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— ABSTRACT

MECHANICAL PROPERTIES AND MICROLEAKAGE OF COMPOSITE RESIN
MATERIALS CURED BY VARIABLE LIGHT INTENSITIES

Seung-Ryul Han, Kyung-San Min, Dong-Hoon Shin*
Dept. of Conservative Dentistry, School of Dentistry, Dankook University

Mechanical properties and microleakage of two composites (conventional hybrid type DenFil (VERICOM
Co., Anyang, Korea) / micro matrix hybrid type Esthet X (Dentsply Caulk, Milford, DE, U.S.A.)]) were
evaluated to assess whether variable light intensity curing is better than conventional curing technique.

Curing was done for 40 seconds in two ways of 2 step soft-start technique and 5 step ramping technique.
Three kinds of light intensities of 50, 100, 200 mW/cm” were initially used for 10, 20, 30 seconds each and
the maximum intensity of 600 mW/cm® was used for the rest of curing time in a soft-start curing tech-
nique. In a ramping technique, curing was done with the same initial intensities and the light intensity was
increased 5 times with the same rate to the maximum intensity of 600 mW/cm’.

After determining conditions that showed no different mechanical properties with conventional technique,
Esthet X composite was filled in a class V cavity, which dimension was 4x3X1.5 mm and cured under
those conditions.

Microleakage was evaluated in two ways of dye penetration and maximum gap estimation through SEM
observation. ANOVA and Spearman’s rho test were used to confirm any statistical significance among
groups.

The results were as follows:

1. Several curing conditions of variable light intensities resulted in the similar mechanical properties with
a conventional continuous curing technique, except conditions that start curing with an initial light
intensity of 50 mW/cm?,

2. Conventional and ramping techniques were better than soft-start technique in mechanical properties of
microhardness and compressive strength.

3. Soft-start group that started curing with an initial light intensity of 100 mW/cm’® for 10 seconds
showed the least dye penetration. Soft-start group that started curing with an initial light intensity of
200 mW/cm® for 10 seconds showed the smallest marginal gap, if there was no difference among
groups.

4. Soft-start technique resulted in better dye-proof margin than conventional technique(p=0.014) and
ramping technique(p=0.002).

5. There was a very low relationship(p=0.157) between the methods of dye penetration and marginal gap
determination through SEM evaluation.
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From the results of this study, it was revealed that ramping technique would be better than conventional
technique in mechanical properties, however, soft-start technique might be better than conventional one in

microleakage.

It was concluded that much endeavor should be made to find out the curing conditions, which have
advantages of both aspects or to solve these kinds of problems through a novel idea of polymerization.

Key words : Conventional curing technique, Soft-start technique, Ramping technique, Microhardness,

Compressive strength, Microleakage
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Anyang, Korea)# P92} g (micro matrix) <34
&3 7191 Esthet-X (Dentsply Caulk, Milford, DE,
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(Table 1).

Composite

Composition

Manufacturer Batch No.
resin Filler Content Matrix
DenFil Vericom, Anyang, Barium aluminosilicate, 1(w/w%) Bis-GMA TEGDMA DF101031
Korea Fumed silica, Silica UDMA Bis-EMA
Esthet-X Dentsply Caulk, Fluoride glass 0(v/v%) modified Urethane 0006162

Milford, DE, U.S.A.  Silica glass

Bis-GMA
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Table 2. Classification of experimental groups according to curing conditions
Initial light No. of steps of Curing time with Curing time with No. of
intensity variable light initial light maximum light Speciment Code
(mW/cm?) intensity intensity (seconds)  intensity(seconds)

10 30 10 50(10)

2 20 20 10 50(20)

50 30 10 10 50(30)
5 Light intensity increased 10 50(step)

at the same rate
10 30 10 100(10)
2 20 20 10 100(20)
100 30 10 10 100(30)
5 Light intensity increased
at the same rate 10 100(step)
10 30 10 200(10)
2 20 20 10 200(20)
200 30 10 10 200(30)
5 Light intensity increased

at the same rate 10 200(step)
600 0 0 40 10 600(40)*

Fig. 1. Diagram of the length measurement of diamond-

shape indent
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Table 3. Vickers hardness

7 2ol oE =gt

(Mean (S.D.)]

1] I Y Y HotrEE

(unit: kg/mm3

H

3t

Initial light Experimental Upper surface Lower surface
intensity(mW/cm?)  groups(Code) DenFil Esthet X DenkFil Esthet X

50(10) 92.42 (3.45) 76.55 (3.37) 85.18 (3.48) 69.11 (2.58)

50 50(20) 93.07 (2.88) 73.59 (2.58) 88.65 (4.54) 67.10 (4.32)
50(30) 92.34 (6.04) 68.59 (4.68) 84.77 (5.05) 59.34 (3.68)

50(step) 101.15 (2.16) 74.73 (6.54) 91.76 (5.60) 67.39 (6.19)

100(10) 103.26 (4.67) 78.80 (4.08) 92.00 (4.01) 73.15 (3.23)

100 100(20) 98.07 (4.57) 71.85 (2.15) 91.42 (6.52) 66.12 (3.48)
100(30) 99.22 (3.01) 70.86 (3.10) 92.35 (6.31) 60.96 (2.30)

100(step) 98.56 (2,36) 77.91 (3.11) 91.47 (3.54) 73.92 (2.67)

200(10) 101.01 (4.44) 82.51 (4.29) 92.43 (3.10) 78.57 (5.77)

200 200(20) 101.35 (5.42) 76.15 (3.05) 92.86 (4.35) 68.20 (3.98)
200(30) 102.95 (2.91) 71.89 (2.90) 95.38 (3.94) 62.13 (4.18)

200(step) 107.55 (7.56) 79.00 (4.90) 100.99 (4.41) 73.69 (4.94)

600 600(40) 107.16 (2.98) 88.89 (3.55) 98.14 (2.99) 74.79 (5.59)

Table 4. Mean hardness value and statistics of the upper surface according to ways of variable light intensity (DenFil)

Experimental Mean(S.D.) " _
groups(Code) unit: ke/mm? Control Soft-start group Ramping group
Control 107.16 (2.98)
Soft-start group 98.19 (5.91) .000**
Ramping group 102.42 (5.97) .083 .003**
*:p (0.0l

Table 5. Mean hardness value and statistics of the lower surface according to ways of variable light intensity (DenFil)

Experimental Mean(S.D.) " i
groups(Code) unit: ke/mm? Control Soft-start group Ramping group
Control 98.14 (2.99)
Soft-start group 90.56 (5.66) .001**
Ramping group 94.74 (6.31) .263 .003**
*: ¢ 0.01
shH ol 7% DenFil 50 mW/cm?9] Z7] Frg o A LI ramping W9 SR ST S 2T
A 32 50(10) 50(20), 50(30)LES A +5 Hwgt 23 DenFil 4 8HH 25 ti&a, biA %
o] #& AL E Hel ¥ Esthet X+& ;Hz:,u,} 100, 200 T, 2T TP T2 s2 VAIARE EYoy gt
mW/em*e] 27] B2 7t7] 1023F F3¢ 100(10), I 5 S oS Alo]E HolA] edsgto (AW

200(10)E2 727] 59AZ Uo] 384171 100(step).
ZOO(Step):\LLI;é_ ] l:"f% H]Kﬂ o._l_e Oj
3 B T/ GA9) . F soft-start W] 2

or
0.083 / ak4d; p=0.263), 284 TP T
A5 p=0.000 / 34 p=0.001) 2 59A F&, 8k
A5 p=0.003)2 <] g 2ol & BAH(Table 4, 5).
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Table 6. Mean hardness value and statistics of the upper surface according to ways of variable light intensity (Esthet X)

Experimental Mean(S.D.) .
groups(Code) unit: ke/mm? Soft-start group Ramping group
Control 86.89 (3.55)
Soft-start group 74.53 (5.29)
Ramping group 77.21 (5.21) .052
*: ¢ 0.01

Table 7. Mean hardness value and statistics of the lower surface according to ways of variable light intensity (Esthet X)

Experimental Mean(S.D.) ] _
groups(Code) unit: ke/mm? Soft-start group Ramping group
Control 74.79 (5.59)
Soft-start group 67.21 (6.82)
Ramping group 71.67 (5.58) .006™*
*:p (0.0l

27 $02 2o NAAE a
tj o] 28 (p=0.000), 2 5%A Z&7(p=0.000)
o thel el zME Bglow e o)
A F2 e FIF A0S RolA) Gt (4, S
p=0.421)(Table 6, 7).
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Table 8. Maximum compressive strength

(kg/mm?)

Initial light Experimental

Maximum strength

.002 / Esthet X: p= 0 030
(Table 9, 10).

\./21:

s et
50(10) 29.92 (4.08)
50(20) 31.18 (5.36)
50(30) 18.81 (4.84)
50(step) 21.88 (3.65)

100(10) 24.96 (4.78)
100(20) 19.45 (2.73)
100(30) 20.70 (4.94)
100(step)  35.50 (2.74) 29.06 (2.56)
200(10) 31.31 (4.02) 25.10 (1.98)
200(20) 31.74 (4.58) 24.26 (2.12)
200(30) 27.85 (5.67) 24.10 (3.77)
200(step)  29.90 (2.55) 31.06 (4.09)
600(40) 29.63 (4.74) 26.66 (3.75)
T A 1i = S H9lon 5

A (DenkFil:
AZE HY
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Table 9. Mean maximum compressive strength and statistics of DenFil according to ways of variable light intensity

(unit: kgf/mm3)

Experimental No. of

Mean(S.D.) - i
groups(Code) N — ean Control Soft-start group Ramping group
Control 10 29.63 (4.74)
Soft-start group 90 28.85 (4.68) .882
Ramping group 30 32.45 (4.55) 254 .002**

*:p(0.01

Table 10. Mean maximum compressive strength and statistics of Esthet X according to ways of variable light intensity

(unit: kgf/mm3)

Experimental No. of Mean(S.D.) . )
ean(S.D. =
groups(Code) N — Control Soft-start group Ramping group
Control 10 26.66 (3.75)
Soft-start group 90 24.28 (5.59) 418
Ramping group 30 27.33 (5.24) .944 .030*
*p(0.05
Table 11. Mean degree of dye penetration Table 12. Mean ranks of degree of dye penetration
Experimental ~ No. of _ (Kruskal-Wallis test)
) specimens  Mean (S.D.) :
groups(Code)  Margin Experimental groups No. of Mean Ranks
100(10) Occlusal 10 0.00 (0.00) (Code) specimens
Gingival 10 1.90 (0.57) 100(10) 10 14.85
100(step) Occlusal 10 0.00 (0.00) 100(step) 10 26.25 |,
Gingival 10 2.50 (0.53) 200(10) 10 19.35
200(10) Occlusal 10 0.00 (0.00) 200(step) 10 35.25
Gingival 10 2.10 (0.74) 600(40) 10 31.80
200(step) Occlusal 10 0.10 (0.32) ‘50005
Gingival 10 2.90 (0.32) LA
600(40) Occlusal 10 0.00 (0.00)
Gingival 10 2.70 (0.67)
3) HdTER F A5FE s EAtHTable 11). 100 mW/ecm?e] A
Esthet X9 WAAE 2 4545 34 23, dza% FEoA 1027 3= Agstod A F=2 2=
Zlol & Holx gE AIdFE, = 2vhA 82 100 100(10) o] B2 w50l Hlg) 7P A& Ah IAFE B
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Table 13. Mean degree of dye penetration and ranks at gin-
gival margin according to ways of variable light intensity

Experimental groups

(Code) Mean (S.D.) Mean Ranks
Control 2.70 (0.67) 30.757,
Soft-start group 2.00 (0.65) 17.10
Ramping group 2.70 (0.47) 31.80
*:p (005  **:p0.0l

Table 15. Mean maximum gap at gingival margin acc-

Table 14. Maximum gap (unit: #m)

Experimental . No. of

groups(Code) Margin specimens i (50))
100(10) Gingival 10 14.23 (14.12)
100(step) Gingival 10 27.88 (30.20)
200(10) Gingival 10 7.24 (6.94)
200(step) Gingival 10 15.70 (19.07)
600(40) Gingival 10 16.90 (8.72)

ording to ways of variable light intensity (unit: #m)
Experimental groups N(?. of Mean (SD)
(Code) specimens
Control 10 16.89 (8.72)
Soft-start group 20 10.73 (11.41)
Ramping group 20 21.79 (25.36)

(
(Table 13).
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