
Chapter 4 
 

 

Results 

 

 

 

4.1  Presentation of raw data 

 

Each of the bracket/adhesive resin combinations were grouped and presented in groups 

(tables 4.1b to 4.1j).  Each of these mentioned tables (4.1b to 4.1j) has fourteen columns.  

The abbreviation for each column heading is explained in table 4.1a. 

 

 

Table 4.1a: 
Abbreviations used in tables 4.1b – j 

 

# Specimen number 

Bracket base size 1 Contact surface area measured with the reflex microscope 

Bracket base size 2 Contact surface area calculated mathematically  

MPa 1 Mega Pascals - stress values calculated using the three dimensional 
base size (using the reflex microscope measurements). 

MPa 2 Mega Pascals - stress values calculated using the two dimensional 
base sizes (using the mathematical calculation of height x width). 

b/a % % of the debond fracture at the base adhesive interface. 

a % % of the debond fracture in the adhesive (cohesive failure) 

a/e % % of the debond fracture at the enamel adhesive interface. 

ARI Adhesive remnant index 

* Denotes incidents of enamel damage 

 

 



 

 



 

Table 4.1b:   

Results of the 3M bracket/Transbond XT adhesive resin combination. 

         fracture location     

 

  adhesive bracket bracket base size light  force MPa MPa b/a a a/e ARI   

 

 # agent   1 2 intensity Newton 1 2 % % %      
                

 1 Transbond XT 3M 25.05 16 476 85.51                

 2 Transbond XT 3M 25.05 16   387.86 15.48 24.2 5   95 1 
  

 

 3 Transbond XT 3M 25.05 16   276.13 11.02 17.3 20   80 1 
  

 

 4 Transbond XT 3M 25.05 16   260.95 10.42 16.3 30   70 1    

 5 Transbond XT 3M 25.05 16   158.31 6.32 9.8 15   85 1    

 6 Transbond XT 3M 25.05 16   320.11 12.78 20.0 5 55 40 2    

 7 Transbond XT 3M 25.05 16   334.77 13.36 20.9 5   95 1    

 8 Transbond XT 3M 25.05 16 480 282.2 11.27 17.6 100     3    

 9 Transbond XT 3M 25.05 16   313.92 12.53 19.6 90   10 2    

 10 Transbond XT 3M 25.05 16   138.25 5.52 8.6 10   90 1    

 11 Transbond XT 3M 25.05 16   292.64 11.68 18.3 5   95 1    

 12 Transbond XT 3M 25.05 16   311.91 12.45 19.5 5 90 5 2    

 13 Transbond XT 3M 25.05 16   399.48 15.95 24.9 5 5 90 1    

 14 Transbond XT 3M 25.05 16   314.81 12.57 19.6 10 10 80 1    

 15 Transbond XT 3M 25.05 16   288.22 11.51 18.0 5 80 15 2    

 16 Transbond XT 3M 25.05 16   344.39 13.75 21.5 5   95 1    

 

 

Abbreviations in tables 4.1b – j 

 

# Specimen number 

Bracket base size 1 Contact surface area measured with the reflex microscope 

Bracket base size 2 Contact surface area calculated mathematically 

MPa 1 Stress values calculated using the reflex microscope measurements 

MPa 2 Stress values calculated mathematically 

b/a % % of the debond fracture at the base adhesive interface. 

a % % of the debond fracture in the adhesive (cohesive failure) 

a/e % % of the debond fracture at the enamel adhesive interface. 

ARI Adhesive remnant index 

* Denotes incidents of enamel damage 

 



 

Table 4.1c:   

Results of the Ormco bracket/Transbond XT adhesive resin combination. 

         fracture location     

   adhesive bracket bracket base size light  force MPa MPa b/a a a/e ARI    

 # agent   1 2 intensity Newton 1 2 % % %      

                   
 17 Transbond XT Ormco 20.9 14.3 470 125.29 5.99 8.76 80 20   3    

 18 Transbond XT Ormco 20.9 14.3   82.32 3.94 5.76 100     3    

 19 Transbond XT Ormco 20.9 14.3   154.35 7.39 10.79 100     3    

 20 Transbond XT Ormco 20.9 14.3   114.8 5.49 8.03 100     3    

 21 Transbond XT Ormco 20.9 14.3   162.97 7.80 11.40 5 95   3    

 22 Transbond XT Ormco 20.9 14.3   143.38 6.86 10.03 99 1   3    

 23 Transbond XT Ormco 20.9 14.3   294.56 14.09 20.60 70   30 2    

 24 Transbond XT Ormco 20.9 14.3 460 181.7 8.69 12.71 85 1 14 2    

 25 Transbond XT Ormco 20.9 14.3   90.61 4.34 6.34 100     3    

 26 Transbond XT Ormco 20.9 14.3   129.37 6.19 9.05 70   30 2    

 27 Transbond XT Ormco 20.9 14.3   142.27 6.81 9.95 80   20 2    

 28 Transbond XT Ormco 20.9 14.3   97.36 4.66 6.81 100     3    

 29 Transbond XT Ormco 20.9 14.3   108.55 5.19 7.59 75   25 2    

 30 Transbond XT Ormco 20.9 14.3   236.04 11.29 16.51 60   40 2    

 31 Transbond XT Ormco 20.9 14.3   170.2 8.14 11.90 75   25 2    

 32 Transbond XT Ormco 20.9 14.3   119.69 5.73 8.37 30 50 20 2    

 

 

Abbreviations in tables 4.1b – j 

 

# Specimen number 

Bracket base size 1 Contact surface area measured with the reflex microscope 

Bracket base size 2 Contact surface area calculated mathematically 

MPa 1 Stress values calculated using the reflex microscope measurements 

MPa 2 Stress values calculated mathematically 

b/a % % of the debond fracture at the base adhesive interface. 

a % % of the debond fracture in the adhesive (cohesive failure) 

a/e % % of the debond fracture at the enamel adhesive interface. 

ARI Adhesive remnant index 

* Denotes incidents of enamel damage 

 

 



 

 

Table 4.1d:   

Results of the GAC bracket/Transbond XT adhesive resin combination. 

         fracture location    

  adhesive bracket bracket base size light  force MPa MPa b/a a a/e ARI    

# agent   1 2 intensity Newton 1 2 % % %      

                 
33 Transbond XT GAC 26.2 16.1 459 258.68 9.87 16.07     100 0    

34 Transbond XT GAC 26.2 16.1   259.81 9.92 16.14 5 5 90 1    

35 Transbond XT GAC 26.2 16.1   277.04 10.57 17.21 5 5 90 1    

36 Transbond XT GAC 26.2 16.1   286.16 10.92 17.77   100   3    

37 Transbond XT GAC 26.2 16.1   279.41 10.66 17.35 5 40 55 4 *  

38 Transbond XT GAC 26.2 16.1   324.87 12.40 20.18   20 80 1    

39 Transbond XT GAC 26.2 16.1   318.94 12.17 19.81   5 95 1    

40 Transbond XT GAC 26.2 16.1 480 304.98 11.64 18.94 10 10 80 4 *   

41 Transbond XT GAC 26.2 16.1   307.53 11.74 19.10 5   95 1    

42 Transbond XT GAC 26.2 16.1   301.85 11.52 18.75   100   3    

43 Transbond XT GAC 26.2 16.1   259.51 9.90 16.12     100 0    

44 Transbond XT GAC 26.2 16.1   243.48 9.29 15.12 5   95 1    

45 Transbond XT GAC 26.2 16.1   280.7 10.71 17.43 2   98 1    

46 Transbond XT GAC 26.2 16.1   104.2 3.98 6.47 50 50   3    

47 Transbond XT GAC 26.2 16.1   220.66 8.42 13.71     100 0    

48 Transbond XT GAC 26.2 16.1   333.86 12.74 20.74 10   90 1    

 

 

Abbreviations in tables 4.1b – j 

 

# Specimen number 

Bracket base size 1 Contact surface area measured with the reflex microscope 

Bracket base size 2 Contact surface area calculated mathematically 

MPa 1 Stress values calculated using the reflex microscope measurements 

MPa 2 Stress values calculated mathematically 

b/a % % of the debond fracture at the base adhesive interface. 

a % % of the debond fracture in the adhesive (cohesive failure) 

a/e % % of the debond fracture at the enamel adhesive interface. 

ARI Adhesive remnant index 

* Denotes incidents of enamel damage 

 



 

 

Table 4.1e:   

Results of the 3M bracket/Enlight adhesive resin combination. 
 

 

Abbreviations in tables 4.1b – j 

 

# Specimen number 

Bracket base size 1 Contact surface area measured with the reflex microscope 

Bracket base size 2 Contact surface area calculated mathematically 

MPa 1 Stress values calculated using the reflex microscope measurements 

MPa 2 Stress values calculated mathematically 

b/a % % of the debond fracture at the base adhesive interface. 

a % % of the debond fracture in the adhesive (cohesive failure) 

a/e % % of the debond fracture at the enamel adhesive interface. 

ARI Adhesive remnant index 

* Denotes incidents of enamel damage 

 

         fracture location    

  adhesive bracket bracket base size light  force MPa MPa b/a a a/e ARI    

# agent   1 2 intensity Newton 1 2 % % %      

               
49 Enlight 3M 25.05 16 460 266.34 10.63 16.65 15 85   3    

50 Enlight 3M 25.05 16   244.86 9.77 15.30 30 45 15 2    

51 Enlight 3M 25.05 16   274.42 10.95 17.15 45 55   3    

52 Enlight 3M 25.05 16   179.99 7.19 11.25 50 50   3    

53 Enlight 3M 25.05 16   261.26 10.43 16.33 20   80 1    

54 Enlight 3M 25.05 16   253.3 10.11 15.83 25 25 50 2    

55 Enlight 3M 25.05 16   291.31 11.63 18.21 100     3    

56 Enlight 3M 25.05 16 470 240.12 9.59 15.01 40 60   3    

57 Enlight 3M 25.05 16   330.52 13.19 20.66 10 20 70 4 *  

58 Enlight 3M 25.05 16   252.57 10.08 15.79 20 10 70 1    

59 Enlight 3M 25.05 16   347.08 13.86 21.69 60 40   3    

60 Enlight 3M 25.05 16   196.48 7.84 12.28 10 10 80 1    

61 Enlight 3M 25.05 16   212.03 8.46 13.25 30 20 50 2    

62 Enlight 3M 25.05 16   204.75 8.17 12.80 40 60   3    

63 Enlight 3M 25.05 16   257.52 10.28 16.10 20 20 60 1    

64 Enlight 3M 25.05 16   117.68 4.70 7.36 20   80 1    



 



 

Table 4.1f:   

Results of the Ormco bracket/Enlight adhesive resin combination. 

 

         fracture location    

  adhesive bracket bracket base size light  force MPa MPa b/a a a/e ARI    

# agent   1 2 intensity Newton 1 2 % % %      

                 
65 Enlight Ormco 20.9 14.3 477 134.2 6.42 9.38 100     3    

66 Enlight Ormco 20.9 14.3   127.69 6.11 8.93 100     3    

67 Enlight Ormco 20.9 14.3   141.82 6.79 9.92 97 3   3    

68 Enlight Ormco 20.9 14.3   134.83 6.45 9.43 95 5   3    

69 Enlight Ormco 20.9 14.3   145.11 6.94 10.15 90 5 5 2    

70 Enlight Ormco 20.9 14.3   120.76 5.78 8.44 95 5   3    

71 Enlight Ormco 20.9 14.3   141.45 6.77 9.89 100     3    

72 Enlight Ormco 20.9 14.3 470 106.14 5.08 7.42 100     3    

73 Enlight Ormco 20.9 14.3   113.75 5.44 7.95 50 10 40 2    

74 Enlight Ormco 20.9 14.3   105.01 5.02 7.34 100     3    

75 Enlight Ormco 20.9 14.3   120.21 5.75 8.41 90   10 2    

76 Enlight Ormco 20.9 14.3   104.86 5.02 7.33 100     3    

77 Enlight Ormco 20.9 14.3   120.99 5.79 8.46 80   20 2    

78 Enlight Ormco 20.9 14.3   96.58 4.62 6.75 100     3    

79 Enlight Ormco 20.9 14.3   153.97 7.37 10.77 90   10 2    

80 Enlight Ormco 20.9 14.3   77.16 3.69 5.40 100     3    

 

 

Abbreviations in tables 4.1b – j 

 

# Specimen number 

Bracket base size 1 Contact surface area measured with the reflex microscope 

Bracket base size 2 Contact surface area calculated mathematically 

MPa 1 Stress values calculated using the reflex microscope measurements 

MPa 2 Stress values calculated mathematically 

b/a % % of the debond fracture at the base adhesive interface. 

a % % of the debond fracture in the adhesive (cohesive failure) 

a/e % % of the debond fracture at the enamel adhesive interface. 

ARI Adhesive remnant index 

* Denotes incidents of enamel damage 

 



 

Table 4.1g:   

Results of the GAC bracket/Enlight adhesive resin combination. 

 

         fracture location    

  adhesive bracket bracket base size light  force MPa MPa b/a a a/e ARI    

# agent   1 2 intensity Newton 1 2 % % %      

                 
                 

81 Enlight GAC 26.2 16.1 460 152.46 5.82 9.47 40 50 10 4 *  

82 Enlight GAC 26.2 16.1   273.38 10.43 16.98 10 20 70 4 *  

83 Enlight GAC 26.2 16.1   245.83 9.38 15.27 20 80   3    

84 Enlight GAC 26.2 16.1   246.63 9.41 15.32 5 30 65 4 *  

85 Enlight GAC 26.2 16.1   272.26 10.39 16.91   95 5 2    

86 Enlight GAC 26.2 16.1   112.3 4.29 6.98 50 10 40 2    

87 Enlight GAC 26.2 16.1   186.71 7.13 11.60     100 0    

88 Enlight GAC 26.2 16.1 470 299.53 11.43 18.60 5 40 55 4 *  

89 Enlight GAC 26.2 16.1   208.3 7.95 12.94 60 40   3    

90 Enlight GAC 26.2 16.1   228.31 8.71 14.18 20 80   3    

91 Enlight GAC 26.2 16.1   356.01 13.59 22.11 10 20 70 4 *  

92 Enlight GAC 26.2 16.1   357.18 13.63 22.19 20 80   3    

93 Enlight GAC 26.2 16.1   261.61 9.99 16.25   90 10 2    

94 Enlight GAC 26.2 16.1   245.79 9.38 15.27   50 50 4 *  

95 Enlight GAC 26.2 16.1   163.41 6.24 10.15   10
0 

  3 
  

 

96 Enlight GAC 26.2 16.1   266.2 10.16 16.53 25 30 45 4 *  

 

 

Abbreviations in tables 4.1b – j 

 

# Specimen number 

Bracket base size 1 Contact surface area measured with the reflex microscope 

Bracket base size 2 Contact surface area calculated mathematically 

MPa 1 Stress values calculated using the reflex microscope measurements 

MPa 2 Stress values calculated mathematically 

b/a % % of the debond fracture at the base adhesive interface. 

a % % of the debond fracture in the adhesive (cohesive failure) 

a/e % % of the debond fracture at the enamel adhesive interface. 

ARI Adhesive remnant index 

* Denotes incidents of enamel damage 

 



 

 

Table 4.1h:   

Results of the 3M bracket/Sure Ortho Light Bond adhesive resin combination. 

 

         fracture location    

 adhesive bracket bracket base size light  force MPa MPa b/a a a/e ARI    

# agent   1 2 intensity N 1 2 % % %     
 

               
97 Sure Bond 3M 25.05 16 460 347.99 13.89 21.75 20 40 40 4 *  

98 Sure Bond 3M 25.05 16   268.84 10.73 16.80 100     3    

99 Sure Bond 3M 25.05 16   292.34 11.67 18.27 80 20   3    

100 Sure Bond 3M 25.05 16   285.07 11.38 17.82 90 10   3    

101 Sure Bond 3M 25.05 16   265.23 10.59 16.58 50 50   3    

102 Sure Bond 3M 25.05 16   217.98 8.70 13.62 40 60   3    

103 Sure Bond 3M 25.05 16   284.31 11.35 17.77 100     3    

104 Sure Bond 3M 25.05 16 463 347.05 13.85 21.69   20 80 4 *  

105 Sure Bond 3M 25.05 16   339.13 13.54 21.20 100     3    

106 Sure Bond 3M 25.05 16   371.63 14.84 23.23 15 85   3    

107 Sure Bond 3M 25.05 16   297.08 11.86 18.57 70 10 20 2    

108 Sure Bond 3M 25.05 16   248.86 9.93 15.55 70   30 2    

109 Sure Bond 3M 25.05 16   170 6.79 10.63 60 40   3    

110 Sure Bond 3M 25.05 16   251.34 10.03 15.71   80 20 2    

111 Sure Bond 3M 25.05 16   216.13 8.63 13.51   60 40 4 *  

112 Sure Bond 3M 25.05 16   151.92 6.06 9.50 20 10 70 4 *  

 

Abbreviations in tables 4.1b – j 

 

# Specimen number 

Bracket base size 1 Contact surface area measured with the reflex microscope 

Bracket base size 2 Contact surface area calculated mathematically 

MPa 1 Stress values calculated using the reflex microscope measurements 

MPa 2 Stress values calculated mathematically 

b/a % % of the debond fracture at the base adhesive interface. 

a % % of the debond fracture in the adhesive (cohesive failure) 

a/e % % of the debond fracture at the enamel adhesive interface. 

ARI Adhesive remnant index 

* Denotes incidents of enamel damage 

 



 

Table 4.1i:   

Results of the Ormco bracket/Sure Ortho Light Bond adhesive resin combination. 

 

         fracture location    

  adhesive bracket bracket base size light  force MPa MPa b/a a a/e ARI    

# agent   1 2 intensity N 1 2 % % %      

                 
                 

113 Sure Bond Ormco 20.9 14.3 470 99.6 4.77 6.97 60 30 10 2    

114 Sure Bond Ormco 20.9 14.3   118.58 5.67 8.29 80   20 2    

115 Sure Bond Ormco 20.9 14.3   163.89 7.84 11.46 40 20 40 2    

116 Sure Bond Ormco 20.9 14.3   120.99 5.79 8.46 20   80 1    

117 Sure Bond Ormco 20.9 14.3   154.04 7.37 10.77 90 10   3    

118 Sure Bond Ormco 20.9 14.3   113.3 5.42 7.92 100     3    

119 Sure Bond Ormco 20.9 14.3   200.08 9.57 13.99 90 10   3    

120 Sure Bond Ormco 20.9 14.3 465 172.2 8.24 12.04 90 10   3    

121 Sure Bond Ormco 20.9 14.3   290.95 13.92 20.35 90 10   3    

122 Sure Bond Ormco 20.9 14.3   359.81 17.22 25.16 60 10 30 2    

123 Sure Bond Ormco 20.9 14.3   138.13 6.61 9.66 80   20 2    

124 Sure Bond Ormco 20.9 14.3   120.31 5.76 8.41 100     3    

125 Sure Bond Ormco 20.9 14.3   145.02 6.94 10.14 100     3    

126 Sure Bond Ormco 20.9 14.3   152.06 7.28 10.63 90 10   3    

127 Sure Bond Ormco 20.9 14.3   75.61 3.62 5.29 100     3    

128 Sure Bond Ormco 20.9 14.3   123.15 5.89 8.61 100     3    

 

Abbreviations in tables 4.1b – j 

 

# Specimen number 

Bracket base size 1 Contact surface area measured with the reflex microscope 

Bracket base size 2 Contact surface area calculated mathematically 

MPa 1 Stress values calculated using the reflex microscope measurements 

MPa 2 Stress values calculated mathematically 

b/a % % of the debond fracture at the base adhesive interface. 

a % % of the debond fracture in the adhesive (cohesive failure) 

a/e % % of the debond fracture at the enamel adhesive interface. 

ARI Adhesive remnant index 

* Denotes incidents of enamel damage 

 



 

Table 4.1j:   

Results of the GAC bracket/Sure Ortho Light Bond adhesive resin combination. 

 

Abbreviations in tables 4.1b – j 

 

# Specimen number 

Bracket base size 1 Contact surface area measured with the reflex microscope 

Bracket base size 2 Contact surface area calculated mathematically 

MPa 1 Stress values calculated using the reflex microscope measurements 

MPa 2 Stress values calculated mathematically 

b/a % % of the debond fracture at the base adhesive interface. 

a % % of the debond fracture in the adhesive (cohesive failure) 

a/e % % of the debond fracture at the enamel adhesive interface. 

ARI Adhesive remnant index 

* Denotes incidents of enamel damage 

 

         fracture location    

  adhesive bracket bracket base size light  force MPa MPa b/a a a/e ARI    

# agent   1 2 intensity N 1 2 % % %      

                 
                 

129 Sure Bond GAC 26.2 16.1 470 303.28 11.58 18.84   25 75 4 *  

130 Sure Bond GAC 26.2 16.1   375.24 14.32 23.31   100   3    

131 Sure Bond GAC 26.2 16.1   338.34 12.91 21.01 10 60 30 4 *  

132 Sure Bond GAC 26.2 16.1   270.25 10.31 16.79   70 30 4 *  

133 Sure Bond GAC 26.2 16.1   281.7 10.75 17.50 10   90 1    

134 Sure Bond GAC 26.2 16.1   361.04 13.78 22.42   100   3    

135 Sure Bond GAC 26.2 16.1   253.2 9.66 15.73 20 80   3    

136 Sure Bond GAC 26.2 16.1 480 290.29 11.08 18.03 10 90   3    

137 Sure Bond GAC 26.2 16.1   284.02 10.84 17.64   40 60 4 *  

138 Sure Bond GAC 26.2 16.1   325.88 12.44 20.24   40 60 4 *  

139 Sure Bond GAC 26.2 16.1   325.64 12.43 20.23   100   3    

140 Sure Bond GAC 26.2 16.1   286.86 10.95 17.82   20 80 4 *  

141 Sure Bond GAC 26.2 16.1   318.29 12.15 19.77   10 90 4 *  

142 Sure Bond GAC 26.2 16.1   244.77 9.34 15.20   30 70 4 *  

143 Sure Bond GAC 26.2 16.1   255.9 9.77 15.89   100   3    

144 Sure Bond GAC 26.2 16.1   382.9 14.61 23.78   20 80 4 *  



4.2  Statistical treatment of shear bond strengths in Newtons: 

 

The data in Newtons obtained from the tests performed with Zwick Universal Tester 

were statistically analysed and presented as follows. 

 

Table 4.2a:  

Abbreviations used in the statistical analyses. 

Abbreviation Description 

Ormco or Oc Ormco Optimesh XRT stainless steel molar brackets. 

GAC GAC stainless steel molar brackets. 

3M 3M Unitek Victory Series stainless steel molar brackets. 

Enl Enlight adhesive resin. 

SB Sure Ortho Light Bond adhesive resin. 

Tb or Tc Transbond XT adhesive resin. 

 

 

 

Table 4.2b:   

Pivot table of shear bond strengths (average, standard deviation, minimum and 

maximum) of each bracket/adhesive resin combination in Newtons. 

 3M GAC Ormco All 

 Enl SB Tb  Enl SB Tb Enl SB Tb groups 

Count 16 16 15 16 16 16 16 16 16 143 

Average  245.6 272.2 294.9 242.2 306.1 272.6 121.5 159.2 147.1 228.6 

Standard 
deviation 56.1 62.8 70.8 67.3 43.0 54.5 20.4 72.5 55.2 85.8 

Minimum 117.7 151.9 138.3 112.3 244.8 104.2 77.2 75.6 82.3 75.6 

Maximum 347.1 371.6 399.4 357.2 382.9 333.9 154.0 359.8 294.6 399.4 

 
 

 

 



 
 

Figure 4.2a:   

Box plot showing the shear bond strengths in Newtons (Amount) of each bracket/adhesive  

Combination (Variables). 

Each box represents (the interquartile area) 50% of the readings for each combination. 
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The red line in each box represents the median. 

The green and red dots are representative of extreme values obtained 



4.2.1:    The analysis of variance report (ANOVA): 

Shear bond strengths (Newtons) 

 

 

Figure 4.2.1a: 

A simplified diagram summarising the Tukey-Kramer multiple comparison test (Newtons). 

 

The figure 4.2.1a shows two distinct groupings indicated as black boxes.  All the Ormco 

bracket/adhesive resins combinations fell into the same group which was significantly different 

from all the 3M and GAC bracket/adhesive resin combinations.  

 

Highlighted in yellow are the average shear bond strengths (from table 4.2b) of all the GAC and 

3M bracket/adhesive resin combinations showing the extent of the differences (in Newtons) 

between the two groupings. 

 

 

Abbreviation Description 

Ormco Ormco Optimesh XRT molar brackets. 

GAC GAC molar brackets. 

3M 3M Unitek Victory Series molar brackets. 

Enl Enlight adhesive resin. 

SB Sure Ortho Light Bond adhesive resin. 

Tb or Tc Transbond XT adhesive resin. 

 

 

 

                    

                 
           

              

Group Oc&Enl Oc&Tb Oc&SB GAC&Enl 3M&Enl 3M&SB GAC&Tb 3M&Tb GAC&S 

Mean 121.5 147.1 159.2 242.2 245.6 272.2 272.6 281.8 306.1 



 

 



Table 4.2.1a: 

Kruskal-Wallis One-Way ANOVA on Ranks 
 
Hypotheses 
Ho: All medians are equal. 
Ha: At least two medians are different. 

Test Results 
 
  Chi-Square Prob 
Method DF (H) Level Decision(0.05) 
Not Corrected for Ties 8 72.28906 0.000000 Reject Ho 
Corrected for Ties 8 72.28921 0.000000 Reject Ho 
 
Number Sets of Ties 1 
Multiplicity Factor 6 
 

Group Detail 
 Sum of              Mean 

Group Count Ranks Rank Z-Value Median 
3M&Enl 16 1245.00 77.81 0.5403 252.935 
3M&SB 16 1498.00 93.63 2.1486 276.575 
3M&Tb 16 1602.00 100.13 2.8097 302.275 
GAC&Enl 16 1236.00 77.25 0.4831 246.23 
GAC&SB 16 1759.00 109.94 3.8078 296.785 
GAC&Tb 16 1494.00 93.38 2.1232 280.055 
Oc&Enl 16 365.50 22.84 -5.0505 120.875 
Oc&SB 16 673.50 42.09 -3.0926 141.575 
Oc&Tb 16 567.00 35.44 -3.7696 135.82 
 

Means and Effects Section 
   Standard  
Term Count Mean Error Effect 
All 144 227.6076  14.22547 
A: Br_Combo_Ad 
3M&Enl 16 245.6394 15.03782 231.4139 
3M&SB 16 272.1812 15.03782 257.9558 
3M&Tb 16 281.8412 15.03782 267.6158 
GAC&Enl 16 242.2444 15.03782 228.0189 
GAC&SB 16 306.1 15.03782 291.8745 
GAC&Tb 16 272.605 15.03782 258.3795 
Oc&Enl 16 121.5331 15.03782 107.3077 
Oc&SB 16 159.2325 15.03782 145.007 
Oc&Tb 16 147.0912 15.03782 132.8658 
 

 
 

Abbreviation Description 

Ormco or Oc Ormco Optimesh XRT molar brackets. 

GAC GAC molar brackets. 

3M 3M Unitek Victory Series molar brackets. 

Enl Enlight adhesive resin. 



Abbreviation Description 

SB Sure Ortho Light Bond adhesive resin. 

Tb or Tc Transbond XT adhesive resin. 

 



Table 4.2.1b: 

A summary of the rankings from lowest to the highest according to the median, the 

mean shear bond strength and the average rank of each combination.   

Median Mean. Av Rank 

Oc & Enl Oc & Enl Oc & Enl 

Oc & Tb Oc & Tb Oc & Tb 

Oc & SB Oc & SB Oc & SB 

GAC &Enl GAC &Enl GAC & Enl 

3M & Enl 3M & Enl 3M & Enl 

3M & SB 3M & SB GAC & Tb 

GAC &Tb GAC &Tb 3M & SB 

GAC & SB 3M & Tb 3M & Tb 

3M & Tb GAC & SB GAC & SB 

 

The yellow highlights show rankings that follow the same order. 

Abbreviation Description 

Ormco or Oc Ormco Optimesh XRT molar brackets. 

GAC GAC molar brackets. 

3M 3M Unitek Victory Series molar brackets. 

Enl Enlight adhesive resin. 

SB Sure Ortho Light Bond adhesive resin. 

Tb or Tc Transbond XT adhesive resin. 
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Figure 4.2.1b 



The graphic plot of the Means section of the bracket/adhesive combinations 

(Br_Combo_Ad) of the Kruskal-Wallis one way ANOVA expressed in Newtons. 



Table 4.2.1c: 

Kruskal-Wallis Multiple-Comparison chart (Z-Value T est) – Newtons. 

 

Newtons 3M&Enl 3M&SB 3M&Tb GAC&Enl GAC&SB GAC&Tb Oc&Enl Oc&SB Oc&Tb 

3M&Enl 0 1.0722 1.5129 0.0381 2.1783 1.0552 3.7272 2.4220 2.8733 

3M&SB 1.0722 0 0.4407 1.1103 1.0161 0.0170 4.7994 3.4941 3.9455 

3M&Tb 1.5129 0.4407 0 1.5511 0.6654 0.4577 5.2402 3.9349 4.3862 

GAC&Enl 0.0381 1.1103 1.5511 0 2.2164 1.0934 3.6891 2.3838 2.8352 

GAC&SB 2.1783 1.1061 0.6654 2.2164 0 1.1230 5.9055 4.6002 5.0516 

GAC&Tb 1.0552 0.0170 0.4577 1.0934 1.1230 0 4.7825 3.4772 3.9285 

Oc&Enl 3.7272 4.7994 5.2402 3.6891 5.9055 4.7825 0 1.3053 0.8539 

Oc&SB 2.4220 3.4941 3.9349 2.3838 4.6002 3.4772 1.3053 0 0.4513 

Oc&Tb 2.8733 3.9455 4.3862 2.8352 5.0516 3.9285 0.8539 0.4513 0 

 

 

The highlighted blocks show the intrabracket combinations.  

The Regular test shows the medians to be significantly different from one another when 

the z-value is greater than 1.9600. 

The Bonferroni test shows the medians to be significantly different from one another 

when the z-value is greater than 3.1970.  This Bonferroni test is a stronger test that is 

used to show a more substantial statistical difference. 

 

 

Abbreviation Description 

Ormco or Oc Ormco Optimesh XRT molar brackets. 

GAC GAC molar brackets. 

3M 3M Unitek Victory Series molar brackets. 

Enl Enlight adhesive resin. 

SB Sure Ortho Light Bond adhesive resin. 

Tb or Tc  Transbond XT adhesive resin. 

 

 

 



4.3  Statistical treatment of shear bond strengths mega Pascals. 
 

The contact surface area of each bracket was calculated in two different ways.  The first 

way was by means of a reflex microscope in order to account for the concavity of the 

adhesive surface as well as the 3 dimensional topography the mesh design.  The second 

method of contact surface area calculation was by means of the length and breadth of the 

bracket base.  From these two measurements the units of stress were calculated 

separately and presented in the pivot tables below.  

 

The remaining analyses were done only on the values obtained from the reflex 

microscopic readings. 

 

Table 4.3a:   

A pivot table of shear bond strength expressed in MPa for the three dimensional 

contact surface area (average, standard deviation, minimum and maximum). 

  3M GAC Ormco  
 

  Enl SB Tb Enl SB Tb  Enl SB Tb   

Count  16 16 15 16 16 16 16 16 16 143  

Average  9.8 10.9 11.8 9.2 11.7 10.4 5.8 7.6 7.0 9.3  

Standard 
deviation 2.2 2.5 2.8 2.6 1.6 2.1 1 3.5 2.6 3.1 

 

Minimum 4.7 6.1 5.5 4.3 9.3 4 3.7 3.6 3.9 3.6  

Maximum 13.9 14.8 16.0 13.6 14.6 12.7 7.4 17.2 14.1 17.2  
 

 

Table 4.3b:   

A pivot table of shear bond strengths expressed in MPa for the two dimensional 

contact surface area (average, standard deviation, minimum and maximum). 

  3M GAC Ormco   

  Enl SB Tb Enl SB Tb  Enl SB Tb   

Count  16 16 15 16 16 16 16 16 16 143   

Average  15.4 17.0 18.4 15.0 19.0 16.9 8.5 11.1 10.3 14.6   

Standard 
deviation 3.5 3.9 4.4 4.2 2.7 3.4 1.4 5.1 3.9 5.1 

  

Minimum 7.4 9.5 8.6 7 15.2 6.5 5.4 5.3 5.8 5.3   

Maximum 21.7 23.2 25 22.2 23.8 20.7 10.8 25.2 20.6 25.2   
 



 

Figure 4.3a:   

A box plot showing the shear bond strengths in MPa (Amount), of each 

bracket/adhesive combination (variables). 

Each box represents (the interquartile area) 50% of the readings for each combination. 
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The red line in each box represents the median of each combination. 

The green and red dots are representative of extreme values obtained. 



4.3.1    The analysis of variance report (ANOVA): 

Shear bond strengths (MPa) 

           
              
           

                 
           
              
           
              
Group Oc&Enl Oc&Tb Oc&SB GAC&Enl 3M&Enl GAC&Tb 3M&SB 3M&Tb GAC&SB 

Mean 5.8 7.0 7.6 9.2 9.8 10.4 10.9 11.3 11.7 

Figure 4:3.1a   

A simplified diagram summarising the Tukey-Kramer Multiple-Comparison Test 

using the three dimensional base size. 

 

The black boxes indicate distinct groupings of shear bond strengths of bracket/adhesive 

combinations.  Some bracket/adhesive combinations occur in three of shear bond strength 

groups.  Sure ortho Light bond and transbond in combination with either the 3M or GAC 

brackets show significantly different shear bond strengths from the other combinations in 

this study. 

Figure 4.3.1b:   

A simplified diagram summarising the Tukey-Kramer Multiple-Comparison Test 

using the two dimensional base size. 

 

Depending on how the base size was determined different groupings appeared.  The three 

dimensional base measurements show different groupings from the two dimensional 

base. 

Abbreviation Description 

Ormco Ormco Optimesh XRT molar brackets. 

GAC GAC molar brackets. 

                    
                 
           
              
Group Oc&Enl Oc&Tb Oc&SB GAC&Enl 3M&Enl 3M&SB GAC&Tb 3M&Tb GAC&SB 

Mean 8.5 10.3 11.1 15.0 15.4 17.0 16.9 18.4 19.0 



Abbreviation Description 

3M 3M Unitek Victory Series molar brackets. 

Enl Enlight adhesive resin. 

SB Sure Ortho Light Bond adhesive resin. 

Tb or Tc Transbond XT adhesive resin. 



Table 4.3.1a: 

The Kruskal-Wallis One-Way ANOVA on Ranks based on three dimensional 

contact surface area (the Reflex Microscopic readings). 

Hypotheses 

Ho: All medians are equal. 

Ha: At least two medians are different. 

Test Results 
    Chi-Square Prob 
Method   DF (H)  Level  Decision(0.05) 
Not Corrected for Ties 8 58.2118 0.000000 Reject Ho 
Corrected for Ties 8 58.21192 0.000000 Reject Ho 
 
Number Sets of Ties 1 
Multiplicity Factor 6 
 

Group Detail 
   Sum of  Mean 
Group  Count Ranks  Rank  Z-Value Median 
3M&Enl  16 1260.00 78.75  0.6357  10.09721 
3M&SB  16 1508.00 94.25  2.2122  11.04092 
3M&Tb  16 1598.00 99.88  2.7843  12.06687 
GAC&Enl 16 1129.00  70.56  -0.1971  9.398091 
GAC&SB 16 1684.00 105.25  3.3310  11.32767 
GAC&Tb 16 1415.00 88.44  1.6210  10.68912 
Oc&Enl  16 409.50  25.59  -4.7708  5.783493 
Oc&SB  16 760.50  47.53  -2.5396  6.773923 
Oc&Tb  16 676.00  42.25  -3.0767  6.498565 

Means and Effects Section 
       Standard  
Term   Count  Mean  Error  Effect 
All   144  9.303133   0.5814458 
A: Br_Combo_Ad 
3M&Enl   16  9.805964 0.6273584 9.224517 
3M&SB   16  10.86552 0.6273584 10.28407 
3M&Tb   16  11.25115 0.6273584 10.6697 
GAC&Enl  16  9.245969 0.6273584 8.664523 
GAC&SB  16  11.68321 0.6273584 11.10176 
GAC&Tb  16  10.40477 0.6273584 9.823325 
Oc&Enl   16  5.814982 0.6273584 5.233536 
Oc&SB   16  7.61878 0.6273584 7.037334 
Oc&Tb   16  7.037859 0.6273584 6.456413 

 

Abbreviation Description 

Ormco Ormco Optimesh XRT molar brackets. 

GAC GAC molar brackets. 

3M 3M Unitek Victory Series molar brackets. 

Enl Enlight adhesive resin. 



Abbreviation Description 

SB Sure Ortho Light Bond adhesive resin. 

Tb or Tc Transbond XT adhesive resin. 



Table 4.3.1b :  

A summary of the rankings from lowest to highest according to the median, the mean shear 

bond strength and the average rank of each combination based on the three dimensional 

contact surface area of each bracket. 

Median Mean Av Rank 
Oc&Enl Oc&Enl Oc&Enl 
Oc&Tb Oc&Tb Oc&Tb 
Oc&SB Oc&SB Oc&SB 

GAC&Enl GAC&Enl GAC&Enl 
3M&Enl 3M&Enl 3M&Enl 
GAC&Tb GAC&Tb GAC&Tb 
3M&SB 3M&SB 3M&SB 

GAC&SB 3M&Tb 3M&Tb 
3M&Tb GAC&SB GAC&SB 

 

The yellow highlights show rankings that follow the same order. 

Abbreviation Description 

Ormco Ormco Optimesh XRT molar brackets. 

GAC GAC molar brackets. 

3M 3M Unitek Victory Series molar brackets. 

Enl Enlight adhesive resin. 

SB Sure Ortho Light Bond adhesive resin. 

Tb or Tc Transbond XT adhesive resin. 

 

 

Figure 4.3.1c 

The graphic plot of the Means section of all the bracket/adhesive combinations 

5.00

6.75

8.50

10.25

12.00

3M&Enl 3M&SB 3M&Tb GAC&Enl GAC&SB GAC&Tc Oc&Enl Oc&SB Oc&Tb

Means of MPa

Br_Combo_Ad

M
P

a

 



(Br_Combo_Ad) of the Kruskal-Wallis one way ANOVA expressed in MPa. 



Table 4.3.1c 

The Kruskal – Wallis multiple comparison chart (Z-value test) for stress values. 
 

 

 

The highlighted blocks show the intrabracket combinations. 

The Regular test shows the medians to be significantly different from one another when 

the z-value is greater than 1.9600. 

The Bonferroni test shows the medians to be significantly different from one another 

when the z-value is greater than 3.1970.  This Bonferroni test is the stronger test and is 

used to show a more substantial statistical difference. 

 

Abbreviation Description 

Ormco Ormco Optimesh XRT molar brackets. 

GAC GAC molar brackets. 

3M 3M Unitek Victory Series molar brackets. 

Enl Enlight adhesive resin. 

SB Sure Ortho Light Bond adhesive resin. 

Tb or Tc Transbond XT adhesive resin. 

 

 

 

 

          
MPa 3M&Enl 3M&SB 3M&Tb GAC&Enl GAC&SB GAC&Tb Oc&Enl Oc&SB Oc&Tb 

3M&Enl 0 1.051 1.4324 0.5552 1.7969 0.6569 3.6043 2.1168 2.4749 

3M&SB 1.051 0 0.3814 1.6062 0.7459 0.3941 4.6553 3.1678 3.5259 

3M&Tb 1.4324 0.3814 0 1.9876 0.3645 0.7755 5.0367 3.5492 3.9073 

GAC&Enl 0.5552 1.6062 1.9876 0 2.352 1.212 3.0492 1.5617 1.9198 

GAC&SB 1.7969 0.7459 0.3645 2.352 0 1.14 5.4012 3.9137 4.2718 

GAC&Tb 0.6569 0.3941 0.7755 1.212 1.14 0 4.2612 2.7737 3.1318 

Oc&Enl 3.6043 4.6553 5.0367 3.0492 5.4012 4.2612 0 1.4875 1.1294 

Oc&SB 2.1168 3.1678 3.5492 1.5617 3.9137 2.7737 1.4875 0 0.3581 

Oc&Tb 2.4749 3.5259 3.9073 1.9198 4.2718 3.1318 1.1294 0.3581 0 



4.4  The adhesive remnant index results 

 

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. 

 

 

Table 4.4a: 

Analysis of the adhesive remnant index: 

 

The row indicating enamel damage (ARI 4) is highlighted.  The green highlights indicate 

a statistically significant incidence of enamel damage associated with two of the 

bracket/adhesive resin combinations. 

 

The 3M bracket/Transbond XT adhesive resin had only 15 specimens analysed as the 

incorrect crosshead speed was used on specimen number 1 (table 4.1b). 

Contingency Table

3M Brackets GAC Brackets Ormco Brackets
ARI Enlight Surebond Transbond Enlight Surebond Transbond Enlight Surebond Transbond TOTAL

0 0 0 0 1 0 3 0 0 0 4
1, 2 & 3 15 12 15 8 7 11 16 16 16 116

4 1 4 7 9 2 23
Total TOTAL 16 16 15 16 16 16 16 16 16 143

Test Statistic CHI-Squared = 62.1438
P-Value = 0



Table 4.4b 
The Spearman rank correlations all groups 

 
Correlation (N) 
p-value 
number tested 
 
 
 
 
 
 
 
 
 
 
This table shows: 

• The 

correlatio

n in MPa and Newtons. 

This correlation is expressed as a value between –1 and 1. 

A negative value indicates a negative correlation between the pairs. 

A positive value indicates a positive correlation between the pairs. 

A value of zero indicates no correlation between the pairs. 

• The p-value. 

The value indicates the risk of error. 

A p-value of 0.0001 indicates a chance of 1 in 10000 of making an error. 

• The number tested 

The number of specimens tested. 

 

B_a_ Represents the correlation at the bracket adhesive interface, including the 

p-value and the number tested. 

a_ Represents the correlation for cohesive fractures, including the p-value and 

the number tested. 

a_e_ Represents the correlation at the adhesive enamel interface, including the 

p-value and the number tested. 

Newton MPa B_a_ a_ a_e_ ARI
Newton 1 0.994 -0.617 0.360 0.371 0.037

0 0.00000 0.00000 0.00002 0.00001 0.67137
135 135 135 135 135 135

MPa 0.994 1 -0.565 0.329 0.348 0.017
0.00000 0 0.00000 0.00010 0.00004 0.84744

135 135 135 135 135 135
B_a_ -0.617 -0.565 1 -0.511 -0.607 0.085

0.00000 0.00000 0 0.00000 0.00000 0.31240
135 135 143 143 143 143

a_ 0.360 0.329 -0.511 1 -0.231 0.421
0.00002 0.00010 0.00000 0 0.00541 0.00000

135 135 143 143 143 143
a_e_ 0.371 0.348 -0.607 -0.231 1 -0.449

0.00001 0.00004 0.00000 0.00541 0 0.00000
135 135 143 143 143 143

ARI 0.037 0.017 0.085 0.421 -0.449 1
0.67137 0.84744 0.31240 0.00000 0.00000 0

135 135 143 143 143 143



Table 4.4c 

The Spearman rank Correlation matrices for 3M Unitek bracket/Transbond 

adhesive resin 

combination. 

 

 

 

 
 
 
 
 
 
 
 
This table 

shows: 

• The correlation in MPa and Newtons. 

This correlation is expressed as a value between –1 and 1. 

A negative value indicates a negative correlation between the pairs. 

A positive value indicates a positive correlation between the pairs. 

A value of zero indicates no correlation between the pairs. 

• The p-value. 

The value indicates the risk of error. 

A p-value of 0.0001 indicates a chance of 1 in 10000 of making an error. 

• The number tested 

The number of specimens tested. 

 

B_a_ Represents the correlation at the bracket adhesive interface, including the 

p-value and the number tested. 

a_ Represents the correlation for cohesive fractures, including the p-value and 

the number tested. 

a_e_ Represents the correlation at the adhesive enamel interface, including the 

p-value and the number tested. 

Newton MPa B_a_ a_ a_e_ ARI
Newton 1 1.000 -0.601 0.091 0.530 -0.293

0 0 0.02968 0.76789 0.06243 0.33048
13 13 13 13 13 13

MPa 1.000 1 -0.601 0.091 0.530 -0.293
0.00000 0 0.02968 0.76789 0.06243 0.33048

13 13 13 13 13 13
B_a_ -0.601 -0.601 1 -0.456 -0.491 0.164

0.02968 0.02968 0 0.08761 0.06310 0.55995
13 13 15 15 15 15

a_ 0.091 0.091 -0.456 1 -0.443 0.435
0.76789 0.76789 0.08761 0 0.09837 0.10544

13 13 15 15 15 15
a_e_ 0.530 0.530 -0.491 -0.443 1 -0.838

0.06243 0.06243 0.06310 0.09837 0 0.00009
13 13 15 15 15 15

ARI -0.293 -0.293 0.164 0.435 -0.838 1
0.33048 0.33048 0.55995 0.10544 0.00009 0

13 13 15 15 15 15





Table 4.4d 

The Spearman rank correlation matrices for Ormco bracket/Transbond adhesive 

resin combination. 

 
 
 
 
 
 
 
 
 
 
 
 
 
This table 

shows: 

• The 

correlation in MPa and Newtons. 

This correlation is expressed as a value between –1 and 1. 

A negative value indicates a negative correlation between the pairs. 

A positive value indicates a positive correlation between the pairs. 

A value of zero indicates no correlation between the pairs. 

• The p-value. 

The value indicates the risk of error. 

A p-value of 0.0001 indicates a chance of 1 in 10000 of making an error. 

• The number tested 

The number of specimens tested. 

 

B_a_ Represents the correlation at the bracket adhesive interface, including the 

p-value and the number tested. 

a_ Represents the correlation for cohesive fractures, including the p-value and 

the number tested. 

a_e_ Represents the correlation at the adhesive enamel interface, including the 

Newton MPa B_a_ a_ a_e_ ARI
Newton 1 1.000 -0.419 0.382 0.244 -0.322

0 0 0.13586 0.17744 0.40044 0.26116
14 14 14 14 14 14

MPa 1.000 1 -0.419 0.382 0.244 -0.322
0.00000 0 0.13586 0.17744 0.40044 0.26116

14 14 14 14 14 14
B_a_ -0.419 -0.419 1 -0.392 -0.665 0.621

0.13586 0.13586 0 0.13370 0.00495 0.01030
14 14 16 16 16 16

a_ 0.382 0.382 -0.392 1 -0.294 0.149
0.17744 0.17744 0.13370 0 0.26867 0.58304

14 14 16 16 16 16
a_e_ 0.244 0.244 -0.665 -0.294 1 -0.929

0.40044 0.40044 0.00495 0.26867 0 0.00000
14 14 16 16 16 16

ARI -0.322 -0.322 0.621 0.149 -0.929 1
0.26116 0.26116 0.01030 0.58304 0.00000 0

14 14 16 16 16 16



p-value and the number tested. 

 



Table 4.4e 

The Spearman rank correlation matrices for GAC bracket/Transbond adhesive 

resin combination 

 
 
 
 
 
 
 
 
 
 
 
This table 

shows: 

• The 

correlat

ion in MPa and Newtons. 

This correlation is expressed as a value between –1 and 1. 

A negative value indicates a negative correlation between the pairs. 

A positive value indicates a positive correlation between the pairs. 

A value of zero indicates no correlation between the pairs. 

• The p-value. 

The value indicates the risk of error. 

A value of 0.0001 indicates a chance of 1 in 10000 of making an error. 

• The number tested 

The number of specimens tested. 

 

B_a_ Represents the correlation at the bracket adhesive interface, including the 

p-value and the number tested. 

a_ Represents the correlation for cohesive fractures, including the p-value and 

the number tested. 

a_e_ Represents the correlation at the adhesive enamel interface, including the 

p-value and the number tested. 

Newton MPa B_a_ a_ a_e_ ARI
Newton 1 1.000 0.188 0.346 -0.499 0.456

0 0 0.50123 0.20624 0.05820 0.08748
15 15 15 15 15 15

MPa 1.000 1 0.188 0.346 -0.499 0.456
0.00000 0 0.50123 0.20624 0.05820 0.08748

15 15 15 15 15 15
B_a_ 0.188 0.188 1 0.008 -0.317 0.450

0.50123 0.50123 0 0.97600 0.23142 0.07995
15 15 16 16 16 16

a_ 0.346 0.346 0.008 1 -0.913 0.788
0.20624 0.20624 0.97600 0 0.00000 0.00029

15 15 16 16 16 16
a_e_ -0.499 -0.499 -0.317 -0.913 1 -0.880

0.05820 0.05820 0.23142 0.00000 0 0.00001
15 15 16 16 16 16

ARI 0.456 0.456 0.450 0.788 -0.880 1
0.08748 0.08748 0.07995 0.00029 0.00001 0

15 15 16 16 16 16





Table 4.4f 

The Spearman rank correlation matrices for the 3M brackets/Enlight adhesive resin 

combination. 

 
 
 
 
 
 
 
 
 
 
 
 
 
This table 

shows: 

• The 

correlation in MPa and Newtons. 

This correlation is expressed as a value between –1 and 1. 

A negative value indicates a negative correlation between the pairs. 

A positive value indicates a positive correlation between the pairs. 

A value of zero indicates no correlation between the pairs. 

• The p-value. 

The value indicates the risk of error. 

A value of 0.0001 indicates a chance of 1 in 10000 of making an error. 

• The number tested 

The number of specimens tested. 

 

B_a_ Represents the correlation at the bracket adhesive interface, including the 

p-value and the number tested. 

a_ Represents the correlation for cohesive fractures, including the p-value and 

the number tested. 

a_e_ Represents the correlation at the adhesive enamel interface, including the 

Newton MPa B_a_ a_ a_e_ ARI
Newton 1 1.000 0.050 -0.162 -0.085 0.336

0 0 0.85866 0.56472 0.76339 0.22082
15 15 15 15 15 15

MPa 1.000 1 0.050 -0.162 -0.085 0.336
0.00000 0 0.85866 0.56472 0.76339 0.22082

15 15 15 15 15 15
B_a_ 0.050 0.050 1 0.269 -0.755 0.428

0.85866 0.85866 0 0.31323 0.00073 0.09783
15 15 16 16 16 16

a_ -0.162 -0.162 0.269 1 -0.745 0.596
0.56472 0.56472 0.31323 0 0.00092 0.01479

15 15 16 16 16 16
a_e_ -0.085 -0.085 -0.755 -0.745 1 -0.741

0.76339 0.76339 0.00073 0.00092 0 0.00103
15 15 16 16 16 16

ARI 0.336 0.336 0.428 0.596 -0.741 1
0.22082 0.22082 0.09783 0.01479 0.00103 0

15 15 16 16 16 16



p-value and the number tested. 



Table 4.4g 

The Spearman rank correlation matrices for the Ormco bracket/Enlight adhesive 

resin combination. 

 
 
 
 
 
 
 
 
 
 
 
 
This table 

shows: 

• The 

correlat

ion in MPa and Newtons. 

This correlation is expressed as a value between –1 and 1. 

A negative value indicates a negative correlation between the pairs. 

A positive value indicates a positive correlation between the pairs. 

A value of zero indicates no correlation between the pairs. 

• The p-value. 

The value indicates the risk of error. 

A value of 0.0001 indicates a chance of 1 in 10000 of making an error. 

• The number tested 

The number of specimens tested. 

 

B_a_ Represents the correlation at the bracket adhesive interface, including the 

p-value and the number tested. 

a_ Represents the correlation for cohesive fractures, including the p-value and 

the number tested. 

a_e_ Represents the correlation at the adhesive enamel interface, including the 

Newton MPa B_a_ a_ a_e_ ARI
Newton 1 1.000 -0.396 0.302 0.227 -0.307

0 0 0.12899 0.25612 0.39716 0.24722
16 16 16 16 16 16

MPa 1.000 1 -0.396 0.302 0.227 -0.307
0.00000 0 0.12899 0.25612 0.39716 0.24722

16 16 16 16 16 16
B_a_ -0.396 -0.396 1 -0.562 -0.876 0.863

0.12899 0.12899 0 0.02332 0.00001 0.00002
16 16 16 16 16 16

a_ 0.302 0.302 -0.562 1 0.210 -0.196
0.25612 0.25612 0.02332 0 0.43539 0.46585

16 16 16 16 16 16
a_e_ 0.227 0.227 -0.876 0.210 1 -0.979

0.39716 0.39716 0.00001 0.43539 0 0.00000
16 16 16 16 16 16

ARI -0.307 -0.307 0.863 -0.196 -0.979 1
0.24722 0.24722 0.00002 0.46585 0.00000 0

16 16 16 16 16 16



p-value and the number tested. 



Table 4.4h 
The Spearman rank correlation matrices for the GAC bracket/Enlight adhesive 

resin combination. 

 
 
 
 
 
 
 
 
 
 
 
 
This table 

shows: 

• The 

correlati

on in MPa and Newtons. 

This correlation is expressed as a value between –1 and 1. 

A negative value indicates a negative correlation between the pairs. 

A positive value indicates a positive correlation between the pairs. 

A value of zero indicates no correlation between the pairs. 

• The p-value. 

The value indicates the risk of error. 

A value of 0.0001 indicates a chance of 1 in 10000 of making an error. 

• The number tested 

The number of specimens tested. 

 

B_a_ Represents the correlation at the bracket adhesive interface, including the 

p-value and the number tested. 

a_ Represents the correlation for cohesive fractures, including the p-value and 

the number tested. 

a_e_ Represents the correlation at the adhesive enamel interface, including the 

Newton MPa B_a_ a_ a_e_ ARI
Newton 1 1.000 -0.193 0.041 0.212 0.332

0 0 0.47287 0.87894 0.42992 0.20916
16 16 16 16 16 16

MPa 1.000 1 -0.193 0.041 0.212 0.332
0.00000 0 0.47287 0.87894 0.42992 0.20916

16 16 16 16 16 16
B_a_ -0.193 -0.193 1 -0.287 -0.303 0.172

0.47287 0.47287 0 0.28184 0.25339 0.52315
16 16 16 16 16 16

a_ 0.041 0.041 -0.287 1 -0.766 -0.211
0.87894 0.87894 0.28184 0 0.00054 0.43272

16 16 16 16 16 16
a_e_ 0.212 0.212 -0.303 -0.766 1 0.334

0.42992 0.42992 0.25339 0.00054 0 0.20580
16 16 16 16 16 16

ARI 0.332 0.332 0.172 -0.211 0.334 1
0.20916 0.20916 0.52315 0.43272 0.20580 0

16 16 16 16 16 16



p-value and the number tested. 

 



Table 4.4i 
The Spearman rank correlation matrices for the 3M bracket/Sure Ortho Light 

Bond adhesive resin combination. 

 

 
 
 
 
 
 
 
 
 
 
This table 

shows: 

• The 

correlat

ion in MPa and Newtons. 

This correlation is expressed as a value between –1 and 1. 

A negative value indicates a negative correlation between the pairs. 

A positive value indicates a positive correlation between the pairs. 

A value of zero indicates no correlation between the pairs. 

• The p-value. 

The value indicates the risk of error. 

A value of 0.0001 indicates a chance of 1 in 10000 of making an error. 

• The number tested 

The number of specimens tested. 

 

B_a_ Represents the correlation at the bracket adhesive interface, including the 

p-value and the number tested. 

a_ Represents the correlation for cohesive fractures, including the p-value and 

the number tested. 

a_e_ Represents the correlation at the adhesive enamel interface, including the 

p-value and the number tested. 

Newton MPa B_a_ a_ a_e_ ARI
Newton 1 1.000 0.102 -0.045 -0.081 0.028

0 0 0.70638 0.86949 0.76506 0.91831
16 16 16 16 16 16

MPa 1.000 1 0.102 -0.045 -0.081 0.028
0.00000 0 0.70638 0.86949 0.76506 0.91831

16 16 16 16 16 16
B_a_ 0.102 0.102 1 -0.782 -0.631 -0.359

0.70638 0.70638 0 0.00035 0.00872 0.17236
16 16 16 16 16 16

a_ -0.045 -0.045 -0.782 1 0.048 0.137
0.86949 0.86949 0.00035 0 0.86081 0.61258

16 16 16 16 16 16
a_e_ -0.081 -0.081 -0.631 0.048 1 0.402

0.76506 0.76506 0.00872 0.86081 0 0.12250
16 16 16 16 16 16

ARI 0.028 0.028 -0.359 0.137 0.402 1
0.91831 0.91831 0.17236 0.61258 0.12250 0

16 16 16 16 16 16



 



Table 4.4j 
The Spearman rank correlation matrices for the Ormco bracket/Sure Ortho Light 

Bond adhesive resin combination. 

 
 
 
 
 
 
 
 
 
 
 
This table 

shows: 

• The 

correlat

ion in MPa and Newtons. 

This correlation is expressed as a value between –1 and 1. 

A negative value indicates a negative correlation between the pairs. 

A positive value indicates a positive correlation between the pairs. 

A value of zero indicates no correlation between the pairs. 

• The p-value. 

The value indicates the risk of error. 

A value of 0.0001 indicates a chance of 1 in 10000 of making an error. 

• The number tested 

The number of specimens tested. 

 

B_a_ Represents the correlation at the bracket adhesive interface, including the 

p-value and the number tested. 

a_ Represents the correlation for cohesive fractures, including the p-value and 

the number tested. 

a_e_ Represents the correlation at the adhesive enamel interface, including the 

p-value and the number tested. 

Newton MPa B_a_ a_ a_e_ ARI
Newton 1 1.000 -0.171 0.464 -0.126 0.205

0 0 0.55946 0.09477 0.66853 0.48107
14 14 14 14 14 14

MPa 1.000 1 -0.171 0.464 -0.126 0.205
0.00000 0 0.55946 0.09477 0.66853 0.48107

14 14 14 14 14 14
B_a_ -0.171 -0.171 1 -0.479 -0.882 0.881

0.55946 0.55946 0 0.06056 0.00001 0.00001
14 14 16 16 16 16

a_ 0.464 0.464 -0.479 1 0.114 -0.097
0.09477 0.09477 0.06056 0 0.67530 0.72142

14 14 16 16 16 16
a_e_ -0.126 -0.126 -0.882 0.114 1 -0.981

0.66853 0.66853 0.00001 0.67530 0 0.00000
14 14 16 16 16 16

ARI 0.205 0.205 0.881 -0.097 -0.981 1
0.48107 0.48107 0.00001 0.72142 0.00000 0

14 14 16 16 16 16



Table 4.4k 

The Spearman rank correlation matrices for the GAC bracket/Sure Ortho Light 

Bond adhesive resin combination. 

 
 
 
 
 
 
 
 
 
 
 
 
This table 

shows: 

• The 

correlat

ion in MPa and Newtons. 

This correlation is expressed as a value between –1 and 1. 

A negative value indicates a negative correlation between the pairs. 

A positive value indicates a positive correlation between the pairs. 

A value of zero indicates no correlation between the pairs. 

• The p-value. 

The value indicates the risk of error. 

A p-value of 0.0001 indicates a chance of 1 in 10000 of making an error. 

• The number tested 

The number of specimens tested. 

 

B_a_ Represents the correlation at the bracket adhesive interface, including the 

p-value and the number tested. 

a_ Represents the correlation for cohesive fractures, including the p-value and 

the number tested. 

a_e_ Represents the correlation at the adhesive enamel interface, including the 

Newton MPa B_a_ a_ a_e_ ARI
Newton 1 1.000 -0.225 0.101 -0.030 0.079

0 0 0.40159 0.71005 0.91132 0.77214
16 16 16 16 16 16

MPa 1.000 1 -0.225 0.101 -0.030 0.079
0.00000 0 0.40159 0.71005 0.91132 0.77214

16 16 16 16 16 16
B_a_ -0.225 -0.225 1 -0.010 -0.160 -0.433

0.40159 0.40159 0 0.97128 0.55390 0.09374
16 16 16 16 16 16

a_ 0.101 0.101 -0.010 1 -0.980 -0.481
0.71005 0.71005 0.97128 0 0.00000 0.05912

16 16 16 16 16 16
a_e_ -0.030 -0.030 -0.160 -0.980 1 0.510

0.91132 0.91132 0.55390 0.00000 0 0.04345
16 16 16 16 16 16

ARI 0.079 0.079 -0.433 -0.481 0.510 1
0.77214 0.77214 0.09374 0.05912 0.04345 0

16 16 16 16 16 16



p-value and the number tested. 



Table 4.4l 

The Spearman special correlation between the incidence of debonding fracture at 

the adhesive enamel interface and the adhesive remnant index with each bracket 

adhesive combination. 

 Correlation  

Bracket/adhesive a_e & ARI p-value 

3M & Tb -0.838 0.00009 

Oc & Tb -0.929 0.00000 

GAC & Tb -0.880 0.00001 

3M & Enl -0.741 0.00100 

Oc & Enl -0.979 0.00000 

GAC & Enl 0.334 0.20580 

3M & SB 0.402 0.12250 

Oc & SB -0.981 0.00000 

GAC & SB 0.510 0.04345 

 

The interpretation of these correlation coefficients show: 

• A negative value indicates a negative correlation between the force applied and 

the ARI, while a positive value indicates a positive correlation.   

• Any value greater than 0.9 indicates a statistically significant correlation. 

Yellow highlights 

• These correlations had a p-value indicating a margin of error of between 4% and 

20% (see tables 4.4j, 4.4k and 4.4m) 

Pink highlights 

• These correlations had a p-value < 0.001 



4.5 The bracket base dimensions 

 

 

Table 4.5a: 

The average bracket base contact surface area size measured three dimensionally 

and two dimensionally. 

Bracket make 3 dimensional surface area 2 dimensional surface area. 

GAC 26.20mm2 16.1mm2 

3M 25.05mm2 16mm2 

Ormco 20.90mm2 14.3mm2 

 

 

Table 4.5b 

Comparison of bracket base mesh dimensions 

Bracket bases  
3M GAC Ormco 

Mesh aperture size  

(µm) 

 

208.6 x 205  

 

225.1 x 218.9  

 

140.5 x 141 

Aperture area 

(µm2) 

 

42640 

 

49500 

 

19600 

Average thickness of the wire 

strands of the gauze (µm) 

 

115.5 

 

113.5 

 

126.5 

 
 
 
 
 
 
 
 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5a 

The single mesh base of the Ormco bracket with a millimeter scale at the top of the 

photograph (62.5 X magnification). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 4.5b 

The single mesh base of the 3M bracket with a millimeter scale at the top of the 

photograph (62.5 X magnification) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5c 

The double mesh base of the GAC bracket with a millimeter scale at the top of the 

photograph (62.5 X magnification) 

 

 

 

 

 

 

 



 


