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Figure 2. Schematic diagram of specimen and preparation . weewseeeeeesseeeees

Figure 3. Analysis of stress in a thick walled acrylic ring « s weeseesseeseessensseenes

Figure 4. Change of shrinkage stress (MPa) in each group for 800 seconds



ABSTRACT

Evaluation of polymerization shrinkage stress in

silorane—based composites

Ryu, Seung-Ji
Advisor . Prof. Min, Jeong-Bum, D.D.S., Ph. D.
Department of Dentistry

Graduate School of Chosun University

The purpose of this study was to evaluate the polymerization shrinkage stresses
among conventional methacrylate—based composite resins and silorane—-based
composite resin.

The strain guage method was used for the determination of polymerization
shrinkage strain. Specimens were divided by 3 groups according to various
composite materials. Conventional methacrylate-based composite resin; Filtek
Z-250 (3M ESPE, St. Paul, MN, USA) and Filtek P-60 (3M ESPE, St. Paul, MN, USA);
and silorane-based resin; Filtek P-90 (3M ESPE, St. Paul, MN, USA).
Measurements were recorded at each 1 second for the total of 800 seconds
including the periods of light application. The results of polymerization shrinkage
stress were statistically analyzed using One way ANOVA, and Tukey test (p =
0.05).

The results were as follows:

1. All groups showed transient expansion just after irradiation of curing light.

_iv_



Shrinkage stress was increased rapidly at the early phase of polymerization
and after 200 seconds reduced slowly as time elapsed.

2. The polymerization shrinkage stress of silorane—based composite resin
showed lower than conventional methacrylate-based composite resin (p <
0.05).

3. Shrinkage stress in methacrylate—based composite resin groups did not
show significant difference (p > 0.05).

The use of silorane—based composite resin may reduce polymerization shrinkage
stress and subsequently reduce marginal leakage, which increase the risks of
cuspal deflection, secondary—caries formation, and pulpal inflammation. But
elastacity of modulus also should be considered before clinical application and

we need to study more about silorane—based composite resin.
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g S0l ULt AE =FYE2=Z= =2 mercury dilatometerLt water dilatometers
ANESHH MEBISIE SEGHAL S8 Mo HISHIE FLZLAMSZ2 =Jol¥eE
4, Ol Y4HEHe i HHE2 HNEs Z2R2 ot 2& 8350 21Zatd dest 53
O O{ed=201 UL, 0120 HE =ZFE0 = linometerE 0/&dt= 2H, ZFEHLHY, R
SIAEAY, D2l AEY R HOIX (Strain gauge)E 0185t 28 S0l 2104
D ALLT® 0|F 2 AR AE 19924 Sakaguchi @t DouglasOil 28 AJHE AE
Ol HOIXIZ 0I85tH =&XC Al LMets 2= 2282 =F6IAC.

=2 A9 SH2 MEZ silorane =dIde Sef+=S3882 JIE2 methacrylate
HEol =adl&ll W 2246t= A0ICH 2 AP AHRIt-E "Silorane J|E 2 0]
SO0 YR FE+= SH2 J|E methacrylate JIEQ S&Y &I XH0IIJF &
CH" OICH.
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B. £

Hag ZX MEHE ScH, astH0 2402 2H 23S0t fIot0 FIE ATHt
22 A2 25 ofHU 882 DE MEE O0IEotH 28t

2. gz

2 AP0A ==& methacrylate J|&2 =& A& 252 Filtek 7250 (3M ESPE, St.
Paul, MN, USA)Z} P60 (3M ESPE, St. Paul, MN, USA)S AFZ5I1D, silorane J|& 2
Sy &2 PO (3M ESPE, St. Paul, MN, USA)S AFZoICH (Table 1). 2/Z& 10 mm,

W& 7 mm, =0/ 3 me 032 =2 FH|otld & WHY SEH A2 E=0H)]
flet BHHEZT= 2 == MX2IMUHl ciEsct= HS2=2Z methacrylate JI&2 =
stAl&l 2= Single Bond (3M ESPE, St. Paul, MN, USA)E, silorane J|&29 =&
&2 PI0 Adhesive system (3M ESPE, St. Paul, MN, USA)S = Z2ctD 22U ZZAD|
Spectrum 800 (Dentsply Caulk, Milford, DE. USA)S 400 mW/cmo| Z2A L2 AIZ0IH
Ch, =520 =A™= <o TML foil strain gauge (FLA-1-11-1L, SOKKI, Japan)<2t
TML data logger (DTDS.THS-7120, SOKKI, Japan)ZS At=2ot% LY.
Table 1. Composites used in the study
Composites Components Manufacturer
2250
Bis—GMA, BisEMA, UDMA, TEGDMA, Silane
(Batch No. .
treated ceramic
N172254)
P60 i ) .
Bis—GMA, BisEMA, UDMA, TEGDMA, Silane
(Batch No. .
treated ceramic 3M ESPE,
N174524)
3,4—Epoxycyclohexylcyclopolymethylsiloxane, St. Paul,
Yttrium fluoride, MN, USA
P90 Bis—3,4—-Epoxycyclohexylethgylphenyl-methylsilane,

(Batch No. Mixture of Epoxyfunctional Dl-and Oligo-siloxane

N132574)  by-products, Mixture of Alpha-substituted
by—-products, Mixture of Epoxy—mono-silane by
products, Silane treated Quart

_4_
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11 2t THES MEANA =ots I SE 5 1022, +2 W2 88 2

xt
g2 FXADNZ BSEE 7 SE-=SES

r

A. AIE HIZ
& 10 mm, WA 7 mm, =0/ 3 mme O3 F=FS =Hlotl FEO UH2
Microetcher (Denville engineering Inc., USA)ES OIZ3dt0{ 50 #m aluminum oxide
powder & 572t sandblasting Me2lgt &, 30x2F 35% CIAIOZ AE AL A|HGIACH. =
& 9| 2HE (Cyanoacrylate adhesive (SOKKI, Japan)Z AEHQ HOIXKIE E&6t%H0
(Figure 2).

FEO WHY sg d&ls I=ot)| et &FHHMIZ methacrylate J[&2 =8 &
2Z=2 Single Bond (3M ESPE, St. Paul, MN, USA)E, silorane 2|29 =&
Adhesive system (3M ESPE, St. Paul, MN, USA)2 =&ol1] &2

o 10x2t ZSEotRULCtH

A

B. S&ddl ™ L 2=F
ANEBO 2= AEY QN HOIKIZS TML data loggerOl HZAII|1D 2=8 Mo =D|gt
S HESICH. SEAIZE 2E 22 HUX 2= S2LotA SHoIIGH 400 nw/ere| 2
22 AEGHH 40x2F =oAL

: e ; Sand blasting

7mm l
Acrylic ri .

. Q B Restorative

3mm i - material Strain gauge
Strain gauge L_. Dental adhesives

Figure 2. Schematic diagram of specimen and preparation.



C. == a

2SS ANERE 1x 2H30=2 800x 2t AEYQl g2 SXE & 242 2ol TML
data logger (DTDS.THS-7120, SOKKI, Japan) softwareES Sofl ZFE0l HIOIEHE A&
SIRCH OOIBHE M& = dd Z2)eioz Het, JeZsiold 240t AEY
Ol 2t2 Hooke's laws 0IZ0ot0] 2t A& =S5 O=Z Aot JISoIUCH TS
o A2 AFBSI0 PSIALH (Figure 3).%

Hooke's law :
Polymerization contraction stress (PCS) = Shrinkage x Young's modulus

PCS (o) = Strain (€9) x E (Young's modulus of the ring material = 3.3 GPa)

O = P2r12 / (rOB_ r]?) .................................. (A1)
ACo / Co= €0 = 0Oc [/ E s (A2)
PCS = P: (r02_ r]2) / 2[’]2E80 ..................... (A2 N A1)

PCS (MPa) = 0.52 x E (GPa) €o (u4m/m)

2

Strainjgage

Figure 3. Analysis of stress in a thick-walled acrylic ring.

%, 300=, 400=, 500=, 600=, 700=, 800x= s Al2t
0l [Tet 2 22t == X0IE 8lu, EIIE 2ol One way ANOVAS AtE0HRAL
=

A= 2EE GHACH (p = 0.05).
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A 2ZEE NS0 YANROR BRJCD I 22As &
t =

[0 AlIZHOl RIg=+S +==E0| 240t &S 2BACH (Figure 4). 2
=SH0l  AlZH0l et A Sototd i, silorane JIES Sgdl& P00

methacrylate JI&S =gdl&l 7250, PE0Sl £=2=E[} L2 gsS 2U0 (p <
0.05). 1Lt methacrylate JI&Q| S&H&IQI 725010 P60 SFIHAl MEZ2H ==
= EHEOZ KO8 X0IJF A/JUCH (p > 0.05).

3
g 2
5
=
2 1
L3+]
@ — P90
2 0
i — 7050
= -1 P60
=
_2 = .
-3

0O 100 200 300 400 500 600 700 8OO0 Time (S)

Figure 4. Change of shrinkage stress (MPa) in each group for 800 seconds.



Table 2. Values (MPa / Mean £ SD) of shrinkage stress in each group at each
measur ing time

P60 P90 2250
100sec -1.14 + 0.28° 0.66 + 0.72° -1.17 + 0.34°
200sec -1.87 + 0.29° -0.74 + 0.55° -1.95 £ 0.37°
300sec -2.15 + 0.30° -1.21 £ 0.49° -2.24 + 0.38°
400sec -2.26 + 0.31° -1.39 + 0.46° -2.36 + 0.38°
500sec -2.31 + 0.32° -1.46 + 0.45° -2.41 + 0.39°
600sec -2.29 + 0.34° -1.49 + 0.44° -2.44 + 0.39°
700sec -2.39 + 0.34° -1.50 + 0.43° -2.46 + 0.39°
800sec -2.37 + 0.34° -1.51 + 0.43° -2.48 + 0.40°

a,b : Different letters show significant difference among groups (p < 0.05)
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