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ABSTRACT
POLYMERIZATION SHRINKAGE KINETICS OF SILORANE-BASED COMPOSITES

Youngchul Kwon, In-Bog Lee*
Department of Conservative Dentistry, School of Dentistry, Seoul National University

Dental composites have improved significantly in physical properties over the past few decades. However,
polymerization shrinkage and stress is still the major drawback of composites, limiting its use to selected
cases. Much effort has been made to make low shrinking composites to overcome this issue and silorane-
based composites have recently been introduced into the market.

The aim of this study was to measure the volumetric polymerization shrinkage kinetics of a silorane-
based composite and compare it with conventional methacrylate-based composites in order to evaluate its
effectiveness in reducing polymerization shrinkage.

Five commercial methacrylate-based (Beautifil, 2100, Z250, Z350 and Gradia X) and a silorane-based
(P90) composites were investigated. The volumetric change of the composites during light polymerization
was detected continuously as buoyancy change in distilled water by means of Archemedes’ principle, using
a newly made volume shrinkage measurement instrument. The null hypothesis was that there were no dif-
ferences in polymerization shrinkage, peak polymerization shrinkage rate and peak shrinkage time
between the silorane-based composite and methacrylate-based composites. The results were as follows:

1. The shrinkage of silorane-based (P90) composites was the lowest (1.48%), and that of Beautifil com-
posite was the highest (2.80%). There were also significant differences between brands among the
methacrylate-based composites.

2. Peak polymerization shrinkage rate was the lowest in P90 (0.13%/s) and the highest in Z100 (0.34
%/s).

3. The time to reach peak shrinkage rate of the silorane-based composite (P90) was longer (6.7 s) than
those of the methacrylate-based composites (2.4-3.1 s).

4. Peak shrinkage rate showed a strong positive correlation with the product of polymerization shrinkage
and the inverse of peak shrinkage time (R = 0.95). (J Kor Acad Cons Dent 35(1):51-58, 2010)
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Figure 1. Schematic diagram of the instrument for measuring

polymerization shrinkage.
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Table 1. Composites used in this study

Composites Components Batch No. Manufacturer
Beautifil Bis-GMA, TEGDMA, FAS glass, ALO PN1402 Shofu Co.,
Kyoto, Japan
7100 Bis-GMA, TEGDMA, Silane treated ceramic 8LP SM ESPE, St. Paul,
MN, USA
7950 Bis-GMA, BisEMA, UDMA, TEGDMA, INCY 3M ESPE, St. Paul,
Silane treated ceramic MN, USA
7350 Bis-GMA, BisEMA, UDMA, TEGDMA N111499 3M ESPE, St. Paul,
Silane treated Silica, Silane treated ceramic MN, USA
Gradia X UDMA, FAS glass, Silica powder, Prepolymerized filler, 609031 GC America, Alsip,
Dimethacrylate IL, USA
3.,4-Epoxycyclohexylcyclopolymethylsiloxane,
Yttrium fluoride, Bis-3,4-Epoxycyclohexylethgyl-
Silorane phenyl-methyl silane, Mixture of Epoxyfunctional DI-and 9OW 3M ESPE, St. Paul,
(P90) Oligo-siloxane by-products, Mixture of Alpha-substituted MN, USA

by-products, Mixture of Epoxy-mono-silane by products,

Silane treated Quart
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k3, 7100°] 0.34%/s2 7} =%tH(Figure 3b,
Table 2). V“;S% TEHES Bole AR Adis s
A|ZH(peak shrinkage time)< P90°] 7H¢ =3 1(6.7
%), 72500] 71 wgkth(2.4%). Methacrylate A€ 2]
ezl Ateldl = frejek Apo 17P AAT(p ¢ 0.05)
(Figure 3c, Table 2).
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Figure 2. (a) Representative curves of polymerization shrinkage (%) and (b) Polymerization shrinkage rate (%/s) of composites

as a function of time.

Table 2. Polymerization shrinkage (%) at 10 min, peak shrinkage rate (%/s),

inverse of peak shrinkage time (1/s) of composites

peak shrinkage time (s), and the

. Polymerization Peak shrinkage Peak time 1/(Peak time) Polym.erization
Composites shrinkage (%) rate (%/s) (s) (1/s) D

(1/Peak time)
Beautifil 2.80 (0.23)® 0.26 (0.04) 3.0 (0.2 0.33 0.93
7100 2.77 (0.07) 0.34 (0.04) 2.4 (0.1)° 0.42 1.15
7250 2.22 (0.08) 0.25 (0.02)" 2.4 (0.1)" 0.42 0.93
7350 2.36 (0.07) 0.20 (0.01) 3.1(0.2) 0.32 0.76
Gradia X 1.99 (0.12)° 0.24 (0.02)" 7 (0.2)" 0.37 0.74
Silorane (P90) 1.48 (0.20)" 0.13 (0.03)* 6.7 (0.8)° 0.15 0.22

Mean values with the same superscripts are not significantly different (p > 0.05).

Number in parenthesis is standard deviation.

Table 3. Correlation analysis among polymerization shrinkage (%), peak shrinkage rate (%/s),

(s), the inverse of peak time (1/s),
the composites

peak shrinkage time

and the product of polymerization shrinkage and the inverse of peak time of

Peak shrinkage Peak time 1/(Peak time) Polymerization shrinkage
rate (1/Peak time)
Polymerization shrinkage 0.83 -0.75 0.69 0.91
Peak shrinkage rate -0.82 0.87 0.95
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