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ABSTRACT

Aims: This study aims to evaluate the effect of the thermopress curing technique on the water sorption
and solubility of the cold—cured and heat—cured acrylic resins and compared this technique with the
bench curing technique used for the cold—cured resin and with the conventional water bath curing tech-
nique for the heat—cured resin. Materials and Methods: they were to measure the water sorption and
solubility, the specimens were prepared as disks with a dimension according to the ADA Specification
No. 12. So specimens were divided into five groups depending on the type of the resin ( cold and heat—
cured ) methods of curing which were ( thermopress, conventional water bath and bench cure ) and the
time of curing cycle. Specimens were weighed before and after immersion in the distilled water and
after drying with silica gel using an electronic balance to measure the water sorption and solubility.
One way analysis of variance (ANOVA) followed by Duncan ' s multiple range test was performed to
determined the significant different between the mean values among the tested groups at (p< 0.05)
level of significance. Results: There is a significant differences between the water sorption and solu-
bility of resin that cured by the different curing methods and different curing cycle times. The water
sorption and solubility of resin specimens that cured by thermopress have the higher values. Conclu-
sions: The water sorption and solubility of the cold and heat—cured acrylic resins is affected by the cur-
ing method. The curing under higher pressure produces specimens with lower water sorption and solu-
bility values.
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INTRODUCTION is undoubtedly due primarily to the polar

The polymethyl methacrylate because
of its favorable working characteristics,
processing ease, accurate fit, stability in
the oral environment, superior esthetics,
strong, rigid and use with inexpensive
equipment is the material of choice for
denture base fabrication, provisional
crowns and fixed partial dentures fabrica-
tion and construction of splints®™. Po-
lymerization of acrylic resins can be either
heat-activated, chemical activated or light
activated®. Chemically activated acrylic
resin materials have clinical applications
in dentistry as denture base material, den-
ture repair resins, custom trays and tempo-
rary crown and bridges ¢,

Most materials used for prosthetic
treatment are subject to sorption and solu-
bility. Sorption is a process of absorption
and adsorption of liquids. The absorption
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properties of resin molecules. Solubility is
the soluble substances leached during stor-
age in water ©.

The phenomena of sorption and solu-
bility producing deleterious effects. These
effects may include volumetric changes
such as swelling, physical changes such as
plasticization and softening, and chemical
changes such as oxidation and hydrolysis
and color change“®™. The polymethyl
methacrylate resins were hydrophilic that
attracted more water soluble dyes on the
surface and staining, which occurs as a
result of electrostatic charges V. There is
a correlation between residual monomer
and water sorption. If residual monomer is
present, less monomer conversion occurs
and may result in increased sorption and
solubility®. Residual monomer has the
potential to cause irritation, inflammation,
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and an allergic response of the oral mu-
cosa @ 121419 Residual monomer concen-
tration varies with the methods and the
conditions of polymerization 417,

The aims of this study were to evalu-
ate the water sorption and solubility of the
cold and heat—cured acrylic resins cured
by thermopress curing technique and com-
pared with bench curing for the cold—cured
resin and with the conventional water bath
curing technique for the heat—cured resin.

MATERIALS AND METHODS

The commercial cold—cured MEDIC-
US (E.U) and heat—cured acrylic resin Ma-
jor (Major prodotti Dentari, Italy) were
used in this study. The resins were mixed
at powder / liquid ratio according to the
manufacturer's instruction.
The specimens were prepared as disks
with a dimension 50 + 1 mm in diameter
and 0.5 = 0.1mm thickness according to
the ADA Specification No. 12 @18 a5
shown in Figure (1). Specimens were di-
vided into five groups depending on the
type of the resin, methods of curing and
the time of curing cycle. Group | heat—
cured resin cured by conventional water
bath method. The specimens were packed
at the dough stage according to the con-
ventional dough molding method. The
flasks were trial closed and then final
closed under pressure to 100 bar using hy-
draulic press (BEGO hydrofix, Germany).
Flasks then transferred to a spring—loaded

clamp ready for processing. The speci-
mens processed at polymerization cycle of
7 hours at 70°C and 1 hour at 100°C in a
thermostatically controlled water bath
419 " Group Il heat—cured resin cured by
thermopress curing method using Ther-
mopress (thermopress device and as manu-
facturer's instruction the curing cycle with
Thermopress is at a temperature (100 °C),
and under pressure (6 bar) for 20 to 30
minutes). So with Group Il, flasks re-
moved from the hydraulic press and trans-
ferred to the Thermopress (MINI 2000,
Major prodotti Dentari, Italy) without of
spring—loaded clamp. The curing cycle
with Thermopress was at a temperature
(100 °C), and under pressure (6 bar) for 20
minutes, while with Group 11l heat—cured
resin cured by thermopress curing method
using Thermopress and the curing cycle
was at (100 °C) under (6 bar) of pressure
for 30 minutes. Group IV cold—cured resin
cured by bench curing under 100 bar of
pressure with spring—loaded clamp for 25
minutes, the time to be allowed for curing
vary with different materials and the initial
hardening of the material will occur within
20-30 minutes after final closure of the
flask ®”. Group V cold—cured resin cured
by Thermopress at (100 °C) under (6 bar)
of pressure without of spring—loaded
clamp for 10 minutes as manufacturers
instruction. Ten specimens for each group
were prepared, so the final total number
was fifty.

Figure (1) : Acrylic resin disk for water sorption and solubility test.
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Initially, specimens were dried over silica
gel in a desiccator at 37 °C and weighed to
an accuracy of 0.0001 gram using an elec-
tronic balance ( Mettler PM 460, Germany
) until constant weight was obtained. This

was considered to be the initial weight of
the specimen (W1). Specimens then im-
mersed in distilled water, each specimen
being in separate containers. The speci-
mens were removed from their containers
after 7 days. Excess water was removed by

(1) Absorption % = (W2-W3)g %100

(W1)g

blotting with filter paper and the weight of
the specimen was recorded as (W2). This
represent the weight of the specimen after
absorption of the distilled water. Then the
specimens were dried in the desiccator
and the weight of the specimen after dry-
ing recorded as (W3).This represent the
amount of lost soluble materials®?). The
percentage of absorption and solubility
were determined as follow ©?2:

_ (Weight after absorption - final weight after desication ) g <100

@Solubility% = NVE=W3)9 149

(Wl)g

(Initial weight) g

_ (Initial weight - final weight after desication ) g <100

(Initial weight) g

Mean values and standard devia-
tion wear calculated. Mean values
wear compared statistically with one
way analysis of variance (ANOVA)
followed by Duncans multiple range
test to determined the significant dif-
ferent among the tested groups at (p<
0.05) level of significance.

RESULTS AND DISCUSSION
The results of ANOVA are repre-

sented in Tables (1and 2). The results

in Table (1) showed there is a highly

significant different between the mean
value of the water sorption and solu-
bility of the heat —cured acrylic resin
when cured by conventional water
bath curing method and thermopress
curing technique by the Thermopress
Also the results showed there is a
highly significant different between
water sorption and solubility of the
heat —cured acrylic resin specimens
that cured by the Thermopress for 30
minutes and that cured by the Ther-
mopress for 20 minutes.

Table (1): ANOVA for the means of the water sorption and solubility of the heat—cured resin cured
by different curing methods

Heat—cured resin cured by different curing methods

Source of vari-
ance DF

Water sorption ratio
(weight %)

Water solubility ratio
(weight %)

Mean of — Mean of —
F-value F-value
square value square value
*Tested groups 2 3.239093 7964.98 0.000 0.79792 576.53 0.000
Error 27 0.000407 0.00138
Total 29
*Tested groups: Group I, Il and I11; DF: Degree of freedom.
Al-Rafidain Dent J 13
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The results in Table (2) showed that
there is a highly significant different be-
tween the mean value of the water sorption
and solubility ratio of the cold—cured ac-
rylic resin when cured by bench curing
method and thermo-press curing tech-
nique. This result indicate that the type of
curing method has an effect on the water
sorption and solubility of the resins. This
result comes in agreement with the finding
of Janaina etal., and others **'® in that the

method of polymerization has decisive
feature on the physical properties of the
cured resin. They reported a correlation
between the polymerization temperature
and time, and water sorption and solubil-
ity, depending on the the polymerization
temperature and time, various quantities of
residual monomer are left in the polymer.
If residual monomer is present, less
monomer conversion occurs and may re-
sult in increased sorption and solubility.

Table (2 ): ANOVA for the means of the water sorption and solubility of the cold—cured resin
cured by different curing methods

Cold-cured resin cured by different curing methods

Water sorption ratio

Water solubility ratio

Source of ’ ;
varance (weight %) (weight % )
Mean of P- Mean of —
F-value F-value
square value square value
*Tested groups 1 0.6808050 1.5E+05 0.000 0.0708050 1841.75 0.000
Error 18 0.0000046 0.0000384
Total 19

*Tested groups: Group I, Il and I11.

The results of the Duncan's multiple
range test are represented in Tables (3-
6).The results in Tables (3 and 4) showed
that the specimens of the heat—cured resin
that cured by water bath have the lower
value of water sorption and solubility ratio
than those that cured by the thermopress
device (Thermopress). And the values of
the specimens that cured by the Thermo-

press for 30 minutes were lower than the
value of those that cured by the Thermo-
press for 20 minutes. This result comes in
agreement with the finding of Debby
etal,® in that extended polymerization
time results in longer polymers so that re-
duced water sorption and solubility were
obtained.

Table (3): Duncan Multiple Range test for water sorption of the tested groups of the heat—
cured resin cured by different curing methods

Cold-cured resin cured by different curing methods

Tested No. Water sorption ratio Water solubility ratio
groups (weight %) (weight %)
*Mean + SD Grouping *Mean + SD Grouping
Groupl 10 1.2300+ 0.0346 A 0.6600+ 0.0641 A
Group Il 10  2.3460+ 0.0032 B 1.2040+ 0.0038 B
Group 15 15940 +0.0031 c 1.0640+0.0051 c

*Means with different letters are highly significantly different at P < 0.01; No: Samples number.
SD : Standard deviation; Group | : specimens cured by conventional water bath curing method;
Group I1: specimens cured by thermopress curing method for 20 minutes; Group Il : specimens
cured by thermopress curing method for 30 minutes.
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Table (4): Duncan Multiple Range test for water solubility of the
tested groups of the heat—cured resin cured by different curing methods

Cold—cured resin cured by different curing methods

Water sorption ratio Water solubility ratio
(weight %) (weight %)

Tested groups

*Mean+SD  Grouping  *Mean + SD Grouping
Group IV 10 1.04700+ .00240 A 0.36900+0.00660 A
Group V 10 1.41600+0.00183 B 0.48800+0.00577 B

*Means with different letters are highly significantly different at P < 0.01; No: Samples
number. SD : Standard deviation; Group IV: specimens cured by bench curing method ;
Group V : specimens cured by thermo—press curing method for 10 minutes.

Table (5): Duncan Multiple Range test for water sorption
of the tested groups of the cold—cured resin cured by dif-
ferent curing methods

. . o
Tested Groups Water sorption ratio ( weight % )

No Mean +SD Grouping
Group IV 10 1.04700+0.00240 A
Group V 10 1.41600+0.00183 B

No: Samples number; SD: Standard deviation; Group IV:
specimens cured by bench curing method; Group V: specimens
cured by thermo press curing method for 10 minutes.

Table (6): Duncan Multiple Range test for water solubility
of the tested groups of the cold—cured resin cured by dif-
ferent curing methods

- . s
Tested Groups o Water solubility ratio ( weight % )

Mean +SD Grouping
Group IV 10  0.36900+0.00660 A
Group V 10 0.48800+0.00577 B

No: Samples number; SD : Standard deviation; Group 1V :
specimens cured by bench curing method; Group V :
specimens cured by thermopress curing method for 10
minutes.

The results in Tables (5 and 6)
showed that the specimens that bench
cured have the lower value of water sorp-
tion and solubility ratio than those that
cured by the Thermopress.

The higher values of water sorption
and solubility of the cold and heat—cured
resin specimens that cured by thermopress
with Thermopress can be explained in that,
the boiling point of the MMA monomer
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(100.8 °C) is very slightly higher than that
of the water which is (100 °C), and if the
temperature rises above the boiling point
of the residual monomer, these compo-
nents may boil with the production of
bubbles ©1520%) As jt was demonstrated
that the pressure applied to the dental flask
during denture processing prevented the
boiling of the monomer, so curing under
pressure was said to allow processing
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without the formation of porosity. Thus ,
increased curing pressure appeared to be a
useful method to reduce porosity in acrylic
: o (6,15) :

resins . Curing cycle by the conven-
tional water bath curing method for heat—
cured resin and bench cured for cold-
cured resin was under high pressure 100
bars , while less pressure was applied by
the Thermopress which was 6 bars at cur-
ing temperature (100 °C). Monomer vapo-
ration associated with the exothermic reac-
tion and inadequate compression on the
flask may cause porosity in the resin
specimens ®®. Water is absorb into the
regions of the voids in test resin specimens
24)) S0 specimens that cured by Thermo-
press have the higher value of the water
sorption and solubility. This come in
agreement with the finding of Varpu etal.,
@) in that polymerization pressure of
polymer influenced water sorption values
the higher the pressure the lower water
sorption values.

CONCLUSSION

The curing under higher pressure
produce specimens with lower water sorp-
tion and solubility values. Curing by
Thermopress produce specimens with
higher water sorption and solubility values
than that of specimens cured by conven-
tional water bath curing method for heat-
cured resin and bench cured for cold-
cured resin.
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