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Abstract

The aim of this study was to examine the effect of the powder-liquid mixing ratios on the
mechanical properties of highly viscous conventional glass ionomer for restorative filling. Three
commercially available highly viscous conventional glass ionomers for restorative filling were
examined. Each glass ionomer was mixed at three different mixing ratios: (1) the manufacturer’s
recommended ratio; (2) the ratio that 20% of the powder was reduced from the recommended
amount of powder for 1.0g at the manufacturer’s recommended ratio; and, (3) the ratio that 20%
of the powder was added to the recommended amount of powder for 1.0g at the manufacturer’s
recommended ratio. The compressive strength, flexural strength and fracture toughness of the
glass ionomer cements at 24 hours or 4 weeks after the start of mixing were determined. The
flexural strengths of the each cement mixed at lower powder-liquid ratio were lower than those of
higher powder-liquid ratio at 24hours and 4 weeks after the start of mixing. The compressive
strengths and fracture toughness values of the glass ionomers was less influenced by the changes
in powder-liquid ratio of the cement at each storage period after mixing the cements. The
powder-liquid ratio of the highly viscous conventional glass ionomers affected more the flexural
strength compared to the compressive strength as well as conventional glass ionomers for

restorative filling.

Key word: highly viscous conventional glass ionomer cement, powder-liquid ratio, compressive

strength, flexural strength, fracture toughness
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275, 22T, WRAE AL ORI, BX L MEEATO< N v 7 2D
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Table 1 Highly viscous conventional glass ionomers for restorative filling used

Products Manufacturer Lot No. P/L ratio* Code

. Powder:0409201
Fuji IX 6P GC Liquid:0409171 3.69/1.0g A

Powder:080407
Glaslonomer FX-II Shofu Liquid:090405 2.69/1.0g B

. Powder:179954
Ketac-Molar Aplicap 3M ESPE Liquid:184288 3.09/1.0g C

*:Manufacturer’'s recommended ratio



Table 2 Compositions of highly viscous conventional glass ionomers for restorative filling
used in this study

Products Compositions

Fuji IX cp Powder : Fluoro Aluminosilicate glass (amorphus) 90-100%
Polyacrylic acid 5-10%

Liquid: Polyacrylic acid 30-40%

Proprietary Ingredient 5-15%

Glaslonomer FX-II Powder : Alumino fluoro silicate glass >90%

Others

Liquid : Polyacrylic acid <50%
Tartaric acid <5%
Water >50%
Ketac-Molar Aplicap Powder : Glass powder 93-98%
Copolymer of acrylic acid — maleic acid 1-5%

Dichlorodimethylsilane reaction product with silica
0-1%

Liquid: Copolymer of acrylic acid — maleic acid  30-40%
Tartaric acid 5-10%

Water 60-65%




Table 3 Summary of analysis of variance for compressive strength of cement A

Source Type Il Sum of squares df Mean Square F Sig.
Corrected Model 17914.8572 5 3582.971 5.325 .002
Intercept 1753132.312 1 1753132.312 2605.628 .000
Time 11518.725 1 11518.725 17.120 .000
P/L 4729.540 2 2364.770 3.515 .046
Time X P/L 1666.592 2 833.296 1.239 .308
Error 16147.803 24 672.825
Total 1787194.972 30
Corrected Total 34062.660 29

a R Squared = .526 (Adjusted R Squared = .427)



Table 4 Summary of analysis of variance for compressive strength of cement B

Source Type Il Sum of squares df Mean Square F Sig.
Corrected Model 25927.2972 5 5185.459 6.407 .001
Intercept 1348411.611 1 1348411.611  1666.135 .000
Time 10722.348 1 10722.348 13.249 .001
P/L 11409.617 2 5704.809 7.049 .004
Time X P/L 3795.332 2 1897.666 2.345 117
Error 19423.321 24 809.305
Total 1393762.229 30
Corrected Total 45350.618 29

a R Squared = .572 (Adjusted R Squared = .482)



Table 5 Summary of analysis of variance for compressive strength of cement C

Source Type lll Sum of squares df Mean Square F Sig.
Corrected Model 16289.695% 5 3257.939 1.344 .280
Intercept 1070730.155 1 1070730.155 441.836 .000
Time 11851.468 1 11851.468 4.891 .037
P/L 974.372 2 487.186 201 .819
Time X P/L 3463.855 2 1731.928 715 499
Error 58160.711 24 2423.363
Total 1145180.561 30
Corrected Total 74450.406 29

a R Squared =.219 (Adjusted R Squared = .056)



Table 6 Summary of analysis of variance for flexural strength of cement A

Source Type lll Sum of squares df Mean Square F Sig.
Corrected Model 2340.9072 5 468.181 21.831 .000
Intercept 15338.829 1 15338.829 715.236 .000
Time 997.239 1 997.239 46.500 .000
P/L 1236.021 2 618.011 28.817 .000
Time X P/L 107.646 2 53.823 2.510 .102
Error 514.700 24 21.446
Total 18194.435 30
Corrected Total 2855.607 29

a R Squared = .820 (Adjusted R Squared = .782)



Table 7 Summary of analysis of variance for flexural strength of cement B

Source Type Il Sum of squares df Mean Square F Sig.
Corrected Model 397.5362 5 79.507 8.189 .000
Intercept 5545.601 1 5545.601 571.198 .000
Time 91.421 1 91.421 9.416 .005
P/L 133.757 2 66.879 6.888 .004
Time X P/L 172.358 2 86.179 8.876 .001
Error 233.009 24 9.709
Total 6176.146 30
Corrected Total 630.545 29

a R Squared = .630 (Adjusted R Squared = .553)



Table 8 Summary of analysis of variance for flexural strength of cement C

Source Type Il Sum of squares df Mean Square F Sig.
Corrected Model 431.8912 5 86.378 1.610 195
Intercept 17350.561 1 17350.561 323.461 .000
Time 16.286 1 16.286 .304 .587
P/L 278.121 2 139.060 2.592 .096
Time X P/L 137.485 2 68.742 1.282 .296
Error 1287.370 24 53.640
Total 19069.822 30
Corrected Total 1719.261 29

a R Squared = .251 (Adjusted R Squared = .095)



Table 9 Summary of analysis of variance for fracture toughness values of cement A

Source Type Il Sum of squares df Mean Square F Sig.
Corrected Model .0112 5 .002 1.737 164
Intercept 1.916 1 1.916 1459.223 .000
Time .005 1 .005 4.084 .055
P/L .004 2 .002 1.561 .230
Time X P/L .002 2 .001 740 488
Error .032 24 .001
Total 1.959 30
Corrected Total .043 29

a R Squared = .266 (Adjusted R Squared = .113)



Table 10 Summary of analysis of variance for fracture toughness values of cement B

Source Type Il Sum of squares df Mean Square F Sig.
Corrected Model .0372 5 .007 6.711 .000
Intercept 1.749 1 1.749 1599.895 .000
Time .000 1 .000 157 .695
P/L .035 2 .017 15.897 .000
Time X P/L .002 2 .001 .801 460
Error .026 24 .001
Total 1.812 30
Corrected Total .063 29

a R Squared = .583 (Adjusted R Squared = .496)



Table 11 Summary of analysis of variance for fracture toughness values of cement C

Source Type lll Sum of squares df Mean Square F Sig.
Corrected Model .0182 5 .004 4.753 .004
Intercept 1.757 1 1.757 2283.005 .000
Time .001 1 .001 .814 .376
P/L .014 2 .007 9.411 .001
Time X P/L .003 2 .002 2.065 .149
Error .018 24 .001
Total 1.794 30
Corrected Total .037 29

a R Squared = .498 (Adjusted R Squared = .393)
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Figures
Fig.1 Effect of powder-liquid ratios on compressive strengths of highly viscous
conventional glass ionomers for restorative filling
Same lower-case letters indicate no statistical differences (p>0.05) among the different
powder/liquid ratios at each elapsed time.
Same upper-case letters indicate no statistical differences (p>0.05) among the different elapsed
times at each powder/liquid ratio.
Fig.2 Effect of powder-liquid ratios on flexural strengths of highly viscous conventional
glass ionomers for restorative filling
Same lower-case letters indicate no statistical differences (p>0.05) among the different
powder/liquid ratios at each elapsed time.
Same upper-case letters indicate no statistical differences (p>0.05) among the different elapsed
times at each powder/liquid ratio.
Fig.3 Effect of powder-liquid ratios on fracture toughness values of highly viscous
conventional glass ionomers for restorative filling
Same lower-case letters indicate no statistical differences (p>0.05) among the different
powder/liquid ratios at each elapsed time.
Same upper-case letters indicate no statistical differences (p>0.05) among the different elapsed
times at each powder/liquid ratio.
Fig.4 Scanning electron microphotographs of fractured surfaces in fracture toughness
test for cement A (24hours)
Fig.5 Scanning electron microphotographs of fractured surfaces in fracture toughness
test for cement B (24hours)
Fig.6 Scanning electron microphotographs of fractured surfaces in fracture toughness

test for cement C (24hours)
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Same lower-case letters indicate no statistical differences (p>0.05) among
the different powder/liquid ratios at each elapsed time.
Same upper-case letters indicate no statistical differences (p>0.05) among
the different elapsed times at each powder/liquid ratio.
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viscous conventional glass ionomers for restorative filling
Same lower-case letters indicate no statistical differences (p>0.05)
among the different powder/liquid ratios at each elapsed time.

Same upper-case letters indicate no statistical differences (p>0.05)
among the different elapsed times at each powder/liquid ratio.
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Fig.3 Effect of powder-liquid ratios on fracture toughness values of

highly viscous conventional glass ionomers for restorative filling
Same lower-case letters indicate no statistical differences (p>0.05) among
the different powder/liquid ratios at each elapsed time.

Same upper-case letters indicate no statistical differences (p>0.05) among
the different elapsed times at each powder/liquid ratio.
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Fig.4 Scanning electron microphotographs of fractured surfaces in fracture toughness test
for cement A (24 hours)
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Fig.5 Scanning electron microphotographs of fractured surfaces in fracture toughness test
for cement B(24 hours)
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Fig.6 Scanning electron microphotographs of fractured surfaces in fracture toughness test
for cement C (24 hours)
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