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ABSTRACT

Evaluation of polymerization shrinkage stress in silorane-based composites

Seung-Ji Ryu, Ji-Hoon Cheon, Jeong-Bum Min*
Department of Conservative Dentistry, Chosun University School of Dentistry, Gwangju, Korea

Objectives: The purpose of this study was to evaluate the polymerization shrinkage stress among conven-
tional methacrylate-based composite resins and a silorane-based composite resin.

Materials and Methods: The strain gauge method was used for the determination of polymerization shrink-
age strain. Specimens were divided by 3 groups according to various composite materials. Filtek 7Z-250
(3M ESPE) and Filtek P-60 (3M ESPE) were used as a conventional methacrylate-based composites and
Filtek P-90 (3M ESPE) was used as a silorane-based composites. 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).

Results: The polymerization shrinkage stress of a silorane-based composite resin was lower than those of
conventional methacrylate-based composite resins (p { 0.05). The shrinkage stress between methacrylate-
based composite resin groups did not show significant difference (p » 0.05).

Conclusions: Within the limitation of this study, silorane-based composites showed lower polymerization
shrinkage stress than methacrylate-based composites. We need to investigate more into polymerization
shrinkage stress with regard to elastic modulus of silorane-based composites for the precise result. [J Kor
Acad Cons Dent 2011;36(3):188-195.]
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Figure 1. Structure of strain gauge.
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2. iz

B AFoM 554 methacrylate 7122 2 2%
2 Filtek 7250 (3M ESPE, St. Paul, MN, USA)#
P60 (3M ESPE, St. Paul, MN, USA)& AF&3191 1,
silorane 7129 5372 P90 (3M ESPE, St. Paul,
MN, USA)Z A3t tH(Table 1). 97 10 mm, W74 7
mm, ¥#°] 3 mme| o}=2¥ Y FY& FHlst FF W
37 FAsl] A FAARE 24 FEAC AAE
Aol djFsl= AFC2 methacrylate 7129 371 2
%2 Single Bond (3M ESPE, St. Paul, MN, USA)E,
silorane 7149 53712 P90 Adhesive system (3M
ESPE, St. Paul, MN, USA)& A&t &= Fx
A71 Spectrum 800 (Dentsply Caulk, Milford, DE.
USA)= 400 mW/em’®] B32== AHgagith. +%84
o] 23S 98 TML foil strain gauge (FLA-1-11-1L,
SOKKI, Japan)® TML data logger (DTDS.THS-
7120, SOKKI, Japan)Z AH&3F3

=13=3]

3. Algluy

il

7250, P60, P90 Zt 9 1070¢) A H-S FH|stsith A
Aol 2EHQ] AlOIA & F-Fata 7 A 5] A|ZALNA

Table 1. Composites used in the study

Hahe QA BE 5 1027 48 AR A8 402702
24 B2V|2 B340 9 295558 L 2930

7h, Al A

97 10 mm, W4 7 mm, =°] 3 mme o284 9
< Yt F89 WHS Microetcher (Denville engi-
neering Inc., USA)< ©]&3}9 50 un aluminum oxide
powder®2 5%%} sandblasting A2l & 30%3F 35%
Qiako g AHRA] Alaltt, F3 9] W2 Cyanoacrylate
adhesive (SOKKI, Japan)Z AE#Q Ao|A & F23}
HHFigure 2).

T ydz B F&A] A JAA=Z
methacrylate 7129 37 2%& Single Bond (3M
ESPE, St. Paul, MN, USA)E, silorane 7149 &3¢
712 P90 Adhesive system (3M ESPE, St. Paul, MN,
USA) = A&atdla 2 2P AREste] 1023t
Bt

v SR 4 g gt

AlAo] F2E ~EFQ AolXE TML data loggerell
AANT| 1 B2F A9 2713ke AR} AL B
€ 29 oA $7E T 371918 400 mW/cm®d]
BAER ARete] 4027 BETe

Composites Components Manufacturer
7250 (Batch No. N172254) Bis-GMA, BisEMA, UDMA, TEGDMA, Silane treated ceramic 3M ESPE,
P60 (Batch No. N174524) Bis-GMA, BisEMA, UDMA, TEGDMA, Silane treated ceramic St. Paul,
P90 (Batch No. N132574) 3.4-Epoxycyclohexylcyclopolymethylsiloxane, Yttrium fluoride, MN, USA

Bis-3,4-Epoxycyclohexylethgylphenyl-methylsilane,

Mixture of Epoxyfunctional DI-and Oligo-siloxane by-products,

Mixture of Alpha-substituted by-products,

Mixture of Epoxy-mono-silane by products, Silane treated Quart

10 mm

7 mm

Acrylic ring

Strain gauge

Sand blasting

|

Restorative

material Strain gauge

‘— Dental adhesives

Figure 2. Schematic diagram of specimen and preparation.
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Hooke's law:

Polymerization contraction stress (PCS) = Shrinkage X Young's modulus
PCS (0) = Strain (€o) x E (Young's modulus of the ring material = 3.3 GPa)

Oy = P2 r‘z / (r02 - r‘z) ................................... (A'1)
ACo/ Co= €o=0y /B oo (A2)
PCS=P = (I’02 - r‘z) [ DLREEy oo (AQ — A1)

PCS (MPa) = 0.52 x E (GPa) & (zm/m)

lo

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

Shrinkage stress (MPa)

—— Silorane
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P60

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

P23 A|HEE 12 Ao ® 800% 7t ~E#HQ %
S =238 & BAMS 98] TML data logger software

(DTDS.THS-7120, SOKKI, Japan)Z 3] 75FE ]l |
olHE AFsIGt. dolele A £ A Zaaos
ek agjzslsle] BT ~2EH 9 S Hooke s
lawg o]&3to] 7 A F&58E o Sl 7155
Fom ool 48 Alg-sle] ekt (Figure 3).”

o} B B4

7+ 29 F37HA] 100%, 200%, 300%, 400%, 500,
600z, 700z, 800% 5 AlZF Azl wpel 2+ £3te] 3%
<2 o] = Hlw, H7FE 93 One way ANOVAZ AH-
a1 om Tukey test® ARE A= aFtH(p = 0.05,
Table 2).

2 1

BE oA 33F 450t ANz PPHh}
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Table 2. Values of shrinkage stress in each group at
each measuring time (MPa)

P60 P90 7.250
100 sec  1.14 £0.28 -0.66 £ 0.72° 1.17 £ 0.34°

200 sec  1.87 £0.29" 0.74 =055 1.95 % 0.37
300 sec  2.15+0.30" 1.21 =049 2.24 +0.38"
400 sec  2.26 £ 0.31°  1.39 £ 046" 2.36 + 0.38"
500 sec  2.31 £0.32° 146 =045 241 = 0.39"
600 sec  2.29 £ 0.34* 1.49 £ 044> 244 £ 0.3
700 sec 239 £0.34° 150 £043 246 £ 0.39°
800 sec  2.37 £0.34* 151 043" 248 + 0.40°

Mean =+ SD, Different letters indicate significant differ-
ence between groups (p { 0.05).
SD, Standard deviation.

z7ldE F43% FEES Ba Alglo] AR 25
o] ZtAadte ¢S B th(Figure 4). RE TIA 55
o] AlZte] e} Al F7FeFA L, silorane 7129 B3|

SHED W 32 BATHp € 0.05). 2284 methacry-
e 7149 g1l 72503 P60 F7H AB3t £5-8
golz FAA SR fogk Ao 7} fltH(p ) 0.05).

29 FHHY 7 PUEE FREEY Bh Fe
AAE el “F3o] g wE WAFE BPAAS @
Selt Be xS /199 ol FUFES @

3] dslFe Sl stk ¥4 Bis-GMA

£ xgsle 5379 tete R epoxy resin®| AAIE A

o FHAZo]l HojA Aol A&E F A,

spiroorthocarbonates (SOC) A€ FoH sl T
=2

A (expanding monomer) & 7]&¢] methacrylate A€ ]
U epoxy AGe] dFA A FIMA FHFEE AaA
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elE o] Amsgo, Zo|E U452 methacry-
late A9 <] &2 Hlwste] SOC T 7F A=
ABHE 3Y8o] WolgozA Yok ABY 154
o] b:o].}q )\lﬁﬁ_ﬂx] ‘ﬂ\:]. 221,22 243%1] 7HHLQ silo-
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gzl vlg) FEEo] oA e AR HuEla
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%892 Hooke®| WAl ntg} Foxl Mg Fa &4
Aol Foll aix A et SgeRle] gt Ay
of me} ST FAGTE BT Ws(E7hies
g HF SEFFE AT FUHeE TRES
82 dSshe A2 BdehA Reint® dAx s =
A ARRE AR B gl whel, 7 Aol e SgE &
A 2 AR elM o] Fhrsel o Al A9 Hst
F& mopd 24 AN S7ke FE5EEe] HH, ol 2
7] AR A S AR B Tl kol A Al
Hell FHH = FTFHEH] At o8 F4 o= e
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o714 4% F7te] FHG5(de: shrinkage strain at
a specific time segment)@} B3 AG(E: elastic modu-

lus at a specific time)®] #& & 5% Azt 24 A&
e %
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e
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back)S 483t complianceE 9HA 02 A A A
o] Agell= 53zl A @AFe B3t Fas
Aggtt® & AT SHE FFTFSH S silorane©]
1.51 £ 0.43 MPaZ 72509 2.48 + 0.40 MPa<} P60
9] 2.37 £ 0.34 MPakt} 22 F4558S Bt
574 W<l compliance I THTESH S Tste
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TEFEF Fee AT
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7250€ 3.3 MPa® ¢ 525 Husitt®

THrEFTS AT 59 FHHAE Ad 8810A
ghojd gRlo] FrEEd o 2 dFgS v
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12 methacrylate Al€2

g3t ato] & HHATH® Methacrylate A€

ol P60 22% Z250~ 28291 ‘?l‘?i silorane< 572%&
7o

ek, AR FHA12t0] 21 B4 S 9
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