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ABSTRACT

EFFECT OF INTERMITTENT POLYMERIZATION ON THE RATE OF POLYMERIZATION
SHRINKAGE AND CUSPAL DEFLECTION IN COMPOSITE RESIN

Min Kyung Kim, Sung Ho Park, Deog Gyu Seo, Yun Jung Song, Yoon Lee, Chan Young Lee*
Department of Conservative Dentistry, College of Dentistry, Yonsei University

This study investigated the effect of intermittent polymerization on the rate of polymerization
shrinkage and cuspal deflection in composite resins.

The linear polymerization shrinkage of each composite was measured using the custom-made
linometer along with the light shutter specially devised to block the light at the previously deter-
mined interval. Samples were divided into 4 groups by light curing method; Group 1) continuous
light (60s with light on): Group 2) intermittent light (cycles of 3s with 2s light on & 1s with light
off for 90s): Group 3) intermittent light (cycles of 2s with 1s light on & 1s with light off for 120s):
Group 4) intermittent light (cycles of 3s with 1s light on & 2s with light off for 180s). The amount
of linear polymerization shrinkage was measured and its maximum rate (Rmax) and peak time (PT)
in the first 15 seconds were calculated. For the measurement of cuspal deflection of teeth, MOD cav-
ities were prepared in 10 extracted maxillary premolars. Reduction in the intercuspal distance was
measured by the custom-made cuspal deflection measuring machine. ANOVA analysis was used for
the comparison of the light curing groups and t-test was used to determine significant difference
between the composite resins.

Pyramid showed the greater amount of polymerization shrinkage than Heliomolar (p  0.05). There
was no significant difference in the linear polymerization shrinkage among the groups. The Rmax
was group 4 ¢ 3, 2 { 1 in Heliomolar and group 3 { 4 { 2, 1 in Pyramid (p ¢ 0.05). Pyramid demon-
strated greater cuspal deflection than Heliomolar. The cuspal deflection in Heliomolar was group 4 ¢
3¢ 2,1 and group 4, 3 <2, 1 in Pyramid (p € 0.05).

It was concluded that the reduced rate of polymerization shrinkage by intermittent polymerization
can help to decrease the cuspal deflection. (J Kor Acad Cons Dent 33(4):341-351, 2008)

Key words: Intermittent polymerization, Rate of polymerization shrinkage, Cuspal deflection,
Composite resin
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1. A7M=

i Addo)= A2 shaded] 27H4] B5d 53 A7l S AR
33ith (Table 1).

2. o7y

VTR TE S8

(1) Linometerg °|&3 5% 5% 3%

2740l 4.5 mo] 1L Zo]7} 1.3 mmSl
3 Y& Agslo] FUg & B Al
AlA ke AE-E wx8l7] 94 glycerin gel S4U A3
9} slide glass¥loll $HAl =323 =
9 & X}Xﬂ A2 Linometer (R&B Inc., Daejon,
Korea)'"¢] 24t 23 9ol P31 AJH S A7) AL slide
glassE St}

Slide glass 35l o] A& $Ja) &4 #1248k Fz2A
24332 (R&B Inc., Daejon, Korea)E $XA17]1L ©]
A7 FAY o Wl A B S vlellA Hdig 7hrt
o] FEAPE AAANZ th A7 %EL F7] (Table 2):
(1) 9% 33 (603_{} A& B2AD): (2) 2% F2AE 1
Z A (90 A1) (3) 1% ”Z:/\} 1 FAr (120
Z A& (4) 1z F2A} 2% 3akd (180% Aol m
a i

%@L /\]Zig tﬂi *01]147\] o] EstEE 23}
] Hﬁi}&i -% '6}11] H?sl aﬂ A7} & 2hraz

H] b T
& o] o]F< s Hed|, vage] e %k% sensor”}
0.5% ~ 0.55% Aoz ZHsH =, 3449 2e

Table 1. Restorative materials used in this study

gt 2ixe] ZHd A ZFE 20| SEt TF S8 Aofe] wF W0 0/x= g

% Elol] A7 Al .
F2A AHFA = A4 8 ] F&UAIA A7 1.5
ch A&l holeo] % ‘I’_ ArE et A= o] AAH
HEi I on time off timedll whe} Al 9] 35
= WHEEo 24 FFokA] HZH B2 Abold] A4
71 dite IR FEE T F AEE AZE AT (Figure
1).

ZA71E Curing light XL 3000 (3M dental
Product St. Paul, MN, USA)Z A3, 2579
d7& 7 R 103 A8tk F2Apt gaE AA
AM9] S FEFe X o 1 v E HEl t-testt
1-way ANOVAE AH&ated E7 £43815iH

"] Fof tigk monitoringe Coltolux Light Meter
(Coltene, Altstatten, Switzerland)E ©]831% 1L
2 650 mW/em*S

2) =& 5 &=

23" ¢ % dataZ 7 2L Excel program ©]&
stol T AN 1527449 27] $F 59 &
T8 Aukst. FEF dRY 27 % 59 Sxv
U 2ol 2849 4

St= ( Le+at - Li-at )/( Terat — Teat )

St Speed of polymerization shrinkage at time t
Le+ae © Amount of linear shrinkage at time t+ At
Le-at © Amount of linear shrinkage at time t-At
Ti+at © The time when Li-at was measured.

Tt-at : The time when Li-at was measured.

(At was 0.5-0.55s in this study)

Manufacturer Lot. No
Heliomolar Ivoclar Vivadent, Liechtenstein Eb4834
Pyramid Bisco , Schaumburg, U.S.A. 100014949

Table 2. List of investigated curing methods with their curing cycles

Curing type

Curing cycle

continuous

Cycles of 60s with light on & Os with light off for 60s

N oW oo

intermittent
intermittent

intermittent

Cycles of 3s with 2s light on & 1s with light off for 90s
Cycles of 2s with 1s light on & 1s with light off for 120s
Cycles of 3s with 1s light on & 2s with light off for 180s
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Figure 1. Upper view of the light shutter.
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Figure 2. Close up of the cuspal deflection measuring
machine, the light shutter and the curing light tip.
Samples were placed between rod ends.
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S8t AFe A FZat YEol FE 5 =2 xofel mF Helo 0jAlE FE

Table 3. Amount of linear polymerization shrinkage (um)

1 2 3 4
Heliomolar 8.98 (0.51)* 9.22 (0.22)* 8.94 (0.68)* 9.32 (0.30)"
Pyramid 12.08 (0.54) 11.67 (0.26) 11.71 (0.64) 12.01 (0.56)

There is no statistical difference in all groups of the same resin. * indicates significant difference in the amount of linear
polymerization shrinkage between Heliomolar and Pyramid at 95% level of confidence. Figures in the parenthesis indi-
cate standard deviations.

Table 4. Peak time (PT) which showed the highest rate of polymerization and maximum rate of polymerization
shrinkage (Rmax)

1 2 3 4
Heliomolar T (sec) 3.82 (0.51) 5.50 (1.24) 7.56 (1.55) 8.06 (2.29)
Rmax (um/sec) 0.92 (0.09)* 0.74 (0.12)* 0.74 (0.20)* 0.60 (0.10)*
Pyramid PT (sec) 3.80 (0.71) 5.01 (1.37) 7.15 (1.53) 8.87 (3.16)
Rmax (um/sec) 1.29 (0.14)* 1.13 (0.08)* 0.89 (0.30)¢ 1.03 (0.28)°

Means with the same letter are not significantly different at p € 0.05 level. * indicates different maximum rate of poly-

merization shrinkage (Rmax) between Heliomolar and Pyramid at 95% levels of confidence.

Table 5. Mean value of cuspal deflection at 10 min (um)

1 2 3 4
13.06 (1.62)* 12.16 (2.30)* 10.93 (1.50)™ 10.08 (1.75)*
19.84 (2.41)° 19.35 (2.09)* 17.04 (0.92)" 16.46 (1.42)"

Heliomolar

Pyramid

Means with the same letter are not significantly different at p < 0.05 level. * indicates different the mean value of cus-

pal deflection between Heliomolar and Pyramid at 95% levels of confidence.

I At

Figure 3. Change in the amount of linear polymerization

shrinkage of Heliomolar versus time.

Figure 4. Change in the amount of linear polymerization

shrinkage of Pyramid versus time.
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Figure 5. Change in the rate of polymerization
shrinkage versus time on Heliomolar.
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Figure 7. Change of cuspal deflection of Heliomolar
versus time.
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Figure 6. Change in the rate of polymerization
shrinkage versus time on Pyramid.
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Figure 8. Change of cuspal deflection of Pyramid versus
time.
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