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ABSTRACT

POLYMERIZATION SHRINKAGE OF COMPOSITE RESINS
CURED BY VARIABLE LIGHT INTENSITIES

Mi-Young Lim’, Kyung-Mo Cho?, Chan-Ui Hong'*
'Department of Conservative Dentistry, School of Dentistry Dankook University,
*Department of Conservative Dentistry, School of Dentistry Kangnung National University

The purpose of this study was to compare the effect of exponential curing method with convention-
al curing and soft start curing method on polymerization shrinkage of composite resins.

Three brands of composite resins (Synergy Duo Shade, Z250, Filtek Supreme) and three brands of
light curing units (Spectrum 800, Elipar Highlight, Elipar Trilight) were used. 40 seconds curing
time was given. The shrinkage was measured using linometer for 90 seconds.

The effect of time on polymerization shrinkage was analysed by one-way ANOVA and the effect of
curing modes and materials on polymerization shrinkage at the time of 90s were analysed by two-
way ANOVA. The shrinkage ratios at the time of 20s to 90s were taken and analysed the same way.
The results were as follows:

1. All the groups except Supreme shrank almost within 20s. Supreme cured by soft start and expo-

nential curing had no further shrinkage after 30s (p { 0.05).

2. Statistical analysis revealed that polymerization shrinkage varied among materials (p = 0.000) and

curing modes (p = 0.003). There was no significant interaction between material and curing mode.

3. The groups cured by exponential curing showed the statistically lower polymerizaiion shrinkage

at 90s than the groups cured by conventional curing and soft start curing (p ¢ 0.05).
4. The initial shrinkage ratios of soft start and exponential curing were statistically lower than
conventional curing (p € 0.05).

From this study, the use of low initial light intensities may reduce the polymerization rate and, as

a result, reduce the stress of polymerization shrinkage. (J Kor Acad Cons Dent 32(1):28-36, 2006)

Key words: Polymerization shrinkage, Light intensities, Soft start, Exponential curing, Linometer,
Polymerization rate
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#5349, AFE Synergy Duo Shade (Coltene
Swizerland), Filtek Z250 (3M, U.S.A.), Filtek
Supreme (3M, U.S.A) 5 A 7FA A7 & E§dA
o] A3 AMAS AL, BEAIZE Spectrum 800
(Dentsply, U.S.A.), Elipar Highlight (3M, U.S.A.),
Elipar Trilight (3M, U.S.A) & AH&-3SiTh. F2AL WY
Z, A%A $PHL Spectrum 800% o] &3l 4027
800 mV/erre] B2 F¥Z 3L, two step soft start
232 Klipar Highlight®] 402 two step mode& ©|
3} 200 /2 10% ZAF 3 800 /a2 3027 5
gl WS, exponential FHH2 Elipar Trilight®]
40% exponential modeE AH&-8td 150 aW/crol 4] 800
/e 1527 B2t Z7kste 252 F<t 800 /e %
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3. A &4

Lin % = dL/(L+dL) x 100 %
L 3% & 539 74, dL: 3¢ 5§
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A3, 4% FHTrEE oﬂ %}6}“ AlZHE AkEd)
[k ooz 90 ¥, HF
way ANOVA testZ o] &3} H %}.A} Wy, A=
9 AL e AEA Lol FHF %Oﬂ "Ae 9
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o g 20274219 ¥ FEFFES
ANOVAZ vlwsta, z2tzte] SAAE 9
test2 ASe49.

specimen E‘J ™ Slide glass
—  Aluminum Disk
Infrared Sensor

computer

Figure 1. Diagram of linometer.
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Figure 2. Linear polymerization shrinkage of Synergy
Duo Shade.
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Figure 3. Linear polymerization shrinkage of Filtek Figure 4. Linear polymerization shrinkage of Filtek
7250, Supreme,

Table 1. Linear polymerization shrinkage after 30 seconds with various curing modes (%)

Material Curing Mode Mean S.D N
Conventional curing 0.80 9.89E-02 10

Synergy Duo Two step curing 0.77 4.40E-02 10
Exponential curing 0.74 9.68E-02 10

Conventional curing 0.46 4.76E-02 10

Filtek Supreme Two step curing 0.45 1.75E-02 10
Exponential curing 0.45 3.93E-02 10

Conventional curing 0.60 6.94E-02 10

Filtek Z250 Two step curing 0.61 5.48E-02 10
Exponential curing 0.51 3.64E-02 10

Table 2. Two-factor analysis of variance for linear shrinkage at 90 seconds

Source Sum of square DF Mean square F p
Material 1.554 2 0.777 203.535 0.000
Light curing mode 4.73E-02 2 2.36E-02 6.189 0.003
Material*Light curing mode 2.80E-02 4 7.00E-03 1.833 0.130
Error 0.309 81 3.82E-03
Total 34.069 89
BRIl L, o2 2 7250, Synergy Duo Shaded] £AZ 3. X7| 20x7te| =3t =8
F&5o] F7IeIh. FXAL WHEEE exponential F
A Fod QA 22 A FHFES 2T, two Table 45 90ZdX 9] $&Ed] that 2020M Y $=
step ZEHY A5A FEHL two step FEHAAM H £ Hlgolth, BE TN ABH FRYUOE FHHUE
HE $£HES Ho|7|e AT, BAALE {Fo3 Aol o, 20% o] X7] #FE| MF E AL ¢ F U
A}, , Table 5% 7] 20&3t9] F§4% vl&d] 2424 23
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Table 3. Homogeneous subsets of materials and curing modes at 90 seconds
Subset for alpha=0.05

Material No. of samples
1 2 3
Filtek Supreme 30 0.45
Filtek Z250 30 0.57
Synergy Duo 30 0.77
Sig. 1.00 1.00 1.00
Curing Mode No. of samples Slubset for alpha = O'Oz
Exponential curing 30 0.57
Two step curing 30 0.61
Conventional curing 30 0.62
Sig. 1.00 0.88

Tabled4. Linear polymerization shrinkage (%) at 20s and 90s and their ratio (%)(S.D)

Mat. Synergy Duo Shade Filtek Z250 Filtek Supreme

Time Spectrum  Highlight  Trilight Spectrum  Highlight Trilight  Spectrum Highlight Trilight

20s 0.73 0.56 0.61 0.57 0.48 0.42 0.41 0.29 0.23

(.10 (.09) (1D (.07) (.07 (.03) (.04) (.03) (.04)

90s 0.80 0.77 0.74 0.60 0.61 0.51 0.46 0.45 0.45

(.10) (.05) (.10 (.07 (.05) (.04) (.05) (.02) (.04)

Ratio (%) 92.2 72.8 81.6 96.0 79.3 84.2 88.0 65.3 51.0

(4.19) (10.22) (5.53) (3.6 (8.77) 3.1D) (3.82) (4.89) (4.62)

Table 5. Two-factor analysis of variance for initial shrinkage ratios

Source Sum of squares DF Mean square F p
Material 5559.625 2 2779.812 80.211 ' 0.000
Light curing mode 7744.105 2 3872.053 111.727 0.000
Material*Light curing mode 2556.496 4 639.124 18.442 0.000
Error 2807.162 81 34.656
Total 579348.780 89

2 A8 2 32X 9y BF 94 de 9FE 73 59 FEFEHES MY §, A5E F3He
o} Az} F2AL g A5 4T foA A 9 W2 A|Ztell F3ho] o] FARE & F it} 2] FErS
o] AU} 202K X7] £HES TY HYSE £F 2 Algd vt Y dote s BEES 0, 903 wjo}
A5 o (Table 6), AFA FHAA 7H¢ =0l eyt £ 98 72500 7V & 27) $58E HGoH thgoR
o1 two step &3} exponential FEH-S H| =3 A Synergy Duo Shade, Supreme &4 2 £F5ch,
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Table 6. Homogeneous subsets of materials and curing modes of initial shrinkage ratios
Material No. of samples Subset for alpha = 0.05
1 2 3
Filtek Supreme 30 68.09
Synergy Duo 30 82.20
Filtek Z250 30 86.49
Sig. 1.00 1.00 1.00
Curing Mode No. of samples 1Subset for alpha = 0'025
Exponential curing 30 72.26
Two step curing 30 72.47
Conventional curing 30 92.05
Sig. 0.99 1.00
V. &2 2 a0 sk
B Bl sloM 27] F¥eFol 6032714
FHFES Sste TS o, o S o dojdtie Ha®e} 907X TS0 ALY &
2o Az 2l § IoH®. Mercury dilatometer', T2 g fARITE B2 uhek 2 g E 90
water dilatometer®?”, linear displacement A8 FRTEES S AT
trnasducer’” o2 FRFEFS A e A= U TS SH LA 9L e 2oz e THTEHY
A% mercury dilatometere 0] FH LM 3l % E%, B3z BE, 2719 584 Sl deH?,
stk @do] glon, #2 AA 9 T AV|H ole HIHZY 24, 959 FH, 57 FoluiA
A3 water dilatometer F3F ST Sl w1743 4 9 JFE weurn® olg g S Bt WHe
5 wet A3t @A e § Aol 7ittga 1S e, ¥ BdArY FEAA AL /84 EFEA
t}. Grajower®} Guleman®™-< linear displacement (flowable composite) 9] AHE-, €59 Fejzd J8ln %
transducer2 Al FH HEslo] M & 2Hse ZA e 2 Fo] PP, B AN o]FelA
FAE o] g3t FE 2 ofoloxnd] £EHE F|E FE2AE B3 558 S BAste Wl gk o
Ao, o] gk FHolu 7)1 gt YFE Be T T3kt skgiet,
Az}t B 4 9ln) Uno% Asmussen®& soft start 8% AEH 5
de Gee §9 23} linometere H]H &2 AR 2, o Bl Hlate] W Fol Zobaly WA AF st FRE T
Z20] ZJo]ZA AAE o] &3l AlH ) X8 23452 o 313tk Koran® Kurschner™oll 9318 soft start’}
28 Wol). o] WHE T HR AloldN FRHe  HEH Fh Hsle e gL s Y &
71818HA A wf ol AdA FF F39 2= oA FEME AolE HolA] TR 5o, Yap 7%
7b QA A E5z2e] AAQ v E YelMe Bl b HEd F4 soft start7} H| S8 58S Helvkw 3%
ala A o Hrke T gtk B AFeAE o) o AFHHCZ soft start FHHL WA AP S
239 AJH Aol €] 8’5‘3_ AR sA =437 98t MR QAT 55 E Aol7} gl AR EiHa
mold—~ ol &3t FF Y F AAdG L, FYT 24 A
2eA 8 =3 }9&\3} Lnometer"ﬂ A &A1 A5 Goracci 9er amplng T FHTFE Y2 29
°ok— dorz) Hated, A4 3-8 mm, FAE 1.0 mn, 1.5 mn, ot Wi E3texle] AI=E S/HIITE S,
2.0 mz 3 H FHEE 233 A, o] MM F Dennison %2 397419 4% ramping F¥He] $He
of o] FHFEE A= GFo| vty By & v} o vt F3zlol9 Apolrt glo] #58E A Y
o] B Ao AAE 55 m, FAE 1.6 mE 74 4 vk &,
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B A8 A}&3 Synergy Duc Shade$t Filtek
7250 vlHl £ Bigdoz vE B Bis-
GMAE Bis-EMAZ ¢% thA|sldd 219 %A (molec-
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] FEEE Z2AHY. Filtek Supreme nanofiller
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= 354Y B3R A 712 S PSS S8EQ soft start $3H 2 exponential FEH
e FFFFEHE vl wstart iyt
2 ATFE 9d) 3% B3 (Synergy Duo Shade, 7250, Filtek Supreme) 2 3%9] #2A7] (Spectrum
800, Elipar Highlight, Elipar Trilight) & AH-8IT. & T8I 4022 YA fA816 e, 18 S8-%
£9 %L linometerg o] 48t 2H, 90%7te] HE #5582 0.5 THLE At
Az E 7+ 23 dhid A7k W2 £342ES one-way ANOVA testZ B4l JF 34284 =gl
AlIHE AEE R, 902 & HF A8 SHUFEHES two-way ANOVA testE o] &3l Ax, F2AH 4, A5 2
F2AL Y mgAgo] FFEd v e Ggo] YA E AFENH. £33 02 9] HY FRFZE U
20274 AE 8525 HIE two-way ANOVAZ ¥ mata, 24zke] EAIXNE 95% Scheffe test® 72319
vl o) 22 A9E AU
1. Supreme s A2 2 FollAe AF L FRAF W] FAGlo] dEEe 28 £Z0] F2AF T 202 o]l
o] FolH Tt (p ( 0.05).
2.902 &, A% FR5EEL AR (p = 0.00009 F2AL Y (p = 0.003) 25 494 A& 93 7301,
A g9} F2AL i d3zhe] 242 ko] gl
3.90% ¥ 3% FHFFHEL 2 FAUAI} 71 2L exponential FEHANA 24 A 23d) (p (0.05).
4. 20327HX 9 &7} % E2 soft start® exponential T8 T 7% F¥°] conventional 3 ¥ &}
94 A e 25 HA (p ( 0.05).

2 AY A30S B B o, YT SRS 2] F4% 58 22AA $539S ZaAIdD B 5
Stk 2k 5 2AL BoAS Aol s) 3 BelH HAe] Jaol YT Uom FF olo] UF H Be

ol Zo¥ Aox: AlgEH.

F20: FITF, B, Soft start FHH, Exponential 8%, Linometer, THE
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