
INTRODUCTION

Silicone-based soft materials are very useful in
prosthetic dentistry. However, the bond strength of

silicone-based resilient denture liners to denture base

resin significantly decreases after thermocycling1) .
This is because bonding is compromised by water

invasion, and that PMMA does not have chemical

bonding with silicone. To overcome these drawbacks,
the authors conceptualized the notion of using a

copolymer of silicone material and MMA. This is

because MMA has good affinity to PMMA. In
particular, 1,3-Bis(methacryloxypropyl)tetramethyl

disiloxane (BMPMS) consists of siloxane groups

which are sandwiched between two methacryloxy
groups2). The methacryloxy groups of BMPMS can

thus form chemical bonding with MMA.

The purpose of this study, therefore, was to
evaluate the elasticity of a novel copolymer of MMA

and BMPMS and the cytotoxicity of BMPMS.

MATERIALS AND METHODS

Copolymer preparation
The novel copolymer was prepared using MMA and

BMPMS. Chemical formula and molecular weight of

BMPMS are listed in Table 1. Experimental
concentrations of BMPMS employed for the novel

copolymer were 10, 30, 50, and 70 mole％.

Polymerization of the mixed monomers was carried
out using the same method described in a previous

paper2).

Compression and bending tests

Compressive and bending strengths were measured

using a universal testing machine (AGS-500,
Shimazu, Co. Ltd., Kyoto, Japan). Crosshead speed

of compression test was 2 mm/min. As for the

bending test, crosshead speed was 1 mm/min and

chart speed was 100 mm/min. Five compression test

pieces with dimensions of 4 mm diameter × 8 mm
length were used, while for the bending test the

dimensions used were 4 mm diameter × 25 mm

length. Specimens were stored in 37℃ water for 50
±2 hours prior to the tests. To determine the

bending strength, specimen was placed in a three-

point bending fixture with a span of 20 mm.
Bending modulus was calculated from the linear

portion of the load-time curve up to the proportional

limit. Applied load for transverse deflection was 1.5－
5.0 kgf.

Cytotoxicity test
Handling and culture of the tooth pulp was carried

out according to the method of Kawase et al.3) .

Tooth pulp was taken out from human extracted
tooth with informed consent. Following random cell

migration in human pulp tissue specimen, human

pulp cells were subcultured at 37℃, 5％ CO2-95％ air,
and 95％ humidity. The liquid medium of cell

suspension culture at 3×104 cells/ml density was

dispensed into 200-μl wells of a 96-well culture plate.
The cells were cultivated for two days. After which,

the culture solution was replaced with 200-μl culture

solutions containing varying concentrations of
BMPMS, from 0.1 to 5 mM.

BMPMS-containing solutions were inoculated for

two days and the cells were cultivated for six days.
On every inoculation day, one culture plate was

collected to determine the DNA content of cells.

Each plate was then washed two times with physio-
logical saline and stored in the freezing chamber

until analysis. Time-dependent cell proliferation was

measured by DNA quantitative analysis4).
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Statistical analysis
All data collected in this study were analyzed statis-
tically using Student’s t-test.

RESULTS

Table 2 shows the compressive strength, bending
strength, bending modulus, and transverse deflection
value. Compressive strength of PMMA was 118±3
MPa. As for the copolymers containing 10, 30, 50,
and 70 mol％ BMPMS, their compressive strengths
were 71±3, 52±3, 43±1, and 37±3 MPa respectively.
Therefore, there were apparent significant differences
between the PMMA value and those of the copoly-
mers (P<0.05).

The bending strength and bending modulus of
PMMA were 124±2 MPa and 2.93±0.10 GPa
respectively. As for the bending strength and bend-
ing modulus of the copolymers, they decreased with
increase in BMPMS concentration. Similarly, there
were significant differences between the PMMA value
and those of the copolymers in both properties
(P<0.05). In particular, the bending strength and
bending modulus of 70 mol％ BMPMS were 48± 1
MPa and 1.08±0.04 GPa respectively.

In terms of transverse deflection, the value of
PMMA was 0.15 ±0.00 mm. Those of copolymers
containing 10, 30, 50, and 70 mol％ BMPMS were
0.29±0.03, 0.40±0.02, 0.46±0.01, and 0.48±0.01 mm
respectively. It could be seen that the transverse
deflection value of the copolymers increased with
increase in BMPMS concentration. There were also
significant differences between the PMMA value and
those of the copolymers (P<0.05).

As for the 50％ inhibitory concentration (IC50)5) of

BMPMS, it was shown in Fig. 1 to be about 0.8 mM.

DISCUSSION

In siloxane oligomers, rotation about the silicone-to-
oxygen bond is almost zero, since the rotation being
virtually free6,7). When this property is coupled with
the crosslinking of polydimethylsiloxanes, rubber
products with good elastic properties can be yielded8).
BMPMS, which has dimethylsiloxane chain, can thus
be crosslinked too. As a result, the copolymer of
BMPMS and MMA showed high elasticity.

It was reported that the bond strength of sili-
cone-based soft lining materials to acrylic resin
decreased after storage in distilled water9) . Silicone
materials have no effect on bonding to PMMA.
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Table 1 Chemical formula, molecular weight, and code of siloxane oligomer

Chemical formula Structural formula Mw Code

1,3-Bis(3-methacryloxypropyl)-
1,1,3,3-tetramethyl disiloxane

386.7 BMPMS

Specimen (mol％ of
BMPMS in PMMA)

Compressive
strength (MPa)

Bending strength
(MPa)

Bending modulus
(GPa)

Transverse deflection
value (mm)*

PMMA 113 ± 3a 124 ± 2a 2.93 ± 0.10a 0.15 ± 0.00a

10％ BMPMS 71 ± 3b 95 ± 5b 1.98 ± 0.26b 0.29 ± 0.03b

30％ BMPMS 52 ± 3c 70 ± 8c 1.39 ± 0.10c 0.40 ± 0.02 c

50％ BMPMS 43 ± 1d 55 ± 2d 1.18 ± 0.02d 0.46 ± 0.01d

70％ BMPMS 37 ± 3e 48 ± 1e 1.08 ± 0.04 e 0.48 ± 0.01 e

Same superscript letter indicates no significant differences in each test group (P>0.05).
＊ Load of transverse deflaction was 1.5-5.0 kgf and distance of support span was 20 mm.

Table 2 Effect of BMPMS addition on the mechanical properties of PMMA

Fig. 1 Biological evaluation of BMPMS using cell culture
test.



Thus, the copolymer of BMPMS and MMA was
expected to show better affinity to PMMA than
silicone materials. BMPMS is an oily compound
with a molecular weight of 386.7. The addition of
BMPMS to MMA was found to decrease the water
sorption of the resin significantly when compared
with that of PMMA2). In the same vein, Miyasaka et
al. reported that silyl-dimethacrylates were likewise
effective as additional monomers in dental composites
to improve water repellency10). This was because the
hydrophobic property prevented water invasion, and
thus ensured the good affinity between the
copolymer and PMMA. However, silicone-based
materials have several disadvantages. For example,
autopolymerizing silicone materials exhibited severe,
and surface roughness changes caused by denture
cleansers11). It should be cautioned that daily cleans-
ing of soft lining materials with mismatched denture
cleansers could promote subsequent biofilm formation
of fungi on the materials12) . Clinically, colonization
by Candida albicans on denture soft lining materials
is recognized as a dental problem13). Thus, to avoid
the formation of Candida albicans biofilms, silicone
materials must have a potent antimicrobial property
and high solvent resistance.

In the biological evaluation of BMPMS using cell
culture test, IC50 of BMPMS was about 309 μg/ml.
Therefore, the cytotoxicity of BMPMS was higher
than that of MMA14,15), but lower than that of Bis-
GMA16).
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