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Abstract
Background: Denture polymers may be strengthened by modifications of material itself,
or by incorporating various reinforcements into the polymer material that enhance the
flexural strength. Objectives: To evaluate and compare the flexural strength and fracture
toughness of heat activated PMMA resin and heat activated PMMA resin reinforced
with E glass fibers. Materials and Methods: A total of 40 specimens were prepared
according to the ISO specification (65 × 10 × 3 mm), 20 specimens were reinforced with
E glass fibers considered as test samples. They were stored in distilled water bath at
37°C for 48 hours before testing. The flexural strength and the fracture toughness were
evaluated using universal testing machine at a cross-head speed of 1 mm/min. Results:
Data were analyzed using one sample Kolmogorov-Smirnoff test (Normality test) and t
test for the flexural strength and fracture toughness. Conclusion: The flexural strength
of heat activated PMMA resin reinforced with E–glass fibers were statistically significant
compared to the control group.
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Introduction
Complete and partial dentures based on polymeric compositions
are the most popular prosthesis since the cost of dental implants
and metal-base dentures are much higher. Among the polymers,
PMMA resin is the most commonly used and reliable material
for denture base. PMMA has been used in dentistry since 1930’s
as denture base material and in medicine since 1950’s as bone
cement. One of the main drawbacks of this material is considered
to be its poor mechanical performance. Generally, there are three
ways which have been investigated to improve the mechanical
properties of denture bases like development of an alternative
material to PMMA, chemical modification of PMMA and the
reinforcement of PMMA. [1,2] There are two methods to increase
the strength of denture base polymer, by adding a cross-linking
agent of poly-functional monomer such as polyethylene glycol
dimethacrylate and reinforcement of denture base resin with
fibers or rods and metal wires or metal nets. [3,4]
Subsequently physical and mechanical properties of acrylic
dentures were enhanced by integration of different fibers
like graphite, glass and organic fibers such as aramide and
polyethylene fibers. In the past 30 years, fiber reinforcements
mostly made of polyethylene, [5] carbon-graphite, [6] or glass
[7]
were used to obtain materials with improved mechanical
properties not only in polymeric dental materials, but also in
aeronautical, civil, and automotive industry. [8] In recent years,
the most commonly used fibers in dentistry are the E glass
fibers, because of their acceptable esthetics and good bonding
with dental polymers. Hence this study was done to evaluate
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and compare the flexural strength and fracture toughness of
heat activated poly methylmethacrylate and heat activated Poly
methylmethacrylate reinforced with E glass fibers. A hypothesis
was formulated that the flexural strength and fracture toughness
will be the same after E-glass fiber reinforcement.

Materials and Methods
To evaluate the flexural strength and fracture toughness of heat
activated resin, a master die was prepared according to ISO 1567
with the dimensions of 3.0 mm width × 10 mm thickness × 65.0
mm length. Polyvinylsiloxane putty (Aquasil, Dentsply, India)
was used as duplicating material to create a mould space for
fabrication of wax patterns. The wax patterns were duplicated
from a special metal mold then invested into metal flasks using
type III dental stone (Begostone; Bego, Bremen, Germany. A
total of 40 samples were prepared in which 20 samples were
prepared in conventional PMMA resin (Meliodent, Bayer
Dental, Germany) and the other 20 specimens prepared with
the same PMMA reinforced with E glass fibers. Strips from
the un-impregnated fiber reinforcements were cut (55 mm
of length, 5 mm of width) and a coating of 3 Methacryloxy
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propyltrimethoxy silane (CAS NO 2550-85-0, Nanjing Capatue
Co ltd, China ) was applied on the E-glass fibers and dried for
15 sec then mixed with the PMMA resin.
Control group specimens were prepared in powder/liquid
(P/L) ratio of 10 ml/23.4 g according to the manufacturer’s
recommendations. The glass fibres were soaked in monomerpolymer mixture (10 ml/8g ratio) for 10 minutes to ensure
better impregnation of E-glass fibres into PMMA material. All
reinforcing fibers were oriented in the long axis of the specimens.
The heat polymerization was performed by immersing the flasks
in 65°C water for 90 minutes, followed by another immersion in
100°C water for 30 minutes. The processed samples were stored
in distilled water at 37°C for 28 days before testing.
The samples for flexural strength test were grouped as Group A
(control), Group A1 (reinforced with E glass fibers). The samples
for fracture toughness were grouped as Group B (Control),
Group B1 (reinforced with E glass fibers). To evaluate the
flexural strength of all samples, they were subjected to a threepoint bending test in a universal testing machine. (Autograph
universal testing machine, Shimadzu corp, Japan). The flexural
strength was calculated using the formula M = 3WI/2bd2 (M
- flexural strength (MPa), W - fracture load (N), I - test span
distance between support points (mm), b - width of specimen
(mm), d- thickness of specimen (mm).

Figure 2: SEM image of fracture surface of test sample.

Figure 3: Comparison of flexural strength of heat activated PMMA
and heat activated PMMA reinforced with E- glass fibers.

The fracture toughness of the samples was evaluated with
the indentation strength method and was subjected to a threepoint bending test in a universal testing machine (Autograph
universal testing machine, Shimadzu corp, Japan). The values
were calculated using the following formula KIC=0.59 (E/H)
1/8 (SfP 1/3) ¾ where 0.59 is a geometrical constant, E is
the Young’s modulus, H is the hardness, Sf is the stress at
fracture, P is the indentation load. With this method a stable
crack was generated with a Vickers indenter and the residual
strength was measured with a conventional three point
bending test.
The mean flexural strength and fracture toughness values of each
group were calculated and the data were analyzed statistically
using one sample kolmogorov-smirnoff test (Normality test)
and t test. Then the samples were analyzed under Scanning
Electron Microscope (phenomPro X, Phenom-World BV, The
Netherlands) for the surface topography [Figures 1 and 2].

Figure 1: SEM image of fracture surface of control sample.

Figure 4: Comparison of fracture toughness of heat activated
PMMA and heat activated PMMA reinforced with E- glass fibers.

Results
To analyze the data software SPSS version 22.0 Armonk,
NY: IBM Corp. was used and power analysis was done
with confidence interval of 95%. (α-0.05). The values were
statistically analyzed using one sample Kolmogorov-Smirnoff
test (Normality test) and the results showed that the variables
of flexural strength and fracture toughness follow normal
distribution. Therefore to analyze the data, parametric tests were
applied. To compare the mean values between the two groups
independent samples t-test is applied.
The mean flexural strength value of the control group (Group
A) is 58.59 Mpa and the mean flexural strength value of the
E- glass fibers reinforced heat activated PMMA (Group A1)
was 91.14 Mpa. The values were statistically analyzed using
independent samples T-test which showed the significant
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Table 1: Independent samples T-Test to compare mean
flexural strength between groups.
Variable

Group
Control Group
Test Group
Fracture Control Group
toughness
Test Group
Flexural
strength

N Mean Std. Dev t-Value P-value
10 58.59
13.48
3.552 0.003
10 91.14
25.65
10 1.2780 0.233
5.059 <0.001
10 1.7320 0.163

Table 2: Independent samples T-Test to compare mean
fracture toughness between groups.
Variable
Fracture
toughness
(Mpa /m2)

Group
N Mean Std. Dev t-Value P-value
Control Group 10 1.2780 0.233
5.059 <0.001
Test Group 10 1.7320 0.163

value P 0.003, which is less than 0.05. Hence it is statistically
significant [Table 1]. The mean fracture toughness value of the
control group (Group B) was 1.2780 Mpa√m½ and the mean
fracture toughness value of the E-glass fibers reinforced heat
activated PMMA (Group B1) was 1.7320 Mpa√m½. The values
were statistically analyzed using independent samples T-test
which shows the significant value P<0.001, which is less than
0.05. Hence it is statistically significant [Table 2].
The comparison of mean flexural strength of heat activated
PMMA resin and E-glass fiber reinforced PMMA resin was
more than the heat activated PMMA resin [Figure 3] and the
mean fracture toughness of heat activated PMMA resin and
E-glass fiber reinforced heat activated PMMA resin was greater
than the heat activated PMMA resin [Figure 4].

Discussion
In the past 30 years, fiber reinforcements of PMMA resin was
done using polyethylene, carbon-graphite, or glass to obtain
materials with improved mechanical properties not only in
polymeric dental materials, but also aeronautical, civil, and
automotive industry. However, good bonding between the
reinforcement and the acrylic resin is crucial for a significant
stiffening effect. Thus, the inability to adequately impregnate the
fibers in the polymer and monomer mixtures of high viscosity,
such as PMMA, represents a significant disadvantage for the
use of fibers as reinforcement materials for dentures.
The results of the previous studies 2, [9-11] showed that the flexural
strength of heat activated PMMA resin reinforced with glass
fibers more than the flexural strength of heat activated PMMA
reinforced with aramid and polyethylene fibers. The carbon
fibers showed the highest flexural strength when compared to
the other reinforced fibers. The carbon, aramid and polyethylene
fibers when they were used as reinforcement material for denture
base. They showed difficulty in polishing and also they were
not esthetically pleasing. To overcome that, E glass fibers were
preferred as the reinforcing material and it also it improved the
mechanical properties of the denture base. So, E-glass fibers
have been used in this study. Hence this studies rejecting the
null hypothesis.
Also the studies [12,13] showed that the flexural and fracture
toughness of polymetyl methacrylate reinforced with different
types of fibers like bis-acryl, polyethylene and glass fibers were
increased compared to the conventional PMMA resin. E-glass
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fibers or electrograde glass fibers, seems to have relatively low
density, able to maintain strength properties over a wide range
of conditions. It is relatively insensitive to moisture, resistant
to chemicals, nonflammable, heat resistant and it is of low cost
and has high production rates. Due to these properties of E glass
fibers, it has been used as the reinforcing material. [14]
The impact strengths of maxillary complete dentures fabricated
with high-impact acrylic resin increased by a factor greater
than 2 when reinforced with woven E-glass fiber. [15] Also
studies showed that addition of silane treated E glass fiber
showed improved impact strength of PMMA resin. [16] Stick (S)
glass fibers, woven Stick Net (SN) glass fibers are suitable for
reinforcement of complete and partial dentures as they increased
the flexural strength of acrylic resin. [17] The compressive
properties of the denture were increased after reinforcement
with glass fiber mesh with complete dentures. [18]
This study compared the flexural strength and fracture toughness
of heat activated acrylic resin and heat activated acrylic resin
reinforced with E-glass fibers. The mean value of flexural
strength and fracture toughness of heat activated PMMA resin
with E-glass fibers were 91.14 Mpa and 91.14 Mpa. On statistical
analysis the significant value P=0.003, which is less than 0.05.
Hence it is statistically significant compared to heat activated
PMMA resin. The scanning electron microscope image analysis
of specimens reinforced with E- glass fibers showed existence
of voids between E glass fibers and polymer revealing partial
bonding between glass fibers and polymer material.
The distribution of E-glass fibers and the bonding of the E-glass
fibers with the heat activated PMMA is unpredictable. Also
the study was done under laboratory conditions, the samples
prepared in this study were not of denture base configuration.
The PMMA denture base reinforced with E- glass fibers showed
an improved flexural strength and fracture toughness. Hence it
can be used as a reinforcement material to prolong the life span
of the denture clinically.

Conclusion
The mean flexural strength of E-glass fibers reinforced heat
activated PMMA was 91.14 Mpa and the mean fracture
toughness value of the E-glass fibers reinforced heat activated
PMMA. The flexural strength and fracture toughness of heat
activated PMMA resin reinforced with E- glass fibers was
statistically significant when compared to the conventional
PMMA resin.
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