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ABSTRACT

Following the rapid development of denture base material and the invention of new materials
that used to construct dentures, many studies aimed to test and compare the mechanical and physical
properties of the newly developed materials as well as the effect of adding some additive to acrylic
resin. As the denture placed in oral environment and subjected to many chemical materials and
multiple forces, the denture base materials should have specific properties to full fill as much as
possible the needed requirement to made dentures. Flexibility and high impact resistance considered
as limitation in conventional heat cured acrylic resin; therefore, new techniques and materials have
been introduced to overcome this limitation. In this study, impact strength, and transverse flexural
strength and elastic modulus at maximum load of three dentures base materials (heat cured acrylic,
polycarbonate and injectable acrylic) were compared. A total of (60) specimens of polycarbonate,
injectable acrylic and conventional heat cured acrylic were fabricated according to manufacturer’s
instructions and divided into (2) groups, (30) specimens for each testing group i.e. the impact strength
and transverse flexural strength at maximum load except for the elastic modulus test at maximum
load which was measured concurrently with transverse flexural strength (10 specimens for each
testing material). Highly significant differences (Pd” 0.01) between all the (3) experimental materials
were noticed after analyzing each test’s results with descriptive statistical analysis, one-way ANOVA
and post-hoc LSD. The Polycarbonate has the highest mean values of impact strength (233.43 KJ/
M?2) followed by the (injectable acrylic) with (29.89 KJ/M?) mean value while the lowest mean value
was for the (heat cure acrylic) (7.53 KJ/M?). While the heat cured acrylic has the highest transverse
flexural strength (77.03 MPa and elastic modulus (4.541 N/M?) at the maximum load, followed by
Polycarbonate (69.12 MPa); (2.684 N/M?), then the injectable acrylic (60 MPa); (2.366 N/M?). Scanning
electron microscope of fracture line after Charpy’s impact test shows that both Polycarbonate and
injectable acrylic had ductile fracture, while heat-cured acrylic exhibit brittle fracture. All injectable
materials included in this study exhibit higher flexibility, elasticity, ductility and impact resistance.
While heat cured acrylic exhibit higher rigidity, brittleness and low impact resistance.
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technical procedures to develop an efficient prosthesis
with satisfactory appearances'. The denture should
be aesthetically satisfactory or pleasing, function
effectively, and be biocompatible with surrounding
oral tissues that support it. A successful denture
should be consistent dimensionally to enhance
chewing efficiency, be comfortable for patients, and
prevent oral tissues irritation?.

Many materials are used to fabricate
dentures and each type of materials that used in
denture base processing had an effect on denture
base dimension during fabrication, and on other
factors related to clinical use such as stability,
support, retention, flexibility, impact resistance,
and surface roughness etc... During the denture
processing, the properties of the finished denture
were mostly affected by the type of the material that
used in denture manufacturing and other factors like
polymerization shrinkage or stresses that resulted
by cooling of flask, amount of the residual monomer
and type of the processing technique®.

In 1937, Poly (methyl methacrylate)
(PMMA) was introduced as denture base material.
It is widely used material owning to its favorable
properties. PMMA are produced synthetically,
it can be packed and modeled, or injected into
molds. also, it could be cured either by heat curing,
chemically curing or light curing®. Poly (methyl
methacrylate) (PMMA) can be considered as the
most widely used material in processing denture
base regarding its many advantages, for example
good aesthetics, acceptable fitness and stability in
the oral environment, easy laboratory and clinical
manipulation, and inexpensive equipment®. On the
other hand, poly (methyl methacrylate) has many
limitations such as weak mechanical resistance
(impact and flexural strength) which makes the
dentures easily break down in clinical uses and
repair them will impair denture strength over a short
period of time thus, reduces the performance of the
denture clinically”2.

Additionally, the dimension of the denture
made from PMMA may be altered and deformed
throughout processing and/or during its uses®.
These dimensional alteration will lead to inadequate
denture base adaptation to the oral tissue, reduction
in denture stability, and incorrect positions of
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the artificial teeth®. The concentration of residual
monomer may consider as an additional factor that
could have a drawback effect on the mechanical
properties of the PMMA such as modulus of
elasticity, surface hardness, impact strength, surface
roughness and tensile strength, which founded to be
the lowest mechanical properties of the PMMA with
higher concentration of the residual monomer?. Also,
residual monomer may cause irritation and damage
to the oral mucosa™.

Thermoplastic materials have been used
to fabricate complete and partial dentures because
of their many advantages such as the rarity of
solubility in solvents, high strength, toughness,
flexibility, ductility, abrasion resistance, high thermal
resistance, and resistance to chemicals effects'.
The utilization of heat molding instead of chemical
polymerization will provide dimensional stability
and reduce the polymerization shrinkage and
deformation of the resultant denture, in addition,
making the denture biocompatible through monomer
free nature2.

The poly (Bisphenol A) carbonate (also
known as polycarbonate PC), is amorphous polymer
with evidence of some areas of crystallinity™. It is
light in weight, transparent, and high-quality plastic.
Also, it has outstanding mechanical properties,
dimensional stability, excellent impact resistance,™
high plastic deformation without break or crack,
high thermal resistance and it can retain its
properties through a wide range of temperature
change range from 140 °C to —20 °C. Under —20
°C’"®. On the other hand, PC has some shortages in
their properties, such as poor chemical resistance,
limited scrapes resistance, and highly sensitive to UV
rays which cause color changes. Proper additives
or blending PC with other polymers can improve its
limitation'™.

MATERIALS AND METHODS

This study investigated some mechanical
properties of (3) different denture base materials:
polycarbonate (A) (Extra Rigid M10 polymer.
Deflex, Argentina), injectable acrylic (B) (ACRILITO
Injectable acrylic. Deflex, Argentina) and conventional
Heat cured acrylic (C) (MR.Dental, MEADWAY,
England). A total of sixty bar shaped specimens were
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fabricated according to manufacturer’s instructions
and divided into (2) groups, each containing thirty
specimens according to the conducted tests i.e.
the impact strength, and flexural strength (where
n=10) except for the elastic modulus test which was
measured concurrently with the flexural strength test.

Fig. 1: molds fabrication. A: Heat cured molds;
B: thermoplastic Materials molds

Angstrom advanced

AIS2300C_SEI_WD =7.0_14.0kV X 610 _50um
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The dimensions of the impact strength test were
(80 x10 x 4 mm) "1, while those for the transverse
flexural strength test were (65 x 10 x 2.5+ 0.1 mm)'&.

The laser cutting machine was used to
prepare the acrylic bar pattern (Glass-look acrylic,
Clairvaux les Lacsrance, France) after being
designed by (Auto CAD 2015) computer software.
The traditional complete dentures processing
technique was followed during the mold preparation.
The acrylic patterns were first coated with separating
medium (Isodent Gypsum separating solution) and
left to be dry. Dental stone (Kimberlit Extra Hard
High Density Die Stone) mixed according to the
manufacturer’s instructions and filled the lower part
of the metal flask. Approximately one-half of the
acrylic patterns were invested in dental stone in order
to make a mark representing half of acrylic patterns

Angstrom advanced

AIS2300C_SEI_WD =4.8_14.0 kV X 660 __50um

Fig. 2: 50 um magnification pictures were taken by SEM of the fracture
line as following: A: heat cured acrylic; B: Injectable acrylic; C: Polycarbonate
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depth after been measured by vernier (Fig. 1) . After
dental stone completely set, a second layer of the
separating medium was applied and left to dry. The
upper part of the flask was properly positioned and
filled with stone. The same procedure was used in
fabricating thermoplastic specimens (polycarbonate
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and injectable acrylic) with an additional step where
wax tubes was attached to the acrylic pattern to
allow the injection of the material(Fig.1); the wax
elimination process done to remove the wax pattern
by immersed the flask into hot bath 100° C for 10
min'e,
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Fig. 4: FTIR spectral results of Acrylito showed that the major component of is PMMA

Fig. 5: stress/strain curve of all tested specimens; A:polycarbonate ; B: injectable acrylic;
C: heat cured acrylic; D: comparative between the average of all 3 testing specimens curves
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Packing and curing of the heat cured
specimens was performed according to ADA 1999
Specification No.12 in 1999)"8 while the injection
of the thermoplastic resins was done according to
manufacturer’s instruction under (5-7 Bar) for (15
min) (for Polycarbonate, the injection temperature
is (305°C = 10 °C) while the injectable acrylic
temperature is (265°C = 10 °C) ) . Finally, each test
specimens group was gathered and placed in plastic
containers and filled with distalled water and were
placed in incubator for 48 hours at 37° C ). '8 The
Charpy impact strength of unnotched specimen was
calculated in KJ/m2 by the following equation)'®.

E
*10°

Impact strength = 5D

Where

E: is the impact absorbed energy in joules.

B: is the width in millimeters of the specimens.

D: is the thickness in millimeters of the specimens.

(KJ /m?)

The transverse flexural strength was
calculated using the following equation: ).

3Pl
Transvers flexural strength =

. ( N/mm?)

259

Where

P: is the peak load (N)

I: is the span length(mm)

b: is the sample width (mm)

d: is the sample thickness(mm)

The elastic modulus (I) was calculated in the elastic
deformation region using the following equation: ).

Elastic modulus (1) = ————

RESULTS

SEM and FTIR tests

SEM results of Heat cured acrylic,
polycarbonate and injectable acrylic are shown in
(Fig 2) By examining the fracture line of the samples,
we found that polycarbonate and injectable acrylic
are ductile materials; while Heat cured acrylic is
brittle material?'.

FTIR spectral results of two materials (Extra
rigid polymer M10 and Acrylito ) were shown in (Fig.3
and 4) The results indicate that the major component

Table 1: Descriptive statistics, one-way ANOVA and LSD of Impact strength test

LSD
(A) (B) (C) ANOVA P-value Compared P.values Sig.
F- test groups

N 10 10 10 B 0 HS
Mean  233.43 29.89 7.53 A C 0 HS
SD 8.94 2.28 1.005 B C 0 HS
Min. 227.03 28.25 6.81 5392.71 0
Max. 239.82 31.53 8.25 HS

Table 2: Descriptive statistics, one-way ANOVA and LSD of transverse flexural strength test

LSD
(A) (B) (C) ANOVA P- value Compared P.values Sig.
F- test groups

N 10 10 10 B 0 HS
Mean 69.12 60 77.03 A C 0 HS
SD 2.54 2.03 2.68 B C 0 HS
Min. 66 56.4 73.2 122.27 0
Max. 74.4 63.6 81.5 HS
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Table 3: Descriptive statistics, one-way ANOVA and LSD of elastic modulus test

LSD
(A) (B) (©) ANOVA P- value Compared P.values Sig.
F- test groups

N 10 10 10 1570.57 B 0 HS
Mean 2.68 2.36 4.54 A Cc 0 HS
SD 0.004 0.14 0.07 B C 0 HS
Min. 2.67 212 4.41 0
Max. 2.69 2.58 4.69 HS

of Extra rigid polymer M10 is polycarbonate and the
major component of ACRILITO injectable acrylic is
PMMA.

Impact strength, transverse flexural strength and
elastic modulus

Descriptive statistics, One-way ANOVA and
the LSD analysis were presented in tables 1-3.

Regarding the impact strength test
results, there was a highly significant difference
(p<0.01) between all the experimental groups. The
polycarbonate (A) showed the highest mean values
(233.43 KJ/M?) followed by the injectable acrylic (B)
with (29.89 KJ/M?) while the lowest mean value was
for the heat cure acrylic (C) with only (7.53 KJ/M?)
(Table 1).

On the other hand, a highly significant
difference (p<0.01) were also noticed between all
the experimental groups of the transverse flexural
strength test. The experimental group (C) showed
highest mean values (77.03 MPa) followed by group
(A) with (69.12 MPa) while the lowest mean value
was for group (B) (60 MPa) (Table 2).

Finally, the results of the elastic modulus
test also indicate a highly significant difference
(p<0.01) between all the experimental groups. The
experimental group (C) showed the highest mean
values (4.541 N/M?) followed by group (A) with
(2.684 N/M?) while the lowest mean value was for
group (B) with (2.366 N/M?) (Table 3).

DISCUSSION

SEM result of fracture line of specimens after
impact test

Heat cured specimen showed granular
fracture line which indicate a brittle fracture,
while injectable acrylic shows a river like line with
straight cuts which indicate a ductile fracture, the
polycarbonate deformed at impact test and the
area of bend was cut and the area shows river
wave configuration which is an indicator of ductile
fracture?!.

Impact strength test

The experimental group (polycarbonate)
showed highest mean values followed by the
(injectable acrylic) while the lowest mean values
were for the (heat cure acrylic). This is due to
the differences in the chemical structure between
Polycarbonate and PMMA in general including (heat
cured and injectable type), concerning with the
polycarbonate’s high impact strength was a result
of many factor related to its structure as it had a
large aromatic content of phenyl groups (benzene
ring) in its backbone, and moderately large pendent
oxygen and hydrogen groups. These oxygen and
hydrogen groups allow the tangle with the nearby
polymer chains, and the formation of hydrogen bond.
All these factors will lead to increase the resistance
to intermolecular movements??. Regarding the
difference between PMMA types (heat cured and
injectable type) is may be due to different processing
technique, higher impact strength of injectable
PMMAwas related to the dual polymerization and the
end polymer will contain less or none free monomer,
while in heat cured more residual monomer and
under polymerized polymer this will decrease its
impact strength?®.

The PMMA samples were fractured
while polycarbonate samples did not fracture
but bended after impact test, this is because the
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PMMA is thermoplastic amorphous polymer and
its mechanical properties affected by the testing
temperature and PMMA behavior will change from
brittle to ductile as it became close to its glass
transition temperature which is as average (104° C)
and limited working range of working temperature ,
so it will undergo brittle fracture at room temperature
which is not same as, Polycarbonate glass transition
temperature (145° C) and, have a unique property
that its less affected by temperature change and able
to maintain its mechanical properties under a wide
range of temperature change'®. Another explanation
that polycarbonate has a large plastic deformation
without crack or break, not same as that for PMMA'S.
polycarbonate sample at room temperature is ductile
and can be bended when force applied without being
fractured?:.

Transverse flexure test and elastic modulus
Transverse Flexural strength

The transvers flexure test results showed
that the experimental group (heat cure acrylic) had
the highest mean value of flexural strength followed
by the (polycarbonate), while the lowest mean value
was for the (injectable acrylic) when measured at the
maximum load applied.

This may be due to the polymers processed
by injected molded technique are more flexible and
ductile as expressed by Ippei H., that explain the
higher results of flexure strength for heat cured
acrylic in regarding to other experiment materials
and why injected molded specimen didn’t fracture
under the test?. The polycarbonate and injectable
acrylic differences related to each polymer unique
chemical structure which influence its mechanical
properties. Polycarbonate is produced by the
linear polymerization reaction of bisphenol A (BPA)
and phosgene COCI, which reacted in more than
one molecular space to form three dimension cross
linked network and build up by condensation reaction
this structure gives polycarbonate superior flexibility
and elasticity at room temperature, while PMMA is
formed by free radical polymerization reaction of
the monomer with catalyst which reacted in one
molecular space to form two dimension network
and increase in size by addition reaction this make
it brittle at room temperature?.

Another possible explanation of the
differences between heat cured and injectable acrylic

is within the same polymer family, the decrease in
impact will cause increase of rigidity and vice versa,
and the modification of the polymer to be suitable
for the processing technique requirement?.

Elastic modulus

A significant difference between all 3 experimental
groups were found. The (heat cure acrylic) had
the highest elastic modulus followed by the
(polycarbonate), while the lowest elastic modulus
was for the (injectable acrylic). The result was
calculated from stress/strain curve at maximum load
as shown in (fig 5), and showed a rigid behavior of
the heat cured acrylic which can be explained as the
under polymerization and the presence of residual
monomer can affect the elasticity of the material
make it brittle and fractured underload, while as
for injected acrylic the dual polymerization and the
trace to none residual and proceeding technique
will lead to higher elasticity in comparison with
heat cured acrylic®. Another possible explanation
of the differences within the same polymer family,
Crompton T. describe the relationship between
impact strength and rigidity as the decrease in impact
strength will cause increase of rigidity (increase of
elastic modulus) and vice versa®.

As for polycarbonate, the injected molded
technique in addition to its chemical structure
makes it more elastic than heat cured acrylic but
less than injectable acrylic?. Another possible
explanation for the differences between injectable
polycarbonate and injectable acrylic is the degree
of crystallization'.

Ippei H., explained in his study, that all
injected molded thermoplastic material had a lower
elastic modulus and higher flexibility than heat cured
acrylic. 3

CONCLUSIONS

The following conclusions were reached
after taking into consideration the limitations of this
study
1. Samples made of heat cured acrylic showed
higher flexure strength and elastic modulus with
lower impact resistance in comparison with the
samples of two other test materials.

2. Polycarbonate samples had higher impact
resistance, moderate flexure strength and elastic
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modulus, in comparing with samples made of two
other test materials.

3. Injectable acrylic samples exhibit moderate
impact resistance, lowest flexure strength and
elastic modulus in comparing with the other tested
materials.

4. All thermoplastic materials in this study showed
higher flexibility and ductility.
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