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ABSTRACT

Aim: The fracture of the denture resulting from the accidental fall on the ground is affected by the impact strength of the acrylic resin. Many
attempts have been made to improve the mechanical properties of acrylic resin by reinforcing it with different materials. The aim of this study
was to evaluate the effect of addition of different nano materials on the impact strength and surface hardness of the acrylic resin.

Materials and methods: Fifty samples of dimensions 65 mm x 10 mm x 3 mm were made and divided into five groups. Group | is the control
group of heat-activated polymethyl methacrylate (PMMA) acrylic resin, while groups Il, I, IV, and V are having 1% and 3% zirconium oxide
(ZrO,) and silicon dioxide (SiO,) nanoparticles in heat-activated PMMA by weight, respectively. A metallic block was fabricated and invested
into addition silicone impression material to form a mold. The modeling wax was melted and flown into the mold cavity to form the wax block.
The samples were subsequently polymerized, retrieved, finished, and polished. Impact strength and surface hardness were measured by Izod
impact testing machine and Vickers hardness tester, respectively.

Results: The results showed that the control group had the highest impact strength and lowest value was observed with 1% SiO,. The value of
Vickers hardness was maximum with 1% ZrO, and least with the control group. The analysis of variance (ANOVA) for both the impact strength

and surface hardness indicated a p value of <0.001, which is very highly significant.

Conclusion: Incorporation of ZrO, and SiO, nanoparticles into the heat-activated PMMA affects the impact strength and surface hardness.
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INTRODUCTION

Polymethyl methacrylate (PMMA), a derivative of acrylic acid and
most commonly referred as acrylic resin, was introduced as the
widely used denture base material in 1937 by Walter Wright. Since
then it became the most reliable material for denture construction.'
Despite its favorable properties such as satisfying esthetics, ease
of processing, and acceptable cost, it is not considered an ideal
material due to its inferior properties such as surface hardness and
low impact strength.*> Impact failures that happen as a result of
accidental dropping of the denture lead to crack propagation which
affectsits clinical performance.® Another crucial property is surface
hardness which relates to the material wear that can take place during
daily denture brushing causing roughness and facilitating microbial
adhesion.®” Several techniques have been investigated to improve
the properties of PMMA by incorporating suitable fillers such as fibers,
metal oxides, or rubber like substances in its composition.® The recent
approach was toimprove the properties by addition of ZrO, and SiO,
nanoparticles as filler. Not only because of its biocompatibility and
superior esthetics, these nano fillers are also characterized by their
small size, large surface area, active function, and strong interfacial
interaction with the organic polymer.® Therefore, the purpose
of the present study is to evaluate the impact strength and the
surface hardness of heat-activated PMMA after addition of different
concentrations of ZrO, and SiO, nanoparticles in it.

MATERIALS AND METHODS

This in vitro study was conducted in the Department of
Prosthodontics and Crown and Bridge, Kothiwal Dental College
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and Research Centre, Moradabad. A conventional heat-cure denture
base resin (Trevalon; Dentsply India Pvt Ltd) was used as a matrix
component; and ZrO, and SiO, nanoparticles (Nano Research Lab,
Jamshedpur, Jharkhand, India) were used as a reinforcing agent.
In this study, a rectangular metallic model of dimension
65 mm x 10 mm x 3 mm (ADA specification no. 12) was invested into
addition silicone impression material (Flexceed; GC India Dental Pvt
Ltd) to form a mold. Modeling wax (DPI; Dental Products of India,
Mumbai, Maharashtra, India) was melted and flown into the mold
to form the wax patterns. A total of 50 specimens were fabricated
for this study, and they were divided into 5 groups and each group
consisted of 10 specimens as follows:
+  Group |—heat cure denture base acrylic resin as control group,
+ Group Il—heat cure denture base acrylic resin containing
1 wt% ZrO,,
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«  Group lll—heat cure denture base acrylic resin containing
3 wt% ZrO,,

«  Group IV—heat cure denture base acrylic resin containing
1 wt% SiO,,

+  Group V—heat cure denture base acrylic resin containing

3 wt% SiO,.

The wax patterns were invested into type lll dental stone
(Kalstone; Kalabhai Karson Pvt Ltd, Mumbai, Maharashtra, India) in
the lower half of the flask. Upon reaching its initial set, the stone
was coated with cold mold seal (Dental Products of India, Mumbai,
Maharashtra, India) and the upper portion of the flask was then
placed atop its lower portion. Upon completion of the setting
process, the flask was immersed in boiling water and conventional
dewaxing procedures were carried out. The mold spaces were
cleaned of any wax traces by immersion in hot water and then
allowed to dry. The ZrO, and SiO, nanoparticles were weighed using
an electronic balance and added in the concentration of 1% and 3%
each to the heat cure acrylic resin polymer (Dentsply India Pvt Ltd)
for the subsequent groups. The particles were thoroughly mixed
and stirred to achieve an equal distribution within the polymer.
The modified acrylic powder and monomer were mixed in a ratio
of 3:1 and then packed in a dough stage into the mold cavity. Trial
closure was done until the flash was no longer apparent followed
by definitive closure and the flask was left for 60 minutes for bench
curing before processing for the curing cycle. The processing was
carried out in the water bath at 74°C for approximately 2 hours
and increasing the temperature of the water bath to 100°C and
processing for 1 hour. Following the completion of polymerization
cycle, the flasks were bench cooled to room temperature. The
samples were retrieved and finished with a tungsten carbide burand
abrasive paper. Final polishing was accomplished with pumiceand a
cotton cloth wheel on the polishing lathe (Fig. 1). All the specimens
were stored in distilled water at 37°C for 24 hours before testing.

The impact strength test was performed by using the 1ZOD
pendulum impact testing machine (Model: 6545/000; Ceast, Italy).
The specimens were clamped at one end vertically in a metal
fixture, and the notched surface of the specimens facing the
striking pendulum was used to break the specimens. The impact
strength of a specimen was recorded as the number of joules of
energy absorbed in breaking the specimen. The surface hardness
was measured by using the Digital Vickers Micro hardness tester

Fig. 1: Finished and polished acrylic samples
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(Fischerscope HM 2000). A 30 gf load was applied by the diamond
pyramid for 20 seconds indentation time and Vickers hardness
number (VHN) was obtained digitally. The mean impact strength
and surface hardness for each group were calculated. The data were
tabulated and statistically analysis.

REsuLTs

The highest mean impact strength was seen in group | (control
group)—20.72 kJ/m? (standard deviation, SD = 0.483) compared
to the subsequent groups containing ZrO, (groups Il and Ill) and
SiO, nanoparticles (groups IV and V). The least value was for group
IV (1% SiO,) = 17.84 kJ/m? as depicted in Table 1. Table 2 depicts
the highest mean Vickers hardness of group Il (1% ZrO,)—14.74 HV
(SD = 0.450) compared to group | (control group) = 13.22 HV (SD =
0.835) which indicated the lowest value among all the groups.

One-way ANOVA for impact strength and surface hardness
indicated statistically significant differences between the
conventional heat cure resin and modified heat cure resin with
incorporation of nanoparticles as p value is <0.001.

The intergroup comparison based on impact strength among
the various groups (Table 3) indicated very highly statistically
significant results (p value < 0.001) except when group Il (1%
ZrO,) was compared with group IV (1% SiO,). In Table 4, the results
of intergroup comparison based on Vickers hardness show no
significant differences between the following groups: I vs I, I vs
IV, llvsV,and IV vs V.

Discussion

In the present study, the mechanical properties, in particular the
impact strength and surface hardness, of PMMA were evaluated
after the incorporation of ZrO, and silica dioxide nanoparticles in
two different percentages, respectively.

The results of the impact strength revealed a highly significant
difference between the control group and the modified test groups.
The highest mean value was seen in group | [control group = (20.72
+ 0.483)], while group IV [1% SiO, = (17.84 + 0.430)] revealed the
minimum impact strength. The significant decrease in impact
strength (as compared to the control) with increase in the ratio of
reinforcement may be due to the agglomeration of nanoparticles,
which resulted in loosely bounded cluster formations where crack
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Table 1: Descriptive statistics of impact strength among various groups

95% confidence interval for mean

Impact strength n Mean SD Lower bound Upper bound Min. Max.
Group | (control group) 10 20.72 0.483 20.37 21.07 20 22
Group Il (1% ZrO,) 10 18.01 0.409 17.72 18.30 17 19
Group Il (3% ZrO,) 10 19.66 0.398 19.38 19.94 19 20
Group IV (1% SiO,) 10 17.84 0.430 17.53 18.15 17 19
Group V (3% SiO,) 10 18.73 0.313 18.51 18.95 18 19
Table 2: Descriptive statistics of Vickers hardness among various groups
95% confidence interval for mean
Vickers hardness n Mean SD Lower bound Upper bound Min. Max.
Group | (control group) 10 13.22 0.835 12.62 13.82 12 14
Group I1 (1% ZrO,) 10 14.74 0.450 14.42 15.06 14 15
Group Il (3% ZrO,) 10 13.75 0.699 13.25 14.25 12 15
Group IV (1% SiO,) 10 14.67 0.482 14.32 15.01 14 15
Group V (3% SiO,) 10 14.15 0.536 13.77 14.54 13 15

Table 3: Intergroup comparison based on impact strength among various groups

95% confidence interval

Group comparison Mean difference p value Lower bound Upper bound
| (control) vs Il (1% ZrO,) 2.71 <0.001* 234 3.08
I (control) vs Il (3% ZrO,) 1.06 <0.001* 0.69 1.43
I (control) vs IV (1% SiO,) 2.88 <0.001* 2.51 3.25
I (control) vs V (3% SiO,) 1.99 <0.001* 1.62 2.36
11 (1% ZrO,) vs Il (3% ZrO,) —1.65 <0.001* -2.02 -1.28
11 (1% ZrO,) vs IV (1% SiO,) 0.17 0.359 —-0.20 0.54
11 (1% ZrO,) vs V (3% SiO,) -0.72 <0.001* -1.09 -0.35
11 (3% ZrO,) vs IV (1% SiO,) 1.82 <0.001* 1.45 2.19
111 (3% ZrO,) vs V (3% SiO,) 0.93 <0.001* 0.56 1.30
IV (1% SiO,) vs V (3% SiO,) —0.89 <0.001* -1.26 —-0.52

Table 4: Intergroup comparison based on Vickers hardness among various groups

95% confidence interval

Group comparison Mean difference p value Lower bound Upper bound
I (control) vs Il (1% ZrO,) -1.52 <0.001* —2.08 —0.96
I (control) vs Il (3% ZrO,) —-0.53 0.061 -1.09 0.03
I (control) vs IV (1% SiO,) —1.45 <0.001* -2.00 —0.89
I (control) vs V (3% SiO,) —-0.93 0.002* —-1.49 —0.38
11 (1% ZrO,) vs Il (3% ZrO,) 0.99 0.001* 0.43 1.55
11 (1% ZrO,) vs IV (1% SiO,) 0.07 0.790 —-0.48 0.63
11 (1% ZrO,) vs V (3% SiO,) 0.59 0.039* 0.03 1.14
11 (3% ZrO,) vs IV (1% SiO,) —-0.92 0.002* —-1.47 -0.36
11 (3% ZrO,) vs V (3% SiO,) —-0.40 0.153 —0.96 0.15
IV (1% SiO,) vs V (3% SiO,) 0.51 0.070 —0.04 1.07

formation may occur and affect the impact strength.>® It has been
reported that the increasing weight percentage of nano-ZrO,
powder affects the interface region due to poor adhesion between
the untreated filler particles and matrix which lead to the lowering
of energy dissipation per unit volume and consequently decrease
in the impact strength.'” These findings are in agreement with the
studies done by Gad et al.,® Alhavaz et al.,'® and Asopa et al 2
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A nonsignificant result (p value of 0.359) was seen in the impact
strength when group Il (1% ZrO,) was compared with group IV
(1% SiO,). This is because only the correct concentration of the
nanoparticles can be clinically acceptable and significant values of
mechanical properties be obtained. Very small percentage of nano-
zirconia and nano-silica does not produce a statistically significant
result as quoted by Ihab et al.’ and Cevik et al.®
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The results of hardness showed an increase in the mean values
with increase in the amount of filler. Highly significant differences
were seen between the control and the nano filler groups. The
maximum value for surface hardness was seen in group Il [1%
ZrO, = (14.74 + 0.450)], and the least value was for group | [control
group = (13.22 + 0.835)]. The increase in the surface hardness
by adding these nanoparticles may be attributed to their strong
jonic interatomic bonding into the resin matrix.”® However, as the
concentration of the nanoparticle increases, it leads to the poor
adhesion to the resin matrix with the emergence of clusters that act
asa defectin the resin structure.'> On comparison of group | (control
group) with group Il (3% ZrO,), a nonsignificant result was obtained
with a p value of >0.05. It may be due to the increased inorganic
filler per unit area which gives more resistance to the penetration of
the Vickers indenter. The result was also in accordance with Alhavaz
etal.'® A nonsignificant result was obtained on comparison of group
IV (1% SiO,) and group V (3% SiO,) which could be due to the weak
nature of coupling between nano-silica and the polymer matrix at
a higher concentration.

A comparative evaluation between the above-mentioned
results with other studies could not be agreed upon due to the
differences in regard to the type of nano filler particle used in
the present study. Therefore, further studies on a larger sample
size with different types of denture base material using various
concentrations of the nano filler and its surface modification are
recommended. In addition, clinical studies should be proposed to
investigate the clinical performance of such nanoparticles inside
the oral cavity.

CONCLUSION

Based on the results obtained in the present study, the following
conclusions were drawn:

« Highestimpact strength was observed in heat-activated PMMA,
(control group) and lowest in the 1% SiO, group.

+ Incorporation of 1% ZrO, in PMMA increased the surface
hardness to remarkable values and it was found to be least in
the control group.

«  Reinforcement of heat-activated PMMA with nanoparticles
tested affects both the impact strength and surface hardness
of the acrylic resin significantly.

+ Effect of incorporation of ZrO, and SiO, on impact strength
and surface hardness depends on the concentration of the
nanoparticle used.
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