
Chapter 3  
 

 

Research design and methodology 

 

3.1 Sample description  

 

Extracted human maxillary molar specimens were collected from the extraction clinic at 

University of the Western Cape's Tygerberg dental faculty.  One hundred and forty four 

upper molar enamel specimens were selected according to a selection protocol (3.1.1).  

These selected teeth were prepared for bonding.   

 

Three light cure orthodontic adhesive resin were acquired.  Two of these resins are 

established, commercially available products available from two of the major orthodontic 

manufacturers.  The third material at time of testing was not yet commercially available.  

This material was released commercially in May 2007. 

 

Sixty maxillary molar stainless steel orthodontic brackets from each of three different 

manufacturers were obtained.  A total of one hundred and eighty brackets were donated 

for use in this study. 

 

3.1.1 Enamel specimen selection protocol 

 

Only extracted human maxillary molars were used. The enamel selection criteria were 

such that the following teeth were discarded; 

�  Teeth with caries affecting or underming the buccal enamel    

�  Teeth exhibiting fluorosis  

�  Teeth that had enamel damage as result of the extraction.  The enamel was 

inspected at ten times magnification for any signs of enamel damage. 



�  Each enamel specimen was then checked in order to identify any unacceptable 

morphology of the buccal surface of any of the enamel specimens.  This was done 

by placing an example of its assigned bracket with its base positioned in the 

prescribed position on the buccal enamel.  If there was any doubt regarding the 

closeness of the 'fit' of the base to the tooth, the tooth was excluded from any 

further testing and another specimen was assessed and used if found to be 

suitable.  This was done in an attempt to minimise the variation of the thickness of 

the adhesive layer as much as possible.  

 

The selected teeth were sectioned in such a way as to remove the roots this was done by 

means of a water cooled high speed turbine handpiece.  The sectioned crowns were 

stored in water at four degrees centigrade with a few crystals of thymol added (as an anti-

bacterial agent).   

 

3.1.2 Sample distribution 

 

The teeth were randomly assigned to three groups, one group (forty eight specimens) for 

each of the bracket makes.  Each group was stored separately in labeled specimen bottles.   

 

Each group of these assigned teeth was then divided into three groups of sixteen teeth 

each and bottled (9 bottles) separately.  Each of these bottles was labeled with the 

assigned bracket/adhesive resin combination.  This was done with a view to ensure that 

sixteen brackets of each manufacturer would be bonded with the each of the three 

adhesive agents (16x3x3 combinations). 

 

3.1.3 Manufacturers of the brackets used in the study 

 

Ormco   1717 West Collins Avenue, Orange, CA 92867. U.S.A. 

3M Unitek  2724 South Peck Road, Monrovia, CA 91016. U.S.A. 

GAC   355 Knickerbocker Ave., Bohemia, NY 11716. USA. 

 



3.1.4 Adhesive resins used in the study 

 

The adhesive resins tested were: 

Transbond XT   3M Unitek, Monrovia, CA 91016.  U.S.A. 

Enlight    Ormco, Orange, CA92867.  U.S.A. 

Sure Ortho Light Bond  Sure Orthodontics, Geneva.  Switzerland. 

 

All three adhesives used were light cure, fluoride release and packaged in ready mixed 

single delivery syringes.  In the literature Transbond XT has been commonly used as a 

reference in comparative tests with a wide variety of other materials (Sato and Yasuda 

2007, Bishara et al 1997, 1999a, 1999b, 2004b, 2005).  Both Transbond XT and Enlight 

are established and well used adhesives in the market place.  Sure Ortho Light Bond 

(Sure Orthodontics) is a new product which was released commercially in mid 2007. 

 

Table 3.1.4a: 

Materials, manufacturers and composition of each. 

Adhesive Resin Composition Manufacturer  

Enlight 

(Figure 3.1.4a) 

Bisphenylglycidyl-methacrylate 

(bis-GMA), 

moisture displacing fluoride releasing 

sealant/bond enhancer, 

dark-cure mechanism. 

(Ormco catalog 2007) 

Ormco  

Transbond XT 

(Figure 3.1.4b) 

Bisphenylglycidyl-methacrylate 

(bis-GMA), 

Bisphenylethyl-methacrylate 

(bis-EMA), 

fillers (silanated quartz and sub-micron 

silica). 

(Bishara et al 2002) 

3M Unitek  



Adhesive Resin Composition Manufacturer  

Sure Ortho Light Bond  

(Figure 3.1.4c) 

4-Methacryloxyethyl-trimellitic acid  

(4-META), 

Urethane Diacrylate Oligomers, 

Polimerisation accelerators, 

Triethylenglycoldimethacrylate, 

2-Hydroxyethylmethacrylate, 

Photo-initiators, 

Barium aluminoborosilicate glass, 

Nano Silica. 

(Zalsman 9th October 2007) 

Sure Orthodontics 

(BJM Laboratories) 

Figure 3.1.4a 

The Enlight adhesive kit:  Containing etching solution, Ortho solo sealant, resin and 

applicators. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1.4b 

Transbond XT resin and adhesive primer kit.  



 

Figure 3.1.4c 

The Sure Ortho Light Bond kit:  Containing etchant, bonding solution, resin and 

applicators 

 

 

3.1.5 Brackets used in the study 

 

Currently the manufacturers Ormco, 3M Unitek and GAC enjoy a large share of the 

worldwide orthodontic bracket market.  In 1994 a quarterly publication of the Ortho 

Cycle company did a comparative market share for orthodontic bracket manufacturing 

companies.  The above mentioned companies enjoyed a considerable share of the market.   

Ormco  24.9% 

Unitek  9.4% 



GAC   17% 

The remainder of the market at that time was shared by approximately twenty five other 

manufacturers. 

 

Manufacturers  Attachments to be tested   

 

Ormco (Figure3.1.5a)  Optimesh XRT (upper left molar). 

    Assembly recorder no: 342-2106,  

    PEERLESS TM 

    LOT: 06D238D 

 

3M Unitek (Figure 3.1.5b)  Victory Series bondable molars (upper right). 

     REF 068-8242 

     LOT 998186100 

 

GAC (Figure 3.1.5c)  Bondable upper right molar attachment.   

    REF 68-171-24 

    LOT B375 

    US mesh patent 4,889,485 

 

 

 



Figure 3.1.5 a 

The Ormco Optimesh XRT bracket container. 

 

 

Figure 3.1.5 b 

The 3M Unitek Victory Series bracket container. 

 



 

Figure 3.1.5 c 

The GAC bracket container. 



 

Table  3.1.5a:   

Allocation of brackets, adhesives and teeth. 

Bottle labels Transbond XT resin 
adhesive 

Enlight resin 
adhesive 

Sure Ortho Light Bond 
resin adhesive 

3M brackets 16 teeth 16 teeth 16 teeth 

Ormco brackets 16 teeth 16 teeth 16 teeth 

GAC brackets 16 teeth 16 teeth 16 teeth 
 

 

3.1.5.1  Bracket base designs: 

 

Each of the three bracket bases has a different mesh design.  These meshes are brazed to 

the adhesive surface of the bracket pad in order to increase the contact surface area as 

well as to create a form of mechanical retention.  This mechanical retention is enhanced 

by the fact that the adhesive surface and the mesh of the base are treated during the 

manufacturing process. 

·  The Ormco bracket contact surface is treated with ‘Optimesh XRT’ coating. 

·  The 3M bracket contact surface is micro-etched. 

·  The GAC bracket contact surface is sandblasted. 

Both the 3M and Ormco bracket adhesive surfaces are constructed using a single layer of 

mesh.  The Ormco bracket base exhibits a mesh with strands that run vertically and 

horizontally (figure4.5a).  The 3M Unitek Victory Series bracket has a mesh which runs 

diagonally from corner to corner of the base (figure 4.5b).  The aperture space of the 

Ormco mesh appears to be smaller as well as the mesh appearing to have a largely 

smooth and shiny surface.  The GAC brackets have a double mesh structure (figure 4.5c) 

on the base which they claim will enhance the bond at the bracket/adhesive interface as 

well as serve to reduce the amount of residual adhesive left on the enamel.  The bracket is 

constructed in such a way that mesh material becomes wider and rougher toward the 

adhesive/bracket interface (GAC US patent 4889485). 

 

 



 

3.1.5.2  Base sizes of brackets used 

 

Each of the three brackets had their contact surface area measured individually making 

use of a reflex microscope (Prior S2000 Reflex Microscope, 9 Whitehall Park, London.  

N19.  No 001).  This microscope, courtesy of the University of Cape Town's 

Photogrammetry Unit, is attached to a desktop computer and the Real Term Serial 

capture programme was used to register the x, y and z co-ordinates.  The following port 

settings on the programme were used: 

�  Band;  2400 

�  Port:  1 

�  Stop Bits: 2 

�  Data Bits: 8 

�  Parity:  None 

 

The x, y and z co-ordinates obtained by this equipment were fed into a Microsoft Excell 

worksheet.  This information was then used to calculate the contact surface area of the 

adhesive pad of the bracket. 

 

Two different bases of each type of bracket were measured using this device in order to 

ensure averaging out of any differences that may occur.  The measurement readings on 

each base numbered between three and four thousand readings per base.  Each base was 

measured on the same day by a single operator. 

 

The perimeter of each of the brackets was also measured and the base area calculated 

mathematically assuming simple rectangular geometry of a flat surface.  This way of 

measuring the surface area is inaccurate as it does not take the base curvature or the three 

dimensional surface of the mesh into consideration. 

 

The mesh wire diameter of each bracket was measured in microns using the Zwick/Roell 

ZHV microhardness tester (Indentec hardness testing machines limited, West Midlands, 



DY9 8HX).  The aperture size was also measured using the same apparatus and the open 

space or aperture area was calculated.  Each bracket was measured randomly in five 

locations for both mesh strand thickness and for the size of the open spaces or apertures. 

 

The data generated is presented in the results chapter.  The data was also submitted for 

statistical analysis. 

 

3.2 Bonding 

 

The brackets were stored in their sealed containers until they were ready to be used.  

Each make of attachment was bonded to enamel with each of the three bonding agent 

options.  Each combination (bracket/adhesive) was repeated 16 times (16 x 3 x 3) on the 

advice of the statistical consultant.   

 

All the enamel specimens were gently polished (for 10 seconds) with a oil free, fluoride 

free pumice solution to clean the enamel thus simulating the removal the pellicle as in the 

clinical scenario.   

 

All the brackets to be bonded with the same bonding agent, were bonded in one session 

by the same operator.  The brackets were thus bonded to the teeth in groups of 48. 

Transbond XT was the first bonding agent to be used.  Sixteen 3M Unitek brackets were 

bonded to their assigned teeth with Transbond XT.  This was followed by 16 Ormco 

brackets and then 16 GAC brackets being bonded to their assigned teeth with Transbond 

XT.  This was followed by bonding the abovementioned brackets (16 of each make) to 48 

teeth with Enlight and then the remaining 48 were bonded by using Sure Ortho Light 

Bond.  The brackets were at all times handled with bonding tweezers in order to prevent 

skin oil contamination. 

 

3.2.1  Transbond XT bonding 

The enamel of each tooth was etched according to the instructions of the manufacturer, 

with a thirty seven percent solution of phosphoric acid for thirty seconds.  The etchant 



was then rinsed for twenty seconds with water.  The enamel surface was then dried to a 

frosty white appearance with clean oil and water free compressed air for 15 seconds.  The 

etched enamel was then primed with a thin layer of the Transbond XT primer applied by 

means of a small brush.  This was followed by applying the adhesive paste from the 

syringe to the base of the bracket, under pressure, to ensure that the paste would have the 

best possible penetration into the base of the bracket.  The bracket was positioned on the 

tooth, by means of bracket tweezers, and then a force of four hundred grams was applied 

by means of a Dontrix gauge (American Orthodontics, Sheboygan, Wisconsin, WI53081. 

U.S.A.) to ensure a consistently close fit between the base and enamel surface, as well as 

maximal penetration of adhesive into the mesh design.  Prior to light curing the excess 

adhesive agent was removed from around the base of the bracket with a sharp probe.  The 

Transbond XT on each tooth was light cured for thirty seconds (10 seconds from a mesial 

direction, 10 seconds from an occlusal direction and 10 seconds from distal of the 

bracket).  The exit portal of the light curing was held as close as possible to the bracket.  

Each bonded specimen was placed back into the water/thymol solution in its designated 

bottle and stored for twenty four hours at room temperature. 

 

3.2.2  Enlight bonding 

Enlight was the next adhesive used to bond the 3M, Ormco and GAC brackets to their 

designated teeth.  The enamel was etched according to the instructions of the 

manufacturer, for thirty seconds, with the etchant supplied in the Enlight kit (37% 

phosphoric acid).  The etchant was rinsed off for 20 seconds with water.  The etched 

surface was then dried with clean oil and water free air for 15 seconds.  This was 

followed by an application of the Enlight primer (Ortho Solo sealant) by means of the 

brushes supplied in the kit to cover the etched area.  Enlight paste was applied to the 

bracket base under pressure from the syringe to ensure maximum adhesive penetration.  

The bracket was positioned with bracket tweezers and placed under four hundred grams 

of pressure with a Dontrix guage.  The excess adhesive was cleaned off with a scaler and 

then the adhesive was cured for thirty seconds in the same manner as the Transbond 

specimens (10 seconds from mesial, 10 seconds from occlusal and 10 seconds from a 

distal direction).  Each bonded specimen was placed back into the water/thymol solution 



in its designated bottle and stored for twenty four hours at room temperature. 

 

3.2.3  Sure Ortho Light Bond 

Sure Ortho Light Bond was the next adhesive used to bond the forty eight remaining 3M 

Unitek Victory Series, Ormco Optimesh XRT and GAC brackets to their designated 

teeth.  The enamel was etched according to the instructions of the manufacturer, for thirty 

seconds, with the etchant supplied in the Sure Ortho Light Bond kit.  The enamel surface 

was rinsed with water for twenty seconds and dried for fifteen seconds with oil free 

compressed air.  This was followed by an application of the brand primer (according to 

manufacturer’s instruction) by spreading the primer by means of a gentle stream of air 

from the air syringe.  The Sure Ortho Light Bond paste was applied to the bracket base 

under pressure from the syringe to ensure maximum penetration of the adhesive into the 

base.  The bracket was positioned with bracket tweezers and placed under four hundred 

grams of pressure with a Dontrix guage.  The excess adhesive was removed from the 

tooth surface around the base of the bracket with a probe.  The adhesive was light cured 

in the same manner as the Transbond XT and Enlight adhesives for thirty seconds, as 

described above.  Each bonded specimen was placed back into the water/thymol solution 

in its designated bottle and stored for twenty four hours at room temperature.  

 

3.3 The curing light 

 

A standard standard tungsten quartz halogen curing light (figure 3.3b) (Optilux 501, 

Demetron Research Corporation), set at an intensity of 460 milliwatt per square 

centimeter (mW/cm2 ) was used to cure the bonding agents.  The intensity of the light was 

checked after every 8 exposures with a minimum setting of 440mW/cm2 allowed.  Thus 

an intensity range of between 440 and 480 mW/cm2 was used.  A Dentsply light intensity 

meter (Cure Rite Meter, Dentsply, Caulk.) was used to ensure this consistent intensity 

(figure 3.3a). 



 

 

 

 

 

 

 

 

 

Figure 3.3a 

The Cure Rite light intensity meter (Dentsply) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3b 

The Optilux 501 curing light (Demetron Research Corporation) 

 



3.4 The testing procedure. 

 

Each bonded specimen was stored in the water with a few crystals of thymol for twenty 

four hours and then exposed to a temperature cycling procedure (figure 3.4a).  This 

entailed each specimen being exposed to 500 cycles of heat and cold.  The specimens 

were exposed to a temperature high of 55o C as opposed to a low of 5o C, in cycles of 15 

seconds with a dwell time of 30 seconds (Saayman et al 2005, Grobler et al 2007a). 

 

In order to ensure that all the specimens were easily and quickly exposed to the 

temperature changes the specimens were placed in a plastic mesh bag.  Following the 

temperature cycling the enamel specimens were stored in their respective 

adhesive/bracket combination groups.  The bonded enamel specimens were then 

embedded in plastic cups with cold curing acrylic resin (figure 3.4b).  The specimens 

were positioned by means of a jig in such a way that the entire buccal enamel surface 

stood proud of the embedding material and the plastic cup (figure 3.4b).  The jig was 

constructed from saliva ejectors, acrylic and rectangular, stainless steel orthodontic wire 

(figure 3.4b and 3.4c). 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure 3.4a 

The temperature cycling apparatus used 

 

 

 

 

 

 

 

 

 

Figure 3.4b 

The jig used to replicate the 

position of each tooth in the 

acrylic 

 

The tooth specimen (with its bonded attachment) was placed in the plastic cup in such a 

way that the bracket/enamel interface was positioned at ninety degrees to the long axis of 

the plastic cup (figure 3.4c).   

 

Figure 3.4c 

Tooth specimen with attachment in a plastic cup with the bracket and enamel 



surface proud of the acrylic 

 

 

 

 

 

 

 

 

 

Figure 3.4d 

The specimen in its plastic cup clamped into the base of the Zwick universal tester. 

 

 

The specimens were clamped (figure 3.4d) to the base of the Zwick Universal testing 

machine (Matterialprufung, 1446, Germany).  A shear load was applied in an occluso-

gingival direction to the attachment, with the debonding force parallel to the 

bracket/adhesive interface (figure 3.4e and 3.4f).   

 

 

 

 

 

 

 

 

 

Figure 3.4e 

The base of the Zwick universal tester 

 



 

Figure 3.4f 

The blade of the Zwick universal tester contacting the base of a GAC bracket 

 

This load was applied by means of a knife-edged rod at a crosshead speed of 0.5 mm per 

minute.  The force applied to the attachments was consistently from the same direction 

and position on each bracket.  Shear bond strengths were registered in Newtons to be 

calculated and expressed in mega pascals (MPa).  The debonding was done in groups 

according to the bracket/adhesive resin combinations.  All the specimens were numbered 

and kept together in sequence after the debonding in order to facilitate adhesive remnant 

investigations of each specimen (figure 3.4g and 3.4h). 

 

 

 

 

 

 

 

 

Figure 3.4g   

The debonded specimens grouped for 

adhesive remnant indexing under magnification (10 times). 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4h 

Debonded specimens numbered and grouped for the adhesive remnant indexing 

procedure. 

 

After debonding the enamel surface was inspected at 10x magnification (figure 3.4g) 

with a view to assessing the amount of bonding agent remaining on the tooth.  This was 

assessed according to an Adhesive Remnant Index (ARI) as described in table 3.4a 

(Kirovski and Madzarova 2000). 

 

The ARI was estimated by the author of this thesis in one sitting.  The assessment was a 

percentage wise estimation as to where the locations of the debonding fracture occurred.   

·  Adhesive fractures at the bracket/adhesive resin interface were estimated as a 

percentage of the fracture and entered into a data spreadsheet in a column 

designated as b/a %.   

·  The percentage of each fracture that was cohesive was registered in the column 

designated a%.   

·  The percentage of each fracture that occurred at the enamel/adhesive resin 

interface was entered into a column designated a/e%.  



 

Table 3.4a 

The description of each category of the adhesive remnant index. 

ARI Description 

0 0% of the bonding agent remaining on the enamel specimen surface. 

1 less than 50% of the bonding agent remaining on the enamel specimen surface. 

2 50% or more of the bonding agent remaining on the enamel specimen surface. 

3 100% of bonded enamel covered by a layer of bonding agent  

4 Enamel damage as a result of debonding. 
 

 



 


