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ABSTRACT
Aim: To assess and compare the impact and flexural strength
of heat cure acrylic resin polymerized by microwave and conventional methods after immersion in artificial saliva for 2 days,
60 days, 90 days and 120 days.
Materials and methods: The present study was carried out
on 160 specimens. They were categorized into two groups.
Each group consisted of 80 specimens, polymerized either by
conventional or microwave methods. All the specimens were
immersed in artificial saliva, for varying periods of 2 days, 60
days, 90 days and 120 days. Flexural strength was measured
by a universal testing machine and impact strength by Izod
impact test. Analysis of the results was done by Statistical
Package for the Social Services version 20 (IBM Corp.
Released 2011. IBM SPSS Statistics for Windows, SPSS
version 20.0. Armonk, NY: USA, IBM Corp) for Windows
software.
Results: Conventionally cured resin had the highest flexural
and impact strength values after 2 days of immersion in artificial saliva. There was a significant decrease in strength as the
number of days of immersion increased (p < 0.001).
Conclusion: Conventional acrylic resin polymerized in a water
bath exhibited better flexural, and impact strength values than
microwave cured the resin. All the samples cured by both
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methods showed a significant reduction in strength when
immersed for a period of 60–90 days and thereafter became
static over 120 days.
Clinical significance: As dentures are exposed to moist environment constantly and with time, their strength gets reduced.
Prosthodontists should have adequate knowledge regarding the
physical properties of materials used for denture preparation
and also the pros and cons of different polymerization methods.
In our study, conventional acrylic resin polymerized in a microwave method exhibited lesser strength values, but they were
clinically acceptable; so, this method can be used for curing
dentures.
Keywords: Artificial saliva, Flexural strength, Heat cure resins,
Impact strength, Microwave.
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INTRODUCTION
The quest for a perfect denture base material has
remained a challenge in dentistry since time immemorial.
Several researchers tried to find a suitable substitute like
ivory, shellac, vulcanite, etc. The rapid development in
material science in 1900’s evolved newer materials like
heat activated acrylic resins. Acrylic resins are in use for
a long time due to their advantages like esthetics, low
cost, dimensional stability and ease of manipulation.1
Despite their inherent drawbacks like polymerization
shrinkage, cytoxic residual monomer, etc. acrylic resins
have maintained their superiority over others in meeting
with the majority of the desirable requirements of a
perfect denture base material.1,2
Different processing techniques like injection molding
system and light activated resin curing are in use, besides
the conventional heat-cured method. Further research
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for modified procedures to process resins faster has to
lead to the invention of microwave curing. Nishii (1968)
was the first to report usage of microwave energy for
polymerizing denture base materials and suggested
that this method cures the resin in a very short time.2 It
has other advantages like clean processing method and
easily manageable equipment.3 This method involves
electromagnetic waves generated by a magnetron. As
microwaves do not surpass through metal; it is essential
to use specially designed flasks.4
Removable or complete dentures are subjected to
complex conditions that could alter the dimensions and
bring structural changes of the prosthesis. The moist
intraoral environment inevitably results in water sorption
into denture base polymers, thereby altering their
mechanical properties. Studies of the implication of water
sorption of dentures polymers have mostly concentrated
on dimensional changes.5,6 Fractures in dentures occur
mainly due to two dissimilar forces, flexural fatigue, and
impact. Less emphasized are the effects on strength and
comparative fracture resistance (flexural and impact)
of acrylic resins cured by microwave and conventional
processes upon immersion in artificial saliva.7,8
We carried our study to assess and compare the
impact and flexural strengths of heat cure acrylic resin,
cured by water bath and microwave methods and placed
in artificial saliva for 2 days, 60 days, 90 days and 120 days.

MATERIALS AND METHODS
Our study was carried on 160 specimens, 80 each by
conventional and microwave methods labeled as C
and M respectively, which were again subdivided into
4 subgroups based on the number of days they were
immersed in artificial saliva, 2 days, 60 days, 90 days and
120 days.
A stainless steel metal die with 64 mm x 10 mm
x 3 mm dimension mold space was prepared as per
ADA specification 12/ISO specification no. 1567; 8.5.3.3
and American Standards for Testing and Material
Specification no. D6110/ISO specification no. 179. The
mold spaces were milled precisely in the die to produce
four compartments of 64 mm x 10 mm x 3 mm which
were equidistant from each other (Fig. 1). The mold was
fabricated so that the lid can open upwards to easily
retrieve the indices.

Fabrication of Test Specimens
Fabrication of putty indices
Petroleum jelly was smeared on all the walls of the mold
space, base and catalyst of addition silicone material were
scooped in equal proportions and kneaded to attain a
homogenous mix. The mix was placed in mold spaces
using gentle finger pressure and lid closed tightly so

Fig 1: Metal die
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that the rims of mold make contact with each, i.e. metal
to metal contact and the excess material (flash) is made
to flow out. After the material set, the lid was opened,
and the indices were retrieved. The excess material was
cut carefully using a scalpel blade.

were retrieved, and excess resin flash was trimmed
using tungsten carbide burs and fine abrasive of grit
size 120/240 microns without altering the specimen
surfaces and dimensions. This method was followed for
all samples.

Fabrication of Acrylic Specimens

Microwave Acrylic Samples

Thus obtained addition silicone indices prepared from
the mold were invested in Type II dental plaster in Brass
varsity metal flask for heat cure polymerization, and in a
non-metallic flask for microwave polymerization.

Conventional Heat Cure Samples
Petroleum jelly was applied all along the inner walls of
brass varsity flasks. Dental plaster was mixed following
the manufacturer’s instructions. Investing was done up
to the brim of the lower half of flask. Then putty indices
were totally embedded within plaster mix and only the
superior surface was visible. After the plaster was set,
two coats of sodium alginate separating media (for easy
separation of the flask) was applied to the plaster surface.
After placing the upper half of the flask, the second pour
of plaster (2-pour technique) was done, and a lid was
closed and the flask was secured using a pressure clamp.
Only after the plaster has completely set, the two
portions of both brass flasks were opened carefully, and
putty indices were retrieved. Heat cure material (polymer
monomer) was taken in proportions and was dispensed
in a porcelain jar, mixed and left until it reaches dough
stage. Then the material was removed and kneaded and
finger pressured into the mold space. Trial closure was
done using hydraulic bench press at 1500 psi, to eliminate
excess flash. The flask was left for bench curing for 15
minutes.
Acrylic resin samples were cured in acrylizer at 74°
C for 2 hours, and terminal curing was done at 100°C
for one hour and then bench cooled. Acrylic specimens

Specially designed microwavable fiber reinforced flasks
(SJK dental, Hong Kong) were used. Petroleum jelly was
applied all along the inner walls of non-metallic flasks.
Dental plaster investing was done in the lower half of
the flask, and putty indices were placed similarly. These
indices were entirely embedded within plaster mix
exposing only superior surface. After the plaster was set
two coats of sodium alginate separating media (for easy
separation of the flask) was applied on the plaster surface.
The upper half of the flask was placed, the second pour of
the plaster invested and the lid was closed, and the thumb
screws were tightened. Heat cure material (polymer and
monomer) was taken in proportions as directed and was
dispensed in porcelain jar mixed to reach dough stage.
During this stage, the material was removed and kneaded
and finger pressured into the mold space.
After trial closure, the final closure was done at
2000 psi. The upper compartment of the flask lid was
held under firm palm pressure, and the nuts were hand
tightened uniformly. Then gently the palm pressure
was released and the tightened nuts secured both the
compartments together. After bench curing, the flask
was kept in a microwave oven at 500 watts for 3 minutes.
Deflasking was done using softwood or leather mallet to
avoid damage to the flask.
All the specimens were immersed in artificial saliva
(Fig 2). 10 samples of each subgroup were tested for 3
points bending test using a universal testing machine
and impact testing using IZOD impact tester at the end
of 2 days. This shortest time of 2 days was selected since

Fig 2: Specimens immersed in artificial saliva
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maximum residual monomer in acrylic resin would have
been lost during the first 2 days. Of the remaining 30
specimens in each group, 10 were tested after 60 days, 10
after 90 days and the remaining 10 after 120 days.
The most vital feature of the study is the 120 days
duration because in most studies indicated better mean
values remained static when tested at 120 days than when
compared during other time intervals.

Testing of Specimens
Flexural strength test was assessed using a universal
testing machine at MSME institute, Hyderabad. Testing
procedure by a universal testing machine (Shimadzu,
Japan; model no: Autograph AG15) of 50 KN capacity
was used. Components of the UTM include load frame,
load cell, crosshead, a monitor, a printer that is connected
to a computer, test fixtures, specimens holding jaws
(accessories).

Testing For Flexural Strength
All specimen were subjected to flexural loading by a
universal testing machine, and flexural strength was
evaluated. A load cell having 250 kilo Newton capacity
was applied until fracture of the specimen occurred. The
maximum flexural strength values were recorded for each
specimen. The quantity of load required to induce failure
was recorded in MPa (N/mm2). Flexural strength values
were thus obtained.
Tinius olsen Izod/Charpy Impact Tester Model IT504,
USA was used (Fig. 3). It has a pendulum to provide
maximum rigidity in the direction of impact and virtually
eliminates windage losses, a digital display and an anvil
for supporting the specimen.

leaving a residual depth of 2.8 mm beneath the notch.
In this Izod impact test, the test piece was a cantilever,
i.e. the specimen is clamped upright in the anvil with
a v-notch at the level of the clamp. Sample dimensions
were entered in the display box. The pendulum was
released after entering the data. The test piece was hit
by a pendulum which was aerodynamically controlled.
It was made to fall from a fixed height, to give a blow
of 120 ft-lb energy. After fracture of the test piece, the
pendulum height was recorded by a friction pointer from
which absorbed energy was read. The impact energy was
displayed in J/m.

Statistical Analysis and Interpretation
All samples were analyzed for their flexural strength
and impact strength. The analysis was done using SPSS
version 15.0, Stata 10.1, Med Calc 9.0.1, Systat 12.0 and R
environment ver. 2.11.1. A P value of less than 0.05 was
considered significant.

RESULTS

The fabricated samples were notched in the middle,
with notch cutter as in ISO 179:1993 to a depth of 0.2 mm

The highest flexural strength value was seen after 2 days
of immersion in the artificial saliva of 86.5 ± 2.515 for
conventionally cured when compared to 84.3100 ± 4.27
for microwave cured (Graph 1).
The highest impact strength value was found after 2
days of immersion in the artificial saliva of 27.5 ± 9.8010
for conventionally cured when compared to 22.3401 ±
2.8632, microwave cured (Graph 2).
Among the groups, the highest mean difference in
flexural strength was found between 2 and 120 days
(I-J = 12.7150) followed by 2 days vs. 90 days (I-J = 12.1750)
(Bonferroni post hoc test: Graph 3). Whereas the highest
mean difference of impact strength was found between
2 days and 120 days (IJ = 5.7250) followed by 2 days vs.
90 days (I-J = 5.0050) (Graph 4).

Fig 3: Izod impact tester

Graph 1: Mean flexural strength after days of immersion

Testing for Impact Strength
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Graph 2: Mean impact strength after days of immersion

Graph 3: Estimated marginal means of flexural strength

Student t-test showed that the flexural strength of
conventional and microwave methods was highest
initially, i.e. after 2 days, there was a significant decrease
in strength later as the number of days of immersion
increased (p < 0.001).
Comparison between different immersion times
within conventional and microwave group for impact
strength. i.e., p value was significant at 2 days vs. 90 days
(0.029); 2 days vs. 120 days (0.594) in conventional cured
and p value significant for 2days vs. 90 days (0.027) and
2days vs. 120 days (0.018) for microwave cured.
At all intervals, the flexural and impact strength of
conventionally cured specimens was higher than that of
microwave cured specimens.

strength. Figueroa et al. did not observe any significant
difference in the porosity of denture base acrylic resins
polymerized either conventionally or in microwave.6
The prosthesis is usually subjected to several types
of stresses in the oral cavity. Flexural fatigue is due
to repeated application of forces during mastication,
clenching, parafunctional habits, etc and continuous force
might cause microscopic cracks. Denture fracture may
also occur in situations like denture being dropped on
the floor etc. Moreover the moist intraoral environment
necessarily facilitates the water sorption into denture
base polymers, which further compromises the physical
properties of the material.8-10
Miettinen et al.11 suggested storing newly fabricated
dentures in water for 1–2 days before use, as it decreases
the amount of residual monomer indenture and release
of the same into saliva.
In the oral cavity, the denture base is constantly
exposed to saliva which results in optimum water
saturation. Keeping this in mind, all test samples were
immersed in artificial saliva for a maximum time of four
months to provide optimum water saturation in denture

DISCUSSION
Since a long time, polymethylmethacrylate is the first
choice of material for making complete dentures.
Various curing techniques are chemical, heat, light and
microwave methods.1,2
Polymerization of heat-cured resin is generally done
in a temperature controlled water bath for a minimum
period of three hours. Recently, microwave energy is
used for polymerization, with advantages of reduced
time (three minutes approximately) and requirement
of minimal equipment. Dentures cured by microwave
method were found to be having similar quality as of
heat-cured resin, but with better accuracy of fit, thereby
resulting in better denture base adaptation.4-8
Kimura et al.9 and Reitz et al.10 observed that
polymerization of acrylic resin takes place in a very short
time by using microwave energy. They suggested that the
metal flask should be substituted by the fiber reinforced
plastic. Elboraey et al.3 compared the flexural and tensile
fatigue strength of denture base resins polymerized by
heat cure and microwave methods. They found that
microwave cured resin had the highest flexural and tensile

Graph 4: Estimated marginal means of impact strength
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base resins. Studies suggest better strength properties
during the initial days of immersion, i.e. 2 days. It has
been ascribed to leaching of residual monomer from
resin. This amount of monomer diffusion into water
decreases gradually, with the process getting complete
after roughly 14 days.8-12
In our study, a commercially obtainable conventional
acrylic resin was used to compare conventionally, and
microwave curing method and the later was found to
be successful. We found that conventional resin can be
effectively polymerized by using microwave energy,
as the samples had satisfactory flexural and impact
strengths. However, the values were lower than the
samples fabricated by a conventional water bath but
were clinically adequate. This is in agreement with
Reitz et al.10 who compared physical properties after
polymerization with microwave and conventional water
bath heating method and found that both the groups
showed comparable properties. However, Hayden12 stated
that microwaved acrylic did not absorb as much energy
before fracture when compared to conventional waterbath polymerized acrylic.
Pavarina et al.13 observed a gradual reduction
in hardness after immersion of dentures in water.
Flexural strength and impact strength of both groups
were highest initially, i.e. after 2 days, and a significant
decrease in strength later as the number of days of
immersion increased was observed. The results were
highly significant 2 days vs. 60 (p < 0.001) but as days of
immersion increased the values were static, i.e. after 90
and 120 days. Thalikoti et al14 also found similar results.
We observed that the most vital factor in our study
was the time period and the results revealed that a
time duration of 120 days showed better results when
compared to other time intervals. Whereas previous
studies showed no significant differences in hardness
values after 60, 90 and 120 days.
It was observed that there is a limited absorption
of water over longer usage which might cause resin
expansion that will offset the polymerization shrinkage.
Water sorption may avert intermeshing of polymer
chains, thereby making them be increasingly more
mobile, ensuring lower internal polymerization stresses.
Our results are similar to Tuna et al.15
The residual monomer content influences the physical
properties of the polymerized resin. In conventional resin,
sorption of water may adversely affect the strength of
resin, as it is a polar material, effectively absorbs water
by diffusion. Immediately after polymerization, two
processes lessen residual monomer concentration. Firstly,
diffusion from polymer and further polymerization
and secondly, as water molecules act as a plasticizer, it
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aids the flow of long-chain polymers, consequently an
increasofing the degree of polymerization. This might
be the reason for the high flexural and impact strengths
after two days of immersion.11-14
Pavarina et al.13 and Peracini et al16 observed a
gradual reduction in the physical properties of dentures
after immersion in water. According to them, long-term
exposure to denture cleansers will result in absorption of
organic and inorganic components of denture cleansers
by the polymer network, which causes swelling of the
meshwork and lessen the frictional forces in between
the chains, thus the chains of polymers move far apart
from each other, thereby resulting in reduced strength
of the material. Acrylic resins that have undergone water
sorption depend on the intrinsic strength of the resin and
the amount of water absorbed. Since water molecules
are smaller than the interchain distance in the resins;
they can be absorbed into the material, reducing the
secondary chemical bonding forces between these chains.
The accumulated water in the interstitial spaces acts as
a plasticizer resulting in decreased strength properties.
After 120 days, conventional acrylic resin might have
reached maximum sorption levels, and hence the values
remained unchanged.14-16

CLINICAL SIGNIFICANCE
Polymerization of denture base resin by microwave
energy has a positive effect on the strength and longevity
of complete dentures. Moreover, microwave energy saves
a lot of time in processing dentures.

CONCLUSION
The present study was conducted to process heat cure
acrylic using microwave energy; thus saving time and
manual working hours. The study evaluated the fracture
resistance properties of both conventional and microwave
cured specimens. Conventional acrylic resin polymerized
in a water bath exhibited better flexural and impact
strength values.
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