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INTRODUCTION

Partial or complete dentures are the
most common treatment modalities that are
used to replace missing teeth. Since, the
cost of dental implants and metallic
dentures are much higher ®. Acrylic resin
polymer is one of the most popular
polymeric materials used for the
fabrication of denture base 49,

The Water solubility of denture base
materials considered as an essential
physical property that influences their
biocompatibility and clinical success “&9),
During clinical use, the denture base resin
is immersed in an aqueous medium like
saliva, nasal secretion and cleansing agents
or water. The denture base acrylic resins
are insoluble in water and in most fluids
that encounter the resin in the oral cavity.
However, the substances within the resin
matrix that may leak out from the polymer
matrix are unreacted monomer, plasticizers
and other soluble components © 748 _The
water solubility of denture base materials
are affected by many factors. It has been
found that soaking acrylic resin material in
water at 67°C increasing its solubility and
attributed this finding to the structural
changes or expansion of the polymeric
matrix that modify its solubility behaviour
as compared to that at lower temperatures®

The polar carbonyl groups of acrylic
resins pull water molecules and as the
interpolymer chain distance was greater
than the size of water molecules; they
diffuse between the interpolymer gaps and

gradually penetrate deeper into the polymer

419

matrix and reduce the frictional forces in
between the polymer chain that causes
deterioration of the mechanical properties
of the denture base resin (0 11&12) The
chemical composition of denture base
material among one of the most important
factors that affect its water solubility. It has
been concluded that the water solubility of
conventional heat cured denture base resin
was statistically significantly higher than
that of recent polyamide denture base resin
3 Curing method also influence water
solubility of acrylic resin. It has been
proved that the polymerization of heat
cured denture base acrylic resins material
by infrared radiation method would give
better results regarded their water solubility
comparing with conventional water bath
method®¥,

MATERIALS AND METHODS

Fifty specimens of heat cured acrylic
resin were prepared and divided into the
following groups: control group (without
additives) and nine experimental groups
(with additives) i.e five specimens for each
group. The additives were three kinds of
polymers manufactured by Sigma Aldrich
Chemical Company, Germany (Styrene
butadiene rubber (SBR), Poly ethylene
glycol (PE) and Poly urethane (PU)) that
incorporated with three concentrations 1%,
3% and 5% by volume. The conventional
flasking, packing and curing procedures
were used in the processing of all
specimens of this study.

Biostar sheet were cut as a pattern
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dimensions of
width and

form, with the
10x12x4+0.02mm  (length,
height respectively) @,

The investing dental stone was mixed
in a water/ powder ratio of 100:23
the

manufacturer. Hand spatulation up to 10-

according to instructions  of
20 seconds was done and to get rid of air
bubbles an electrical vibrator was used for
about 2 minutes.

The molds were made up by pouring
the mixed dental stone into the lower half
of the dental flask and then the master mold
was invested after being coated with a thin
layer of an alginic insulator (cold mold
seal). After the final setting of the stone
(about 1 hour), its surface was coated with
a thin layer of alginic insulator, then the
upper counterpart of the flask was placed
and filled with a freshly mixed stone and
vibrated till the flask was totally filled with
some excess. Then the upper lid of the flask
was positioned in its place and the clamp
was secured tightly and left final setting.
After one hour, the two halves of the flask
were opened and the master mold was
removed carefully, all exposed stone
surfaces were coated with a thin layer of an
alginic insulator and left to dry. Heat
polymerized acrylic resin ProBase Hot
(EN,ISO, 20795,

Liechtenstein) was used in this study.

Ivoclar  vivadent,
According to manufacturer instruction, the
powder mixed to liquid at ratio of 23.4¢g
(PMMA) to 10 ml

(monomer). Composites with varying

powder liquid

amounts of additives were prepared by
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replacing a weight of the pre-mixed MMA
monomer with an equal volume fraction of
additives at concentrations of 1%, 3% and
5%.

Firstly, the measured amount of MMA
monomer was poured into a glass bottle and
the calculated amount of the additive was
added to it then mixed by glass rod until a
consistent mixture is obtained. After that,
the powder was added gradually and mixed,
the mixture was covered until it reached the
dough stage to avoid evaporation of
monomer, and then the dough mass was
packed into the flask. The flasks pressed up
to 200 MPa pressure for 10 minutes by
using the hydraulic press. After that, the
flasks transferred to a clamp that should be
secured tightly for processing.

A short curing cycle (heat up to at
100°C for 90 min and left boil for 45 min)
according to manufacturer’s instruction
was used using a water bath that was
thermostatically controlled. At the end of
the curing cycle, the flask was removed
from the water bath and left for bench
cooling.

After
finishing and polishing, they dried in

specimens’ preparation,
freshly dried silica gel in a desiccator (at 37
°C) until

achieved. The specimens were weighted by

weight constant has been

using an electronic balance (of 0.0001 gm
accuracy); this weight is considered as
initial weight (mi). At this stage, the
volume (V) of each specimen was
evaluated by a digital vernier (0.01lmm

accuracy). Three measurements were taken
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of each dimension at three locations
around the borders and the means of the
three measurements were calculated.

The specimens were then immersed in
distilled
thermostatically controlled incubator at 37
+ 1 °C for 7 days + 2 hours. After this

deionized water in a

period, each specimen was flapped in the
air for 15 seconds and weighed 1 min after
its removal from the water. This weight
Wsor =my—mz/ V

Where: Wso. Water solubility, mi:  The
conditioned (dried) mass of the specimen,

After data collection, the results of

this study were statistically analysed by

using SPSS Version 19 by mean of

descriptive statistics including means,

standard deviations, Duncan multiple
range tests and analysis of Variance

(ANOVA) at p <0.05

RESULTS

The mean and standard deviations of

the water solubility of the control group and
experimental groups were revealed in
Figure (1). The results disclosed that the
mean value of water solubility of
experimental group was less than that of
control group. The mean value of water
solubility of experimental group decreased
as the concentration of additives increased.
One way ANOVA test Table (1)
demonstrated that there was a statistically
significant reduction at p<0.05 in the water
of denture base acrylic resin is its
water solubility as it represents the mass of

soluble materials that leak out from the
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(wet mass) was recorded as (m.). Then, the
specimens were dried in freshly dried silica
gel in a desiccator (at 37°C) until a constant
weight is obtained that, was recorded as
(ma).

The water solubility (Wso) value for
each calculated and

specimen  was

expressed in  microgram per cubic
millimeter (ug/mm?®) from the following
equations 9

The

specimen, V: The volume of the specimen.

ms: reconditioned mass of the

solubility of the experimental group as

group.

Duncan’s multiple range test Figure (1)

compared to that of control
showed that the water solubility of
experimental group reduced significantly
as compared to that of control group at
p<0.05. Except for experimental group of
1% SBR, the water solubility was not
significantly reduced.

Figure (2) that the

measured amount of water solubility varied

revealed

concerning the type of additive materials
being incorporated with heat cured denture
base resin. The most pronounced decrease
in the amount of water solubility (0.018
ug/mm?) was observed with the addition of
styrene butadiene rubber polymer at a

concentration of 5% polymer.

DISCUSSION
One of the most important properties
polymer matrix and it influences the
quality of prosthesis and consequently the

quality of the patient’s life “&9),
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The measured amount of water

groups (Figure 1) of this study are
within standard ADA value @9 for water
solubility of heat cured acrylic resin that is
1.6 ug/mm?®. The mean values of the water
solubility of the control and experimental
groups showed that the water solubility of
experimental group with the additives
(SBR, PEG and PU polymers) is less than
that of control group that could be
explained according to the fact that when
two polymers blended together they form
cross-linked three -dimensional
interpenetrating polymer network (IPN)
which, may impede or reduce the potential
sites for water exchange 7419,

One way ANOVA test Table (1)
showed that the water solubility of
experimental group was significantly
lesser than that of control group at p< 0.05
. Except experimental group of 1% SBR
polymer the reduction in the mean value of
water solubility was not significant at
p<0.05 Figure (1). Incorporation of various
additives with acrylic resin responsible for
the observed differences in the water
solubility ®419, The IPNs involve physical
cross-linking  especially ~ when the
incorporated polymers are homogenous
19 The solubility of polymeric material
depended on the homogeneity of its
The higher the

homogeneity; the less soluble it is. This

polymeric  structure.
comes in accordance with Zidan et
al.(2020)? who attributed the reduction
solubility of PMMA

reinforced with zirconia nanoparticles to

in the water
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solubility of control and experimental

the improved homogeneity of the polymer
composite  resulted  from  uniform
dispersion of zirconia nanoparticles with
acrylic resin matrix .

The measured amount of water
solubility varies concerning the type of
polymer being incorporated with heat
cured denture base resin Figure (2). The
most pronounced decrease in the amount
of water solubility (0.018 pg/mm?3®) was
observed with the addition of styrene
butadiene  rubber polymer at a
5% The

incorporation of some additives with

concentration of polymer.
denture base acrylic resins resulted in
changing their water solubility. This was
came
(2010) @, The solubility of denture base
affected by the
structure of each type @2, The amount of

in agreement with Mohammed

materials chemical
water sorption depend on the type, size and
distribution of the fillers particle within
resin matrix as well as the interfacial
bonding between filler and resin matrix®
The nature of interlocking is one of the
major controlling factors in the physico-
mechanical properties of the polymer. As
the PMMA

enhances, it provides further retardation in

cross-linking  level in
its water solubility @3,
By

concentration of added polymers into

comparing the effect of
denture base acrylic resin, the results of
this research demonstrated that water
solubility of experimental group decreased

as the concentration of incorporate
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polymers increased Figure (1). This may
be due to increased physical cross-linking
the
concentration of added polymers increased

within  polymeric  structure as
which, in turn impeded the leaking of
plasticizers ®¥ or due to reduction in the
porosity formation within polymeric
matrix 542 that could be result from
lower content of the unreacted monomer as
a consequent to higher degree of
conversion and ©%9. The result of this
study was in line with the result of research
done by Bacali et al. (2019) ?” who related

the enhanced mechanical properties of

acrylic resin material incorporated with
various concentrations and types of fillers
to the reduced amount of eluted residual

monomer.

CONCLUSIONS

The type and concentration of
additives directly affected the water
solubility of heat cured acrylic resin. The
control group has higher mean value of
water solubility than that the experimental
group. The additives were significantly
decreased the amount of water solubility of

heat cured denture base resin.
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Figure (1): Mean, standard deviation and Duncan’s multiple range test for the effect of

the concentration of incorporated polymer on the water solubility experimental group
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Figure (2): Mean, standard deviation and Duncan’s multiple range test for the effect of the
type of incorporated polymer on the water solubility experimental group

Table (1): One way ANOVA test for water solubility of control and experimental group
incorporated with SBR, PEG and PU polymers.

SS Df MS F P
Between Groups 0.034 9 0.004 5.801 0.000
Within Groups 0.026 39 0.001
Total 0.060 48
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