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Behavior of Polymerization Shrinkage Stress of Methacrylate-based
Composite and Silorane-based Composite during Dental Restoration
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ABSTRACT: Polymerization shrinkage stress analysis of dimethacrylate-based composite (Clearfil AP-X, Kuraray) and
silorane-based composite (Filtek P90, 3M ESPE) used for dental composite restorations was performed using strain-
gage measurement and FEM analysis. A theoretical equation based on Young’s modulus and polymerization shrinkage
of the composite resin was proposed to predict the polymerization shrinkage stress. Experimental results showed that
the maximum shrinkage stress of Clearfil AP-X was about 2.8 times higher than Filtek P90. FEM analysis agreed with
such experimental stress behaviours and showed that the maximum Von-Mises stress appeared near the margin of the
filled resin adhered with PMMA ring. The stress concentration at the interface on the specimen surface was higher
than that in the interior. The maximum error of shrinkage stress by the theoretical equation was reasonable within 5%
in comparison to FEM results under plane stress.
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method), -8-3FQ A (Finite element method).
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71 QA= S 2= PMMA (Polymethyl methacrylate)
5218 AFgelelon, DAL 917 6 mm o] 2 mmo)
HArko] W74 4 mmo] 33 & 7HA W, o] A 7o
= Aatslsict

o

2 =253 xl | =5 Hp

==
ST = oH

H Ao AMEEH By A2 Clearfil AP-X(Kuraray,
Japan)@} Filtek P90(3M ESPE, USA)Q] T ZFo|t}(Table 1).
sgte] 2 e ) Awe] Yo no|aw v
HE Aol Bakdlnl HAAE Sie] W wxe
71—6]— 7ﬂt§—71—5__ ;(]U]— IEE 10 sec Eo]— okz;} u].%]-
S Bo] AZXA|Z] th& LED ZAM|Z 10 sec 59 FRAE
AAIste] HRAE FiE AR o] %, AJHU o] &
AL A5l AlTe] QA ST AT 1 2
S0 2N 20 20 sec H3b HHASIO]
o -‘]E—J} 1%t} LED 3%=A}7] (Morita Pencure, Japan)
Holl A AlEte] 7 2E 2 mmz QA 94

10

Table 1. Dental composites used in this study

Composite | Resin Matrix Filler Manufacturer
Clearfil | Bis-GMA g'lum Bazimln glass, Kurar

AP-X TEDGMA ilica particle uraray
(85.5 wt%)
0.01-3.5 um (average

Filtek Silorane 0.47 ;.Lm). quartz p.artl— 3M ESPE

P90 cles, yttrium fluoride

(76 wt%)

Va

Strain gauge

|:| : PMMA ring
|:I : Composite resin

Fig. 1. Schematic geometry of specimen
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Fig. 2. Polymerization shrinkage of the resin (a) without PMMA
ring substrate and (b) with PMMA ring substrate
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variable E,
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Z Number of Elements : 7120
Number of Nodes : 22021

z=0

Axisymmetry

PMMA
d Substrate

(]
Composite T
Resin

n
=0 r=2.0 r=3.0

Fig. 4. 2D axisymmetry modeling of a specimen for finite ele-
ment calculation

Erf - - =

t

Fig. 5. Changing behavior of Young's modulus of general dental
composite resin according to curing time[19]

Table 2. Material properties of composite resin and substrate for

calculation
. Clearfil | Filtek .
Properties APX | P90 PMMA |Adhesive
Elastic modulus (GPa) 4.2 4.8 32 2.1
Poisson’s ratio 0.26 0.3 0.3 0.3
Polymerization Shrinkage | 19 .0.88 i i
(vol.%)
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Fig. 6. Behaviors of the contraction stress at the margin mea-
sured from the inner surfaces of the substrate during the
polymerization contraction in composite restoration
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Table 3. Maximum compressive stress levels according to com-

posite resin
. Maximum compressive | Time at the maximum
Composite )
stress (MPa) compression stress (s)
Clearfil AP-X -0.30 52
Filtek P90 -1.45 13.3

Table 4. Maximum contraction stress levels and maximum con-
traction rates according to composite resin kind

. Maximum Time at the Maximum
Composite . . .
resin contraction maximum contraction
rate (MPa/s) | contraction rate (s) | stress(MPa)
Clearfil AP-X 0.09 21.1 2.64
Filtek P90 0.12 20.9 0.92

Hlrh E7h 425-5-80] 20 min o] %= ofF= A A3 &
7ksto] Ao ARt ghom pEste AsS HAAh

Ffer=-2gl o] AL Table 30|49} Zo] P90o] 1.45 MPa
O AP-X9] 030 MPa Rt} 4.85] ¢ 23 & 4= 9JgloH, o]
= 27| & ZH Z710 93t 2pol = Qlste] WAYTH= A
o2 AbgErh E3h HE-SE 7R =g AXERS P90
0] 13.3 s&2 AP-X9] 5.2 s Ht} oF 2.568] ¢ AA AdF.om o]
o 22 W49 ol fi+= silorane®] FF}A o] eRbE = OF
o] 9] PAoll o= Fr= o Alxto] Fasty] ufjZoletal
HuE| 3 lc}H20].

S, AJRbe] w2 FHj<5-6-3 " 31 (contraction rate)
& Table 42} ZFo] AP-X2] A7} 0.09 MPa/s©. 2 P902]
0.12 MPa/s Xt} @eron, 2o #5550 =Esh= Al
7H2 A o] Zpol 7} ). ZF H 7 9 H 455> AP-
X7} P90 Hrt oF 2874 #A UEstth o)Fof steolu
Fo] 7Fe A Al S AdEfoll A AP-XO] B A= 168
GPa[21], P90 EH4 A 4= 14.4 GPa[22] 0.2 AP-X&] BHA]
A7k oFZF B o1 Table 29} ZHo] AP-X Sob=570]
P90 Xt} oF 2ufl2 FA] ¢k 28782 T A E© ZHolt}.

Fig. 72 AP-X9] Von-Mises stress w325 FEM £4 07
7FA1EFsE 154 o]t} Von-Mises stress (0,05 &A1 2 A
HolA o] vl EE oA & Uetll= G =2H4 49 9t
Y5 ASsh= 8oz, ofg o 4] (1)} Zo] AH=3H3
ok & A9] Aol A= Fig. 73 o] E3ke X2 PMMA
B BAF-AA 0y’ t HHZ UERTE

1 2 2 2 2, 2,2
O Mises = /\TEA/(GX_G}’) +(Gy_cz) +(Gz_cx) +6(Txy+‘cyz+tzx)

(11)

Fig. 8(a)2 0] O’k B K10 7P AR FZ A 53
AZEE JHE RHolFa ek z=0 mme] 7}e-d] Hoj
| (Fig. 8(a)) AP-XO| 7-9- 2|3} & Afo] ] ZgA oA 2]

Z(mm)

aieamax Z=1
37377
202
28481
25033
19585
15137
10689
62414
17935 Min
z=0

Axisymmetry

)
Composite PMMA

Resin Substrate
Bond

Fig. 7. Von-Mises stress (G, distribution in the cross-section
of a PMMA ring substrate restored by Clearfil AP-X resin

Composite resin  4—+—» PMMA ring
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] i i 1
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5 0 . : : .
> -1 0.5 0 0.5 1
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Fig. 8. Behaviors of Von-Mises stresses (o, distributed in the
composite resin-restored PMMA ring specimen as a func-
tion of (a) r at z=0 mm, (b) at z=0.985 mm and (c) z at
r=1.985mm
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gt 29.54 MPao| 1.0 P90 2|7k 10.86 MPa2 1.4
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Ak ol2|eh ARl AR FFol W itk of

12 4

PMMA ring
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o - -
-
-

2.5 3

Radial stress, ¢, (MPa)
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(©)

Fig. 9. Behaviors of radial stresses (c,) distributed in the compos-
ite resin-restored PMMA ring substrate: (a) at z=0 mm (b) at
z=0.985 mm and (c) at r=1.985 mm
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