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Polymerization Shrinkage Behavior Measured by Digital Image

Correlation for Methacrylate-based and Silorane-based Composites

During Dental Restoration

Jung-Hoon Park*, Nak-Sam Choi**"

ABSTRACT: The polymerization shrinkage behavior of dimethacrylate-based composite (Clearfil AP-X, Kuraray) and
silorane-based composite (Filtek P90, 3M ESPE) used for dental composite restorations was measured using digital
image correlation method. The stress distribution on the surface of specimen was calculated by finite element analysis
with equivalent elastic modulus and was compared with the measured shrinkage distribution. Camera images were
monitored by a CCD camera during and after the irradiation of light. As a result of the DIC analysis, a non-uniform
shrinkage distribution was observed in both composite resins, and the resin core inside the ring specimen had free
flowability, leading to in greater shrinkage strain than the resin/ring interfacial region. It was observed that as the
distance from the center of the resin increased, the radial average shrinkage strain decreased. The radial average
shrinkage strain during light irradiation occurred to be 33% for P90 and 57% for AP-X of the entire strain at the end
of the test. The shrinkage behavior of P90 and AP-X was measured to be significantly different from each other
during light irradiation. In the resin near the resin/ring interface, it was confirmed that the tensile strain rapidly
formed to increase after light irradiation, causing a tensile stressed, interface weak.
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Table 1. Dental composites used in this study

Resin Shrinkage
i Fill
Composite Matrix iller (voL%)
Clearfil | Bis-Gma | 3H™ Bar;:i Cglleass, Silica ,
AP-X |TEDGMA .
© (85.5 Wt%)
Filtek | . 0.01-3.5 pum (average 0.47 pm)
P90 Silorane quartz particles, yttrium 0.88
fluoride (76 wt%)

2mme| 5 Gare] Zjmo] A FHste] FHFHES
ZAs900], o|x]of ARl A2 Bakdte
Zho] f-o]gt =1 9] polymethylmethacrylate (PMMA)E &
o4 7hgom Az Aolth. WA, A WA7|0E 2T
= ARgsto] Al &, A E FY] W] nfo]a g2 By
Al (micro brush)S A}-&-3}o] =3 & ulgto 2 A XA 7Ith
AZx &, H2HAo)| LED irradiator (Morita Pnecure, Japan)s
ARESHo] 10 s 7F FxeA) shof Rt sh AlZlet o] %, F W
ol B3t A0S FHelo] AW AWAA AT R
= zbste] FetelA vk § SAHIE Az o]E o]
$ko] DICEAS 913t 22e) el & wE AT ol
offof el Ea HIIE alHRIAE Eiolo] AT
wol A=) 2718 2o 2 st

2.2 C|X|EHo|0[x| &2ty

Fig. 12 DICEA 9] 7fQ ot fA|E o]u]x] A2
Az wHe] B S S vhEol My AT MY 5o
ojujAE YA 7hH2tR 59 7 e HefE v
AT oRA HMEE FEE Artels WHolHH(17,18].

Fig. 29} o] A9 A& FAsIom B2 A4
F O RHE 2 mm 1204 o] 4715 1000 W= 3
AP 20 si2 AEtlTh SR 9]9] HE e DIC
7hd2} A A8 (ARAMIS 2M LT, GOM, Germany)2 £3}0]
Stk

LEDZAPo A o= a3 BA7] = lsto] 3z
A B 0] ofu| g B B3 BY 2HoR HY
o] =715 3ATH[16). Fig. 32 lmEAZtol| w2 DICS| 4] 71
F 9ok LR ARKIOIC). 1=ZA1710] 0.15 ms %€ 0.55 ms
742] 0.05 ms¥ Z7HAA AA| G9F s 47Hss ool

P

O

=

Reference image After deformation image

v
[ J

Fig. 1. Schematic of digital image correlation method
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Table 2. Material properties of dental composite resins and PMMA for finite element calculation

Clearfil AP-X Filtek P90
Properties PMMA
Resin Bond resin Bond
Elastic modulus [MPa] 186 (equivalent) 4400 153 (equivalent) 2300 3200
Poisson’s ratio 0.26 0.24 0.3 0.3 0.3
Polymerization Shrinkage [vol.%] -1.9 - -0.88 - -
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Fig. 5. Modeling of a dental restoration ring models for 3D finite
element calculation
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ring specimen for P90 measured by DIC (a) just before
the end of light irradiation and (b) at a cured state for 10
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Fig. 7. Average radial shrinkage strain of (a) P90 and (b) AP-X
[16] as a function of time during and after LED irradiation
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