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— Abstract

A STUDY ON THE PHYSICAL PROPERTIES OF RESTORATIVE MATERIALS FOR
PHOTO-POLYMERIZATION OF ARGON LASER

Sang-Ho Ju, Hyung-Jun Choi, Seong-Oh Kim, Jong-Gap Lee

Department of Pediatric Dentistry, College of Dentistry, Yonsei University

The purpose of this study is to evaluate and compare the results of argon laser for 5 sec-
onds, argon laser for 10 seconds, and visible light for 40 seconds photo-polymerization in com-
pressive strength, microhardness, curing depth, temperature rising during polymerization, and
polymerization shrinkage. Hybrid type composite resin(Z-100) and compomer(Dyract)
were used to be compared.

The compressive strength was measured by an Instron(lmm/min cross head speed) in 60
specimens and the microhardness of the surface was expressed by Vickers Hardness
Number(VHN) in 30 specimens. The curing depth was evaluated comparing the different
values of upper and lower VHN according to irradiation time and thickness for the light
source polymerization in 60 specimens. The temperature rising during photopolymerization
was observed by the témperature change with thermocouple sensitizer beneath 40 specimens
at the argon laser for 10 seconds and visible light 40 seconds irradiation, The polymeriza-
tion shinkage was evaluated by calculating the decrease of % volume by using a
dilatometer in 30 specimens,

The results were as follows;

1. In the case of compressive strength, the argon laser polymerization groups were higher
than visible light group in Z-100 (p<0.05). In Dyract, the argon laser 5 seconds group did

not show a significant difference with the visible light 40 seconds group. The argon laser
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10 seconds group showed the markedly low value when compared with other groups
(p<0.05)

. In microhardness, Z-100 was better than Dyract when comparing by VHNs (p<0.05):
however, there was not a significant difference between two materials in the visible light
40 seconds group and the argon laser 10 seconds group.

. In the study of curing depth, Z-100 showed the consistent polymerization in argon laser
irradiation because there was no difference in the VHN decrease according to the thick-
ness change. Over the thickness control, the results did not show a significant difference
between visible light and argon laser group in Z-100; however, in the case of Dyract, the
visible light 40 seconds group was better than the argon laser groups(p<0.05).

. There was a significant differencé between the two materials in temperature rising dur-
ing polymerization (p<0.05), but not a significant difference between irradiation times.

. There was not a significant difference between the two materials in polymerization shrink-
age. The argon laser 5 seconds group was smaller than the other groups (p<0.05).

It could be concluded that Z-100 polymerization was recommended to use the argon laser
for reduction of the irradiation time while Dyract was recommended to use the visible light
polymerization.
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Table 1. Restorative materials used in this experiments

Material Brand name Batch No. Producer
Composite Z-100 5904 Dental Products/3M US.A.
Compomer Dyract 9605045 De trey Dentsply England

Table 2. Number of experimental specimen
visible 40 Sec laser 5 Sec laser 10 Sec

Compressive strength 20 20 20
Surface microhardness 10 10 10
Curing depth 20 20 20
Temperature rise 20 20
Polymerization shrinkage 10 10 10
Total 80 60 80
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Fig. 1. Schematic illustration of modified dilatometer
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Table 3. Mean compressive strength(MPa) and Statistical analysis of compressive strength value by Anova

and Bonferroni T-test

Material Irradiation (Sec) Mean + SD,
laser 5 31889* + 20891
Z-100 laser 10 280.75° £+ 27.739 F-value = 31.85 p < 0.0001
visible light 40 23111° + 243834
laser 5 23648" + 26.036
Dyract laser 10 19567 + 26765 F-value = 1378 p < 00001
visible light 40 25148 + 20528

A-C, a-b:Values with the same letter are not significantly different at p<{0.05

Table 4. Surface hardness value of Z-100 and Dyract by Visilux2 and Argon laser

Material Irridiation time(Sec) Median Range
laser 5 1373 1083 - 1550
Z-100 laser 10 161.0 1217 - 1923
visible light 40 1950 1690 - 2073
laser 5 499 469 - 575
Dyract laser 10 468 406 - 469
visible light 40 498 455 - 517
Table 5. Statistical analysis of surface hardness value by ANOVA and Bonferroni T-test
Material Irradiation time(Sec) Mean
laser 5 13532*
Z-100 laser 10 158368 F-value = 892 p = 0.0042
visible light 40 190.58°
laser 5 5082
Dyract laser 10 44 88° F-value = 431 p = 00389
visible light 40 4894*

A-C, a-b:Values with the same letter are not significantly different at p<{0.05
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Table 6. Different value of the upper and lower Vickers hardness for the comparison of curing depth by Visilwe

and Argon laser

Material Irradiation time(Sec) Thickness(mm) Median Range
3 680 351 - 841
laser 5 4 657 455 - 699
3 594 107 - 749
100 laser 10 4 626 369 - 1246
o 3 427 146 - 546
visible light 40 4 833 469 - 1010
3 239 180 - 361
laser 5 4 249 196 - 421
3 170 124 - 185
Dyract laser 10 4 287 170 - 359
o 3 74 45 - 119
visible ight 40 4 171 120 - 210

Table 7. Statistical Analysis of the difference of the Vickers hardness number between upper and lower sur-

face by T-test

Material Irradiation time(Sec) Thickness(mm) Mean *+ SD. Probability
3 6124 + 23729
laser 5 ' : = 09622(N-S
e 4 6180 + 9707  © (N-S)
3 5220 £ 25125
Z-100 laser 10 b = 02689(N-S)
4 7414 + 32774
3 3698 + 18200
isible  light 40 = 00065
vishle  lig 4 8190 + 20598  ©
3 2608 + 7599
laser 5 ' ’ = 08120(N-S
r 4 2734 + 8578  © (N°S)
3 1592 + 2638
Dyract laser 10 p = 00127
4 2680 + 7135
sble light 40 3 802 + 2707 00054
visible = U
4 1594 + 38270

N-S:no statistically significant difference at p<0.05
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Table 8. Least Squares Means(LSM) for the
comparison of the irradiation time over
thickness control in Table 7

Material Irradiation time(Sec) LSM
laser 5 6152*

Z-100 laser 10 6317*
visible light 40 59.44*

laser 5 26.71°

Dyract laser 10 21.36*
visible light 40 1198

A, a-b:values with the same letter are not signif-
icantly different at p<0.05

Table 9. Measurement of the temperature rise and peak temperature time by Visilux2 and Argon laser ir-

radiation
Material Irradiation time(Sec) Peak temp.(C) Peak time(sec)
7100 laser 10 71 £ 065 85 + 178
visible  light 40 73 = 059 116 £ 135
laser 10 69 * 087 122 £+ 063
Dyract . )
visible  light 40 59 = 04 174 = 097

Table 10. Statistical analysis of the temperature rise
by Visilux2 and Argon laser irradiation
(ANOVA & Bonferroni T-test)

Table 11. Statistical analysis of the temperuture rise
value by Least Squares Means(LSM)
over irradiation time and materials control

Material Irradiation time(Sec) Mean + SD. Control LSM
Z-100 laser 10 71 + 065a Itradiation tim Z-100 7.20 — 00006
Z-100  visble light 40 73 + 059 TraciEton Wme iy ract 639 0~
Dyract laser 10 69 + 087a . laser 10 6.96

y . Material . . N-S
Dyract visible light 40 59 £+ 054b visible light 40 663

F-value = 845 p = 00002

a-b:values with the same letter are not significantly
different at p<0.05

N-S:no statistically significant difference at p<0.05
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Fig. 2. Temperature rising graph of Z-100 and Dyract by Visilux-2 and Argon laser irradiation time
a. Temperature change of Z-100 by Visilux-2 40 seconds irradiation
b. Temperature change of Z-100 by Argon laser 10 seconds irradiation
c¢. Temperature change of Dyract by Visilux-2 40 seconds irradiation
d. Temperature change of Dyract by Argon laser 10 seconds irradiation

Table 12. Polymerization shrinkage(%vol) of Z-100 and Dyract by Visilux2 and Argon laser

Material Irradiation time(Sec) Median Range
laser 5 231 188 - 312
Z-100 laser 10 2383 191 - 330
visible  light 40 3.20 280 - 362
laser 5 2.38 202 - 251
Dyract laser 10 289 261 - 357
visible  light 40 280 237 - 301
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Table 13. Statistical analysis of the polymerization shrinkage values by ANOVA and Bonferroni T-test

Material Irradiation (Sec) Mean *+ SD. p-value
laser 5 231 + 0506*
Z-100 laser 10 265 + 0530 p = 00273
visible light 40 321 + 0291°
laser 5 233 £+ 0181°
Dyract laser 10 299 + 0362° p = 0.0096
visible light 40 272 + 0276®

A-B, a-b:values with the same letter are not significantly

Table 14, Statistical analysis of the polymerization
shrinkage by Least Squares Means(LLSM)
over irradiation time and materials control

Control LSM
Irradiation time Z100 272 s
Dyract 268
laser 5 232
Material laser 10 282
visible light 40 2.96°

N-S'no statistically significant difference at p<0.05
a-b:values with the same letters are not significantly
different at p<0.05
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