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INTRODUCTION

Abstract

Objective: Acrylic resin denture bases undergo dimensional changes during polymeri
tion. Injection molding techniques are reported to reduce these changes and thereby
prove physical properties of denture bases. The aim of this study was to compare dim
sional changes of specimens processed by conventional and injection-molding te
niques.

Materials and Methods: SR-Ivocap Triplex Hot resin was used for conventional pi
sure-packed and SR-lvocap High Impact was used for injection-molding techniques.
ter processing, all the specimens were stored in distilled water at room temperature u
measured. For dimensional accuracy evaluation, measurements were recorded at 24-hc
48-hour and 12-day intervals using a digital caliper with an accuracy of 0.01 mm. Sts
tical analysis was carried out by SPSS (SPSS Inc., Chicago, IL, USA) using t-test and
peated-measures ANOVA. Statistical significance was defined at P<0.05.

Results: After each water storage period, the acrylic specimens produced by inject
exhibited less dimensional changes compared to those produced by the conventic
technique. Curing shrinkage was compensated by water sorption with an increase in
ter storage time decreasing dimensional changes.

Conclusion: Within the limitations of this study, dimensional changes of acrylic re
specimens were influenced by the molding technique used and SR-lvocap injection
cedure exhibited higher dimensional accuracy compared to conventional molding.
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methacrylate (PMMA). These materials have

Acrylic resin polymers have been introduced optimal physical properties and excellent es-
as denture base materials and the majority of thetics with relatively low toxicity compared
denture bases are fabricated using polymethyl to other plastic denture base materials [1].
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Fig 1. (a): Original specimen made from stainless steel, (b): Two layers of wax placed on stainless steel

plates, (c): The plates embedded in a flask

Compression molding with heat activation in a
water bath for resin polymerization is the con-
ventional method used to process dentures [2].
However, shrinkage and dimensional changes
of denture bases during resin polymerization
are inevitable and have been well documented
[1]. Such problems associated with compres-
sion molding, increase the gap between the
denture base and underlying mucosa, com-
promising the fit of dentures [3]. Therefore,
acrylic resins and processing methods have
been modified to improve physical and chemi-
cal properties of denture bases.

In 1942, Pryor [4] introduced the injection-
molding technique to overcome the adverse
effects of compression molding. Grunewald et
al. [5] investigated Pryor’s technique and re-
ported no significant advantages over the con-
ventional method. In 1970, Ivoclar (Schaan,
Liechtenstein)  introduced an injection-
molding system that used an acrylic resin
modified for the injection-molding process [6,
7]. This system consists of a premeasured me-
chanical mixing of methyl methacrylate liquid
and powder, injected under continuous pres-
sure throughout the processing procedure to
compensate for the expected polymerization
shrinkage of the resin. The denture is
processed in a thermostatically controlled wa-
ter bath at 100°C. The entire procedure lasts
55 minutes and is claimed to produce a dimen-
sionally stable denture; which is an exact rep-
lica of the denture-bearing area [8].

399

Several injection-molded denture base mate-
rials and processing techniques are now avail-
able; each claimed to produce more accurate
denture bases [9]. Ivoclar acrylics are among
the important resins in complete denture mate-
rials [1]. The aim of this study was to compare
the dimensional stability of rectangular Ivoclar
resin specimens cured by conventional
processing versus the SR-Ivocap injection-
molding method.

MATERIALS AND METHODS

In this study, the dimensional accuracy of
conventional pressure-packed PMMA (SR-
Ivocap Triplex Hot, Ivoclar Vivadent, Liech-
tenstein) was compared to injection-molded
PMMA base material (SR-Ivocap High Im-
pact, Ivoclar Vivadent, Liechtenstein).

Dimensional accuracy

Four rectangular stainless steel plates (25 mm
x 25 mm x 10 mm) were fabricated to prepare
fifteen acrylic resin specimens for each tech-
nique. Four holes, measuring 0.5 mm in depth,
were engraved in the metal specimens for in-
dex marks (the letters A, B, C, and D). Two
layers of wax (Cavex, Netherlands) were
placed on stainless steel plates and flasked. To
embed the flasks, type Ill dental stone (Hero-
dent; Vigodent, Petropolis, RJ, Brazil) was
used and mixed according to the manufactur-
er's instructions (100 g of powder with 30 mL
of water, Figure 1).
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Fig 2. Measured dimensions: AB, BC, CD, AD,
AC, and BD mm.

The liquid-to-powder ratio of SR Triplex Hot
resin was 10 mL of liquid to 23 g of powder.
The acrylic resin was mixed according to the
manufacturer’s recommendation and packed
in the flask. Conventional PMMA specimens
were fabricated using a conventional flasking
and pressure-pack technique. Polymerization
process was performed in boiling water under
a pressure of 100 N for 45 minutes. After po-
lymerization, the curing flasks were bench-
cooled to room temperature, and the speci-
mens were deflasked. The surfaces without
reference points were finished using 800-,
400-, and 200- grit sandpapers (Norton; Saint-
Gobain Abrasivos, Brazil).

All the rectangular specimens were stored in
distilled water at room temperature until
measured. Measurements were recorded at 24-
hour, 48-hour, and 12-day intervals with a dig-
ital caliper accurate to 0.01 mm (Mitutoyo,
Mfg. Co, Tokyo, Japan) by means of raised
indentations as reference points. The reference
points in each acrylic specimen were designat-
ed by letters A, B, C, and D. Six measure-
ments (distances AB, BC, CD, AD, AC, and
BD) were recorded for each acrylic specimen
(Figure 2).

Five measurements were made for each of the
six dimensions and a mean value was calcu-
lated. The dimensional changes of acrylic re-
sin specimens were evaluated by measuring
the distances between reference points on spe-
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cimens and the differences between these
fixed points and the original stainless steel
plates. The dimensional changes in the resin
samples were measured according to the study
performed by Baydas [9] using a digital cali-
ber. The algebraic norm used the square root
of sum of squares of individual dimensions:

Norm= \ AB2+BC2+CD2+AC2+AD2+BD2

For the injection-molded technique, the spe-
cimens were flasked according to the manu-
facturer’s instructions using the Ivocap flask.
Premeasured SR-Ivocap capsules of resin and
monomer (20 g powder, 30 mL monomer)
were mixed in Cap vibrator (Ivoclar AG) for 5
minutes before injecting into the flask. For the
curing process of the SR-lvocap system, hy-
draulic pressure of 6 atm at 100°C was main-
tained for 35 minutes. A 10-minute cooling
process using running water with a pressure of
6 atm was used before deflasking the denture.
Finally, there was a further 10-minute cooling
period, but without any extra pressure. Then,
the specimens were deflasked and the surfaces
without reference points were finished using
800-, 400-, and 200-grit sandpapers (Norton;
Saint-Gobain Abrasivos, Brazil). All the rec-
tangular specimens were stored in distilled
water at room temperature until measured.
Measurements were recorded at 24-hour, 48-
hour, and 12-day intervals. For each injection-
molded acrylic specimen, the algebraic norm
was determined similar to conventional pres-
sure-packed PMMA.

Statistical analysis

Following data collection, statistical analysis
was carried out by SPSS (SPSS Inc., Chicago,
IL, USA), using the t-test and repeated-
measures ANOVA. Statistical significance
was defined at P<0.05.

RESULTS

The norm was determined for each original
stainless steel plate according to the formula:
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Norm= VAB2+BC2+CD2+AC2+AD2+BD2

This value was also calculated for acrylic spe-
cimens at 24-hour, 48-hour, and 12-day inter-
vals after curing. The dimensional change was
determined based on the difference between
these two values.

A summary of dimensional changes in con-
ventional pressure-packed and injection-
molded SR-Ivocap groups is shown in Table
1.

In general, in both groups, dimensions of
acrylic specimens decreased in comparison to
original stainless steel plates. After 24 hours,
there was a significant difference between
specimens cured by the conventional tech-
nique and those cured with the injection me-
thod (P=0.002). The specimens cured with the
injection method exhibited less dimensional
changes.

After both 48 hours and 12 days of storage in
distilled water, the specimens cured by injec-
tion processing exhibited less dimensional
changes compared to those produced by con-
ventional technique (P=0.002).

In order to compare time-dependent dimen-
sional changes in each group, repeated-
measures ANOVA was used.

In specimens cured with the conventional me-
thod, significant differences in dimensional
changes were found between 24-h, 48-h, and
12-day intervals (24 h>48 h>12 days)
(P=0.000).

Time-dependent dimensional changes in the
injection method were as follows: 48 h> 24
h>12 days. Repeated-measures ANOVA exhi-
bited significant differences in dimensional
changes of specimens at 24-h, 48-h, and 12-
day intervals (P=0.001).

DISCUSSION

This study evaluated the dimensional stability
of rectangular specimens produced using in-
jection-molding and compression-molding
techniques with thermally activated PMMA
resin under different water storage periods.
The conventional method is the most applica-
ble method for curing acrylic resin due to its
simplicity and relatively good accuracy.
Therefore, in various studies this method has
been considered the gold standard for compar-
ison with other techniques. Among denture
processing methods, injection molding has
always been interesting for researchers be-
cause of compensation of polymerization
shrinkage due to the pressure exerted by injec-
tion of the acrylic resin [10].

Table 1. Means and standard deviations of dimensional changes of acrylic specimens

Molding technique 24 hours 48 hours 12 days
Mean SD Mean SD Mean SD P
Conventional-molding 0.114 0.07 0.099 0.06 0.066 0.07 0.000
Injection-molding 0.463 0.03 0.056 0.03 0.001 0.03 0.001
P value 0.002 0.022 0.002
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In this study, SR-Ivocap system (Ivoclar AG,
Schaan, Liechtenstein) was used for making
injectable acrylic dentures because due to the
use of polymethyl methacrylate (PMMA) resin
in this technique, the dentures produced with
this method can be relined, and there is lower
innate processing shrinkage [7].

Different methods such as the use of Vernier
calipers, gauges, comparators, micrometers,
and radiography have been introduced in dif-
ferent studies to determine dimensional accu-
racy of denture bases. Garfunkel [11] used a
digital caliper to measure changes in VD of
occlusion and processed dentures. Lee [12]
scanned dentures placed on the respective
master casts by computerized tomography
(CT) to determine the overall gap formation
and dimensional changes of denture bases.
Keenan [13] compared the dimensional
changes of simulated maxillary complete den-
tures during polymerization by the use of an
internal micrometer. Many studies have eva-
luated dimensional changes of denture bases
by production of different specimens with var-
ious shapes. Wolfaardt reported that many dif-
ferent factors affected dimensional changes of
acrylic resin dentures [14]. Factors such as
size and shape [15], denture thickness [16],
different types of denture base materials [17],
and presence of teeth [18] can influence di-
mensional changes during denture processing.
Therefore, it is better to use specimens with
simple shapes for comparison of dimensional
accuracy instead of dentures and denture-
shaped specimens. In the present study, rec-
tangular specimens were examined and thus,
variables such as shape, size, and thickness of
the samples were controlled. By this approach,
the physical properties were directly related to
acrylic resin itself. Similar to the present
study, Salim [19] and Baydas [9] used rectan-
gular acrylic resin plates for dimensional
change evaluation. In contrast, complete den-
ture bases were utilized in separate research
studies by Jackson [8], Nogueira [20], Abby
[21] and Venus [22].
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The measurement of dimensional changes in
rectangular acrylic plates is difficult. There-
fore, the square root of the sum of squares of
individual dimensions was used in the present
study. For this reason, four reference points
(A, B, C, and D) were defined in each acrylic
specimen and six dimensional measurements
(AB, BC, CD, AD, AC, and BD) were record-
ed and analyzed. This method is a suitable
technique to compare dimensional changes in
rectangular specimens [20]. This method was
used by Salim [19] and Baydas [9] in different
studies to examine dimensional accuracy of
processing techniques in rectangular acrylic
specimens. In most studies, only the molding
technique has been considered as a variable
that affects the physical and mechanical prop-
erties of dentures while less attention has been
focused on the effect of different types of
acrylic resins used for molding.

Differences in acrylic resin brands may be
considered another variable in addition to
molding technique, affecting the mechanical
properties. In such studies, in addition to the
method of molding, the type of the resin was
also different in each group [13, 23-25].
Therefore, the results could not merely be at-
tributed to the type of the molding process it-
self. As a result, in the present study, denture
base resins with the same composition were
used  (produced by Ivoclar  Viva-
dent/Liechtenstein), which were processed by
two different techniques. Therefore, compari-
sons were made only between the molding
techniques and the effect of material type was
eliminated. In this study, the dimensional ac-
curacy was compared at 24-hour, 48-hour and
12-day intervals. At each interval, the acrylic
plates produced by the injection-molding sys-
tem were more accurate dimensionally than
the samples produced by the conventional cur-
ing method. The results revealed the effect of
molding methods on dimensional accuracy of
specimens. A study performed by Goodkind
[26] showed that immersion in water had no
significant effect on denture base dimensions.
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Consani [23] reported that 90 days of storage
of denture bases in water did not result in sig-
nificant changes in distances between the teeth
in comparison to deflasking period. Miessi
[27] reported that 180 days of immersion in
water caused major dimensional changes and
adaptation problems in denture bases. Some
authors have reported that water storage of
acrylic denture bases results in expansion due
to water sorption. Water sorption forces the
macromolecules apart and results in acrylic
expansion [28]. This expansion compensates
the polymerization shrinkage of acrylic resin
and improves the adaptation of denture bases
with underlying tissues [27]. The present study
also confirmed this finding and showed that in
both experimental groups, 12 days of storage
in water resulted in a significant decrease in
dimensional changes and compensated the po-
lymerization shrinkage. As mentioned before,
the results of the present study revealed that
molding technique affected the dimensional
accuracy of test specimens and injection-
molding technique showed less dimensional
changes compared to conventional processing
with press-pack procedure at each time inter-
val (24 hours, 48 hours, and 12 days). This
finding was consistent with the results of stu-
dies showing that the SR-Ivocap injection sys-
tem had less innate shrinkage than other mold-
ing methods [13, 14, 29].

All aforementioned studies were performed on
the denture bases in presence of teeth. Our
study was done just on lvoclar rectangular
acrylic specimens in both conventional and
injection methods; whereas other studies were
performed on complete denture base samples
with the presence of teeth, or surveyed on in-
vesting materials. Therefore, variables such as
shape, size, and thickness of the samples that
were not mentioned in other studies, were con-
trolled in ours. By this approach, the dimen-
sional properties were directly related to acryl-
ic resin itself.
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Venus [22] showed that the processing tech-
nique, rather than the choice of the resins,
seems to be the dominant variable with respect
to dimensional changes. Sykora [30] reported
that higher dimensional accuracy of the injec-
tion-molding technique, in comparison to the
conventional method, may be related to small-
er resin particles compared to the conventional
acrylic resin, lower polymerization tempera-
ture, absence of resin film formation between
the two halves of the flask, and absence of
displacement of the two halves of the flask
during resin packing.

Thus, according to the results of the previous
and present studies, it would seem that the in-
jection-molding method has the advantage of
dimensional accuracy over the conventional
molding technique.

CONCLUSION

Within the limitation of this study, dimension-
al changes of acrylic resin specimens were in-
fluenced by the molding technique. SR-lvocap
injection procedure had higher dimensional
accuracy compared to conventional molding.
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