EGYPTIAN VOL. 69, 675:681, JANUARY, 2023

PRINT ISSN 0070-9484 ONLINE ISSN 2090-2360

eda-egypt.org

FIXED PROSTHODONTICS AND DENTAL MATERIALS

05-12-2022 18-01-2023 1-1-2023 10.21608/ed}.2023.176776.2358

EFFECT OF ADDING TIO2 NANOPARTICLES ON
THE MECHANICAL PROPERTIES OF HEAT CURED
ACRYLIC RESIN BEFORE AND AFTER THERMOCYCLING

Bayiumy Ali Sayed” “* and Elsokkary Mohammad Mahmoud™

ABSTRACT

Objective: The aim of this study was to evaluate the effect of different concentrations of
titanium dioxide nanoparticles on the mechanical properties of heat polymerized acrylic resin
before and after thermocycling. The tested parameters were flexural strength and hardness.
Material and Methods: 120 specimens were prepared according to the specific dimension for
each test (flexural strength and micro hardness) and distributed into: - Before thermocycling
(control, (TiO2) nanoparticles with concentration (0.1% and 0.2%). - After thermocycling (control,
(TiO2) nanoparticles with concentration (0.1% and 0.2%). Thermal cycles were performed in a
thermocycling machine consisted of 5000 cycles at 5°C and 55°C. Results: Flexural strength and
micro hardness were tested for both groups. The data was collected and statistically analyzed. Both
Flexural strength and micro hardness were decreased by adding TiO2 nano particles concentrations.
Conclusion: adding (TiO2) nanoparticles to methyl methacrylate adversely affects the flexural

strength and micro hardness before and after thermocycling.

KEYWORDS: Poly methyl methacrylate, TIO2 Nano particles, thermocycling, mechanical
properties

INTRODUCTION retention in oral cavity and patient comfort) and

. . . ) .
The plentiful benefits of acrylic resin make it brilliant optical properties'”’. Conversely, acrylic

the most widely used polymer in removable pros-
thetic dentistry. Acrylic resin as a prosthetic mate- (poly methyl methacrylate) PMMA, which is resin
rial has different benefits such as simple processing ~ denture base material with weak surface and me-
technique, economic, low density (which enhances chanical properties such as impact and flexural

is not superlative in all aspects. Acrylic resin is
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strengths ¥ consequently, a lot of trials have been
suggested to improve the strength of acrylic. Lately,
nanotechnology attacked the dentistry and intro-
duced multiple ideas and approaches to improve
dental applications. It is essential to recognize the
technique behind this technology to know how to
use it to our benefit. Nano composite polymers are
made of matrix and fillers at the Nano scale®. In
dentistry, a lot of researches have been introduced
to generate recent versions of acrylic with the ad-
dition of different shapes and sizes of nano fill-
ers®. Currently, international researches showed
several progresses in the nanocomposites field after
the widespread research on mechanical and physi-
cal properties of these nanocomposites®. Multiple
types of nano particles have been added to the ma-
trix of acrylic resin, such as TiIO2NP with its prop-
erties which are thought to improve mechanical
properties®-©.

Titanium dioxide is a semiconductor material
with excellent optical properties and popular in
nanotechnology applications.”” Titanium dioxide
(TiO,) has distinct optical, electrical and chemical
properties.”® So it has a lot of applications such as
pigments, ultra violet protection skin creams and
inorganic membranes, etc.”'” Its important phases
include tetragonal, (orthorhombic), and oxygen
deficient A-Ti305, having a monoclinic crystal
structure and photo-reversible characteristics ©.

TiO2NP has antibacterial effect against multiple
bacterial species such as gram-positive and gram-
negative bacteria, in addition to activity against
viruses 19, Adding some materials to improve
the antimicrobial properties of the acrylic should
not have side effects on the mechanical properties.
In reverse, it is extremely favored to add materials
that advance both biological and mechanical
properties?.

The outcome of adding TiO2NP into acrylic
was reported and stated a decrease in flexural
strength. It was mentioned that there is a reverse
relation between the concentration of the filler

Bayiumy Ali Sayed and Elsokkary Mohammad Mahmoud

and the flexural strength of reinforced acrylic>'®.
In dissimilarity to preceding studies, researches
have reported an increase in flexural strength by
using different concentrations of TiO2NP added to
acrylic®??, Many previous studies have confirmed
that TiO2NP enhanced the hardness of heat cure
acrylic resin ! 29, Results of multiple studies
concluded that filler content in the range of 2wt%
would improve the mechanical properties including
the hardness *

Thermal cycling in a wet environment may
affect adversely the mechanical properties of the
denture polymers ©V. The heat stress may increase
water sorption because of increasing the distance
between the polymers chains, so absorbed water can
act as a plasticizer and soften the denture decreasing
strength and hardness, thus reducing the mechanical
properties of the material ¢2.

Therefore, the present study was carried out to
investigate the effect of adding titanium dioxide
nanoparticles on flexural strength and hardness of
heat cured acrylic resin before and after thermo
cycling.

MATERIAL AND METHODS

An in vitro study was conducted to assess
the outcome of adding Titanium dioxide (TiO2)
nanoparticles with concentration (1% and 2%) by
weight of the acrylic resin polymer powder on the
three point flexural strength test, and micro hardness
of heat-polymerized acrylic resin before and after
thermo cycling.

Anatase subdivisions were set by precipitation
from homogeneous standardized solution by means
of titanium (IV) isopropoxide as precursor in aque-
ous solution acidified with nitric acid to pH 2 with a
water-to-titanium mole ratio of about 200.4+2)

Preparation of PMMA + TiO, NPs

The dried powder was mixed with PMMA
powder at different ratios 1 and 2 w/w, typically
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for 1%, 1 gm. of TiO2 NPs mixed with 99 gm.
of PMMA by meaning of ball mill for 2h to get
homogenous mixing. For 2% 2gm TiO2 NPs was
mixed with 98 gm. PMMA as described previously.

TABLE (1) Materials used in the current study.

Material Specification Manufacturer
1. Idobase PMMA heat cured Tielmes
acrylic resin (Madrid, Spain)
2. + TiO,NPs ¢ TiO, NPs Nano-gate Company,

Egypt

Sample grouping:

120 specimens were prepared according to the
specific dimension for each test (flexural strength
and micro hardness) and distributed according to
the following table

Control T1 T2

Flexural St. NoTC 10 10 10 10 10 10

TC 100 10 10 10 10 10

Micro hardness NoTC 10 10 10 10 10 10

TC 100 10 10 10 10 10

*TC (Thermocycled) T1 (1% TiO, NPs) T2 (2% TiO, NPs)

The sample dimensions were selected according
to specific dimension of each test, (65 x10x2.5mm)
for flexural strength, and micro hardness tests then
the wax pattern with this dimensions was used
to form the mold. The samples were processed
according to manufacture directives (3:1 by volume
or 2.5:1 by weight) until reaching the dough stage.
Conventional packing method for 1.5 hours at 74°C.
After polymerizations were completed, the flasks
were gradually bench cooled at room temperature
for 30 minutes and then placed for 15 minutes below
running water beforehand opening. Specimens were
inspected for any irregularity. Defective specimens

were removed.
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Thermocycling:

Thermal cycles were performed in a thermo-
cycling machine (SD mechatronic thermocycler
D-83620 Feldkirchen-Westerham GERMANY) and
consisted of 5000 cycles at 5°C and 55°C with a
30-second dwell time.

Fig. (1) Thermocycler.

Three point Flexural strength test:

Samples were examined by 3-point bending
assessment on Instron universal testing machine
(Model 3366, UK) the specimens were loaded then
compressed till breakage at a crosshead speed of 10
mm/min. The stress-strain curves were documented
with computer software (Instron Bluehill 3 testing
software). By this software, the flexural strength
was obtained.

Fig. (2) Specimen in Universal esing achine for measuring

flexural strength
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Micro hardness test:

Micro-hardness of the samples surface was
determined using digital presentation Vickers
microhardness tester (Wilson Tukon 1102, Buhler,
Germany) with a Vickers diamond indenter and a
10X objective lens. A load of 500g was applied to
the surface of the samples. Three indentations not
closer than 0.5 mm to the neighboring indentations
were prepared on the exterior of each sample. The
diagonals lengths of the indentations were measured
automatically by scaled microscope.

Statistical analysis:

Data offered as mean and standard deviation
(SD). Data explored for familiarity using Kol-
mogorov-Smirnov and Shapiro-Wilk tests. One-
way ANOVA used to compare between tested
groups followed by Tukey’s HSD test for pair wise
comparison. Independent t-test used to compare be-
tween thermocycling (TC) in each group.

The significance level was set at P < 0.05.

RESULTS

A. Flexural strength
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Statistical analysis was performed with IBM
SPSS Statistics for Windows, Version 26.0. Armonk,
NY: IBM Corp.

Fig. (3) Specimen in hardness tester for measuring micro hardness.

TABLE (1) Mean and SD for Flexural strength for different tested groups

Control T1 T2
p-value
Mean SD Mean SD Mean SD
No TC 118.7 159 115.6 12.1 108.2 26.9 0.687 NS
Flexural St.
TC 106.6 238 92.9 18.1 97.8 18.1 0.569 NS
p-value 0.357 NS 0.048* 0.494 NS

NS= Non-significant, *= significant

Different lowercase letters within each row indicates significant difference.

- Statistical analysis results revealed that Flexural strength was nonsignificantly decreased for ratio of 1%
and 2% titanium dioxide nanoparticles before thermo-cycling and after thermo-cycling in comparison

to control.

- There are a significant decrease in flexural strength in the Thermocycled T1 in comparison to the non

Thermocycled T1
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B. Hardness
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TABLE (2) Mean and SD for Hardness for different tested groups

Control T1 T2
p-value
Mean SD Mean SD Mean SD
No TC 36.6 3.1 343 3.6 350 4.2 0.615 NS
Hardness
TC 32.9% 1.5 30.8¢ 1.5 33.4° 0.5 0.016*
p-value 0.042* 0.079 NS 0.425 NS

NS= Non-significant, *= significant

Different lowercase letters within each row indicates significant difference.

Statistical analysis results revealed that Micro
hardness strength was non-significantly decreased
for ratio of 1% and 2% titanium dioxide nanoparti-
cles before thermo-cycling and significant decrease
after thermo-cycling in comparison to control.

DISCUSSION

Numerous studies have been performed to
advance the assets of poly methyl meth acrylate,
which comprise adding of supporting material
as fibers, hybrid reinforcement, fillers and lately,
nanoparticles. However, the most effective
strengthening is not obvious, and investigation
academics are disordered about evaluating such
An additive has

dedications on prosthesis. The first resolution is to

assistances. two significant
improve the strength and prevent fracture, and the
second resolution is to advance the dimensional
accuracy to avoid residual ridge resorption. %
Lately, nanotechnology attacked the dentistry and
introduced analytical exploration plans to realize
the possible applications and probable profits
in dentistry. Currently, international researches
displayed several progresses in the nanocomposites
field later the prevalent exploration on mechanical
and physical possessions of these nanocomposites
. Many nanoparticles have been incorporated into
the acrylic medium. In this study TiO2NP were

designated to estimate the outcome of strengthening
on the flexural strength and micro hardness of
acrylic resin before and after thermocycling.

TiO2NP have been known to be effective
alongside an extensive variety of microbes ?. The
adding of some material to advance the antimicrobial
belongings of the acrylic resin should not have an
adversarial outcome on the mechanical assets.

By reviewing the previous studies it was
founded that low percentages of TiO2NP give rise
to enhanced assets if compared to greater ratios.
Humble adding of 1-2wt% proportions showed
better-quality assets, whereas increasing the packing
contented extra than Swt% expressively weakened
the finishing nanocomposites ©%.

This investigation designed to evaluate probable
fluctuations in the mechanical assets of acrylic
resin denture base material, in specific, the flexural
strength, and micro-hardness by including of Tio2
Nano-elements with two altered applications 1%,
and 2% before and after thermocycling. Built on
flexural strength values gained in the current studyj, it
has been established that flexural strength decreased
by addition of TiO2NP to acrylic resin. This result
agrees with the previous studies concluded that the
combination of TiO2 Nano-particles into PMMA
can unfavorably affect its flexural strength®>'®).
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this
flexural properties were conveyed with different
concentrations of TiO2NP additional to PMMA
than those of normal PMMA (%-2-22:29 'This advance
may be ascribed to the outcome of salinization of
the nanoparticles ® or the better diffusion of the
nanoparticles inside the medium.

In distinction to experiment, greater

Micro-hardness of polymethyl methacrylate
reinforced with titanium dioxide nanoparticles in
different concentrations demonstrated decrease
more than conventional polymethyl methacrylate.
This result disagrees with study that concluded that
the adding of titanium dioxide nanoparticles to heat
cured PMMA improve its surface hardness %229,

It was suggested the necessity of addition 5%
TiO2NP to improve surface micro hardness of
acrylic resin to significant standards 9.

CONCLUSIONS

Within the limitation of this study we could
concluded that:

Flexural strength and microhardness of acrylic
resin material reinforced with TiO2 nanoparticles are
adversely affected before and after thermocycling.
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