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Background: The use of the traditional polymerization process of dentures
necessitates a lot of time and energy. To depreciate these factors, a different
processing method could be studied.

Aim: This study was aimed to evaluate and compare the properties of denture base
resin material processed with conventional curing and pressure-pot method.
Materials and methods: A total of 30 specimens with distinct dimensions were
fabricated with the denture base materials. The specimens were divided into two
groups with 15 each, and they were processed using conventional heat-curing
and pressure-pot processing, respectively. Each group is subdivided into three
groups with five specimens in each for evaluating flexural strength, water
sorption, and residual monomer, respectively. Flexural strength was measured
using a 3-point bending test with a Universal testing machine. Water sorption
was assessed by measuring the weight of the specimens after immersing them in
distilled water. Residual monomer content was evaluated using a UV spectro-
photometer. The obtained data were statistically analysed using an independent
t-test.

Results: A slight increase in flexural strength was observed in the pressure
processed specimens. However, no significant differences (p=0.131) were
observed in the flexural strength between the groups. Less water sorption
percentage was observed with the pressure processed acrylic resin specimens,
and a significant difference (p=0.047) was observed between the groups. A
slightly more amount of residual monomer content was seen in the acrylic speci-
mens processed conventionally.

Conclusion: Pressure-pot curing may be used for processing denture base
acrylics as it provides properties similar to that of the conventional curing
method.

1. Introduction

Besides the enormous development of new materials and techniques, the reha-
bilitation with a removable prosthesis made of polymethyl methacrylate
(PMMA) resin has been the preferred material since the 20t century [1]. PMMA
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has diverse advantages such as ease of processing,
colour matching with the adjacent soft tissues, inex-
pensive, etc. [2] Polymerization of PMMA can be
accomplished in several ways including, chemical,
visible light, and heat activation (microwave energy/
hot water bath) [1-3]. Despite the availability of nu-
merous polymerization methods, heat cure polymeri-
zation is popularly practiced [4]. The appropriate
curing influences the physical and mechanical proper-
ties of denture prostheses. Improper curing may cause
evaporation of monomer resulting in the formation of

internal porosities and weakening the mass.

Numerous studies investigated the effect of different
curing techniques on the properties of denture base
acrylics. The regular processing time comprises a
longer curing cycle i.e., 74% C for 8 hours followed by
1000 C for 1 hour; alternatively, a short curing cycle of
740 C for 2 hours followed by 100° C for 1 hour [5].
These two curing cycles produce denture prostheses
with minimum porosities. However, these two proce-
dures require three to nine hours to complete the
polymerization process. Faraj and Ellis (1979) [6]
proposed that porosity would emerge in the cured
resin only if the monomer's vapour pressure was
greater than air pressure at temperatures above 100
degrees Celsius and that this pressure may be more
than the denture flask clamping pressure. This clamp-
ing pressure is required to adapt the acrylic dough to
the master cast during the curing and reduces the
thermal shrinkages while polymerization and cooling.
Various studies mentioned that the pressure applied
to provide metal to metal halves contact during trail
closures is in the range of 1500 - 4500 psi. Various
studies demonstrated an improved degree of cure and
flexural strength when the denture base acrylics were
processed with microwave curing under pressure
compared to conventional curing methods [7].

Processing acrylic dentures with a pressure cooker is
another technique reported in the literature [3,8]. The
advantage of this technique is that it can be used with
the conventional acrylic resin material, and it requires
less than one hour to complete the polymerization.
However, limited research was available on the
influence of pressure cooker processing on the
properties of denture base materials. Therefore, this
study was designed to evaluate and compare the
properties of acrylic materials processed with the

conventional and pressure processing methods.

2. Materials and methods

A total of 30 specimens were made using the conven-
tional heat-cure denture base material (Dental Prod-
ucts of India, Mumbai, India). Among the 30 specimens,
15 specimens were processed with the conventional
curing (group 1) and the remaining were cured with
the Pot-pressure method (Group 2).

2.1 Sample preparation

A total of 30 wax specimens were made with the mod-
elling wax (The Hindustan Dental Products, India) as
per the ISO 20795-1:2008 to evaluate the flexural
strength (65 x 10 x 3mm), water sorption (10 x 10 x
1.5mm), and residual monomer content (10 x 10 x 1.5
mm).

2.1.1 Conventional polymerization method

After the bench curing for about 30 mins/1 hour, the
specimens were processed with conventional heat pol-
ymerized technique in an acrylizer (Confident A-73,
India) at 73° for 90 minutes and then at 100° C for 30
minutes. The acrylic specimens were retrieved by
deflasking following the bench cooling for about 30
minutes at room temperature. The excess material
from the specimens was trimmed, and finishing and

polishing were done.

2.1.2 Pressure-pot polymerization method

After the bench curing for about 30 minutes/1 hour,
the dental flask was placed in a water-filled pressure
pot and the lid was closed with weight in place. The
flame was turned on till the first pressure ejection and
permitted to cool to room temperature. The lid was
opened and deflasked, the specimens were verified,
and excess material was trimmed and wet polished.

2.2 Flexural strength evaluation

A total of 10 specimens (n=10), which comprises 5
specimens from each group were subjected to a 3-
point bending test using the universal testing machine
(UTES-40-HGFL, Fuel Instruments and Engineers Pvt
Ltd., India) at a crosshead speed of 5 mm/min until the
specimen fractured. The load at fracture was comput-
ed automatically from the universal testing machine.

2.3 Water sorption evaluation

A total of 10 specimens (n=10), which comprises 5
specimens from each group, were used for the evalua-
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tion of water sorption. The specimens were weighed
by digital analytical weighing balance (Shimadzu ATX
224, India) instantly after preparation (W1). The spec-
imens were stored in distal water for one week at
370C in an oven. After week, they were removed, and
the excess water was shaken off. The specimens were
weighed (W2). Then, the specimens were desiccated
for 24 hours and the weight (W3) of the specimens
were recorded. The percentage of water sorption was
calculated using the following formula.

(W2-W3)/W1 x 100.
Where,
W1 is the original weight of the specimen.
W2 is the weight of the specimens after 7days of
immersion.

W3 is the weight of the specimens after desiccation.

2.4 Residual monomer evaluation

The A total of 10 specimens (n=10), which comprises
five specimens from each group, were stored in dis-
tilled water for two days at 379C. The storing medium
of each specimen was collected through a pipette and
placed over Nano-drop advanced version of UV spec-
trophotometer (NanoDrop™ 2000/2000c Spectropho-
tometers, ThermoFisher Scientific, USA). The detec-
tion was performed under the wavelength of 400nm,
the pipette volume was 0.5pl. The values and graphs
of both groups were generated digitally.

The obtained data were subjected to statistical analy-
sis using Statistical Package for Social Sciences (SPSS),
version 20.0, USA.

(0.81%) compared to the specimens processed with
the conventional curing method. Statistically, a signifi-
cant difference (p=0.047) was observed between the
two groups (Table 2).

The residual monomer content of both the groups was
plotted in figure 1. The values had fallen close to each
other from both groups. A slightly more amount of
residual monomer is observed from the specimens
processed with the conventional curing method.

3. Results

In the present study, an independent t-test was em-
ployed to find the significance of flexural strength and
percentage of water absorption rate of the acrylic
specimens from the groups. The acrylic specimens
processed with the pot-pressure method showed a
slightly more flexural strength compared to the con-
ventional curing method with a mean flexural strength
of 66.23+9.27 MPa (Table 1). However, statistically, no
(p=0.131) were observed
between the two groups (Table 1).

significant differences

The percentage of water sorption of acrylic specimens
cured with different processing methods is  given in
table 2. The acrylic specimens processed with the pot-
pressure method showed the least water sorption

4. Discussion

The polymerization of PMMA requires activation of an
initiator (benzoyl peroxide), to commence the additive
reaction from a first free radical to start the polymeri-
zation chain reaction by opening the double bonds of
the methyl-methacrylate. The threshold temperature
for the generation of free radicals requires more than
60° C. As the temperature increases, there is a chance
for increasing the exothermal polymerization. The
methyl-methacrylate monomer boils at 100.8° C, and at
this temperature, the residual monomer evaporates
and create porosities in the resin and weakens the
mass. To avoid this, the polymerization requires initial
processing at a low temperature for a long time to pre-
vent boiling of the monomer. To balance this thermal
gradient, the complete polymerization of the denture
base at least requires 8 hours at a much slower rate.
Therefore, the longer time for the processing is a major
disadvantage of the water bath polymerization tech-
nique [5].

Although microwave polymerization; which was intro-
duced by Nishii et al in 1968 [3], takes less than 10
minutes, which claimed as a major advantage and re-
ported with better dimensional stability, transverse
strength, less residual monomer content, and porosi-
ties. However, microwave polymerization has inherent
disadvantages including the usage of special non-
metallic flasks, conventional resins that cannot be
used, and expensive [9]. Numerous researchers
suggested the usage of a pressure-pot for processing
acrylic dentures at a different time and pressure inter-
[10].
research was not focused on the effect of pressure pot

vals as an alternative However, adequate
processing on the properties of denture base resin
materials. Hence, this study was designed to compare
the effect of conventional and pressure-pot processing
on the flexural strength, water absorption and residual
monomer content of commonly used denture base

material.
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Table 1: Comparison of flexural strength (MPa) between conventional and pressure-

pot polymerization methods (one-way ANOVA).

Sienifi
Polymerization methods n Mean # Standard deviation t-value ‘gnificance
(p-value)
Conventional water bath 5 66.23 +9.27
1.677 0.131*
Pressure polymerization 5 78.92 £ 14.13

*statistically no significant difference was observed.

Table 2. Comparison of water sorption (%) between conventional and pressure-pot

polymerization methods (one-way ANOVA).

Sienifi
Polymerization methods n Water sorption (%) t-value l(g;:l:;zz;: ¢
Conventional water bath 5 1.63

0.063 0.047*
Pressure polymerization 5 0.81

*statistically significant difference was observed

Figure 1. Residual monomer content of acrylic specimens processed with different

techniques.
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In the present study, the flexural strength was as-
sessed as it reflects the complex stresses applied to the
denture during mastication. The pressure-pot pro-
cessed acrylic specimens exhibited a slightly greater
mean flexural strength compared to the conventionally
processed acrylic specimens. This slight increase in
flexural strength can be attributed to the greater
degree of polymerization under higher pressure
(1/15psi) in the pressure pot, thereby the boiling point
of water rises from 1000-121°C. The hotter steam can
transmit its thermal energy around four times the rate
of conventional boiling, and pressure can be main-
tained up to a certain period. An important role played
by rising steam pressure is that it is instantly transmit-
ted to the resin dough, possibly accelerating the initial
polymerization and reducing the boiling of the mono-
mer and thus preventing the residual monomer and
the porosities. Earlier it was thought that the boiling
point of monomer at 1520mm/Hg could be much high-
er than 120°C. However, Maron and Prutton deter-
mined a formula for the boiling point of monomer at
this pressure [9-11].

_(T2-T1)

HV
Log10 = 22 -
T2T1

P1 T 230R

P2 = pressure under consideration

P1 = atmospheric pressure

HV = heat of evaporation (8974.9 in case of methyl
methacrylate)

R = 1.987 (gas constant in case of methyl methacry-
late)

T2 = boiling point at P2

T1 = boiling point at P1

Using this formula, the boiling point of methyl methac-
rylate resin was calculated to be 128°C at 1520 mm Hg
in the pressure cooker. This fact supports the hypothe-
sis that pressure plays a significant role in accelerating
the initial polymerization.

Acrylic polymers have the ability to absorb water. Fur-
ther, the presence of porosities in the acrylic mass
increases the water sorption capability. The absorbed
water pushes the polymer chains apart and weakens
the mass [12]. This study demonstrated less amount of
water sorption by the acrylic specimens processed
with pressure-pot. This is due to the smaller number of
porosities in the pressure-pot processed specimens as
there must be a greater degree of polymerization. The
water sorption results of this study are in accordance

with S.V. Bhide et al [10]. From this study, it is evident
that the lesser the water sorption more would be the
flexural strength for acrylic dentures.

Inadequate or improper usage of the polymerization
cycle leads to a more amount of residual monomer.
This residual monomer may be leached into the oral
cavity from the denture prosthesis during its service
and transported to several parts of the body and exhib-
its several systemic toxic effects [13]. Therefore, it is
necessary to follow an appropriate curing mechanism

to enhance the degree of polymerization. Hence, this
study also focused on evaluating the residual mono-
mer content of acrylic resin specimens processed with
different curing methods. From this study, it was
observed that the pressure-pot curing facilitated the
maximum conversion of monomer molecules to the
polymer by maintaining the temperature under
pressure.

This study was focused on evaluating the flexural
strength, water absorption and the residual monomer
content of the acrylic specimens processed with
conventional and pressure-pot curing methods.
Further studies may be conducted on evaluating the
other physical and mechanical properties of denture
base materials processed with the pressure-pot curing

method.

5. Conclusion

From the results of this study, the following conclu-

sions can be drawn.

1. Both the processing methods do not have a signifi-
cant effect on the flexural strength of the acrylic
resin specimens.

2. The percentage of water sorption was less in the
acrylic specimens processed with the pressure-pot
technique compared to the specimens processed
with conventional methods.

3. From this study, it was observed that the pressure-
pot processing method had an advantage in terms
of decreased processing time and utilization of less
energy.
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