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Abstract

This study examined the effect of powder-liquid mixing ratios and thermal cycling
on the bond strength of orthodontic resin-modified glass ionomer cements to bovine
enamel. Using commercially available chemical-cured type or light-cured type
resin-modified glass ionomer cements, the standard metal brackets adhered on the
fresh bovine enamel surfaces. The powder-liquid mixing ratios used were the
manufacture’s recommended ratio and the ratio that 20% of the powder was increased
and reduced from the manufacture’s recommended ratio. After the brackets were
bonded on the enamel, the following specimens were prepared : Specimens kept in
moisten (23°C, 95%rh) for 24h ; Specimens subjected to thermal cycling (5°C-55C,
2,000 cycles) after the 24-hour moisten storage ; and, Specimens stored in 37°C water
for the time equal to that of the thermal cycling used (111h). The shear bond strengths
of the brackets were determined immediately after each aging condition (n=20) . The
light-cured type cement had significantly (p<0.05) greater mean bond strength than the
chemical-cured type cement in all experimental conditions. There was no significant
effect (p>0.05) of thermal cycling on the bond strengths of light-cured type cement at
the range of mixing ratio within the standard ratio =20%. The strength data and
Weibull analysis suggested that the light-cured type cement has stable bond strength

superior to the chemical-cured type cement.
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Figures legends

Fig. 1 Schematic drawing of bonding procedure of bracket to bovine enamel surface.

Fig.2 Mean shear bond strengths of Cements FO at different mixing ratios.
Symbol * indicates significant difference at p<0.05 between the bracketed condition.

Error bars represent one standard deviation of the mean.

Fig.3 Mean shear bond strengths of Cements LC at different mixing ratios.
Symbol * indicates significant difference at p<0.05 between the bracketed condition.

Error bars represent one standard deviation of the mean

Fig.4 Comparison of the mean shear bond strengths between Cements FO and LC.
Symbols * indicate significant differences at p<0.05 between the bracketed cements at

each experimental condition. Error bars represent one standard deviation of the mean.

Fig. 5 Scanning electron microphotographs of enamel surfaces after shear bond tests

for Specimens CL [Specimens stored in water at 37°C for the time equal to that of

thermal cycling (111h) ].
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Fig. 6 Scanning electron microphotographs of enamel surfaces after shear bond tests

for Specimens TC (Specimens subjected to thermal cycling for 2,000 cycles).

Fig. 7 Weibull plots for shear bond strength of cements FO.

Fig. 8 Weibull plots for shear bond strength of cements LC.
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Tablel Orthodontic resin-modified glass ionomer cements examined.

Produc Manufact

Major comopsition# Lot No. P/L ratio™ Code
ts urer
Powder: Fluoroaluminosilicate glass, Polymerization initiator P:1408061
Fuji ORTHO GC 3.0g/1.0g FO
Liquid: Methacrylic acid ester, Polyacrylic acid, Water L:1405121
Powder: Fluoroaluminosilicate glass P:1405261
Fuji ORTHO LC GC Liquid: Methacrylic acid ester, Polyacrylic acid, Water, Photopolymerization initiator L-1406021 3.0g/1.0g LC

# Description from the manufacuturer
*Manufacurer's recommeded mixing ratio



Table2  Summary of analysis of variance for bond strengths of Cement FO.

Source Type I Sum of squares  df Mean Square F P
Aging Condition 19935.5509 1 19935.5509 8.9666 0.0034
P/L 7140.2372 2 3570.1186 1.6058 0.2052
Aging Condition X P/L, 734.8830 2 367.4415 0.1653 0.8479
Error 253458.0884 114 2223.3166
Total 281268.7595 119




Table3  Summary of analysis of variance for bond strengths of Cement LC.

Type I Sum of squares df  Mean Square F P
Aging Condition 4883.9717 1 4883.9717 1.7728 0.1857
P/L 30934.7195 2 15467.3597 5.6144 0.0047
Aging Condition X P/L 3583.4178 2 1791.7089 0.6504 0.5238
Error 314063.5219 114 2754.9432
Total 353465.6309 119




Table4 Results of fracture mode observation after debonding for Cements FO.

FO Fracture mode
1 I |
20%lower %é’ ;g g g
Standard - ” X X
20%higher %é’ ;g g g

Each number denotes the sample numbers under each condition.



Table5 Results of fracture mode observation after debonding for Cements LC.

LC Fracture mode
I I I I\
20%lower _CIE IC': 270 8 8 103
Standard '(I?IC_: 8 200 8 200
20%higher _CI_:IC_: g ; 51, 192

Each number denotes the sample numbers under each condition.



Table6 Summary of Weibull analysis for bond strength for Cement FO.

: Scale Bond strength with Bond strength with
Weibull modulus parameter 10% fracture probability ~ 90% fracture probability
CL 33 18.8 0.4 243
(4]
20%lower 21 14.6 5 217
CL 2.0 16.8 55 254
Standard 28 125 55 16.8
. CL 2.4 18.4 71 26.1
(4]
20%higher 23 15.5 59 22

(MPa)



Table7 Summary of Weibull analysis for bond strength for Cement LC.

: Bond strength with Bond strength with
Weibull modulus  Scale parameter 10% fracture probability ~ 90% fracture probability
CL 3.4 256 133 327
(4]
20%lower TC 32 251 12.4 325
CL 3.0 303 142 40
Standard TC 33 26 13.2 335
. CL 5.0 30.5 19.4 36
(4]
20%higher TC 52 297 193 34.9

(MPa)
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