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ABSTRACT 

 

Title of Thesis:        The Effect of Bracket Manipulation at Various Time Intervals 

   on Final Bond Strength of Three Orthodontic Adhesives 

  

Moshe Stern, D.D.S, Master of Science, 2013  

 

Thesis Directed By:   Robert Williams, D.M.D., M.A.  

             Clinical Associate Professor  

             Department of Orthodontics, University of Maryland, Baltimore 

Introduction: Adhesive bond strength is an essential component for the success of 

orthodontic treatment and it is important to understand what factors can affect its 

clinical effectiveness. The primary purpose of this study was to attempt to establish 

clear parameters for the effect that manipulation at various time intervals will have on 

the final bond strength of orthodontic adhesives. The secondary goal was to evaluate 

the characteristics of three adhesives (Transbond Plus, Grengloo, and Light-Bond) 

and test the effect that bracket manipulation at various time intervals will have on 

their final bond strength. Methods: Sixty (60) extracted human premolar teeth with 

intact buccal surfaces were collected and stored in a plastic tube containing distilled 

water. Prior to data collection, all teeth were mounted in acrylic filled plastic tubing.  

Each tooth was marked with black permanent marker 10° from the midpoint/cusp tip 

using a 10 degree angular wedge. This mark established the amount each bracket 

would be turned after the allotted time interval had passed. The buccal surface of each 



 

  

 

tooth was cleaned with pumice, and etched for 30seconds. Each tooth was lightly 

coated with Assure Universal Bonding Resin
®
 primer and a Victory Series

®
, MBT 

prescription; premolar bracket was bonded using one of the adhesives being tested. 

The brackets were then manipulated at various time intervals (30sec, 2min, 3min, and 

4min) and then cured. After 24 hours in a controlled environment the shear bond 

strengths of the adhesives were tested using an Instron
®
 universal testing machine. 

Results: There was a statistically significant difference between the shear bond 

strengths of Grengloo, Lightbond, and Transbond, with Transbond having stronger 

bond strength than either of the other adhesives.  There was no statistically significant 

difference in shear bond strength between Grengloo and Light Bond.  An observed 

power of 0.872 was found for this data. There was a difference approaching 

significance (F=2.45, p=0.071), between the different times elapsed prior to bracket 

manipulation and curing. In general the bond strength decreased as more time elapsed 

prior to bracket manipulation and curing. There was no significant interaction 

(F=0.55, p=0.771), between the types of adhesive and the times prior to curing. 

Conclusion: 1) There is no statistically significant decrease in bond strength of the 

adhesives tested as time elapsed (30 seconds, 2 minutes, 3 minutes, 4 minutes) prior 

to bracket manipulation. 2) All time intervals had clinically acceptable bond strength. 

The difference in bond strength between 30 seconds and 4 minutes was approaching 

significance. If a larger sample size is tested, 4 minutes might be found as the 

threshold for significant decrease in bond strength. 3) Transbond Plus had statistically 

significant higher bond strength (32% and 35% greater) than Light Bond and 



 

  

 

Grengloo. The difference in bond strength between Light Bond and Grengloo was not 

statistically significant.    
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Introduction   

The advent of direct bonding for placing orthodontic attachments has been a great 

advancement for the specialty (Wahl, 2008). Prior to bonding, all teeth in the arch 

were banded. This was a labor intensive and time consuming process and left the 

patient with residual band space needing to be closed post-treatment. Bonding allows 

for a quick and efficient means of attaching a bracket to a tooth. It enables the 

clinician to begin tooth movement on teeth with short clinical crowns or teeth that are 

positioned in a way that band seating is impossible. Lastly, bonding of brackets 

initiated a trend to develop more esthetic orthodontic treatment. This trend began with 

metal brackets that are smaller and therefore more esthetic than bands, transitioned to 

the use of “mini twin” metal brackets, and finished with the development of aesthetic 

ceramic brackets.  

Due to these advantages the prevalence of bonding in orthodontic practices has 

increased dramatically since the technique was first introduced in the late 1950’s. In a 

survey of orthodontic practices it was found that the only teeth that were routinely 

banded were maxillary 1
st
 molars, all other teeth were typically bonded (Keim 2002). 

The overwhelming majority (>90%) of clinicians are using the direct bond method 

versus indirect bonding. In the direct bonding method bracket manipulations are done 

in the patient’s mouth rather than in the lab on a stone model. In addition, 

approximately 75% of practices are using the light cured, as opposed to chemically 

cured, orthodontic adhesives. Since the combination of direct bonding and light cured 

adhesives is the most prevalent technique in the United States, it is essential that we 

understand the factors that influence bond strength when this technique is used.  
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Bond strength is of paramount concern in any bonding process (Marković et.al, 

2008). Bond strength in the context of orthodontic use relates to the ability of an 

adhesive to hold the bracket to the tooth. The success of any bonded appliance is 

predicated on its ability to remain on the bonded surface and withstand the stresses of 

the oral environment. Due to its importance, there has been much published literature 

on the bond strength of various materials, as well as factors that affect bond strength 

(Eliades,
 
2000).One area that has not been covered in the published literature is the 

effect of delayed bracket manipulation on the final bond strength of light cured 

adhesives. Prior research has failed to establish clear guidelines relating to the time 

elapsed prior to bracket manipulation on the final bond strength of adhesives.  

 

Literature Review 

The first bonding agent in dentistry, Sevriton Cavity Seal (Cavity Seal, London, 

United Kingdom), was introduced by Oskar Hagger in 1949.  It was comprised of 

glycerophosphoric acid dimethacrylate, an unfilled acrylic resin and was to be used 

with Sevriton self-cured acrylic resin for Classes II, IV and V restorations 

(Leinfelder, 2000).  The mixture of these two materials allowed for better dentin 

adhesion but proved insufficient clinically in the prevention of secondary caries. 

Buonocore (Buonocore, 1955), in 1955 introduced the concept of acid etching enamel 

to enhance bonding to tooth structure. He borrowed this concept from the use of 

phosphoric acid on metals to obtain better adhesion of paint and resin coatings. This 
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improved bonding method enabled better prevention of secondary decay and his work 

is credited as the basis for bonding in dentistry as we know it today. 

 

In orthodontics there are many who claim to have been the first to use bonded 

brackets. The controversy began in September 1990 when H.I. Cueto published an 

article in the AJODO laying claim to be the first person to bond brackets to teeth 

(Cueto, 1990). This was followed by articles written by David L. Mitchell 

(Mitchell,1992) and George V. Newman (Newman,1992) who each maintained that 

they had done the bonding procedure at an earlier date. Newman was able to 

substantiate his claim by producing photographs of teeth he had bonded as early as 

1955. This put the controversy to rest and Newman’s bonding is considered the first 

in our profession (Newman, 1992). 

 

Newman’s earliest attempts at bonding of brackets utilized acrylic type resins 

(Newman, 1992) and he later progressed to epoxy type adhesives in the late 50’s. 

Unfortunately, these bonding agents had poor bond strength and time consuming 

procedures making their routine clinical use difficult. The importance of bonding was 

recognized and efforts were made to improve these materials. In 1962 Rafael Brown 

introduced BIS-GMA, a bisphenol A glycidyl methacrylate resin. By replacing the 

epoxy groups with methacrylate he decreased the sensitivity to moisture 

contamination, and by incorporating quartz particles he decreased the shrinkage of the 

previously available epoxy resins. Overall the increased bond strength and 

dimensional stability made BIS-GMA the most widely used resin at the time. Further 
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improvements in adhesives were made over the decades to improve their handling 

qualities, dimensional stability, and ease of use. 

 

In today’s orthodontic practice there are currently three main categories of adhesives 

used: chemically cured, dual-cure, and light-cured systems (Gange, 2006). 

Chemically Cured Adhesives 

The chemically cured adhesive group can be further subdivided into the “no-mix” and 

“two-paste mix” groups (Gange, 2006). The “no-mix” system is comprised of a liquid 

primer and a paste. The primer is applied to the etched enamel surface and to the base 

of the bracket. The paste is then applied to the bracket and the bracket is placed on the 

tooth. The primer acts as a catalyst and combines with the paste on the tooth surface 

so firm placement on the tooth surface is important to allow the two components to 

combine. The “two-paste mix” system involves two primers and two pastes. The 

primers are mixed and applied to the enamel surface and the pastes are mixed and 

applied to the bracket. For all chemically cured adhesives a minimal waiting time of 5 

minutes is needed prior to placement of orthodontic forces (Gange, 2006). 

Dual Cure Adhesives  

The 2
nd

 adhesive group is the dual cure adhesives. They have both a light cured and a 

chemically cured component. The adhesive can be cured immediately to enable wire 

placement or can be left to cure chemically. The chemical cure can also complete the 

cure of any adhesive that did cure when exposed to the light. This property might give 

these adhesives some additional bond strength over the light and chemical cure 

groups although the clinical significance might be questionable. When left to cure 
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chemically the operator has a working time of approximately 4 minutes which is 

shorter than a pure light cured adhesive. If left to cure chemically, these adhesives 

will need more time than a pure chemically cured adhesive. These are some of the 

factors that might explain why the dual cure adhesives are currently the least popular 

adhesive system on the market today. 

Light Cured Adhesives   

Light cured adhesives began to be used in orthodontics in the early ‘90’s with the 

introduction of Transbond XT marketed by Unitek. These adhesives became 

exceedingly popular due to their extended working time and the ability to place the 

wires immediately after they are cured. The adhesive hardens when the photons of the 

curing light interact with the catalyst in the adhesive. The higher the intensity 

(mW/cm2) of the light the quicker the cure, provided that the wavelengths of the 

photons are compatible with the catalyst. The key to effective curing is placement of 

the light as close to the brackets as possible to initiate the catalyst in the adhesive. 

Although there have been some advances in the actual adhesive materials, most of the 

progress of this method of bonding has been in the creation of better and easier to use 

curing lights. The original halogen lights were both bulky and would burn out after 

roughly 50 hours of use, as opposed to the current diode lights which are slim in 

design and can be used for approximately 10,000 hours (Bishara,2003; Mavropoulos, 

2005)   

Bond Strength 

The ideal orthodontic adhesive needs to achieve a bond strength capable of 

withstanding forces encountered intraorally as well as the orthodontic forces applied 
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to facilitate tooth movement. At the same time, the adhesive should be able to be 

removed at the completion of treatment without causing damage to the tooth. It is 

generally accepted that the bond strength needed to accomplish these tasks is between 

6 and 8 MPa (Finnema et.al. 2010).  

Bonding Protocol 

There are several steps involved in orthodontic bonding. The first step is preparation 

of the tooth surface to be bonded. This is usually done with a rotary instrument and 

pumice paste to insure a thorough removal of any debris and organic pellicle that may 

be present. Studies have shown an increased bond strength when the teeth are cleaned 

with pumice prior to bonding (Burgess, 2006). The teeth are then etched and primed 

with either the traditional two step etch and rinse technique or with a self-etching 

primer. In the two step technique the tooth is etched for 15-90 seconds
 
(Gange, 2006) 

and then rinsed prior to primer application.  A 37% phosphoric acid solution is used 

to etch the teeth and is then rinsed off and dried prior to application of a primer. It is 

important not to over etch the teeth by leaving etch on for more than 90sec (Gange, 

2006). This can cause dissolution of the enamel rods and weaken the bonding surface. 

Self-etching primers do not require the rinsing step and can just be applied to the 

tooth by rubbing the material onto the bonding surface for 5 seconds. Beebe (2011) 

hypothesized that leaving the self-etching primer on the tooth for a longer period of 

time would enhance the final bond strength although the threshold at which the effect 

would remain positive was not defined in his study. After either etching procedure, 

the tooth must remain free of salivary contamination until the adhesive is placed and 

cured. It is common to place an adhesion booster on the tooth after the etchant is 
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removed to enhance bonding. Some adhesion boosters contain a hydrophilic 

component which can help increase bond strength in the presence of slight salivary 

contamination (Reliance Orthodontic Products INC.). The final step to the bonding 

procedure is the actual bonding of the bracket with one of the types of orthodontic 

adhesives. Adhesive is placed on the bracket pad and the bracket is then placed on the 

tooth. The bracket is pushed firmly on the tooth surface adapting it to the surface and 

well as expressing any excess adhesive from the bracket pad. The excess adhesive 

“flash” is then removed and the bracket is rotated or moved slightly to achieve its 

optimal position on the tooth. When the desired bracket position is achieved the 

adhesive is left to cure (chemical cured adhesives) or cured with the LED light (light 

cured adhesives). 

Bracket Positioning and Manipulation 

In achieving the ideal position on the tooth a bracket is often manipulated multiple 

times. These manipulations were found to have no reduction of bond strength when 

the two-step etch and rinse is used, but have been shown to decrease bond strength 

when a self-etching primer is used for the bonding procedure (Murfitt, 2006).
 
The 

manufacturer’s recommendation is to not manipulate the bracket once the excess 

adhesive has been expressed. The concern is that “there may not be complete 

adhesive coverage under the bracket, which may result in bond failure or 

decalcification” (3M Unitek 2010). Due to this concern the practitioner should try to 

limit the amount of bracket manipulation done after the excess adhesive has been 

removed. 
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Time and Lighting conditions 

Other variables involved in orthodontic bonding such as the amount of time that a 

bracket is cured, as well as the amount of time the adhesive is left to cure prior to 

forces being applied are both factors effecting bond strength (Staudt, 2005, Chamda, 

1996). Curing times ranging from 3 seconds to 40 seconds have been recommended 

to attain adequate bond strength for clinical use and the manufactures 

recommendation for each curing light should be followed. Some of this discrepancy 

is due to the varying light intensity and wavelength of each light. There have been 

multiple studies (Swartz, 1983, Chamda, 1996, Oesterle
 
et.al, 1997) that indicate that 

adhesives continually polymerize for the first 24 hours after the initial cure, and 

additional polymerization greatly enhances their bond strength.  

 

Since polymerization of the adhesive is catalyzed by light, the lighting conditions at 

the site of bonding are important to consider. In a previous study, Martin (2008) 

found that operatory lighting conditions varied from orthodontic office to office with 

largely a bi-modal distribution of either standard or high intensity lighting. When the 

working time of adhesives were tested under both lighting conditions, the adhesives 

exposed to high intensity lighting (20,000 lux) were found to have significantly less 

working time than those exposed to standard operatory light (10,000 lux). Beebe 

(2011) carried out a bond strength study under 20,000 lux lighting conditions to 

accommodate the variations present in different offices but found that the adhesive set 

up before the brackets could be manipulated at all. He therefore conducted his study 

under controlled lighting conditions of 10,000 lux. Currently the ISO standard for 
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adhesive testing is 10,000 lux (ADA, 2007) and in accordance with these standards 

the present study was carried out under the 10,000 lux light intensity.   

 

This study design was patterned after previous research conducted at the University 

of Maryland by Dr. David Beebe with slight adjustments made to accommodate the 

purpose of this study and to obtain our desired data. (The time intervals scheduled to 

elapse prior to bracket manipulation were increased in the present study to facilitate 

establishing a point of clinically insufficient bond strength and the method of etching 

was changed to two step etch and rinse. This etch technique was chosen as opposed to 

the self-etching primer used in Beebe’s (2011) study as Beebe hypothesized based on 

the variation in bond strength values found in his samples, that leaving the self-

etching primer on the tooth for a longer period of time would enhance the final bond 

strength. The threshold at which the increase in etch time would remain positive was 

left uncertain and to avoid an additional confounding variable the two step etch and 

rinse technique was used in this study.) 

 

Purpose of This Study 

The purpose of this study was to: 

1) Attempt to establish clear parameters for the effect that manipulation at 

various time intervals will have on the final bond strength of orthodontic 

adhesives.  

2) Evaluate the characteristics of three adhesives and test the effect that bracket 

manipulation at various time intervals will have on their final bond strength. 
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Hypotheses 

H0:  There is no significant difference in the shear bond strength of three different 

orthodontic adhesives: Transbond Plus, Grengloo, and Light-Bond (Figure 1). 

  

Figure 1.  Adhesives Tested: Transbond Plus, Light Bond, and Grengloo 

 

H0: There is no significant difference in the shear bond strength of brackets adjusted 

at 30sec, 1min, 2min, and 4min after initial bracket placement. Adjustments at any of 

these time intervals will not decrease the bracket’s shear bond strength to clinically 

unacceptable levels. 

H0:  There is no significant interaction between time of manipulation and type of 

orthodontic adhesive on the effect of shear bond strength. 

 

Research Hypothesis: 

H1:  There is a significant difference in shear bond strength between three different 

orthodontic adhesives: Transbond Plus, Grengloo, and Light-Bond. 



 

11 

 

H1:  Adjustments to bracket position at increasing times after initial bracket 

placement under controlled light conditions will cause a significant decrease in the 

shear bond strength of the orthodontic adhesives. 

H1:  Adjustments to bracket position at 4 minutes after initial bracket placement under 

controlled light conditions will reduce the shear bond strength of the three adhesives 

to clinically unacceptable levels (defined in this study as 6-8MPa; Reynolds, 1975) 

H1:  There is a significant interaction between manipulation time and type of 

orthodontic adhesive on the effect on shear bond strength. 
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Material And Methods 

Procedures 

The number of teeth needed for the study was derived from a power analysis and it 

was determined that 60 teeth would be needed to give us 100% power in our sample. 

The sample was divided into 12 test groups for the statistical analysis. Each group 

contained brackets bonded with 3 different adhesives. Within each group there were 4 

subsets of brackets that were manipulated at various time intervals (30sec, 2min, 

3min, and 4min) (Figure 2).        

                  

  Figure 2. Groups of adhesives and times tested 

Sixty (60) extracted human premolar teeth with intact buccal surfaces were collected 

and stored in a plastic tube containing distilled water. Prior to data collection, all teeth 

were mounted in acrylic filled plastic tubing.  Each tooth was marked with black 

permanent marker 10° from the midpoint/cusp tip using a 10 degree angular wedge. 

This mark established the amount each bracket would be turned after the allotted time 

interval had passed.   

 

The time intervals prior to bracket manipulation were chosen for this study to reveal a 

relationship between adhesive bond strength and time, with the hope of establishing a 
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time point at which manipulation would result in clinically insufficient bond strength. 

Initially a bonding trial utilizing twelve brackets was performed as a pilot study. Four 

samples of each adhesive were bonded, one for each time group (30sec, 2min, 3min, 

and 4min).This pilot study revealed a trend of decreasing bond strength with time and 

the remainder of the study was therefore carried out using the same time intervals. All 

procedures were done under 10,000 lux ambient lighting conditions which was 

verified by the use of a lux meter (Figure 3).  

     

Figure 3.  Lux meter:  Nicetu LX801 used to ensure constant lighting conditions  

during bonding procedure.    

  Once the lighting source had been adjusted to provide a value of 10,000 lux, it was 

maintained for each test group. 

 

The buccal surface of each tooth was polished mechanically with a slow speed hand 

piece using 1st & Final
®
 pumice (Reliance Orthodontic Products, Itasca, IL) and 

rubber cup for 5 seconds.  The pumice was then rinsed with an air/water spray for 5 

seconds, followed by an air spray for 5 seconds.  Once the tooth surface was properly 

prepared, the tooth was etched with Reliance Gel Etchant
®
 for 30 seconds.  After 30 

seconds the etchant was rinsed off the tooth using the air water spray, and the tooth 
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was then dried until the enamel surface appeared chalky. Assure Universal Bonding 

Resin
®
 primer was then painted on the center of the buccal surface of each tooth.  A 

gentle burst of air was then applied to the tooth to produce a thin film.  Cotton pliers 

were then used to pick up and place a Victory Series
®
, MBT prescription; premolar 

bracket (3M Unitek, Monrovia, CA).  One of the adhesives to be tested was then 

placed on the back of each bracket, the bracket was fully seated with the cotton pliers, 

and the excess adhesive was removed.  The bracket was then untouched and exposed 

to 10,000 lux lighting conditions until the following times had elapsed (30sec, 2min, 

3min, and 4min).  After the appropriate time had elapsed, the bracket was moved 10°.  

The bracket adhesive was then cured with an Ortholux
®
 Luminous Curing Light (3M 

Unitek, Monrovia, CA) for 6 seconds, according to manufacturer’s specifications. 

This included 3 seconds of curing on the mesial and 3 seconds on the distal.   After 

storage for 24 hours in distilled water, at a controlled temperature of 37° Celsius, the 

brackets were debonded using an Instron
®
 universal testing machine (Figures 4, 5) at 

a cross head speed of .50mm/min.  
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Figure 4. Instron Machine used to debond each bracket, and calculate shear 

bond strength. 

 

  

Figure 5 – Tooth sample in place prior to testing.  Shearing blade was used to 

break the enamel/adhesive bond. 

 

Statistical analysis 

The power analysis determined that 5 teeth were required for each of the three 

adhesives and each of the elapsed times prior to curing, for a total of N=60.  With an 
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N of 5 in each group, a P value of .05, a one tailed test, and an effect size of 6, power 

was equal to 1.00.  A two-way analysis of variance (ANOVA) was used to determine 

if there were significant differences in bond strength between the three different 

adhesives (TB, GG, LB), for each of the time intervals (30sec, 2min, 3min, and 

4min), prior to light curing and to see if there was any interaction between these 

independent variables. A Tukey’s honestly significant difference (HSD) test 

evaluated differences in the levels within each independent variable.  All statistical 

analyses were performed using SPSS Base 20.0 statistical package (SPSS, Inc 

Chicago, IL). A p value of 0.05 was considered significant.    
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Results 

Although the original number of teeth needed in the study was 60 a total of 85 teeth 

were used in the data collection. This was done inadvertently due to an error in the 

count of how many samples had been tested. When reviewing the data there was one 

sample (Transbond 2 minute) in which the recorded shear bond strength was greater 

than 2 standard deviations from the mean for both the Transbond 2 minute group as 

well as the other 2 adhesives tested at the 2 minute mark. In addition there was 

questionable accuracy of the mounting of that test sample. The test results of that 

sample were removed and the statistical test was run a second time.  

The results of the 2-way ANOVA showed a statistically significant difference 

(F=6.05, p=0.004), in the shear bond strengths of the adhesives tested (Table I, Figure 

6). 

   

Table I.   Results for Shear Bond Strength of Orthodontic Adhesives 
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Figure 6. Mean Shear Bond Strength of all Adhesives Used in the   

 Present Study.  Transbond showed the highest bond strength (F=6.05, 

 p=0.004) 

 

There was a statistically significant difference between the shear bond 

strengths of Grengloo, Lightbond, and Transbond, with Transbond having stronger 

bond strength then either of the other adhesives.  There was no statistically significant 

difference in shear bond strength between Grengloo and Light Bond.  An observed 

power of 0.872 was found for this data. 

There was a difference approaching significance (F=2.45, p=0.071), between 

the different times elapsed prior to bracket manipulation and curing (Table I, Figure 

7). 
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Figure 7. Mean Bond Strength of all adhesives after waiting a specific 

 amount of time, prior to manipulation, and curing.  Bond strength 

 decreased with time but the difference was not statistically significant  

 (F=2.45, p=0.071) 

 

In general the bond strength decreased as more time elapsed prior to bracket 

manipulation and curing. The greatest decrease in shear bond strength was noticed 

between the 30 second and 4 minute groups with a p value of 0.105 which 

approached significance. The observed power for this data was 0.587. There was no 

significant interaction (F=0.55, p=0.771), between the types of adhesive and the times 

prior to curing (Table II, Figure 8). 
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Table II.  Mean Shear Bond Strength for Adhesive by Time Prior to 

 Curing  

  

Figure  8.  Interaction Plot showing no significant interaction between  the 

 type of adhesive and time period prior to curing. (F=0.55, p=0.771)  
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The differences in the percent of failures (bond strengths less than 6Mpa) for 

the adhesives (χ²=4.947, p>.05)as well as the times tested (χ²=5.504, p>.05) was not 

statistically significant (Table III).  

  

Table III. Results for Shear Bond Strength of Orthodontic Adhesives 

 (Percent Failures) 

 

 

http://en.wikipedia.org/wiki/Chi_(letter)
http://en.wikipedia.org/wiki/Chi_(letter)
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Discussion 

Comparison of present study to previous studies 

Previous studies have tested for differences in bond strength in connection with 

various variables. Age of the patient, tooth location, as well as moving a bracket 

multiple times, have all been tested and none of these variables have been found to 

affect shear bond strength (Millet, 1998; Murfitt 2006). Relative bond strengths of 

self-etching primers versus the traditional two step technique have also been tested 

and there have been conflicting results reported (Murfitt, 2006, Cal-Neto, 2009). In a 

recent systematic review and meta-analysis (Fleming, 2012) there was found to be 

only weak evidence that there are higher odds of failure with using the self-etching 

technique.  

 

A variable that has not been tested in the published literature is the effects of delayed 

bracket manipulation on the final bond strength of light cured adhesives.  This tests 

the role of time and bracket manipulation, two common clinical variables, on shear 

bond strength. Prior research (Beebe 2011) conducted at the University of Maryland 

failed to establish clear guidelines relating to the effect on final bond strength of 

manipulation after various time intervals. All bracket manipulation times reported in 

that study resulted in a shear bond strength that was clinically acceptable. In addition, 

the bond strengths time intervals reported in that study did not seem to follow a 

logical or predictable progression. The greatest bond strength found in the study was 

after a delay of 30 seconds prior to bracket manipulation and the lowest bond strength 

was found after a delay of 1 minute prior to bracket manipulation. The times tested in 
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that study were 15 seconds, 30 seconds, 1 minute, and 3 minutes. The results seem to 

infer that the bond strength got stronger from 15 seconds to 30 seconds, then weaker 

until 1 minute and then regained shear bond strength again at 3 minutes. This pattern 

is very difficult to explain which makes the application of these findings clinically 

questionable (Beebe, 2011)
 
.  

 

Hypothesis versus Result 

In this study Transbond Plus was found to have the strongest bond strength 

(10.04MPa) which was between 32% and 35% greater than Light Bond and 

Grengloo. The difference in bond strength between Light Bond and Grengloo was not 

statistically significant.  These results confirmed the first research hypothesis of this 

study that “there is a significant difference in shear bond strength between the three 

different orthodontic adhesives”. The shear bond strength of all three adhesives was 

found to be clinically acceptable according to the standard of 6-8MPa established by 

Reynolds in 1975. Although Reynolds standard has been generally accepted in the 

bond strength literature, it has been called into question by several authors (Eliades, 

2002, Swartz, 2007, Finnema, 2010). The primary critique is that an in-vitro bond 

strength of 6-8MPa has never been confirmed by clinical data. It is therefore 

questionable that it will be sufficient to withstand the stress and changes in the oral 

cavity. Despite this, Reynolds standard has been cited in more than 100 studies and is 

virtually the only standard used in orthodontic bonding research. It was therefore 

decided to use this standard for the definition of clinically acceptable bond strength in 

this study.  
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Comparison of Shear bond strengths  

Caution should be used when comparing the shear bond strength of the adhesives 

found in this study with shear bond strengths found in the literature. It is even 

questionable if these comparisons have any value at all due to the lack of 

standardization of testing methods. This has likely contributed to the large range of 

shear bond strength values in the published literature (3.5-27.8MPa; Finnema 2010). 

The precise testing methods of testing shear bond strength are often not reported in 

the studies making any two studies difficult to compare. Some of the alterations in 

testing conditions have been found to greatly affect the shear bond strengths found in 

vitro. In a meta-analysis by Finnema (2010) it was found that the type of storage 

media used was found to affect the shear bond strength by as much as 10.7MPa.  In 

addition, photopolymerization time and crosshead speed of the debonding instrument 

were found to have significant effects on shear bond strength in-vitro. The fact that 

many factors can cause alteration is shear bond strength was illustrated in this study 

as well. The study design used in the present study closely replicated the design of 

previous research at University of Maryland (Beebe 2011) and the power analysis 

based on Dr. Beebe’s research predicted 100% power with the sample size tested in 

this study. None the less, due to the large standard deviation amongst the specimens 

tested the observed power was reduced to .872 (although reduced this power is still 

statistically significant). This large standard deviation might have been due to length 

of time in storage, tooth morphology, or other confounding factors. Despite all these 

difficulties there is still intra-study validity to the bond strength values as the 

specimens in this study were all tested under the same conditions. (All the teeth were 
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selected at random to be used with the 3 adhesives, the lighting conditions were 

monitored with a luxometer to maintain a constant light exposure of 10,000 lux, and 

an Instron
®
 machine was used to insure a consistent debond force.) Since the 

variables and testing methods of this study were held constant, shear bond strength 

comparisons between adhesives can be made from within this study. It is therefore 

appropriate to conclude based on the results of this study that Transbond Plus has 

statistically stronger bond strength than both Light Bond and Grengloo and that the 

difference in bond strength between Light Bond and Grengloo is not statistically 

significant. These results were consistent with the findings of Beebe (2011) and 

Martin (2008). 

  

The difference in bond strengths found in this study might be explained by the 

difference in handling characteristics of these materials. The Transbond Plus has a 

lower viscosity then both Light Bond and Grengloo. (Although verification of this 

difference in viscosity could not be found in the manufacturer’s product information 

guides, this difference was apparent to the investigator of this study).Viscosity is 

defined as “the property of resistance to flow in a fluid or semifluid” (Merriam-

Webster). Having a low viscosity means the material has less resistance to flow or a 

greater tendency to flow. With regard to adhesives this could allow for the adhesive 

to be less resistant to the movement of the bracket during manipulation. Due to the 

low viscosity/decreased resistance of Transbond Plus it is able to remain adapted to 

the bracket while the bracket is moved. The adhesive does not resist the movement of 

the bracket rather it moves with it. There is therefore enough adhesive remaining on 
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the bracket after the manipulation to provide sufficient shear bond strength. Both 

Light Bond and Grengloo are more viscous adhesives and their resistance to bracket 

manipulation could likely have caused their decreased bond strength in this study. In 

addition, these higher viscosity adhesives might also have less engagement of the 

adhesive into the bracket mesh. The higher viscosity increases resistance to the 

adhesive flowing into the mesh which could have contributed to their lower shear 

bond strength found in this study relative to Transbond Plus.  

 

Time Elapse Prior to Bracket Manipulation 

The second research hypothesis of this study was that “adjustments to bracket 

position at increasing times after initial bracket placement under controlled light 

conditions will cause a significant decrease in the shear bond strength of the 

orthodontic adhesives”. The results of this study disprove this hypothesis as there was 

no significant difference in the shear bond strength of brackets adjusted at 30sec, 

1min, 2min, and 4min after initial bracket placement. Adjustments at any of these 

time intervals did not decrease the bracket’s shear bond strength to clinically 

insufficient levels. Although there was no significant difference found between the 

shear bond strength at any of the time intervals tested there was a progression of 

decreased bond strength noted between 30 seconds and 4 minutes. This difference, 

however, was approaching significance (p=0.071). The difference between the bond 

strengths at 30seconds and 4 minutes was the most pronounced difference between 

any of the groups with a p-value of 0.105. It is also important to note that there was a 

large standard deviation from the mean bond strengths at all the time intervals tested. 
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Many samples tested did not have adequate bond strength as 42% of the 3 minute 

group and 54% of the 4 minute group had bond strengths below 6Mpa (Table III). 

Had there been a larger sample size, it is likely that there would have been a 

significant difference found between these groups. This finding is in accordance with 

what was anticipated prior to the study’s commencement. As adhesives are exposed 

to light there are chemical bonds forming between the adhesive and the enamel. At 

this point the adhesive enters what is called the gel stage. Moving the bracket during 

this early polymerization of the resin can disrupt the formation of polymer chains 

weakening the overall bond the adhesive creates from the bracket to the tooth. The 

degree of bond formation and polymerization prior to light curing is unknown and its 

effect on shear bond strength is therefore uncertain. Clinical prudence would dictate 

limiting the time taken between bracket placement and manipulation prior to curing. 

Although not proven from this study it is in concert with the findings. 

 

The third hypothesis stated that adjustments to bracket position at 4 minutes after 

initial bracket placement under controlled light conditions will reduce the shear bond 

strength of the three adhesives to clinically unacceptable levels (defined in this study 

as 6-8MPa (Reynold, 1975). The results of this study do not support this hypothesis 

as the average bond strength at 4 minutes was 6.4MPa. (The question of using the 

value of 6-8MPa for a definition of clinically acceptable was addressed earlier in this 

thesis.) 
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The fourth and final research hypothesis of this study was that there is a significant 

interaction between manipulation time and type of orthodontic adhesive on the effect 

on shear bond strength. This hypothesis was rejected as the analysis of the data 

revealed no statistically significant interaction between manipulation time and type of 

orthodontic adhesive on the effect on shear bond strength.  

 

It should be noted that when the mean shear bond strengths of the adhesives are 

examined individually (Table II) the adhesives tested in this study do show 

differences with how they respond to manipulations at various times. Light Bond at 

the 4 minute mark (MPa 4.25) and Grengloo at both the 3 minute (MPa 4.64) and 4 

minute mark (MPa 5.37) all had bond strengths that were clinically unacceptable. The 

design of this study did not allow for statistical testing of these but they might warrant 

attention in future research or clinical settings. It is possible that these adhesives 

although not more affected by a delay prior to bracket manipulation than Transbond 

Plus, they might sooner drop in bond strength to clinically insufficient levels. 

 

Clinical Suggestions 

From a clinical standpoint the results of this study are reassuring. In many offices 

there is a time delay prior to bracket manipulation. The assistants often place the 

brackets and wait for the doctor to move them into their appropriate positions on the 

teeth. In university settings as well, the residents often place the brackets and wait for 

faculty to come and adjust them as needed. This study demonstrated that under 

ambient light conditions of 10,000lux, the brackets can be manipulated as long as 4 
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minutes after placement and still have a clinically acceptable bond strength of  6-

8Mpa. Despite the low mean shear bond strength values obtained for Light Bond and 

Grengloo after delayed manipulation, these adhesives are widely used clinically and 

have withstood the “real world” test of acceptable bond strength. What can be 

gleaned from this study for those practitioners who successfully use these adhesives is 

that there will likely be continued success with their usage, even if there is a delay 

between bracket placement and manipulation. This is reinforced by that fact that the 

lighting conditions in this study were designed to mimic the lighting condition found 

in dental operatories where the overhead light is shining. In clinical practice, it is 

common for the practitioner to turn away the overhead light while bonding to 

increase the working time of the adhesive (Dlugokinski, 1998).  This greatly reduces 

the light exposure on the bracket from 10,000lux (the light intensity of the dental unit 

found in most offices) to 1,200lux (the common ambient light condition of the dental 

office) (Martin, 2008). This significant decrease in light exposure to the adhesive will 

delay the light initiated polymerization and increase the working time of the material. 

Dlugokinski in a study published in Journal of the American Dental Association 

(Dlugokinski, 1998) found the effect of ambient fluorescent light on adhesives to be 

negligible while the dental operatory light initiated polymerization of the adhesive. It 

would seem prudent for all practitioners to adopt the protocol of turning away the 

light from the dental unit to give the operator as much control over the bonding 

procedure as possible. In the event that the operatory light was not turned away, the 

results of this study indicate that the bond strength should still be adequate within the 
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4 minute mark. Beyond a 4 minute delay prior to bracket manipulation with the dental 

operatory unit light on should be the topic of future research. 

 

Research Limitations 

There is an innate difficulty in applying in-vitro research to in-vivo situations and this 

study is no exception. No combination of variables in a laboratory setting can 

precisely mimic the factors encountered when bonding in the oral cavity (Miller, 

1997). There are variations in enamel amongst teeth, difficulties in isolation, as well 

as many intangibles occurring during bonding. In addition, the prolonged exposure of 

the adhesives to the patients saliva after they have been cured, as well as the 

temperature changes in the oral cavity can all contribute to the bond strength of the 

adhesives. The ADA Council on Dental Materials task group reported that it was 

unlikely that most laboratory bonding studies could be used to predict the clinical 

behavior of the adhesives tested (ADA 2007).  

 

One limitation particular to this study was that a bracket manipulation of 10 degrees 

did not allow for good adaptation of the bracket to the tooth in some of the samples. 

A set amount of 10 degrees was chosen to keep the amount of manipulation 

consistent among the samples. Although this insured uniformity of manipulation, 

variations in tooth morphology did not allow for uniform bracket adaptation after this 

manipulation was done in some samples. This is somewhat of a variation on the 

clinical scenario where virtually all brackets are bonded with maximum adaptation 

which would undoubtedly increase bond strength.  
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Future Research 

It was noted earlier that there was a decrease in bond strength as time elapsed prior to 

bracket manipulation and the difference approached significance between 30 seconds 

and 4 minutes. One potential area of future research would be to investigate this 

difference in bond strength with a larger sample size to see if this difference becomes 

statistically significant. In addition, in clinical settings the operatory light can be 

turned away from the brackets being bonded. This would reduce the intensity of the 

light exposure on the adhesives from 10,00lux and would likely increase the working 

time of the material. This too, is worthy of future investigation. In any area of future 

research examining bracket manipulations it would be worth considering placing the 

brackets in a non-optimal position initially and then manipulating them into proper 

position. This would more accurately reflect the clinical scenario.   
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Conclusions 

This study was designed to establish parameters for the effect that bracket 

manipulation at various time intervals will have on the final bond strength of 

orthodontic adhesives. Based on the results of this study we can conclude the 

following: 

1. There is no statistically significant decrease in bond strength of the adhesives 

tested as time elapsed (30 seconds, 2 minutes, 3 minutes, 4 minutes) prior to 

bracket manipulation. All time intervals had clinically acceptable bond 

strength. 

2. The difference in bond strength between 30 seconds and 4 minutes was 

approaching significance. If a larger sample size is tested, 4 minutes might be 

found as the threshold for significant decrease in bond strength.  

3. Transbond Plus had statistically significant higher bond strength (32% and 

35% greater) than Light Bond and Grengloo. The difference in bond strength 

between Light Bond and Grengloo was not statistically significant.   
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