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INFORMATION ABSTRACT

, , Background: Polymethyl methacrylate denture base material is considered the
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most popular denture base material to date. The advantages of the PMMA
include low cost, biocompatibility, ease of processing, stability in the oral
Received 25t July 2021 environment, and acceptable aesthetics. To improve the acrylic polymer’s prop-
Accepted 17¢ October 2021 erties for removable acrylic appliances, the significant issues to be addressed are
its low mechanical properties such as impact, bending, and fatigue.
Available online Aim: This study was aimed to evaluate the effect of incorporating different con-
Ist December 2021 centrations of zirconium oxide and cellulose nanoparticles on flexural strength,
and impact strength and translucency of heat polymerized acrylic resin.
Materials and methods: A total of 180 acrylic specimens were made and divid-

ed into two groups, which comprises 90 specimens in each. Group [ and Group II

were reinforced with ZrOz and cellulose nanoparticles, respectively. Each group

was divided into three subgroups depending on the properties to be evaluated

KEYWORDS i.e,, flexural strength, Impact strength, and Translucency, respectively. Each sub-

group was further divided into three based on the concentrations (1.5 wt%, 2.5
Polymethylmethacrylate wt% and 5.0 wt%) of the nanoparticles. The flexural strength was determined
using a universal testing machine. The Izod impact tester was used to evaluate
Zirconium oxide the impact strength. Translucency measured by UV visible spectrophotometer.
nanoparticles The obtained data were analysed using one way ANOVA within the group
Cellulose nanoparticles followed by posthoc comparison by TUKEY’S method for the comparison
between groups.
Flexural strength Results: Acrylic specimens incorporated with 2.5 wt% ZrO; exhibited more
Impact strength mean flexural strength, and the specimens with 2.5 wt% and 5.0 wt% cellulose
nanoparticles showed the highest impact strength and translucency, respective-
Translucency ly. One-way ANOVA showed significant differences (p=0.000) between the
groups.
Conclusion: PMMA incorporated with 2.5 wt% of ZrO2 NPs, 2.5 wt% and 5.0
wt% of cellulose NPs showed superior flexural strength, impact strength, and

translucency, respectively.

1. Introduction

An ideal denture base material should have adequate mechanical and physical
properties, besides biocompatibility and aesthetics[1]. In 1937, Dr Walter Wright
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introduced Poly Methyl Methacrylate (PMMA) denture
base material, which is considered the most popular
denture base material to date [2]. The advantages of
the PMMA include low cost, biocompatibility, ease of
processing, stability in the oral environment, and
acceptable aesthetics [3]. In order to improve the
acrylic polymer’s properties for removable acrylic
appliances and dentures, the important issues to be
addressed are its low mechanical properties against
impact, bending, and fatigue [4]. Hence, PMMA cannot
be considered an ideal material because of its inferior
physical and mechanical properties.

To improve mechanical and physical properties, vari-
ous nanoparticles (NP) have been added to different
dental materials like Zirconium oxide (ZrO:), copper
oxide (CuO0), silver (Ag), silicon dioxide (SiOz), zinc
oxide (Zn0), titanium dioxide (TiOz), etc. Among these,
Zirconium nanoparticles received great attention
because of their superior mechanical and esthetic
properties [5]. Nano cellulose is a natural renewable
polymer derived from plants and wood pulp, used to
increase the strength and hardness of the material [6].
Another
success of a complete denture is its translucency.

important parameter that governs the

Translucency is one of the major parameters when
esthetics is considered and several nanoparticles have
been added to improve the translucency of PMMA.

Previous studies suggested that the addition of Zirco-
nium oxide and Cellulose nanofillers to PMMA
improved mechanical properties such as flexural
and hardness [7].
However, the translucency denture prosthesis was

strength, fracture toughness,
adversely affected and reduced as the nanoZrO:
concentration was increased [8].

Though several studies have evaluated the effects of
nanoZrO; and nanocellulose inclusion on the proper-
ties of PMMA denture base material, there is limited
literature on comparing the effects of nanoZrO; and
nanocellulose incorporation on the properties of
PMMA. The purpose of this study was to assess and
compare the effects of zirconium oxide and cellulose
nanoparticles added in concentrations of 1.5wt%,
2.5wt%, and 5wt% on the flexural strength, impact
strength,

and translucency, respectively of heat

polymerized acrylic resin.

2. Materials and methods

ZrO; and cellulose

nanoparticles into PMMA heat cure resin

2.1 Incorporation of

Zr0O2 nanoparticles (Nanoshel, India; Purity - 99.9%,
Average particle size - 20 nm) were incorporated into
the polymer of heat cure acrylic resin (DPI Heat Cure,
the Bombay Burmah trading corporation Itd, India) at
three different concentrations, viz. 1.5% and 2.5% and
5.0% by weight. The appropriate amount of ZrOz and
acrylic resin were weighed using a digital weighing
balance and were mixed using a mortar and pestle. To
ensure uniform distribution of ZrO2 in the polymer of
heat cure acrylic resin “geometric dilution” method
was employed for trituration. The insertion of cellulose
nanoparticles (Nanoshel, India; purity - 99.9%, aver-
age particle size — 20 nm) followed a similar approach.

2.2 Fabrication of test specimens

Rectangular specimens were fabricated for measuring
the flexural strength, impact strength and translucen-
cy. The dimensions of the rectangular specimens were
65x10x3 mm for flexural strength, 80x4x10 mm for
impact strength, and 15x12x2 mm. Plexiglass moulds
of the above-mentioned dimensions were fabricated
with high precision laser cutting machine. Wax
patterns were prepared from plexiglass moulds and
were invested. The monomer and polymer of the heat
polymerized acrylic resin were proportioned, mixed,
packed, and pressed into the mould following the man-
ufacturer’s instructions. After closing the lid of the
flask, it was subjected to 200 pascal loads using a
hydraulic bench press. The flasks were bench cured for
30 minutes and processed at 74°C for 2 hours and then
at 100°C and for 1 hour. After completion of the curing
cycle, the flasks were removed from the water bath
and allowed to cool slowly to room temperature. All
the specimens were stored in distilled water at 37+1°C
for 7 days, before testing.

2.3 Flexural strength evaluation

The flexural strength of the specimens was evaluated
according to the ISO 1567, 1999 for denture base
resins by a three-point bending test using a Universal
testing machine (Instron, Maeon laboratories, Chennai,
India). The rectangular specimens were inserted in
relative points on the testing machine such that the
span length was 50 mm. The samples were stressed at
a crosshead speed of 5 mm/min until fracture
occurred.
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Flexural strength was calculated using the following
equation.
S=3FL / 2bd?
Where,
S: Flexural strength
F: Force of wedge to the middle of specimen
L: Distance between supporting wedges
b: Width of specimen
d: Thickness of specimen

2.4 Impact strength evaluation

The IZOD impact tester (Maeon laboratories, Chennai,
India) was used to evaluate the impact strength of
each specimen. IZOD is a pendulum impact machine
consisting of a base, a pendulum and a striker rod. The
rectangular specimens were inserted in the anvil or
support to receive the blow of moving mass.

For plastic-type material like the acrylics, the pendu-
lum apparatus imparting the load was a half-disc
shape. The energy of the pendulum alone was 2.7].
Initially, the machine was calibrated to reduce the
error, the test specimen was held tightly in the anvil,
and the pendulum is then released from its latch.
Pendulum swings down gaining energy from gravita-
tional force and the height from which it is released. It
hits onto the specimen, and the specimen breaks, and
the pendulum swings to the other side. The energy
required to fracture the specimen was measured in
KJ/mz2,

2.5 Translucency evaluation

Light transmittance was measured using UV Visible
Spectrophotometer (Varian, CARY 100 BIO, LabX, Can-
ada). Light transmittance has been used as a translu-
cency measure because it is a property of a substance
that allows light to pass through it partially. UV/VIS
spectroscopy is based on the absorption of light by a
sample. Valuable information can be obtained based
on the amount of light absorbed by the sample and its
wavelength.

A spectrophotometer with a double prism mono-
chromator to create the light of any desired wave-
length, a photometer with a silicon photodetector to
measure light intensity, and a sample holder made up
the spectrophotometer. The equipment was set up
such that specimens could be positioned between the
spectrometer beam and the photometer at the inte-

grating sphere's entrance port to measure the total
amount of light transmitted and dispersed through it.

3. Results

The data were analysed using Statistical Package for
Social Sciences (SPSS) version 16.0 software. Data
obtained was expressed in its mean and standard devi-
ation. Analysis of Variance (One Way ANOVA) was per-
formed as a parametric test to compare different
groups. In order to facilitate multiple comparisons
between groups, Tukey’s method was employed as a
post hoc test along with ANOVA. For all statistical eval-
uations, a two-tailed probability of value less than 0.05
was considered significant.

The mean and standard deviations of flexural strength,
impact strength and translucency of acrylic specimens
incorporated with various concentrations of Zirconia
and Cellulose NPs are presented in table 1. The maxi-
mum mean flexural strength was exhibited by the
specimens incorporated with 2.5% ZrO2 and 5.0% cel-
lulose NPs. Maximum mean impact strength was
observed in the acrylic specimens modified with 1.5%
Zr02 and 2.5% cellulose NPs. The denture base acrylic
specimens modified with 1.5 wt% of ZrOz and 5.0 wt %
of Cellulose NPs showed more translucency (Table 1).
One-way ANOVA showed statistically significant differ-
ences (p=0.000) among the various concentrations of
nanoparticles incorporated acrylic specimens in all the
tested properties (Table 1).

Multiple comparisons with post hoc by Tukey’s meth-
od revealed that the acrylic specimens incorporated
with 5.0wt % of Cellulose NPs exhibited significant
differences with 1.5 wt% (p=0.001) and 2.5 wt%
(p=0.0001) of Cellulose NPs in the flexural strength. A
significant difference (p=0.032) was observed in
impact strength between 1.5 wt% and 5.0 wt% of ZrO:
NPs incorporated specimens. In translucency, acrylic
specimens modified with 5.0 wt% Cellulose NPs
showed significant differences with 1.5 wt%
(p=0.0073) and 2.5 wt% (p=0.0406) of Cellulose NPs.
Significant differences (p=0.000) were observed be-
tween the acrylic specimens incorporated with ZrO»
NPs at all concentrations (Table 2).

Multiple comparisons with post hoc analysis between
the two different nanoparticles at different concentra-
showed in flexural

tions significant differences

strength between all the concentrations except 5.0
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Table 1. Mean and standard deviation of flexural strength, impact strength and trans-

lucency of acrylic specimens incorporated with various concentrations of

nanoparticles (One-way ANOVA).

Properties Nanoparticles N 1.5wt% 2.5wt% 5wt% p value
Flexural Zirconia 10 72.02+2.40 = 76.37+5.06  72.42+4.50 0.00%
Strength (MPa)  Cellulose 10 64.42+2.84  60.97+2.01 71.47+3.64 0.00*
Impact Zirconia 10 1.34+0.11 0.83+0.26 1.03+£0.27 0.00*
Strength

) Cellulose 10 0.95+0.34 1.37+0.52 1.32+0.48 0.00*
(KJ/m?)
Zirconia 10  4591+1.49 32.97+1.73  24.22+2.66 0.00*
Translucency
Cellulose 10 51.79+£3.12 52.39+1.60 55.31+1.68 0.00*

*statistically significant difference was observed.

Table 2. Multiple group comparison of flexural strength, and translucency of acrylic

specimens modified with various concentrations of Cellulose and Zirconia NPs using

Tukey’s post hoc test
Flexural Strength Translucency
Nanopar- .
ticles Concentrations MD* + SE! Significance MD* + SE! Significance
- (p-value) B (p-value)

2.5wt% 3.45+1.601 0.276 0.597 + 0.962 0.989

1.5wt%
Cellulose 5.0wt% 7.051+1.601 0.001 3.518 £ 0.962 0.0073
25wt%  5.0wt% 10.5+1.601 0.0001 12.94 £ 0.962 0.0406
2.5wt% 4.349 +1.601 0.089 21.69 £0.962 0.000

. . 1.5wt%
Zirconia 5.0wt% 0.398 £ 1.601 1.000 8.751 + 0.962 0.000
25wt%  5.0wt% 3.951+1.601 0.152 0.597 + 0.962 0.000

* Mean difference, ! Standard error

Table 2. Multiple group comparison of flexural strength, and translucency of acrylic specimens

modified with various concentrations of Cellulose and Zirconia NPs using Tukey’s post hoc test

Nanoparticles Flexural Strength Impact Strength Translucency
Signifi- Signifi- Signifi-
Cellulose Zirconia MD* + SE! cance MD* + SE! cance MD* + SE! cance
(p-value) (p-value) (p-value)

1.5wt%  7.606 +1.601 0.000 0.387 £1.601 0.171 5.876 £ 0.962 0.000
1.5 wt% 25wt%  11.96 £ 1.601 0.000 0.116 £ 1.601 0.978 18.82 + 0.962 0.000
5.0wt%  8.004 £ 1.601 0.000 0.083 £1.601 0.995 27.57 £0.962 0.000
1.5wt%  11.06+1.601 0.000 0.031 £ 1.601 0.99 6.473 £ 0.962 0.000
2.5 wt% 2.5wt%  15.41+1.601 0.000 0.534 +£1.601 0.019 19.42 £ 0.962 0.000
5.0wt%  11.45+1.601 0.000 0.335+1.601 0.310 28.17 £ 0.962 0.000
1.5wt%  0.555+1.601 0.999 0.015 +1.601 0.99 9.394 £ 0.962 0.000
5.0 wt% 2.5wt%  4.904 £ 1.601 0.038 0.488 £ 1.601 0.040 22.34 £ 0.962 0.000
5.0wt%  0.953 £1.601 0.991 0.289 £ 1.601 0.474 31.09 £ 0.962 0.000

* Mean difference, ! Standard error
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wt% of Cellulose NPs with 1.5 wt% and 5.0 wt% of
Zr0Oz NPs. Incorporation of 2.5 wt% of ZrOz NPs exhib-
ited significant differences with acrylic resin speci-
mens modified by 2.5 wt% and 5.0 wt% Cellulose NPs
in impact strength. In translucency, significant differ-
ences were observed between both the NPs at all
concentrations (Table 3).

4. Discussion

The Polymethyl methacrylate (PMMA) is used to fabri-
cate denture bases due to its various advantages,
including low cost, biocompatibility, ease of pro-
cessing, stability in the oral environment, and accepta-
ble aesthetics [3]. As discussed in the literature, one of
the major shortcomings of PMMA is its inadequate
mechanical and physical properties such as low flexur-
al strength (FS), impact strength (IS) and surface hard-
ness that leads to the reduced clinical performance of
the denture. This ultimately leads to reduced clinical
life of the prostheses [4]. The translucency of the den-
ture base of a removable prosthesis determines its
esthetic outcome [7]. The addition of various nanopar-
ticles has been shown to increase the translucency of
PMMA.

Various nanoparticles (NP) have been added to differ-
ent dental materials to improve their properties.
Among these NPs, nano-ZrO: received great attention
due to its excellent toughness and mechanical strength,
enabling it to withstand crack propagation. In addition,
they have improved abrasion and corrosion resistance,
and are highly biocompatible. They are also less likely
to alter the aesthetics compared to other metal oxides
because of their white colour [5]. Nano cellulose is a
natural renewable polymer derived from plants and
wood pulp, the most abundant, biocompatible, cost-
effective, easily available option to increase the
strength and hardness of the material [6]. Several stud-
ies have been done earlier to evaluate the effect of zir-
conia and cellulose nanoparticles on PMMA. However,
their effect on the properties of PMMA has not been
compared to date. This study was conducted to evalu-
ate and compare the flexural strength, impact strength
and translucency of heat polymerized acrylic resin in-
corporated with 1.5wt%, 2.5wt% and 5.0wt% of zirco-
nium oxide and cellulose nanoparticles.

In this study, the acrylic resin incorporated with 2.5
wt.% ZrOz showed the highest mean flexural strength
among all the concentrations of both the NPs. At 5.0

wt% of ZrO2 NPs showed a decrease in flexural
strength. This can be attributed to the proper disper-
sion of NPs in the acrylic resin mass at lower concen-
trations and as the concentration of NPs is increased,
they tend to agglomerate resulting in a decrease in the
flexural strength. In addition, the presence of Zirconia
NPs improves the strength with the transformation
toughening mechanism. Under stresses, the Zirconia
transforms from the tetragonal to monoclinic phase
resulting in absorbing the energy of crack propagation,
which causes an increase in strength. Also, expansion
of ZrO: crystals occurs under stress and places the
crack under a state of compressive stress and arresting
the crack propagation.

Mohamed et al (2014) [7] concluded that incorpora-
tion of Zirconium oxide (Zr0Oz) nanofiller powder with
different concentrations (1.5%, 3.0%, 5.0% and 7.0%)
increased the flexural strength of PMMA. They demon-
strated the best mechanical properties with the addi-
tion of 7.0% wt ZrO; concentration. Zhang et al. (2014)
[8] and Mohammed et al. (2012) [9] also proved that
the addition of modified nano-zirconium oxide
improved the mechanical properties of heat-cured
acrylic denture base material. in the present study,
contrary to the results found in previous studies, desir-
able flexural strength was achieved by adding 2.5 wt %
nano ZrO; concentration, which is a lower concentra-

tion when compared to earlier literature.

This study also compared the flexural strength of
PMMA reinforced with different concentrations of
nano-cellulose. PMMA reinforced with 5.0wt.% nano
cellulose showed the highest mean flexural strength
(71.47 MPa). Talari et al (2016) [10] proved that the
addition of nano cellulose Particles (1.0, 2.5, 5.0 wt%.)
into the auto-polymerized temporary fixed restoration
resin resulted in an increase of flexural strength in all
weight percentages, where the most notable increase
was observed with the 2.5 wt%. Contrary to the results
found in the above study, desirable flexural strength
was achieved by adding 5.0wt.% nano cellulose in the
present study.

In the present study, intergroup comparison between
the PMMA+nanoZrO; PMMA-+nanocellulose
showed that 2.5% ZrO: has the highest flexural
strength compared to 5.0% cellulose. The results were

and

statistically significant (0.038). One of the reasons for
improved mechanical properties is due to the addition
of nanoparticles is due to high interfacial shear
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strength and good bonding between the resin matrix
and nanofillers which prevents crack propagation, en-
hancing the mechanical properties [11-13].

When impact strength was compared, PMMA rein-
forced with 1.5 wt% ZrO; showed the highest mean
impact strength (1.34) KJ/m2. Thab et al (2011) [14]
proved that impact strength of PMMA modified with
Zirconium oxide (ZrO:z) nanofillers in different per-
centages improves the impact strength; the maximum
was observed with 5.0wt% of nanoZrO. Sajida Begum
et al (2019) [15] concluded that PMMA reinforced
with ZrO; nanoparticles decreases the impact strength
with increased concentration of ZrO; and impact
strength was found to be least at 7.0 wt% concentra-
tion. Contrary to the earlier literature, the present
study showed that PMMA reinforced with 1.5 wt.%
Zr0; showed the highest mean impact strength (1.34
KJ/m?).

Among the nanocellulose reinforced group, the speci-
mens with 2.5wt % nanocellulose showed the highest
mean impact strength. Shenggui Chen et al (2018)
[16] concluded that the addition of 2.5wt.% nanocellu-
lose improve the impact resistance PMMA composite
resins. Intergroup comparison between the PMMA +
nanoZrO; and PMMA + nanocellulose showed that
2.5% cellulose had the highest impact strength
compared to 1.5 wt.% ZrOa.

The present study also compared the translucency of
PMMA + nanoZrO; and PMMA + nanocellulose at dif-
ferent concentrations. The translucency of the denture
base of a removable prosthesis determines its esthetic
outcome. This desired level of translucency imparts
the chameleon effect, which is created due to the har-
monious optical properties between the underlying
mucosa and the denture base of the removable pros-
thesis [17]. Translucency is defined as the ability of a
material to permit some light to pass through its struc-
ture, thus allowing the background underneath to
show through [5]. Light transmittance was considered
as a translucency parameter. Light transmittance in
percentage was measured using UV Visible Spectro-
photometer.

Among the PMMA + nanoZrO: group, PMMA reinforced
with 1.5 wt.% nanoZrO: showed the highest mean
translucency. The translucency parameter was
reduced as the nanoZrO: concentration increased.

These results were in agreement with the study con-

ducted by Mohammed M Gad (2018) [5] concluded
that the addition of nanoZrO2 reduced the translucency
of the PMMA as the concentration of nanoZrO: in-
creased. Similar results were quoted by Aszrin et al in
(2016) [18]. This decrease in translucency could be
attributed to the crystalline form of nanoZrO2 (high
opacity), which prevented absorbed light from passing
through, lowering translucency. This change is in-
versely proportional to the concentration of nanoZrO>

[5].

Among the PMMA + nanocellulose group, PMMA rein-
forced with 5.0wt.% nano cellulose showed the highest
mean translucency. Gibril et al. (2019) [19] concluded
that the transmittance of Nanocomposite films
(PMMA/CNC-TiO2) was decreased with increasing
cellulose nanofiber content. This is probably due to the
agglomeration of the nanofiller at higher concentra-
tions. The optical transmittance of PMMA nanocompo-
sites decreased with increasing CNC-TiOz content,
especially with the high content of nanofiller.

Contrary to the results found in previous studies, the
present study showed PMMA reinforced with 5.0wt.%
nano cellulose showed the highest mean translucency.
Since the refractive index of PMMA (1.4813) is closer
to that of cellulose (1.54) translucency is increased. In
this study intergroup comparison between the PMMA
+ nanoZrO; and PMMA + nanocellulose showed that
5.0% cellulose has the highest translucency compared
to 1.5% ZrO2. The results were statistically significant
(p=10.0073).

The difference between the refractive indices of the
fillers and matrix affects the refraction and reflection
of light at the filler/matrix interface, which affects the
translucency of the nanocomposite. It was found that
the refractive index (RI) of the nanoZrO: (2.1750) is
higher than that of the PMMA (1.4813) [5]. Since this
nanocomposite (PMMA + nanozirconia) was composed
of resin and inorganic nanoparticles, the higher the
difference in refractive index between the two phases,
the greater is the opacity of the nanocomposite [5].
The increased translucency in the PMMA + nanocelu-
lose specimens can be attributed to their lower RI
compared to nanoZrO;. Further, nano cellulose RI is
almost the same as that of PMMA.

However, this study evaluated the effect of ZrO; and
cellulose nanoparticles incorporation on the proper-
ties of denture base resins with only three concentra-
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tions. Further studies may be focused on by incorpo-

rating a few more concentrations of these NPS and

evaluating their effect on the physical and mechanical

properties of denture base acrylic resins. Studies must

also be concentrated on optimising a precise concen-

tration of nano zirconia and nanocellulose particles so

that superior mechanical and aesthetic qualities may

be achieved.

5. Conclusion

Within the limits of the study, the following conclu-

sions were drawn:

1.

PMMA + nanoZrO: has the highest flexural
strength compared to PMMA + nanocellulose,
especially at a concentration of 2.5% nanoZrO-.
PMMA + nano cellulose at a concentration of 2.5%
has the highest impact strength compared to
PMMA + nanoZrO,.

PMMA + 5.0wt.% nanocellulose has the highest
translucency compared to PMMA + nano ZrO-.
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