.22 1 
     

9 1 7.79 7.35 4 
 2 10.79 10.18 4 
 3 12.77 12.05 2 
 4 7.95 7.50 4 
     

14 1 10.68 10.07 3 
 2 14.83 13.99 3 
 3 11.66 11.00 1 
 4 13.84 13.05 3 
     

3 1 6.82 6.43 4 
 2 7.58 7.15 3 
 3 6.13 5.78 4 
 4 19.52 18.41 1 

 

Table 7.  Shear bond strength and ARI score results for samples in test group 4 

Group 4 
Subgroup # Teeth Peak Force (kg) Peak SBS (Mpa) ARI Score 

11 1 5.99 5.65 3 
 2 10.95 10.33 3 
 3 5.26 4.96 1 
 4 9.34 8.81 1 
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6 1 6.5 6.13 3 

 2 7.99 7.54 1 
 3 7.95 7.50 3 
 4 7.28 6.87 3 
     

7 1 7.48 7.06 1 
 2 11.36 10.72 1 
 3 11.22 10.58 1 
 4 8.07 7.61 1 
     

2 1 5.55 5.24 1 
 2 ----- ----- ----- 
 3 7.8 7.36 4 
 4 5.73 5.40 1 

 

 

 

 
 
 


