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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*
Depr. 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 4X3%1.5 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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AEAQ 23 5372 DenFil™ (VERICOM Co.,
Anyang, Korea)Z Bl QA $Hf(micro matrix) 8%
B3 791 Esthet-X (Dentsply Caulk, Milford, DE,
U.S.A)E AHgsidon A 23] AlS ol &3t
(Table 1).

Composition

Composite 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 specimens 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 100Q10)
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)*

600(40)*: Control group
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Table 3. Vickers hardness

ot o) mE SEENe| JAE Y ¥ HATET

(Mean (5.D.))

(unit: kg/mm?)

Initial light Experimental Upper surface Lower surface
intensity(mW/cm?)  groups(Code) DenFil Esthet X DenFil 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.) o | Soft Ramni
groups(Code) unit: ke/mm? ontro oft-start group mping group
Control 107.16 (2.98)
Soft-start, group 98.19 (5.91) .000*
Ramping group 102.42 (5.97) .083 .003**
*: 5 0.01

Table 5. Mean hardness value and statistics of the lower 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 98.14 (2.99)
Soft-start, group 90.56 (5.66) .001**
Ramping group 94.74 (6.31) .263 .003**
*:p<0.01
%}‘ﬂﬂ 7%, DenFil& 50 mW/cm2° 27 Bz 2d A FTF ramping B9 59 FEEE dERFY
A FEA1Z 50(10), 50(20), 50(30)TES A +& H w3t A3, DenFil& 4,310 &5 d2%, 594 ¢
ol & ALE HQl v, Esthet X& fﬂ :rLJJr 100, 200 T, 22 '?%:r" 02 F2 UAEEE BYon 2T
mW/em?9] 27] =2 Zt7] 1023t $88 100010), 2 59A F¥ F3 alol & Holz] gkgtoyt (.
200(10)E# 27] 5BAR vro] 84171 100(step), p=0.083 / 0}“‘ p=0.263), 204 SR d2F(
200(step)TE°| 2 AHNAEE B, A p=0.000 / 34; p=0.001) 2 594 =FF(,
3, FRE F7H BAY §, & soft-start F4]9] 2 A p=0.003)7 9] & 2ol EAH(Table 4, 5).
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Table 6. Mean hardness value and statistics of the upper surface accordmg to ways of variable light mtensr(y (Esthet X)

Experimental Mean(s D) o ta:rt Ra
groups(Code) unit: kg/mm Sofl shastgroup mping group
Control 86.89 (3.55)
Soft-start group 74.53 (5.29) .000**
Ramping group 77.21 (5.21) .000** .052
*: p<0.01

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

Experimental Mean(S.D) e Ra
groups{Code) unit: kg/mm Qirstart group mping group
Control 74.79 (5.59)
Soft-start group 67.21 (6.82) .003**
Ramping group 71.67 (5.58) 421 .006**
*:1p(0.01

Esthet X% 4 31H 25 27, 594 T8, 284
S £o2 g2 MAAEE EQY. 28y AddAA =
2ol 224 (p=0. 000) ‘3< 52 3 (p=0.000)
o tial] felF el & st iz e) 5
Al ST el -Jd XM Holx| &gttt (4, 39
p=0.421)(Table 6, 7).

2) FEYE
7 29 4EAEE E 8% 2o AR 0E Aol& 1

Ak, AEA £3¥ 59 DenFildlM = 27] =
of Al 1027 T8 F FHu F== FFAU 50
(10), 100(10), S5eAE FEAZ 50

200(10) &
(step), 100(step), 200(step) & % 200 mW/cm?e}
7] B2 20%7 82170 200(20) 0] =T 600
mW/em?e] BT 4027 24 £3A17] 600(40) ) ¥]
3 ol g Aol §lo] ¥ AFAEE BT
Hhd v YRsRE BRI Esthet X 100, 200
mW/em®® 27] B2 Az S5eAR $3 100
(step), 200(step)+EH 50 mW/cm?9] 27| &2 10
Z 2 2027 F3% 50(10), 50 (20):"'%‘3}"1 o s
vl3] fojgk Apo] glo] & 4EAEE Byl
S, B2 T/ 2Ae F, F soft-start 29 2
127 zi}:f“% ramping ‘49 584 LS WREH
823 A3}, DenFil# Esthet X 2%, 594 S8+, ol
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Table 8. Maximum compressive strength

(kg/mm?)

© Maximum strength

Imtlal light Experimental

grotips

(Code) DenFil Esthet X

50(10)  29.97 (3.53) 29.92 (4.08)

50 50(20)  26.33 (5.55) 31.18 (5.36)
50(30)  28.52 (2.89) 18.81 (4.84)

50(step) 31.96 (5.90) 21.88 (3.65)

100(10) 3115 (4.15) 24.96 (4.78)

100 100(20)  26.18 (4.67) 19.45 (2.73)
100(30)  26.59 (3.37) 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 200200  31.74 (4.58) 24.26 (2.12)
200300  27.85 (5.67) 24.10 (3.77)

200(step)  29.90 (2.55) 31.06 (4.09)

600 600(40)  29.63 (4.74) 26.66 (3.75)
Z3, 297 23T £ME 2o GEPEE HYoeH 5
%74] Z8To] 29A 28T wEl 724 A (DenFil:
=0.002 / Esthet X; p=0.030) $4a 2792 By

(Table 9, 10).
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Table 9. Mean maximum compressive strength and statistics of DenFil according to ways of variable light intensity

(unit: kgf/mm?)

Experimental No. of

M S.D. — i
groups(Code) specimens 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/mm?

Experimental No, of

Mean(S.D.) 5 i
groups(Code) specimens ean 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 . Mean (S.D.) (Kruskal-Wallis test)
groups(Code)  Margin Speclmens ean to.L. 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) . 0 0.05
Gingival 10 2.90 (0.32) pAv.
600(40) Occlusal 10 0.00 (0.00)
Gingival 10 2.70 (0.67)
3) BdFEx

Esthet X9 w417
Aol E RHolA| 9w él?:‘ g,
(10), 200(10) 23 594 g9l 100(step) 200
(step) TES Y2 HAFETE 2
A7 A7 A9 BE TN I’J‘é}“d %L—‘jﬂﬂ% A
AE} gldoy A5 HARdM e Jue g2AT B

T 25y oS HArH(Table 11). 100 mW/em?e A
tE AlRsY H FEE de

tEEe
o vl 71 Z—J{% A2 Zu”xz—i

8 2E 7 Al 0% Fo12 Aol
12).

%’iiiq Table
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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)
Control

Mean (8:D:).. Mean Ranks

2.70 (0.67) 30.75
2.00 (0.65) 17.10
2.70 (0.47) 31.80

Soft-start group
Ramping group

*:pC0.05  **:p(0.01

Table 15. Mean maximum gap at gingival margin acc-

ording to ways of variable light intensity (unit: #m)
Experimental groups Nc.>. 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)

A ST A28 vATEEE
29 FEFol dx2T(p=0.0
(p=0.002)°l ¥]3] fFelatA A&
(Table 13).

FAAZL AAn)733-E B3 A2de] Ao A (um)
3 A= Table 149 2t ANOVA 2% 2% 2 &
F93 2ol YAATHp=0.160), 200 mW/cm?e] %71
Bz 1027 T3 200 (10)2e] 7V &2 EAE

2wt vlawg 23t
14) |

e
% 59A T
AFEE BN

g

oy

i

I} FEE VP GAY ¢, & 294 /LR 5
A F3re Al i EAQE 2T vng 43,
29A F3dTol WERT(p=0.681)F 594 FHT
(p=0.166)°l Hl&l & EAIS E%UP frojg Aol
UATH(Table 15).

Aa AREY FAVR v S B3
7t 43 BAl= 24 AW Spearman’s rho test
£ Alelgt 23 g o) sl AU’ =0.203; p=0.157).

Table 14. Maximum gap (unit: #m)
Experimental : No. of
; Margin . Mean (S.D.)
groups(Code) specimens
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)

7321214 (gel point)= l%ﬁi’*ﬁ FHFES ‘”1"?‘ ?ﬂV\
‘Q T de d39 3341

W, 2 A3 FEE AH "37]% S EUoZH
da?{}‘ia A7) A} sk °]

2 Al A V—‘i 2 (A7

A%, Bz THl wat 1}017} 317‘ OW ot B3gA
o] A/shdelA 4 Fot 279 7PA%E F3Ee] 59
T U2 el Aolrt fle ARE BEdh &
A5A 239 #7 DenFildA = 271 3%} 100
200 mW/em®ell M B F7t o] BAgle] dz2#
FABIAA T, 50 mW/cm®olA = 54 Tl f<
g Apol7t glE 71AIA B3-S Bt ol W, wAldA}
I 89 %9 Esthet X& A7) 271 F=F 100,
200 mW/em’2 a3 FEAZEE 1022 3 29419 soft-
start 217} 58419 ramping WA o2 ST FEV]
EHZ:TT_LTJr Fog ztelzt gl 7148 BAE B4 o=

T 276 ng} 73 e FHCEE B S
H]Ad AR BAE 4 & dthe RAeE, W A&
#pol 7} gl Koran® Kurschner'®e] 9 ZA3el fAF
st}

AZ=2T TR B E9F, 71AE 240
HojZths AMEL o8] FRoA Y5E v YA,
VMR E FHAA 27] BEE UF @A(d: 50
mW/cm®) A&t o ZQ17E? of tigt =9 gl
o, Be d7dM ALgE 27 B3xe Hd FxE9
12.5%%, 18.2%™, 18.75%™, 25%", 26.71%>, 30%%",
33%%, 34%®  45%¥'Fc}. B AP e, ¥E F3 5
el Hd(100%) B2 F92 stgs 27] F=7t
50 mW/em*(Fo Fx9] 8.3%)% UF o Fg3l 7]
AR A4S 4L & flth old 7B Fegolet &

.—TL
rE

[/



Agts, 7] FEE FHA 100 mW/em? ©]/dolA A1z
ok 3= & 5 gih

A, soft-start T HoIY ramping T TE 7
AR A Aol B F7F DA e £4e
Atk &, WAEEY A$ F 7R 53R
oA thze] 7Hg #%kem ramping WSl 5THA
T, soft-start W2]Ql 224 &7 A E B £3
S 3 2T BAL 793 Aolvl fle ‘}‘?i
29A TETE WET (W, p 0.000 / &t¢
p=0.001) 2 594 S+ (4,34 p=0.003)3 frolst
A AL B Han) olge ﬂ, AR I R
7HA E@ER BE 59 Fgre] 7HE -?—-’1\—5}"“9—“1, 2
2T, 294 Fg879 £4E By} 3 594 3T
fxFo] 294 T vE FAFoZ Fodt
(DenFil: p=0.002 / Esthet X: p=0.030) 53 &4
= B9on, 7AA E4X = B89 FEH S ramping

S| soft-start FH ol g -4kt
o3t 7|AIH EATE g MUY —Udoﬂ*i—t— 7}
AT S0l B S vla +eite &

7} Bol Exnd df Yo7, HAXGE A4 %‘ﬁ
& ds) 71AA =4 ztelrt gl 8 215l 9
A 997t A7t W7o, Esthet X9 71414 B430] vz
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FTHE F YA AkE Hd Bz FHete zvhﬂ soft~
start 4] 100(10), 200(10)2} rampmg Hhal o] 5ok
A 237< 100(step), 200(step) FES AL E A4
ARE} FAPAR dvld 17 & 53 & 4‘3H EANE H7tst
At

HAATZE 27 A3 A4 AELTE fR2Fe] 31.80,
ramping %49 100(step)T-°] 26.25, 200(step)-°]
35.25, 283 soft-start W<l 100(10)7°] 14.85,
200(10)F°] 19.35% Bgon 100 mW/ecm?E 10%7¢
232 A1 100(10)0] 7 Aol, 200 mW/em*ZE 5
gA R FEAZ) 200(step) T %45} Aol & HYT
(p=0.011). 2} Yz & Afololl= o g ko] 7} §l
At
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Z
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% o= Aol d FIAE vastd B3 22 4ES
LTt

Ao W2 71AE BAL nAAEe AL,

iﬁﬁﬂﬂ BT A/ A dzgtol 7Pt =%

87, 294 soft-start FET
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