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A b s t r ac t
Aims and objective: The drawback of poly-methyl-methacrylate (PMMA) is the absence of adaptation accuracy in acrylic resin affected by
polymerization shrinkage and resin flask method. The present study was conducted to compare adaptation of acrylic resin cured by injection
moulded technique and microwave energy.
Materials and methods: 40 standardized maxillary record bases (2 mm thick) were processed from 40 maxillary master casts. SR-Ivocap High
Impact Resin was used for injection moulding technique and microwaveable acrylic resin (Onda-Cryl, Artigos Odontológicos, Clássico Ltd,
Sao-Paulo, SP, Brazil) was cured by microwave energy (320 W for 3 minutes + 0 W for 3 minutes + 720 W for 3 minutes). These specimens were
divided into two groups. Group I: 20 maxillary record bases were fabricated using injection moulding technique. Group II: 20 maxillary record
bases were fabricated using microwave energy (320 W for 3 minutes + 0 W for 3 minutes + 720 W for 3 minutes). The base/cast sets were sliced
transversally in the posterior palatal seal zone. The gap between the resin base and casts was evaluated at the right marginal limit, left marginal
limit, right ridge crest, left ridge crest and the palatal midline. The adaptation accuracy was examined utilizing a stereomicroscope.
Results: There was a significant difference between the microwaveable acrylic resin (Onda-Cryl) cured by microwave energy (320 W for 3 minutes +
0 W for 3 minutes + 720 W for 3 minutes) and the SR-Ivocap high impact resin cured by injection moulding technique.
Conclusion: The microwaveable acrylic resin (Onda-Cryl) cured by microwave energy (320 W for 3 minutes + 0 W for 3 minutes + 720 W for
3 minutes) showed fewer adaptation inaccuracies and more accurate denture base than injection moulding techniques.
Clinical significance: The microwaveable acrylic resin (Onda-Cryl) cured by microwave energy (320 W for 3 minutes + 0 W for 3 minutes +
720 W for 3 minutes) have more accurate denture bases when differentiated to those polymerized by injection moulding techniques. Therefore
microwaveable acrylic resin (Onda-Cryl) cured by microwave energy (320 W for 3 minutes + 0 W for 3 minutes + 720 W for 3 minutes) can be
a viable option for fabrication of dentures.
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I n t r o d u c t i o n
Compression molding with warm triggering is a conventional
method of processing dentures. Poly-methyl-methacrylate (PMMA)
has superlative cosmetics and very less noxiousness in comparison
with an acrylic resin.1 Polymerization shrinkage and adaptation
inaccuracies of acrylic resin are the major flaws for the regular
dentures. Babu et al. stated that acrylic bases cured by New Press
method and long curing cycle have more accurate denture bases in
comparison with samples cured by a regular method of PMMA resin
processing.2 Gharechahi et al. reported that adaptation accuracies
of acrylic resin specimens are affected by the compression molding
technique, and the SR-Ivocap injection procedure showed a better
adaptation accuracy in comparison with the conventional molding.3
Nejatian et al. reported that the specimens polymerized by a
conventional water bath showed better adaptation of dentures to
underlying tissue than the samples cured by an injection molding
method.4 Babosa et al. reported that the flexural strength of dentures
bases is not affected by curing microwave base resin samples by
dissimilar microwave cycle.5 Arafa reported that the samples cured
by a conventional water bath showed a better adaptation accuracy
of dentures to underlying tissue than the samples cured by an
injection molding method.6 There are very few studies regarding
dimensional changes with injection molding technique or the
microwaveable acrylic cured by microwave energy. Therefore this
study was conducted to compare the adaptation of acrylic resin
cured by the injection molded technique or microwave energy.
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Aims
•
•

•

a n d  O b j e c t i v e s

To check the adaptation accuracy in the SR-Ivocap high-impact
resin cured using the injection molding technique.
To check the adaptation accuracy in the microwave acrylic resin
(Onda-Cryl; Artigos Odontológicos Clássico Ltd, Brazil) cured by
microwave energy (320 W for 3 minutes + 0 W for 3 minutes +
720 W for 3 minutes).
To comparatively evaluate the adaptation accuracy in the
SR-Ivocap high-impact resin cured using the injection molding
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technique and microwave acrylic resin (Onda-Cryl) cured by
microwave energy (320 W for 3 minutes + 0 W for 3 minutes +
720 W for 3 minutes).

M at e r ia l s

a n d  M e t h o d s

A total of 40 maxillary acrylic bases (2 mm thick) were constituted
on cast. A silicone rubber-based impression of maxillary arch was
prepared and flooded with type IV dental stone to procure a cast
model.7 An SR-Ivocap high-impact resin was used for the injection
molding technique and microwaveable resin (Onda-Cryl; Artigos
Odontológicos Clássico Ltd) was cured using microwave energy
(320 W for 3 minutes + 0 W for 3 minutes + 720 W for 3 minutes). A
total of 40 test specimens were selected as stated in earlier research
carried out by Babu et al.2 The specimen size was 20 in each group
keeping a confidence interval of 95% and a power of at least 80%.
These specimens were divided into two groups.
Group I: 20 maxillary record bases were fabricated using the
injection molding technique.
Group II: 20 maxillary record bases were fabricated using
microwave energy (320 W for 3 minutes + 0 W for 3 minutes + 720 W
for 3 minutes).

India). The flask was cooled for 40 minutes at room temperature
and then kept in cold water for complete cooling for 20 minutes.8
Twenty samples were fabricated from this technique (Fig. 2).
Therefore, each group has 20 specimens and finally 40 specimens
from two test groups.

Measurement for Adaptation Accuracy for Samples
A vertical cutting machine was used along with a diamond disk
(2,800/3,800 rpm; WOCO50, PDI Dental Direct, Premier Dent
International Germany) with water cooling to cut the base/cast
in the post dam portion. The recordings were formulated at the
right marginal limit, left marginal limit, right ridge crest, left ridge
crest, and the palatal midline. The existence of gaps between the
casts and acrylic was measured using a stereomicroscope (Magnus
MSZ-TR No. 7OT0615, Uvsar India, Ghaziabad).

Statistical Analysis
The statistical analysis was carried out using unpaired t test.
Statistical Package for Social Sciences software was employed for
recording the measurements. A p value of <0.05 was considered
to be significant.

R e s u lts

Injection Molding Technique for Group I
Predetermined SR ivocapsules of resin and monomer (20 g powder,
30 mL monomer) were collected in a cap vibrator (Ivoclar AG, Ivoclar
Vivadent India) for 5 minutes before injecting into the Ivocap flask.
The hydraulic pressure of 6 atm at 100°C was retained for 35 minutes.
Ten minutes cooling was carried out using running water at a
pressure of 6 atm before deflasking.3 Bench cooling was carried out
10 minutes and specimens deflasked and finished. Twenty samples
were fabricated from this technique (Fig. 1).

Microwave Curing Procedure for Group II Subjects
The regular powder ratio of 100 g powder to 43 mL liquid was used
for producing the specimens. Onda-Cryl resin was cured with a
time power of 320 W for 3 minutes + 0 W for 3 minutes + 720 W
for 3 minutes using a household microwave oven (Continental AW
30; Bosh Electrodomesticos, CATA Electrodomesticos India (P) Ltd

The comparison of groups I and II mean was carried out using
the unpaired t test at the right marginal limit. There was
significantly a higher mean value among group I (Table 1,
Fig. 3). The comparison of groups I and II mean was carried
out using the unpaired t test at the left marginal limit. There
was significantly a higher mean value among group I (Table 2,
Fig. 4). The comparison of groups I and II mean was carried out
using the unpaired t test at the right ridge crest. There was
significantly a higher mean value among group I (Table 3, Fig. 5).
The comparison of groups I and II mean was carried out using
the unpaired t test at the left ridge crest. There was significantly
a higher mean value among group I (Table 4, Fig. 6). The
comparison of groups I and II mean was carried out using the
unpaired t test at the palatal midline. There was significantly a
higher mean value among group I (Table 5, Fig. 7).

Fig. 1: A total of 20 test specimens of SR-Ivocap high-impact resin cured using the injection molding technique
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Fig. 2: A total of 20 test specimens of the microwaveable acrylic resin cured by microwave energy
Table 1: Comparative mean marginal discrepancy values (mm) between
the groups I and II at the right marginal limit

Table 2: Comparative mean marginal discrepancy values (mm) between
the groups I and II at the left marginal limit

Right marginal limit
Groups
Group I
Group II

Mean
1.245
0.358

SD
1.275
0.349

Mean difference
0.887

t-test valuea
3.008

Left marginal limit
p value
0.005*

Groups
Group I
Group II

Mean
1.985
0.821

SD
1.509
0.791

Mean difference
1.164

t-test valuea
3.055

p value
0.004*

a

Unpaired t test
*Significant difference

a

Fig. 3: Comparative mean marginal discrepancy values (mm) between
the groups I and II at the right marginal limit

Fig. 4: Comparative mean marginal discrepancy values (mm) between
the groups I and II at the left marginal limit

D i s c u s s i o n

area. The polymerization shrinkage and distortion develop the
thermal stress within the prosthesis. The microgap is the result
of thermal stresses affecting the adaptation of denture bases
to underlying tissue.9 Therefore, acrylic resin and polymerizing
methods have been modified to enhance the physical and
chemical properties of denture bases. The microwave curing at
690 W for 6 minutes decreases the accuracy of denture bases

Poly-methyl-methacrylate is the material of choice in present-day
dentistry as it has excellent esthetic properties, strength, less
water sorption, and little solubilty.2 Poly-methyl-methacrylate is
in demand and most recommended for removable prosthesis.
The compression molding procedure decreases the adaptation
of dentures by enhancing recess of oral mucosa and denture

26

Unpaired t test
*Significant difference
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Table 3: Comparative mean marginal discrepancy values (mm) between
the groups I and II at the right ridge crest

Table 4: Comparative mean marginal discrepancy values (mm) between
the groups I and II at the left ridge crest

Right ridge crest
Groups
Group I
Group II

Mean
0.600
0.008

SD
0.438
0.012

Mean difference
0.592

t-test value
5.207

Left ridge crest
a

p value
<0.001*

Groups
Group I
Group II

Mean
0.720
0.007

SD
0.878
0.051

Mean difference
0.713

t-test valuea p value
3.626
0.001*

a

Unpaired t test
*Significant difference

a

Fig. 5: Comparative mean marginal discrepancy values (mm) between
the groups I and II at the right ridge crest

Fig. 6: Comparative mean marginal discrepancy values (mm) between
the groups I and II at the left ridge crest

to underlying tissue, whereas the same resin polymerized by
conventional heat polymerization has more adaptation accuracy
of dentures to underlying tissue.10 The studies have shown mixed
and controversial reports. Poly-methyl-methacrylate specimens
cured by conventional heat polymerization have prolonged
curing time; therefore, polymerization by microwave energy is
suggested for better accuracy of denture bases to underlying
tissue. Badr et al. reported that the test specimens prepared by
microwave energy have more porousness than test samples cured
by the conventional water bath. The specimens polymerized
by the conventional water bath showed better adaptation of
dentures to underlying tissue. 11 Badr et al. reported that the
conventional heat polymerization technique had desirable results
in fabricating water bath polymerized resins than the microwave
polymerization. They reported that the little detected residual
monomer in the microwave-polymerized denture is due to the
elevated temperature created during the curing cycle (550 W for
3 minutes).12 Firtell et al. stated that the gap between the palatal
portion of the cast and denture base is the result of linear shrinkage
on the posterior palatal seal area of maxillary denture.13 Moussa
et al. stated that injection-molded PMMA resin showed higher
adaptation accuracies compared with the conventional pressurepacked PMMA resin. 14 They also reported that the accuracy
of denture bases to underlying tissue is affected by dissimilar
positions of the base and palatal geometry. Arafa reported that
the samples cured by the conventional water bath showed a
better adaptation accuracy of dentures to underlying tissue than
the samples cured by the injection molding method.6 There are
very few studies regarding the dimensional changes with the
injection molding technique or the microwaveable acrylic cured

by microwave energy. The conflicting results were reported by
the researchers. Therefore, this study was conducted to compare
the adaptation of the acrylic resin cured by the injection molded
technique or microwave energy.
In this study, there was a higher mean marginal discrepancy
value among group I at all the measured points (right marginal
limit, left marginal limit, right ridge crest, left ridge crest, and
palatal midline). The microwaveable acrylic resin (Onda-Cryl;
Artigos Odontológicos Clássico Ltd) cured by microwave energy
(320 W for 3 minutes + 0 W for 3 minutes + 720 W for 3 minutes)
showed significantly lesser adaptation inaccuracies and more
accurate denture base than the injection molding techniques. The
probable reason may be that the residual monomer was less due
to raised temperature during a curing cycle (320 W for 3 minutes +
0 W for 3 minutes + 720 W for 3 minutes). The microwavepolymerizing system has three necessary parts: microwave power
generator (magnetron), waveguide, and microwave chamber or
cavity where the samples have to be processed, and additional
parts include control system, tuner, and circulator. The waveguide
transfers microwave energy between free space and conveys to
the specimens. The microwave chamber transfers, adjusts, and
returns back the microwave energy.15 The wattage (320 W for
3 minutes + 0 W for 3 minutes + 720 W for 3 minutes) of microwave
energy affects the physical and mechanical properties (dimensional
stability) resulting in lesser adaptation inaccuracies and more
accurate denture base adaptation to underlying tissues. The time
power setting of microwave energy has been proved adequate
for curing the denture base resin. The SR-Ivocap high-impact resin
cured using the injection molding technique showed significantly
higher adaptation inaccuracies and less accurate denture base

Unpaired t test
*Significant difference
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Table 5: Comparative mean marginal discrepancy values (mm) between
the groups I and II at the palatal midline

•

Palatal midline
Groups
Group I
Group II

Mean
0.093
0.023

SD
0.108
0.021

Mean difference
0.070

t-test valuea p value
2.845
0.007*

•

a

Unpaired t test
*Significant difference

SR-Ivocap high-impact resin cured using the injection
molding technique showed the highest amount of adaptation
discrepancy at the right marginal limit (1.245 mm), left marginal
limit (1.985 mm), right ridge crest (0.600 mm), left ridge crest
(0.720 mm), and palatal midline (0.093 mm).
The microwaveable acrylic resin (Artigos Odontológicos Clássico
Ltd) cured by microwave energy (320 W for 3 minutes + 0 W for
3 minutes + 720 W for 3 minutes) showed more accurate denture
base than using the injection molding techniques.

Strength

o f t h e  S t u dy

The denture base resin has been cured using microwave energy.
The advantages include energy-saving rapid heating rates, short
processing time, and deep penetration of the microwave energy.

L i m i tat i o n s

i n t h i s  S t u dy

A single microwaveable acrylic resin was used in this research.
Therefore, further research need to be carried out with different
microwaveable acrylic resins with different polymerization cycles.

F u t u r e  R e s e a r c h  D i r e c t i o n
Future studies are required to comparatively evaluate the
dimensional accuracy of the conventional compression molding
method, microwave polymerization, and injection molding
technique.
Fig. 7: Comparative mean marginal discrepancy values (mm) between
the groups I and II at the palatal midline
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