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— ABSTRACT

EFFECT OF LIGHT INTENSITY ON THE POLYMERIZATION RATE OF COMPOSITE RESIN
USING REAL-TIME MEASUREMENT OF VOLUMETRIC CHANGE

Sung-Ho La, In-Bog Lee, Chang-Keun Kim?*,
Byeong-Hoon Cho, Kwang-Won Lee™, Ho-Hyun Son
Dept. of Conservative Dentistry, College of Dentistry, Seoul National Univ.
Dept. of Chemical Engineering, Chung-Ang Univ.*
Depr. of Conservative Dentistry, College of Dentistry, Chonbuk National Univ.**

Objectives

The aim of this study is to evaluate the effect of light intensity variation on the polymerization rate of
composite resin using IB system (the experimental equipment designed by Dr. IB Lee) by which real-time
volumetric change of composite can be measured.

Methods

Three commercial composite resins (Z100(Z1), AeliteFil(AF), SureFil(SF)] were photopolymerized with
Variable Intensity Polymerizer unit (Bisco, U.S.A.) under the variable light intensity
(75/150/225/300/375/450mW?) during 20 sec. Polymerization shrinkage of samples was detected continu-
ously by IB system during 110 sec and the rate of polymerization shrinkage was obtained by its shrinkage
data. Peak time(P.T.) showing the maximum rate of polymerization shrinkage was used to compare the
polymerization rate.

Results

Peak time decreased with increasing light intensity(p<0.05). Maximum rate of polymerization shrinkage
increased with increasing light intensity (p<0.05). Statistical analysis revealed a significant positive correla~
tion between peak time and inverse square root of the light intensity (AF:R=0.965, Z1:R=0.974,
SF:R=0.927). Statistical analysis revealed a significant negative correlation between the maximum rate of
polymerization shrinkage and peak time(AF:R=-0.933, Z1:R=-0.892, SF:R=-0.883), and a significant
positive correlation between the maximum rate of polymerization shrinkage and square root of the light
intensity (AF:R=0.988, Z1:R=0.974, SF:R=0.946).

Discussion and Conclusions

The polymerization rate of composite resins used in this study was proportional to the square root of light
intensity. Maximum rate of polymerization shrinkage as well as peak time can be used to compare the
polymerization rate. Real-time volume method using IB system can be a simple, alternative method to
obtain the polymerization rate of composite resins.

Key Words : Composite Resin, Volumetric Shrinkage, Rate of Polymerization, Light Intensity, IB system
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Table 1. Composite resins used in this study.

Products Code Shade Lot No. Manufacturer

Z-100 Z1 A3 1LF 3M Co., St. Paul, MN,USA
AeliteFil AF A2 0000001184 Bisco, Schaumburg, IL, US.A.
SureFil SF B 000605 Dentsply, York, Pa, USA

Table 2. The experimental groups according to light
intensity.(n=10)
Light intensity(mW/cm?

Total energy

Group
/Time(sec) (mJ/cm?)
1 75/ 20 1500
2 150/ 20 3000
3 225/ 20 4500
4 300/ 20 06000
5 375/ 20 7500
6 450 / 20 9000

Austin, TX, U.S)9 DAQ board?! PCI-6024% #AA t]
Agizz A7 2 & A FAHERD ] HlolH
E o BY AT EY0]Q LabviewE o] &3}o] tiolg] o}
U2 sty A%E dolHE AIgd el Fapis)
2 RS EAEtY 9538 $EeES #2E & g

(Fig. 1).
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Fig. 2. Final volumetric polymerization shrinkage
(vol.%) of composite resins according to light
intensity. The shrinkage values were measured for
110sec (n=10).
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Fig. 3. Polymerization shrinkage of AF, Z1 and SF
under 300mW/cm? as a function of time (vol.%).
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7} A3 Hp)0.05) (Fig. 2).
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Fig. 4. Rate of polymerization shrinkage of AF, Z1
and SF under 300mW/cm?® as a function of time (Rps
- dvol.%/dsec).

Rps © rate of polymerization shrinkage.

Table 3. Maximum rate of polymerization shrinkage (maxRps: dvol.%/ dsec) determined in the experiment.

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
AF 0.175(0.007) 0.251(0.006) 0.291(0.007)  0.323(0.009) 0.363(0.011)  0.398(0.016)
71 0.182(0.010) 0.255(0.011) 0.309(0.020)  0.362(0.028) 0.409(0.027) 0.438(0.024)
SF 0.130(0.007) 0.192(0.005) 0.240(0.027)  0.259(0.013) 0.285(0.021)  0.300(0.020)

{(The numbers in the parenthesis are standard deviations.)
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Table 4. Peak time(sec) determined in experiment.

BS S0l 0jXE ZEo| 2EF HAIZ AHZEEE 0|83 AT

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
AF 4.67 (0.37) 3.29 (0.25) 2.86 (0.20) 2.61 (0.13) 2.33 (0.09) 2.16 (0.24)
71 3.53 (0.23) 2.38 (0.27) 1.71 (0.10) 1.55 (0.03) 1.45 (0.08) 1.38 (0.08)
SF 3.35 (0.30) 2.03 (0.46) 1.54 (0.13) 1.55 (0.24) 1.32 (0.12) 1.31 (0.11)

(The numbers in the parenthesis are standard deviations.)

Table 5. Presumed ratio of Rp and P.T. and ratioc of experimental P.T.

Group Light intensity =~ Presumed ratio Presumed ratio Ratio of experimental P.T.

(mW/em?) of Reoc{D'*  of P.T.c1/{D)"® AF 71 SF
1 75 041 1.00 0.93 1.08 1.11
2 150 0.58 0.71 0.66 0.73 0.67
3 225 0.71 0.58 0.57 0.52 0.51
4 300 0.82 0.50 0.52 0.47 0.51
5 375 0.91 0.45 0.47 0.44 0.44
6 450 1.00 0.41 0.43 0.42 0.43

P.T. : peak time
Rp  rate of polymerization
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™ axRps)
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Fig. 5. Presumed ratio of P.T. & Rp and ratio of
experimental P.T. & maxRp.
P.T. : peak time

Hatg 719 53-8 (degree of conversion)Z A5
=3 Zo| xdE 4 9o
=(Vs/Vte) X 100(%)

%ﬂgl #AE

(BEq.-D ™

C . degree of conversion
Vs : observed shrinkage

Vtc © total shrinkage which have occurred if all

C=C had reacted

Venhoven'® &

B
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H

R= hnometeri T3 A7bl) WE Kty
8 ARFPrEL FUE 2
TS A3, °1~t— FTIRE 28 285 9z}
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Rp : rate of polymerization

maxRps © maximum rate of polymerization shrinkage

HIHAF:R=0.965, Z1:R=0.974, SF:R=0.927:
Table 5). HNFTETFES (maXRpS) PIFE9] AlF2d
vlE|ahe o] 2AY FHEE[Re)Y B} AT oo dvw
AE BEJ 12 (AF:R= 0988 Z1:R=0.974, SF:R=
0.946), peak time N FH45EEE (maxRps) o 22 &
o] ABABAE EUYH(AF:R=-0.933, Z1:R=-0.892,
SF:R=-0.883: Fig. 5).
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