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ABSTRACT

Objective: To assess flexural strength, color stability, surface roughness of
heat cured acrylic and thermoplastic resins materials after addition of (Ag &ZrO)
nanoparticles.

Material and methods: One hundred specimens were prepared for this study.
Fifty bars shaped specimens for flexural strength and fifty disc shaped specimens for
color stability. The surface roughness was performed on the same specimens used for
flexural strength. Specimenswere divided into five groups according to the denture base
materials the type and concentrations of nanoparticlesused. Three-point bending test was
used to measure flexural strength. Color change was measured by spectrophotometer.
Also roughness was assessed by using USB digital surface profile gauge.

Results: showing significant higher flexural strength of Acrylicresinthan Flexible
specimens that increased with increasing the AgNPs concentration leaded to an increase
in the flexural strength of both materials than control groups, but with ZrO modified
subgroup; the flexural strength decrease with increasing ZrONPs concentrations. Color
showed significant changes for acrylic group than flexible group with Ag modified
subgroup, but for ZrO modified subgroups, flexible group recorded significant changes
than acrylic resin group. Finally, there were non-significant differences in surface
roughness occurred with all groups with different nano-particle type or concentration.

Conclusion: flexural strength depends on several factors including; the type of
denture base, types and concentrations of nanoparticles used. Also significant color
differences were detected between control group and other tested groups that were
clinically unacceptable. Surface roughness of all groups showed non-significant
differences.

INTRODUCTION

Acrylic resin was the most commonly used material for construction
of complete and partial denture due to their esthetic value, easy use and
ability for relining and rebasing %

Thermoplastic material for dental prostheses, Valplast (United
States) and flexible (Germany) were related to polyamides group and
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used for dental applications (Nylon Plastic) ©.
Both materials used to create flexible tissue born
partial denture. These materials were not strong
enough to be used for conventional tooth born rest
seat. The flexibility enhanced patient comfort and
affect their satisfaction “-©.

Many attempts have been made to enhance the
strength of denture resin bases including the addi-
tion of metal wires and cast metal plates 7-®. The
primary problem with using metal wire is poor ad-
hesion between the wire and resin, which leads to
insignificant enhancement of mechanical proper-
ties. Although metal plates increase the strength,
they chemical structure, by adding crosslinking
agents or copolymerization with rubber, result in
significant increases in impact strength. However,
stiffness, fatigue resistance, and transverse strength
are reduced @'

Mechanical reinforcement of acrylics has also
been attempted through the inclusion of fibers and
metal inserts '"'Y. Although the inclusion of the
fibers produced encouraging results, this method
has various problems including tissue irritation,
increased production time, difficulties in handling,
the need for precise orientation, and placement or
bonding of the fibers within the resin . In the case
of metal inserts, failure due to stress concentration
around the embedded inserts has been reported !9,

The incorporation of ceramic particles in various
dental materials has been studied and found to be
biocompatible, and it also improves mechanical
properties. In addition, the white color of the
ceramic powder is not expected to compromise
aesthetic appearances %19,

However, reinforcement methods should not
have adverse effects on the mechanical properties
of denture materials. The roughness of acrylic resin
surfaces is a critical property because surface irreg-
ularities increase the likelihood of microorganisms
remaining on the denture surface after the prosthesis
is cleaned “°-2)
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Recently, much attention have been directed to-
ward the incorporation of in organic nanoparticles
into PMMA to improve its properties The properties
of polymer nanocomposites depend on the type of
incorporated nanoparticles, their size and shape, as
well as the concentration and interaction with the
polymer matrix @2

Addition of nano-sized particles to polymer res-
in denture base had been preferred to micro-sized
particles because the nanoparticles characterized by
better processing, smoother surfaces and larger total
surface area .

The AgNps are one of the most commonly used
nano particles because of their ductility, electrical
and thermal conductivity, and antimicrobial activ-
ity @*2®_ They have shown anti-microbial effects on
many microorganisms such as E. coli, Staphylococ-
cus eureus, Staphylococcus epidermidis, Candida
albicans and Streptococcus mutans *-*®. Therefore
it seems that using AgNps in acrylic resins induces
antimicrobial property in them . Utilization of el-
emental silver benefits the long-term silver release
in comparison to utilization of silver ions %3V In
addition silver release of polymers containing silver
nano particles is more effective than polymers using
silver in micrometer dimensions ©“?. As nano parti-
cles have the potential of imparting some dental ma-
terials ‘mechanical properties *», one might assume
that addition of AgNps to acrylic resins affects their
mechanical characteristics. Therefore, although ad-
dition of AgNps has antimicrobial advantage, we
should also be concern for its effects on the PMMA
flexural strength.

Adding zirconia NPs was suggested to improve
the mechanical properties of PMMA ©439_ Incor-
porating zirconia NPs in PMMA increased its im-
pact strength, flexural strength,®* 363" compressive
strength, fatigue strength, as well as its fracture
toughness and hardness®® %3,

The aim of this study was toassess flexural
strength, color stabilityand surface roughness of
heat cured acrylic resin and thermoplastic resin-
denture base materials after addition of (Ag&ZrO)
nanoparticles.
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MATERIAL AND METHODS

The materials used in this study are heat cured
acrylic resin (Acrostone,AcrostoneEngland)and
thermoplastic resin(iFlex by tcs, Thermoplas-
tic comfort system, Inc. 2619 Lime Ave. signal —
lill, CA90755 U.S.A) denture base materials.One
hundred and fifty specimens wereprepared for this
study.

Flexural strength test:-

Guided with American Dental Association
(ADA) specification no. 12, metallic bars were
used to prepare fiftyspecimens of the test in the
dimensions 65mm x 10mm x 3.3 mm according to
specification No.12 for denture base polymers, ten
specimens as control group (without nanoparticles)
and forty specimens with silver and zirconium
oxide nanoparticles(2% &5%) These specimens
were processed according to the manufacturer’s
instructions as follow:

1- Preparation of acrylic specimenscontaining
silver nanoparticles:-

Acrylicspecimens  were prepared intotwo
groups, fivespecimens of each, the first group was
containing silver nanoparticles with concentration
of 2% and the second group was containing silver

nanoparticles with concentration of 5%.

Method of fabrication of specimens:

The conventional dental compression moulding
technique using gypsum investment was applied
to prepare specimens. Fabrication of metallic bar
with dimensions (65mm x 10mm x 3.3 mm).These
metallic bars were painted with separating medium,
flasked in dental stone and removed from the flask
after setting of the dental stone leaving mould
spaces having the same dimensions of the metallic
patterns. Silver nanoparticles were measured using
electrical balance device of 0.0001gm accuracy
and mixed with resin monomer in concentration of
2 and 5% and sonicated for 15 min in a sonicator
(ELmasonic S 60 H, Germany).Afterwards, mixing

of the material in accordance with manufacturer’s
instructions, the polymer to monomer ratio was
3:1 by volume or 2.5:1 by weight, the material was
mixed until reaching the dough stage. Packing of
specimens in the moulds.Thencuring by inserting
the flasks in to boiling water.The specimens then
were removed from mould and finished & polished.
The specimens were disinfected by immersing in
glutaraldehyde 2% for 2 minutes and rinsed with
sterile water.

2- Preparation of acrylic specimenscontaining zir-
conium oxide nanoparticles:-

The same method as described before but zir-
conium oxide nanoparticles were incorporated in
to the polymer powder as it is denser than silver
nanoparticles.Specimenswere prepared into two
groups, fivespecimens of each, the first group was
containing zirconium oxide nanoparticles with con-
centration of 2% and the second group was contain-
ing zirconium oxide nanoparticles with concentra-
tion of 5%.

3- Preparation of thermoplastic flexible speci-
menscontaining silver and zirconium oxide
nanoparticles:

Specimens were prepared into four groups, five
specimens of each, the first group was containing
silver nanoparticles with 2%concentration, the
second group was containing silver nanoparticles
with 5% concentration, the third group was
containing zirconium oxide nanoparticles with 2%
concentration and the fourth group was containing
zirconium oxide nanoparticles with concentration
of 5%.

Method of fabrication of specimens:

Firstly, cartridges emptied from thermoplastic
flexible granules were weighed using electrical
balance of 0.0001gm accuracy and then the granules
were put inside the cartilage and weighed. The
silver and zirconium oxide nanoparticles powder
(2% and 5%) of the weight of the granules were
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weighed and placed a side in a plastic tube.Then
the cartridge was placed on a vibrator (Vibrational
Sieve Shaker, D-3162, Kottermann labortechnik
Co., Germany), and the nanoparticles powder was
added gradually in to the cartridge then the cover
of the cartridge was closed.The cartridge also was
shacked very well manually for one minute to be
ensured that the nanoparticles powder has been
distributed uniformly among the granules, followed
by placing the cartridge on the vibrator horizontally
for two minute; the -cartridge was vibrated
and rolled manually to avoid accumulation of
nanoparticles powder in the cartridge. The material
was flasked using specially designed equipment
for injection. Gypsum moulds in the flasks were
obtained by investing metallic disks with the same
dimensions of the acrylic specimens after painting
with separating medium. The metallic disks were
connected with each other and with the outside
of the flask by waxed sprues.Flask was immersed
in poiling water for elimination of waxed sprues.
After cooling, the flask was opened and the metallic
disks were removed from the flask leaving mould
spaces having the same dimensions of the metallic
patterns. The furnace was set in accordance with
the manufacturer’s instructions (230°C for 13 min)
to allow the granules inside the cartridge to melt.
The two halves of the flask were tightened by the 4
screws securely and placed inside the injection unit
in vertical position in its correct position with the aid
of the projection present at the base of the injection
unit (Thermogect, Egyptian Engineering, Egy.)
waiting for the granules to melt and to be injected
later on. After the furnace reached the desired melting
temperature and time the material was injected
inside the flask.A pressure injection of nitrogen gas
was used (5 Kgf) to direct the melted polymer to
the areas of the mould to be filled.After 5 minutes
the pressure was released, the flask is removed and
allowed to bench cooling to room temperature. The
flask then opened and the specimens were removed
from the mould.The specimens were smoothed prior
to polishing with the smooth blue rubber wheels on
the mandrills and polished with pumice on a black
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brush.Then specimens are disinfected by immersing
in glutaraldehyde 2% for 2 minutes and rinsed with
sterile water.

Conduct of the test:

All samples were individually and horizontally
mounted in a custom made loading fixture [three
point bend test assembly; two parallel stainless
steel rods with span length 50 mm supporting the
specimen, with the damage site centrally located on
the tensile side] on a computer controlled materials
testing machine (Model 3345; Instron Industrial
Products, Norwood MA, USA) with a loadcell of 5
kN and data were recorded using computer software
(Instron® Bluehill Lite Software). Then the samples
were statically compression loaded until fracture at
a crosshead speed of 5 mm/min.The Stress-strain
curves were recorded with computer software
(Instron® Bluehill Lite Software).FS represents
the limiting stress at which failure or instability is
imminent. The value of the calculation of FS was
guided by the formula:

FS (6) =3F (L)/ 2wh2

Where; Where; F is the maximum load at the
point of fracture, L is span, w is the width of the
sample and h its height.

Color stability test:

Guided with American Dental Association
(ADA) specification no. 12 for denture base
polymers, Hard polyvinyl plastic round discs were
used to prepare both the acrylic resin and flexible
specimens of the test in the dimensions 50mm in
diameter and 0.5mm in thickness. These specimens
were processed according to the manufacturer’s
instructions as described before. Fifty specimens
were prepared for this test and classified into groups
as described for flexural strength test.

Conduct of the test:

The specimens’ colors were measured using
a Reflective spectrophotometer (X-Rite, model
RM200QC, Neu-Isenburg, Germany). The aperture
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size was set to 4 mm and the specimens were exactly
aligned with the device. A white background was
selected and measurements were made according
to the CIE L*a*b* color space relative to the CIE
standard illuminant D65. The color changes (AE) of
the specimens were evaluated using the following
formula:

AECIELAB = (AL*2 + Aa*2 + Ab*2) 1

Where: L* =lightness (0-100), a* = (change the
color of the axis red/green) and b* = (color variation
axis yellow/blue).

Surface roughness test:

Testing of surface roughness was performed
using specimens prepared as for flexural strength
test.

Conduct of the test:-

Surface roughness(Ra) of each specimen of the
control groups(denture base without nanoparticles)
of both acrylic and flexible denture base materials
was measured with USB digital surface profile
gauge, (Elcometer 224/2, Elcometer Instruments,
Great Britain), Figure (24) and data were recorded
using computer software of roughness tester
supplier (Elcomaster 2, Elcometer Instruments).
For every reading made, the mean roughness value
(Ra,um) was represented by the arithmetic mean
between the peaks and valleys registered, after the
needle of the profilometer had scanned a stretch
of 2 mm in length, with a cut-off of 0.25mm to
maximize the filtering and the undulation on the
surface. Each surface was read three times, always
with the needle scanning the geometric center of
the specimen, starting from three different points.
The mean value of the three readings yielded the
mean value of the roughness of each specimen. The
difference in surface roughness between the control
groups and other groups was calculated. The results
were then tabulated and statistically analyzed.

The data will be collected, tabulated, and
statistically analyzed.

RESULTS

A. Flexural strength test:

Flexural strength (MPa) results (Mean+=SD) for
both denture base materials groups as function of
silver (Ag) and Zirconium oxide (Zro) nanoparticles
modification and concentration are summarized in
table (1).

With control subgroup; it was found that Acrylic
Resin group recorded statistically significant higher
mean value (59.7458 MPa) than Flexible group
(17.1623 MPa) as indicated by unpaired t-test
(P=<0.0001 < 0.05).

With 2% Ag modified subgroup; ; it was found
that Acrylic Resin group recorded statistically
significant higher mean value (61.0244 MPa) than
Flexible group (20.1253 MPa) as indicated by
unpaired t-test (P=<0.0001 < 0.05).

With 5% Ag modified subgroup; ; it was found
that Acrylic Resin group recorded statistically
significant higher mean value (66.0479 MPa) than
Flexible group (23.0974 MPa) as indicated by
unpaired t-test (P=<0.0001 < 0.05).

With 2% Zro modified subgroup; ; it was found
that Acrylic Resin group recorded statistically
significant higher mean value (58.2969 MPa) than
Flexible group (22.9278 MPa) as indicated by
unpaired t-test (P=<0.0001 < 0.05).

With 5% Zro modified subgroup; ; it was found
that Acrylic Resin group recorded statistically
significant higher mean value (54.9585MPa) than
Flexible group (18.8595 MPa) as indicated by
unpaired t-test (P=<0.0001 < 0.05).

Total effect of material type:

Regardless to nano-particle modification or
concentration, totally it was found that Acrylic
Resin group recorded statistically significant higher
mean value than Flexible group as indicated by
three-way ANOVA-test (P=<0.0001 < 0.05).

Effect of Nanoparticles Incorporated to Denture Bases on Somephysicomechnicalproperties
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Table 1: Flexural strength results (Mean+SD) for both denture base materials groups as function of silver

and Zirconium oxide nanoparticles modification and concentration

Acrylic Resin Flexible Statistics

Control Mean SD Mean SD P value

59.7458 5.65 17.1623 2.13 <0.0001*

Ag modified 2% 61.0244 8.61 20.1253 1.97 <0.0001*
5% 66.0479 11.96 23.0974 145 <0.0001*

70O modified 2% 58.2969 7.14 229278 1.75 <0.0001*
5% 54.9585 7.99 18.8595 2.60 <0.0001*

Statistics P value 0.0119%* <0.0001*

*; significant (p<0.05)

Total effect of nano-particle type:

Regardless to material group or nano-particle
concentration, totally it was found that non-
modified control subgroup recorded statistically
non-significant highest mean value then Ag
modified subgroup while the lowest value recorded
for Zro modified subgroup as indicated by three-
way ANOVA-test (P=0.9379 >0.05).

Total effect of nano-particle concentration:

Regardless to material group or nano-particle
type, totally it was found that 2% modified subgroup
recorded statistically non-significant higher mean
value than 5% modified subgroup as indicated by
three-way ANOVA-test (P=0.8022 >0.05).

B) Color stability test:

Color change (AE) results (Mean+SD) for both
denture base materials groups as function of silver
(Ag) and Zirconium oxide (Zro) nanoparticles
modification and concentration are summarized in
table (2).

With 2% Ag modified subgroup; it was found
that Acrylic Resin group recorded statistically
significant higher mean value (18.27AE) than
Flexible group (10.76 AE) as indicated by unpaired
t-test (P=<0.0001<0.05).
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ns; non-significant (p>0.05)

With 5% Ag modified subgroup; it was found
that Acrylic Resin group recorded statistically
significant higher mean value (23.19AE) than
Flexible group (13.58AE) as indicated by unpaired
t-test (P=<0.0001<0.05).

With 2% Zro modified subgroup; it was found
that Flexible group recorded statistically significant
higher mean value (10.77AE) than Acrylic Resin
group (4.72AE) as indicated by unpaired t-test
(P=<0.0001<0.05).

With 5% Zro modified subgroup; it was found
that Flexible group recorded statistically significant
higher mean value (11.93AE) than Acrylic Resin
group (7.17AE) as indicated by unpaired t-test
(P=<0.0001<0.05) .

Total effect of material type

Regardless to nano-particle modification or
concentration, totally it was found that Acrylic
Resin group recorded statistically significant higher
mean value than Flexible group as indicated by
three-way ANOVA-test (P=<0.0001<0.05).

Total effect of nano-particle type

Regardless to material group or nano-particle
concentration, totally it was found that Ag modified
subgroup recorded statistically significant higher
mean value than Zro modified subgroup as indicated

by three-way ANOVA-test (P =<0.0001<0.05).

FatheyA., et al.



Total effect of nano-particle concentration

Regardless to material group or nano-particle
type, totally it was found that 5% modified subgroup
recorded statistically significant higher mean value
than 2% modified subgroup as indicated by three-
way ANOVA-test (P=0.008<0.05).

Table 2: Color results (Mean+SD) for both denture
base materials groups as function of silver and
Zirconium oxide nanoparticles modification and

concentration
Acrylic Resin Flexible Statistics
Mean | SD | Mean | SD | Pvalue
2% | 1827 | 057 | 1076 |1.29| <00001%
Ag modified
5% | 2319|039 1358 |0.66| <00001%
2% | 472 |031] 1077 | 0.6 | <00001%
ZrO modified
5% | 717 |044| 1193 |0s81| <0.0001%
.. P
Statistics <0.0001* <0.0001*
value

*; significant (p<0.05) ns; non-significant (p>0.05)
C) Surface roughness test:

Roughness change (Ra) results (Mean+SD)
for both denture base materials groups as function
of silver (Ag) and Zirconium oxide nanoparticle
modification and concentration are summarized in
table (3).

With control subgroup; it was found that
Flexible group recorded statistically significant
higher mean value (0.2400 xm) than Acrylic Resin
group (0.1540 um) as indicated by unpaired t-test
(P=0.005 < 0.05).

With 2% Ag modified subgroup; it was found
that Acrylic Resin group recorded statistically
non-significant higher mean value (0.2160 pm)

than Flexible group (0.2121 xm) as indicated by
unpaired t-test (P=0.8863>0.05).

With 5% Ag modified subgroup; it was found
that Acrylic Resin group recorded statistically
non-significant higher mean value (0.2343 pm)
than Flexible group (0.2170 um) as indicated by
unpaired t-test (P=0.5949>0.05).

With 2% Zro modified subgroup; it was found
that Flexible group recorded statistically non-
significant higher mean value (0.2193ym) than
Acrylic Resin group (0.1848 pm) as indicated by
unpaired t-test (P=0.7442<0.05).

With 5% Zro modified subgroup; it was found
that Flexible group recorded statistically non-
significant higher mean value (0.2242 um) than
Acrylic Resin group (0.1899 ym) as indicated by
unpaired t-test (P=0.4201>0.05).

Total effect of material type

Regardless to nano-particle modification or
concentration, totally it was found that Flexible
group recorded statistically non-significant higher
mean value than Acrylic Resin group as indicated
by three-way ANOVA-test (P=0.0855>0.05).

Total effect of nano-particle type

Regardless to material group or nano-particle
concentration, totally it was found that Ag modified
subgroup recorded statistically non-significant
higher mean value than Zro modified subgroup as
indicated by three-way ANOVA-test (P= 0.5788
>0.05).

Total effect of nano-particle concentration

Regardless to material group or nano-particle
type, totally it was found that 2% modified subgroup
recorded statistically non-significant higher mean
value than 5% modified subgroup as indicated by
three-way ANOVA-test (P=0.4001 >0.05).

Effect of Nanoparticles Incorporated to Denture Bases on Somephysicomechnicalproperties
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Table 3: Roughness results (Mean+SD) for both denture base materials groups as function of silver and

Zirconium oxide nanoparticles modification and concentration

Acrylic Resin Flexible Statistics
Control Mean Mean SD P value
0.1540 0.024 0.2400 0.01 0.005*
2% 0.2160 0.067 0.2121 0.065 0.8863ns
Ag modified
5% 0.2343 0.073 0.2170 0.072 0.5949ns
2% 0.1848 0.068 0.2193 0.103 0.7442ns
ZrO modified
5% 0.1899 0.069 0.2242 0.057 0.4201ns
Statistics P value 0.1573ns 0.8592ns

*; significant (p<0.05)

DISCUSSION

Flexural strength

Flexural strength is an important property for
dental resins, as the major cause of prosthesis
fracture in the oral cavity is related to stresses
caused by repeated application of masticator
forces they induce more bending movements“’4".
The size shape and distribution of filler particles
in the polymer matrix, strong adhesion at the
interface and degree of cure play a major role on the
mechanical properties of particulate filled polymer
composites®*), Korkmaz et al.,*¥ suggested that
the size of filler particles should be small for proper
processing. The average of particle size of PMMA
beads used in commercially available denture base
resins is around 100 pm “. The particle size of
AgNPs and ZrONPs (20-40 nm) used in this study
is much smaller than that of powder resin particles.
Thus, AgNPs and ZrONPs will fill the interstitial of
polymer particles to give a heterogenous mixture
and will not force the displacement of the segments
of polymer chain. In addition, low percentage
of nanoparticles should be used to ensure that
they will be embedded in resin. The degree of the
particles dispersion in the matrix is an important
factor that influences the strength properties. It is
evident that high surface area of the nanoparticles in
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ns; non-significant (p>0.05)

PMMA makes the applied stress easily transformed
from the matrix onto the nanoparticles, resulting
in an enhancement of the mechanical properties.
Furthermore, the compatibility between the
polymeric matrix and the nanoparticles is improved
due to formation of more favourable polar
interactions between C= O groups of the PMMA
chains and nanoparticles“®4”, possibly increasing
the mechanical strength. Additionally, degree of cure
(DC) is the other factor that affects the mechanical
properties. Lower DC is usually associated with
poorer mechanical properties*®. More amount
of unreacted monomer may act as plasticizer and
decreases mechanical properties. Results of this
study suggest that addition of AgNPs and ZrONPs
alters flexural strength of PMMA depending on the
amount of nanoparticles employed. However, the
flexural strength of all groups used in this study
is more than the ISO 20795-1:2008 (ISO, 2008)
requirement. According to ISO 20795-1:2008 (ISO,
2008), the flexural strength of polymeric materials
must be at least 50 MPa.

In our present study, with control subgroup;
it was found that Acrylic Resin group recorded
higher flexural strength than Flexible group. With
Ag modified subgroup (2% and 5%); it was found
that Acrylic resin group recorded higher value than

FatheyA., et al.



Flexible group. Also we found that increasing the
AgNPs concentration leaded to an increase in the
flexural strength of both denture base materials
than their control groups. This may be due to the
degree of nanoparticles dispersion in the PMMA
resin matrix and the chemical composition of resin
materials used in the study. From this study it can
be believed that the polar interactions between
the nanoparicles and C=0O of polymer matrix
(weak interactions) are adequate in improving the
flexural strength. This is due to the fact that metal
nanoparticles may bond with polymer molecules,
crosslinking them between each other and, thereby,
increasing the “pseudocrystallinity” of the polymer
and forming an ordered system.

These results are in agreement with Abdulkareem
MM et al.*” who demonstrated an increase in the
flexural strength of microwave cured acrylic denture
base material by increasing the concentration of
silver nanofillers. Explicitly, it is evident that the
chemical composition of acrylic resin, chemical
interaction between nanoparticle and C=0O group
of PMMA polymer, filler particle size and DC will
influence the flexural strength of PMMA based
acrylic denture base materials.

These results are in disagreement with Muzalev
pA.etal.,®” who found that all unmodified (control)
specimens showed more flexural strength than the
modified specimens except Luciton199and there is
a gradual decrease in flexural strength was observed
in modified Trevlon specimens from 0.5 wt% to 5.0
wt% AgNPs.

This difference may be due to using different
commercial acrylic resin material types, different
nanoparticles concentrations or different methods.

With ZrO modified subgroup; it was found that
Acrylic Resin group recorded higher value than
Flexible group. But in both denture base materials,
the flexural strength decrease with increasing
ZrONPs concentrations. This may be due to that

increasing in the concentration of nanoparticles in
the polymer reduces the chemisorption interaction of
the metal nanoparticle with the polymer, which leads
to the disordered structure of the nanocomposite
and reduces the mechanical strength. Also at higher
concentrations, nanoparticles may also act as
impurities of polymerization that causes decrease
in DC. Hence, more amount of unreacted monomer
may be left over within the matrix that results in
decreasing the flexural strength.

These results are in agreement with Al-Rais RM,
Al-Nakkash WA and Al-Bakri AA-WK.®Y They
found that a slight decrease in flexural strength
was also reported; it may result from clustering of
the particles within the resin, which weakened the
material.

These results are in disagreement with Kul E,
Aladag LI and Yesildal R. ©® They mentioned that
incorporating zirconia (ZrO2) fillers in PMMA
significantly increased its flexural strength. This
difference may be due to using different commercial
acrylic resin material types, different nanoparticles
concentrations or different methods.

Color stability test

The change in the appearance and staining
indicates reduction of the long term quality of
the prosthesis®?. The addition of non-transparent
fillers to the PMMA for the purpose of improving
mechanical properties would induce increase in
the amount of light absorption as measured by
spectrophotometric device which detect the amount
of staining on the prosthesis ©¥.

Methods used for measuring color stability of
denture base materials includes visual assessment,
slide
visualization of color spaces and assigning orders,

digital 1image processing, projection,

and color comparison ¢339

In this study, colors were measured using a
Reflective spectrophotometer and measurements

Effect of Nanoparticles Incorporated to Denture Bases on Somephysicomechnicalproperties
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were made according to the CIE Lab color systems
for color difference analysis. The CIE Lab color
system is comprised of all colors, including light
source colors; further, it is not mediated by human
perception. This system is recommended for
material color difference tests because it is the most
scientific color system ©>-%7.

The results of this study revealed that significant
color shifts occurred in all tested specimens. The
increase in light absorption is statistically significant;
there was an increase in the relative amount of
light absorption with the increasing of ZrO NPS
concentration. This is obviously due to the presence
of opaque nano-ZrO powder in the polymer matrix
which absorbs more light energy than polymer
matrix and appears more opaque. These findings
were due to the high atomic number of Zr compared
to the chemical constituent of acrylic which has low
atomic number. The absorption of light energy by
an element is dependent chiefly on the cube of its
atomic number ©¥.

The results of the current study is in agreement
with the findings of Thab N. et al.,*¥ who found that-
significant color differences were detected between
control group and specimens incorporated with zir-
conium oxide nano-fillers at different immersion
solutions.

It is well known that discoloration is a common
problem for silver-containing materials because of
the oxidative reaction; therefore, further studies are
required to investigate the improvement of color
stability for the clinical application possibility so as
not to compromise the aesthetics of the prosthesis®.

The color difference (AE) of tested specimens
ranged from 7.17+0.44 to 23.19+0.39 compared
with control, whereas a color change is considered
very small if AE is <1©%; it is clinically acceptable if
the color change is between 1 and 2. It is considered
clinically perceptible if the AE is >3.3¢" and
indicates a poor match and clinically unacceptable if
the AE is >3.7¢%9 It was observed that significantly
color difference (AE) existed between specimens in

AADJ, Vol. 1, No. 1

each tested group that was all perceivable by human
eye and that difference was clinically unacceptable
(AE is >3.7).

Surface roughness test

We evaluated the effect of Ag and ZrO2
nanoparticles addition on the surface roughness of
the acrylic resin material. The surface roughness
of denture material is important, because it affects
the oral health of tissues in direct contact with the
dentures®-2Y. The surface roughness threshold for
acrylic resin is 0.2 um, below which no significant
in bacterial
Dramatic colonization would be expected to occur
on surfaces with a roughness value of 2.2 pm®,
The surface roughness of polished acrylic resin
varies between 0.03 um and 0.75 pm. However,
an important factor in the clinical performance
of a material is the way it responds to hygiene
procedures®®. In agreement with the study of Saad-
Eldeen et al,™® the results of our study showed
that incorporating Ag and ZrO2 nanoparticles at
different concentrations did not adversely affect the
roughness of the denture base resin.

decrease colonization occurs®?.

The slight changes of the surface roughness of
the modified specimens may be due to the presence
of the Ag and ZrO2 nanoparticles at the surface
which acts as fillers among the interpolymeric
chains and fills the voids in the body of the
specimens. Also, this may be due to of finishing
and polishing of the specimens. The changes of the
surface roughness agreed with Thab N. ®¥ since they
found that the addition of nano-ZrO?2 fillers into the
acrylic denture base did not significantly change
the surface roughness when different percentages
of modified acrylic denture base material. But the
results of the current study is in disagreement with
the findings of Vojdani et al., ™ who concluded that
incorporation of micron-sized A1203 powder in the
heat cured acrylic resin produced a slight increase
in the surface roughness. This may be due to the
fillers used which are different from the fillers in the
present study.

FatheyA., et al.



CONCLUSION

1-

The effect of nanoparticles on flexural strength
depends on several factors including the type of
denture base material and also the type and the
concentrations of nanoparticles used.

Significant color differences were detected
between control group and
incorporated with (Ag &ZrO) nanoparticles at
different concentration and theses differences
were clinically unacceptable.

specimens

Surface roughness of all tested groups show non-
significant statistical differences when using
different nanoparticles type or concentration.
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