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ABSTRACT
Aim: The aim of the present study was to compare and evaluate
the flexural strength of heat-polymerized Lucitone 199 and SR
Ivocap denture base resin materials which uses polymerization techniques of compression molding and injection molding
respectively and effect of artificial saliva and distilled water on
long-term.
Materials and methods: Ninety specimens each from both the
materials measuring 65 × 10 × 3 mm were prepared. After the
polymerization, flexural strength was calculated after 24 hours
(control group) without immersing in the liquid medium. The
test group specimens immersed in saliva and distilled water
at 370C was calculated for the flexural strength at 2 weeks,
1 month, 2 months and 4 months. The flexural strength was
measured using a universal testing machine. One-way analysis
of variance (ANOVA) method was used to analyze the data,
pairwise comparisons were done using Bonferroni post hoc
test with a probability of less than 0.05 were considered to be
statistically significant.
Results: The evaluation showed that, despite the duration
of immersion and type of acrylic resin, high flexural strength
was seen with specimens immersed in saliva than specimens
under distilled water. The higher flexural strength was seen in
SR Ivocap compared to that of Lucitone199 with the p value
less than 0.05 which showed significant statistically.
Conclusion: From the results, we can conclude that the
higher flexural strength was shown in specimens of SR Ivocap
fabricated through injection molding technique compared to
specimens of Lucitone 199 fabricated through compression
molding technique after immersion in artificial saliva and distilled water for long term.
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Clinical significance: The homogeneous copolymer beads,
the difference in the water sorption and powder to liquid ratios
also affect the mechanical properties of the resins other than
the type of resin used in the dentures base.
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INTRODUCTION
The material used to make denture base in olden days
included wood, bone, vulcanized rubber, and ivory,
wherein nowadays polymethyl methacrylate (PMMA)
material is used for the partial or complete removable
prosthesis. PMMA is the most preferred material mainly
because of its ease of use, simple processing technique and
affordability in spite of many new inventions including
urethane di-methacrylate light activated and polyester.1
One of the main failures of denture is ‘midline fracture’
as reported from clinical studies, which leads to patient
discomfort and reduces its cost beneficence.2 T he m ain
causes for the fracture include but not limited to; fatigue
phenomenon (intraorally) which is caused due to repetitive
low stress during the jaw movements and impact forces
(extra orally) which is caused by high-stress rate.3,4
The acrylic resin’s mechanical properties are affected by
the effect of fluid plasticization on the matrix of the polymer,
the polymerization technique and the pattern of the polymer
matrix. The denture base resins are always in contact with
either saliva or the storage solution or with the aqueous
solution for cleansing. As a result of this contact, saliva or
water may get absorbed by denture base resins eventually.5
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Water molecules occupy the vacant places between the
polymethyl methacrylate polymeric chains, in turn, reduces
the mechanical property of the denture base resin by acting
as a plasticizer, restricting the polymeric chain movement.6
The suitable test to predict the clinical performance of
any biomaterials used in dentistry is by measuring the
flexural strength as it is influenced by the geometry of the
specimen and loading conditions. The flexural strength is
a measurement of compressive, shear and tensile strengths
collectively and simultaneously. The flexural strength
ideally imitates the forces in the mouth borne by the
denture. The studies conducted have emphasized mainly
on the dimensional change in the denture base resin due
to sorption of water but, least importance and information
is available on the long-term effect of the saliva or water
sorption and its long-term effect on the flexural strength
of the denture base polymer. Therefore, this study was
conducted to compare and evaluate the flexural strength
of two heat-polymerized denture base resin materials with
different polymerization techniques (compression molding
and injection molding techniques) immersed in artificial
saliva and distilled water for long-term and to determine the

Fig. 1: Lucitone 199 polymer and monomer
(heat polymerized resin)

Fig. 3: Artificial saliva
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time taken to reach the equilibrium of the flexural strength
of the polymers.

MATERIALS AND METHODS
The study included two commercially available heat
based polymerized denture base resin with processing
technique different from each other (Lucitone 199 by
Dentsply prosthetics with compression molding technique
for polymerization and SR Ivocap of Ivoclar Vivadent with
injection molding technique for polymerization) (Figs 1
and 2) and two immersion media; artificial saliva (Fig. 3)
and distilled water.

Specimen Fabrication
The specimens were fabricated using prefabricated
metallic strips of size 65 × 10 × 3 mm. Using petroleum
jelly the strips were coated and flasking was done using
conventional denture processing flasks by using a dental
stone of type III to create a mold space. The fabrication of
the SR Ivocap specimens was polymerized by injection
molding technique as per the manufacturer’s instruction
(Fig. 4), and Lucitone 199 specimens were polymerized

Fig. 2: SR Ivocap polymer capsules and monomer
(injection molded resin)

Fig. 4: Invested metal dies connected with sprues for injection
molding specimens
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• b–sample width and,
• d–sample thickness

Statistical Analysis
One-way analysis of variance was used to analyze the
statistical data. The pairwise comparison was tested by
Bonferroni post hoc test. The probability of less than 0.05
(p < 0.05) was considered to be statistically significant.

RESULTS

Fig. 5: Specimen under flexural fatigue load

by compression molding technique at 72°C, using 9 hours
of long curing cycle and half an hour terminal boiling.
Ninety specimens in each denture base resin were
produced (group 1: SR Ivocap; group II Lucitone 199).
Each group was divided into three subgroups. Subgroup
A (control group) with ten dry specimens, not immersed
in any solutions and were tested after exposing to air 24
hours prior. Forty specimens each in subgroup B and
subgroup C were immersed respectively in distilled
water and artificial saliva for a regular interval, i.e., ten
specimens each at 15, 30, 60, and 120 days.
Using the universal testing machine, INSTRON
(model No. 8502, Servo-hydraulic testing, Canton USA),
physical testing was conducted on specimens with a
3-point-bending test at 2 mm/min crosshead speed and
with a span of 50 mm at each interval (24hrs, 15, 30, 60,
and 120 days). The flexural strength was calculated using
the below formula, the peak load was noted at the point
where the sample fractures (Fig. 5).
• Flexural strength = 3/2 x pl/bd2,
• p–peak load,
• l–span length,

Group
SR Ivocap
Lucitone 199

The flexural strength of both heat-polymerized denture
base resins, Lucitone 199 (compression molding
technique) and SR Ivocap (injection molding technique)
were noted under dry and wet immersions using
artificial saliva and distilled water in the different
interval up to 120 days period. According to Table 1,
the mean flexural strength value of SR Ivocap (109.31)
specimens was higher than that of the Lucitone 199 (98.9)
specimens who were under control group or subgroup
and with the p value 0.00, which is statistically highly
significant.
The mean flexural strength of subgroup C specimens
from both groups I and II showed high values compared
to subgroup B, as per Table 2, at all the time intervals.
The analysis of variance (ANOVA) from groups I and II
between the immersed specimens in distilled water and
artificial saliva according to Tables 3 and 4, showed a
statistically significant difference with p value 0.00, which
is less than 0.05.
The Bonferroni post hoc test, irrespective of denture
base resin material showed a significant result between
days 15–60, 15–120, 30–120 within the specimens of
subgroup B and subgroup C statistically as shown
in Tables 5 and 6. Regardless of the media used for
immersion, higher flexural strength was exhibited by SR
Ivocap than that of the Lucitone 199, but not significant
statistically with a p value less than 0.05.

Table 1: Mean flexural strength of two heat cure denture base reins evaluated at baseline
Mean (SD)
Mean difference
T
df
p
109.31 (1.03)
10.40
20.626
18
0.000
98.90 (1.21)
–
–
–
–

*p value < 0.05 statistically significant

Table 2: Mean flexural strength of two heat cure denture base reins immersed in water and
artificial saliva evaluated at different time intervals
Mean (standard deviation) flexural strength of two study groups
Phases of evaluation
Group I (SR Ivocap)
Group II (Lucitone 199)
Water (n=10)
Saliva (n=10)
Water (n=10)
Saliva (n = 10)
15 days
104.35 (1.01)
105.45 (1.31)
91.25 (1.49)
92.73 (1.80)
30 days
101.71 (1.66)
102.85 (2.50)
89.93 (2.02)
91.21 (1.94)
60 days
99.00 (1.18)
100.68 (1.81)
86.49 (1.84)
87.95 (1.55)
120 days
98.31 (1.60)
99.57 (1.56)
85.74 (1.97)
86.37 (1.38)
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DISCUSSION
Fracture of denture base resin is mainly due to flexural
fatigue occurred by the subsequent cyclic deformation
during the function. The polymerization technique,
type of polymer matrix and the plasticization effect
caused by water acting on the polymer matrix affects
the mechanical properties of the denture base.8 Two
phenomena occur when denture base resin immersed
in water: sorption of water7,8 and release of residual
monomer.9 The water molecules displace the polymer
chains of denture by penetrating the polymer network,
reduces the intermolecular forces between the polymer
chains and weakens the resin material.10,11
The residual monomer reduces the mechanical
properties of the acrylic resins affecting adversely. The
water uptake and the monomer release are a timeTable 3: Comparison of flexural strength of SR Ivocap resin
specimens immersed in water and artificial saliva evaluated at
different time intervals using repeated measures ANOVA
Group I (SR Ivocap)
Phases of evaluation
Water (n = 10) Saliva (n = 10)
Control (without immersion) 109.31 (1.03)
109.31 (1.03)
15 days
104.35 (1.01)
105.45 (1.31)
30 days
101.71 (1.66)
102.85 (2.50)
60 days
99.00 (1.18)
100.68 (1.81)
120 days
98.31 (1.60)
99.57 (1.56)
F-statistic# (df)
156.24 (4,36)
56.96 (4,36)
p value
0.000*
0.000*
# Repeated measures ANOVA
*p value < 0.05 statistically significant

dependent process. Henceforth, the number of molecules
within the denture base resin changes over the time
and the denture polymer strength at a given time after
immersion in water is also affected by the amount of
the molecules present. The continued polymerization of
the residual monomer in its active sites after the initial
reaction counteracts the reduction in the mechanical
properties, thereby increases the mechanical properties
and increase in the degree of conversion of acrylic resins
on long-term immersion.9,12
This study clearly describes the effect of saliva and
distilled water on the flexural strength of denture base
resin for long-term. The difference between the specimens
of the control group and the specimens immersed
at different intervals of time (15, 30, 60 and 120 days)
Table 4: Comparison of flexural strength of Lucitone 199
immersed in water and artificial saliva evaluated at different time
intervals using repeated measures ANOVA
Group II (Lucitone 199)
Phases of evaluation
Water (n = 10) Saliva (n = 10)
Control (without immersion) 98.90 (1.21)
98.90 (1.21)
15 days
91.25 (1.49)
92.73 (1.80)
30 days
89.93 (2.02)
91.21 (1.94)
60 days
86.49 (1.84)
87.95 (1.55)
120 days
85.74 (1.97)
86.37 (1.38)
F-statistic# (df)
159.06
190.35
(2.47,22.30)** (1.96,17.70)**
p value
0.000*
0.000*
# Repeated measures ANOVA
##Corrected using Greenhouse-Geisser estimate of sphericity
*p value < 0.05 statistically significant

Table 5: Pairwise comparison of flexural strength of SRIvocap evaluated at different time intervals
in each subgroup using Bonferroni post hoc test
Subgroup
Water
(subgroup B)

Saliva
(subgroup C)
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(I) time
Control
Control
Control
Control
15 days
15 days
15 days
30 days
30 days
60 days
Control
Control
Control
Control
15 days
15 days
15 days
30 days
30 days
60 days

(J) time
15 days
30 days
60 days
120 days
30 days
60 days
120 days
60 days
120 days
120 days
15 days
30 days
60 days
120 days
30 days
60 days
120 days
60 days
120 days
120 days

Mean difference
(I-J)
4.961*
7.603*
10.312*
10.999*
2.642*
5.351*
6.038*
2.709*
3.396*
0.687
3.863*
6.465*
8.629*
9.736*
2.602*
4.766*
5.873*
2.164
3.271*
1.107

Std. error
0.465
0.366
0.429
0.370
0.612
0.619
0.642
0.559
0.470
0.440
0.500
0.997
0.659
0.655
0.693
0.707
0.530
0.853
0.790
0.813

p value
0.000
0.000
0.000
0.000
0.019
0.000
0.000
0.009
0.000
1.000
0.000
0.001
0.000
0.000
0.045
0.001
0.000
0.318
0.025
1.000

95% CI for difference
Lower bound
Upper bound
3.246
6.676
6.254
8.952
8.728
11.896
9.633
12.365
0.386
4.898
3.069
7.633
3.669
8.407
0.645
4.773
1.663
5.129
–0.937
2.311
2.016
5.710
2.787
10.143
6.197
11.061
7.320
12.152
0.044
5.160
2.159
7.373
3.918
7.828
–0.983
5.311
0.356
6.186
–1.894
4.108
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Table 6: Pairwise comparison of flexural strength of Lucitone 199 evaluated at different time intervals
in each subgroup using Bonferroni post hoc test
Subgroup
Water

Saliva

(I) time
Control
Control
Control
Control
15 days
15 days
15 days
30 days
30 days
60 days
Control
Control
Control
Control
15 days
15 days
15 days
30 days
30 days
60 days

(J) time
15 days
30 days
60 days
120 days
30 days
60 days
120 days
60 days
120 days
120 days
15 days
30 days
60 days
120 days
30 days
60 days
120 days
60 days
120 days
120 days

Mean difference
(I-J)
7.654*
8.972*
12.409*
13.165*
1.318
4.755*
5.511*
3.437*
4.193*
0.756
6.177*
7.692*
10.956*
12.532*
1.515*
4.779*
6.355*
3.264*
4.840*
0.678*

proves the fluids showing plasticization effect on
denture base resins. The mean flexural strength was
significantly higher in SR Ivocap specimens compared
to that of Lucitone 199 specimens, under control group
or dry specimens. This may be because of the different
polymerization techniques, injection molding method
yields little porosity in SR Ivocap compared to that of the
compression molding technique used in Lucitone 199.7 the
superior properties of the SR Ivocap material may also
add to attain this result.
The fluids sorption by the matrix of the polymer
varied in the different intervals of time showing its effect
on the denture base flexural strength. The dry specimens
or control group of SR Ivocap and Lucitone 199 showed a
higher flexural strength significantly (Graph 1) compared to
that of wet specimens or test group. After immersion of the
specimens in artificial saliva and distilled water for 2 weeks,
the mean flexural strength markedly declined compared to
that of the control group specimens. Hence the plasticization
of the acrylic resin samples by the water is proved.3
Increase in the duration of immersion, the flexural
strength of the SR Ivocap and Lucitone 199 acrylic resins
decreased from 15 days till 120 days as per Table 2. The
mechanical and physical properties of the material were
affected because of aging. This finding supports the study
conducted by Dootz et al. on resins.13
The data from this study revealed that there will be
a marginal reduction in the flexural strength relatively
irrespective of the immersion media used when
compared the 30 days specimens with 15 days specimens,

Std. error
0.498
0.763
0.440
0.603
0.368
0.400
0.509
0.711
0.722
0.704
0.456
0.567
0.485
0.310
0.326
0.533
0.541
0.626
0.693
0.296

p value
0.000
0.000
0.000
0.000
0.059
0.000
0.000
0.009
0.003
1.000
0.000
0.000
.000
0.000
0.012
.000
0.000
0.006
0.001
0.085

95% CI for difference
Lower bound
Upper bound
5.817
9.491
6.157
11.787
10.786
14.032
10.940
15.390
–0.039
2.675
3.281
6.229
3.632
7.390
0.813
6.061
1.528
6.858
–1.842
3.354
4.495
7.859
5.601
9.783
9.168
12.744
11.389
13.675
0.312
2.718
2.811
6.747
4.360
8.350
0.953
5.575
2.282
7.398
0.485
2.667

Graph 1: Comparison between dry flexural strengths of
SR Ivocap and Lucitone 199

but there was no significant difference statistically.
The significant difference was noted when 15 days of
specimens were compared with 60 days and 120 days
specimens (Tables 5 and 6). When 30 days specimens
were compared with other subgroups the statistically
significant difference was found between 30 days with
that of 120 days specimens. These results were similar
to that of the Takahashi’s studies.11,14 this is because the
duration of the water storage necessary to saturate the
specimens is about a week and the duration to maximize
the plasticizer effect by the water is 30 days.15
The results showed clearly that the effect of plasticization
occurred at a slower rate as both resins were cross-linked
highly and their curing cycles were organized.
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Statistically significant higher flexural strength was
found in SR Ivocap than that of Lucitone 199 irrespective of
the duration and media immersed in every evaluation phase.
It was also noted that the specimens immersed in artificial
saliva had higher flexural strength compared to that of the
specimens immersed in distilled water irrespective of the
type of acrylic material used and the duration of immersion,
but the statistically the differences were not significant. The
reason might be the lesser penetration ability and greater
molecular size of the artificial saliva to that of the distilled
water. Both the materials selected in the present were based
on the extent of usage and popularity in the current practice
and hence wanted to evaluate the yieldabilty in terms of
flexural strength. Other mechanical and physical properties
are also to be evaluated and compared which would be done
in further studies.

CONCLUSION
This study within its limitation showed that higher
flexural strength was found in SR Ivocap than Lucitone 199.
The lesser flexural strength was shown in the specimens
immersed in the fluid media than dry specimens or those
which were not immersed irrespective of denture base
material used.
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