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INTRODUCTION
Denture bases are the parts of dentures that

rest on soft tissues. To construct denture

bases today, acrylic resin is widely
employed ©.
Advantages of poly methyl

methacrylate denture bases include ease of

molding, good aesthetics, mechanical
features such as high modulus of elasticity,
impact strength, flexural strength, and
hardness, appropriate binding strength with
artificial teeth, and repairability .

Although poly methyl methacrylate
is the material most commonly used for
dentures, it has drawbacks including thermal
shrinkage, reduced mechanical and fatigue
strength, brittleness upon impact, lower
color stability of self-cured resins, residual
monomer allergy, porosity, and poor heat
conductivity ©.

For the fabrication of dental
prostheses with good final appearance, the
optical properties must be considered before
use @,

The zirconium oxide and silicon
oxide nanoparticles have  numerous
beneficial qualities that boost strength and
and  abrasion

toughness,  corrosion

resistance, and great biological
characteristics, making them an effective
material for use in dental materials ¢,

The translucency refers to the
opacity of a colored layer that permits the
appearance of a background to show through
©

According to the result of the

previous pilot study, the research chose two
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percentages (1% and 3%) by weight of
oxide
the

zirconium oxide and silicon

nanoparticles,  which  improved
transverse strength of heat-cured denture

base material 19,

MATERIALS AND METHODS
For the current study, Triplex® (lvoclar
Vivadent, Liechtenstein), Zirconium oxide
nanoparticles (US Research nanoparticles,
USA), Oxide

Nanoparticles (Sky Spring Nanomaterials,

Inc. and  Silicone

Inc. USA) were used.

Salinization of Nano-Particle:

To salinize nano-ZrO, particles, a silane
is TMSPM (3-
(trimethoxysilyl) propyl methacrylate) was
dissolved in acetone (0.3 g of TMSPM in
100 ml) added to the solution, and stirred

coupling agent which

with hot plate magnetic stirrer for one hour
at temperature 80°C. Then the solution was
transferred to a rotary evaporator to remove
the solvent under vacuum at 60°C and 150
rounds per min for half an hour, when the
solvent dried, the powder was heated to 120°
C for 2 hours and then left to cool naturally
to get surface treated ZrO2 nanoparticles @9,

For salinized SiO; NPs, the MPS (y-
meth acryloxy propyl trimethoxy silane) was
pre-hydrolysed in 80 percent ETH for 1 hour
at room temperature. The hydrolysed MPS
was added to the NP suspension and mixed
at 200 rpm for 2 hours at room temperature
(RT), then refluxed for 4 hours at 70°C.
After the reaction was completed, the liquid

was allowed to cool. The component was
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dried in an oven (Memmert, Schwabach,
Germany) at 505°C by evaporating the
solvent 12

Sample Preparation

Fifty (15%2.5mm)
constructed and separated into 5 main
groups (n=10); 1%ZrO,, 3%ZrO;, 1%Si0,,

3%Si0O, NPs reinforcement. The control

(10)

discs were

group has no nanoparticle reinforcement.

Dental stone (Synarock/Germany)
was utilized according to manufactured
instruction, poured into the flask's lower
section, and given appropriate vibration ©,
Then plastic disk was positioned @9,

Using probe sonication equipment
at 120 W and 60 KHz for around three
minutes. Salinized ZrO, and SiO, NPs were
mixed with monomer after the powder of
PMMA was mixed @2,

After finishing and removing them
with tungsten carbide burs (Meisinger,
Centennial, CO, USA), then used silicon
carbide polishing paper (China).

The final polish was given with
slurry pumice and soft bristle brushes for
one minute at 1500 rpm (Steribim Super,
Bego, Wilhelm-Herbst-Strabe, Germany).
For 72 hours, samples were kept in distilled

water 417,
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The translucency measurement

Portable colorimeter (3NH High NR110,
precision color testing portable colorimeter.
China). The Commission Internationale de
I'Eclairage (CIELAB) was used to measure
(lightness-L*, red/green-a*, and
yellow/blue-b*) of all specimens on a
background of white and black. It had a 4
mm measuring window in diameter @5,

The colorimeter device was placed
at a right angle to the specimen's surface.
Measurements were taken at three separate
locations in the center of the specimen to
capture a mean value for the Initial
calibration as in Figure (1A). Then the same
specimen was fixed against the port, backed
by black backing 8.

The

automatically calculated the translucency

colorimeters software
value according to the following equation:
AE= [(L*white-L*black) 2+ (a * white-a *
black) 2+ (b*white-b*black) 2 /2

The device screen displayed L, a, b,
AL, Aa, Ab, and AE all the necessary data as
in Figure (1B) “9, a higher value indicated a
higher level of translucency and vice versa.

Statistical analysis was done by
SPSS software version 26 (2019), and
applied ANOVA test and post hoc
(Duncan’s multiple comparison test) to data

results.
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Figure (1): A. colorimeter device during initial
reading; B. colorimeter devices automatically
presented the translucency value (AE).

RESULTS
1. Effect of Nanoparticles

The mean and standard deviation of the
translucency (AE) of specimens belong to
different types of nanoparticles reinforced.
The results were grouped according to
nanoparticles reinforced type (ZrO;and SiO;
NPs  reinforced) not respect to
concentrations of NPs, as shown in Table (1)
and Figure (2).

Table (1): Means and Standard deviations of
translucency test (AE) for study groups that
reinforced with NPs.

Figure (2): Bar chart representation of mean
values for translucency of study groups
reinforced with NPs.

Two-way ANOVA showed a highly
significant (P < 0.01) effect of the type of
nanoparticles reinforced on the translucency
(AE) as shown in Table (2).

Duncan’s multiple comparison tests
showed the control had higher translucency
than ZrO, and SiO2NP reinforced groups.
The ZrO;NP reinforced showed a more
significant reduction in the translucency
when compared with SiO, NP reinforced

group as shown in Figure (2).

Table (2): two-way ANOVA Table for
Comparing translucency test (AE) for study
groups.

Type 111 P
sov S Df Ms F T

NPs 22485 1 22.485 85.867 .000**
Conc 50.693 1 50.693 193.587 .000**
NPs*conc  .970 1 970 3.706 .000**
Total 1445916 49

Groups No. Mean +SD (AE)
Control 10 7.9720 +0.54026
Zro2 NP 20 3.5060 +1.08376
reinforcement
SI02 NP 20 5.0055 +1.42355
reinforcement
Total 50 4.9990 +2.00212
10
3
> 8
S 6
(&]
= 4
-
|_
0

control ZrO2 NP SiO2 NP
reinforcement reinforcement

SOV: source of variance; SS: Sum of Squares; df:
degree of freedom; MS: mean square; NPs:
nanoparticles; conc: concentration of nanoparticles.
**: high significance at (P < 0.01)

2. Effect of
Nanoparticles
The mean and standard deviation of the
translucency (AE) for different
concentrations of NPs were reinforced. The
results were grouped according to
concentrations of NPs reinforced (1% and
3% by weight concentration of NPs
reinforced) regardless of the type of NPs
used, as in Table (3) and Figure (3).

Concentration of

Table (3): Means and standard deviations of
translucency test (AE) for study groups
reinforced with NPs.

Groups No. Mean +SD(AE)
control 10 7.9720 +0.54026
1 % reinforcement 20 5.3815 +1.08355
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3 % reinforcement 20 3.1300 +.73644

Total 50 4.9990+2.00212
10
8
m
5 6
S 4
c
8 2
>
o 0
S control 1%NPs 3% NPs
= reinforcement reinforcement

Figure (3): Bar chart representation of mean
values for translucency of study groups
reinforced with NPs.

Two-way ANOVA
significant difference (P < 0.01) effect of

revered highly

concentration of NPs reinforced on the
translucency as shown in Table (2).
test

Duncan’s multiple comparison

showed the control group had higher
translucency than 1% and 3% concentration
of NPs reinforcement groups. The 3%
concentration showed a more significant
reduction in the translucency than the 1%
concentration of the NPs reinforced group,

as shown in Figure (3).

3. Interaction between Variables

The analysis of variance showed a
highly significant difference (P < 0.01) of
interaction between two NPs and two
concentrations used, as shown in Table (2).

The mean and standard deviations
of the translucency (AE) of interaction
between type and concentration of NPs. The
results data were grouped according to two
types and two concentrations as shown in
Table (4) and Figure (4).
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Table (4): Mean and Standard deviation for the
translucency (AE) of interaction between two
types and two concentrations of NPs.

Concentration

Groups No. 1% 3%
Mean £ SD (AE) Mean +SD(AE)

Zirconium 5 4 12601053014 2.5360+0.32810
oxide NP

Silicon o 6 987040.61279 3.7240£0.50319
oxide NP

Control 10 7.9720 +0.54026

Total 50 4.9990+2.00212

Or\’b@oo

tranjJucency AE

ZrO2 NP
reinforcement

SiO2 NP
reinforcement
m1% conc ®3% conc

control

Figure (4): Bar chart representation of mean
values for translucency of interaction between
two types and two concentrations of NPs.

Duncan’s multiple comparison test
was employed to analyze the translucency.
The results showed significant differences in

types
The control

interaction between and

concentrations. group was
highly significant in the translucency then
followed by 1% wt of SiO; NP, 1% wt of
ZrO; NP, 3 % wt of SiO, NP reinforced
group, and less translucency in 3%wt of
ZrO; NP reinforced group, as shown in

Figure (4).

DISCUSSION
1. Effect of Nanoparticles Factor:
The results were obtained because of the
difference in the optical properties of the

nano-ZrO, and SiO; that were distributed in
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the resin matrix. Lower translucency was
caused by high nano ZrO's opacity and
crystallinity, which prevented absorbed light
from passing through the matrix ° 20,

The other cause is affected by the
refraction and reflection of light at the
filler/matrix interface. This interface was
influenced by the difference in refractive
indices between the fillers and matrix.
PMMA's refractive index (1.4813) is lower
than that of nano-ZrO, (2.1750) and nano-
SiO2 (1.475) which may contribute to
differences. Therefore, the more the two
matrix components' refractive indices
diverged, the opaque the resin matrix
became (122,

The translucency of SiO,NP's more
advantageous ZrO;NP,
ZrO,;NPs' higher weight than SiO;NPs'. The

SiO2NPs were added in a higher volume for

over because

the same concentration than ZrO,;NPs. In
the ZrO,NPs

crystallinity than SiO2NPs, which may cause

addition, showed more
an increase in their degree of opacity *-3),

The results agree with the result of
Gad et al. ® Who discovered that the
denture bases reinforced with ZrO,NP or Ag
NP had lower translucency than the control.
The results are also, in agreement with the
results of Gad et al. “» who found that the
addition of more than 0.5% by weight of
ZrO; or SiO;NPs to PMMA denture base
material could significantly reduce the
translucency characteristic.

The study results disagree with the
results of Kolb et al. ®® and Shiraishi et al.
@6 the

who  found translucency of

347

composites would be raised from 26% up to
71% by increasing the refractive index of the
matrix by merging with ZrO, nanoparticles.
The difference from present study because
used different materials other than heat-

cured acrylic resin.

2. Effect of Concentration Factor:

The results showed a reduction in the
translucency following the strengthening of
the with
nanoparticles of different percentages. 3%

heat-cured  denture  base
NPs strengthening showed more reduction
than 1%.

The of

decreased the translucency in direct relation

addition nano-ZrO;
to its concentrations. The absorbed light was
not permitted to pass through the matrix
because of the formation of ZrO,NPs cluster,
which reduced the translucency @729,

The results agree with the result of
Aszrin et al. ®® Who showed that merging
filler of zirconium oxide, aluminum oxide,
Will the

translucency. Increasing the concentration

and silicon oxide reduce
of ZrO;Nps will decrease the translucency.
Moreover, in agreement with Shirkavand
and Moslehifard @ the aggregation of
the

influenced by the reflectance of the UV

nanoparticles  within matrix was
beam, which decreased translucency. Also,
the results in agree with the results of Gad et
al. (2018) who discovered that increasing in
ZrO;Np concentration will reduce the
translucency parameter. The results also
agree with the result of Alzayyat et al. %

who found the translucency decreased as the
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percentage of nano-SiO. increased; Ihab et

al. @D who discovered the amount of light
CONCLUSION

The translucency was reduced by both

to heat-cured

nanoparticles reinforced

denture base material.
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