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These issues have long called for improved techniques, and the use of nanoparticles is one of

|@ @ them. The main objective of the current investigation was to evaluate and contrast some

physical parameters (water sorption, water solubility, and porosity) after the incorporation of
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ZrO2 nanoparticles (0%, 3% and 5%) into heat-cured acrylic denture base materials (Ivoclare,

- Major) and microwave-cured acrylic (Acron MC). Materials and methods: A total of 60 resin
publication under the terms and

conditions of the Creative Com- specimens were manufactured, including 5 specimens for each concentration of ZrO2 NP (30
mons Attribution (CC BY) license

for porosity and 30 for water sorption and solubility). Followed the manufacturer's directions
(https://creativecommons.org/li-

censes/by/4.0)). for preparing the sample of each material. Results: The results were analysed with descriptive

C

statistics, Analysis of Variance(ANOVA) test, Duncan multiple range test, and independent T

test demonstrated that the addition of nanoparticles (3% and 5%) decreased water sorption,

water solubility, and porosity of PMMA (polymethyl methacrylate) for both types

(microwave-cured and heat-cured acrylic denture base materials). Where, at 3%, the ZrO2

:}_ nanoparticles showed the best values for all tests compared to the control group. Conclusions:
. ZrO2 (3% and 5%) nanoparticle reinforcement of acrylic resin can be a useful tactic for
lowering water sorption, solubility and porosity, thereby enhancing the performance of the
material in various applications for microwave-cured and heat-cured acrylic denture base

materials.

Keywords: zirconium oxide NP, denture base, water sorption, Water solubility and

porosity.

Introduction

Although it is the most commonly used denture base material, PMMA is still associated with several
limitations. As a result, acrylic resin has undergone modifications to enhance its mechanical, physical and
working qualities, as well as to simplify laboratory procedures (0-3. However, there are several issues with
the traditional water bath curing procedure for acrylic resin, including surface porosity, hypersensitivity,
dimensional instability, residual monomer, poor strength, water absorption, colour instability, and easy
breakage “%. To solve these issues, many modified PMMAs (6-9) have been introduced. Furthermore, a
variety of mechanical and physical attributes, including porosity, surface roughness, water sorption, and

dimensional stability, are enhanced by microwave polymerisation 245,
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The polymerisation reaction of PMMA is induced by microwave energy; therefore, to ensure proper func-
tionality, it is necessary to add a nonmetallic fibre-reinforced plastic (FRP) flask. Additionally, it is crucial
to apply a microwave processing resin that has been specifically designed for this purpose. PMMA
(polymethyl methacrylate) cured by microwave radiation is superior to PMMA cured in a water bath
because the substance's interior and exterior are heated equally and quickly, eliminating the need to wait
for the resin to reach the flask's interior. Furthermore, microwave energy improves many mechanical and

physical properties, including surface roughness, porosity, and dimensional stability 610,

Recently, the deliberate incorporation of nanoparticles in acrylic resin has attracted attention. such as zir-
conia nanoparticles (NZ) 1119, strengthening and enhancing the mechanical and physical characteristics
(1517, Bioceramic zirconia (ZrO2) is a material widely used in dentistry for a variety of purposes, including
crowns and bridges, maxillofacial materials, implant hardware, orthodontic brackets, and is abutments.

and distinguished by outstanding biocompatibility and strong mechanical qualities (1821,

Because it compensates polymerisation shrinkage, water sorption is considered a favourable feature as
long as it remains within permitted bounds; if it is exceeded, however, unfavourable dimensional changes
can result @29, Acrylic resin is not dissolved by water; instead, its solubility refers to the amount of soluble
material that is released from it ?%. The only soluble ingredients were the plasticiser, free monomer, and
initiators. The mean mass changes during water saturation and dehydration are used to measure water
sorption and solubility ?¢2). Porosity in acrylic resin is still a persistent problem that deteriorates the struc-
tural, mechanical, biological, and physical properties of denture base resins 3. The enhancement of
transverse strength and hardness by zirconia NPs is demonstrated by our earlier study. Furthermore, both
heat-cured acrylic resin and microwave acrylic (MC) performed better in the FTIR test, showing no alter-
ations in chemical architecture when 3% or 5% ZrO: NP were added compared to the control (0% ZrO:
NP) @2,

The objectives of this research are to evaluate and compare the water sorption, solubility and porosity of
heat acrylic denture (Ivoclare, Major) and microwave-cured acrylic cured by microwave (Acron MC) at
varying concentrations (control 0%, 3% and 5%) with zirconium oxide ZrO2 NP. The null hypothesis pos-
ited that the inclusion of zirconium oxide ZrO2 NP at 3% and 5% by weight into heat and microwave-
cured acrylic denture base materials would have no impact on the water sorption, solubility, or porosity

of the modified denture base materials.
Materials and Methods

The water sorption, solubility, and porosity of acrylic resin (Acron MC, Japan) cured using micro-
wave energy (MW) were measured and compared with those of samples containing ZrO, nanoparticles
at concentrations of 0%, 3%, and 5%. Nano-Zro,, with a particle size of 50 nm (%), obtained from US Re-

search Nanomaterials Inc. in Houston, USA.

Furthermore, the results were compared with those of heat-polymerised acrylic resin specimens (Major,
Switzerland) cured using the water bath method (WB). A total of 60 resin specimens were collected (n =
30 specimens) for each water sorption, solubility, and porosity. Each concentration of ZrO: NP included 5
specimens. Experiments were conducted on two groups: one consisting of heat-polymerised acrylic resin

specimens (major) and the other consisting of microwave-polymerized specimens (Acron MC).
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The weight percentages of ZrO2 NP used in this study were determined based on previous studies. The
mixtures tested included concentrations of 1.5 wt%, 3.0 wt.%, 5.0 wt.%, 7.0 wt%, 10.0 wt.%, and 15 wt.%
(1219, From these tests, it was found that the most effective percentages were 3 wt% and 5 wt.% ZrO:NP
@03334) Therefore, a decision was made to adopt those concentrations (0 wt%, 3.0 wt.%, and 5.0 wt.% of

ZrO:NP) in the present study.

Zirconium dioxide nanoparticles (ZrO,NP) and acrylic powders were measured using an electronic bal-
ance with a precision of three decimal digits, following exact proportions. The ZrO.NP powder was added
to the acrylic monomer and thoroughly mixed by fully blending using manual agitation and ultrasonic
vibration for approximately 10 minutes to achieve an even distribution of the powder throughout the
monomer. Subsequently, the powder with the monomer. The mixing process persisted for roughly 20
minutes until the mixture reached a consistency similar to that of the dough. Once the mixture reached a
state of uniform consistency, known as the homogeneous dough stage, it was manually placed in an FRP
mould (GC, Tokyo174-8585, Japan) .

The packing and curing process adhered to the ISO 20795-1:2013 standards ©%. Heat-cured acrylic resin
specimens were cured using standard polymerisation protocols, while the microwave-polymerised spec-
imens (Acron MC) were prepared by mixing a powder/liquid ratio of 100 mg/43 ml. The mixture was then
packed into a microwavable flask mould (FRP Flask H.K. TYPE) with inserted bolts. Constant pressure
was applied using a supplied wrench, and the samples were subjected to 500 W microwave irradiation

for 3 minutes in a microwave oven (EM M 553 T, Sanyo) for microwave curing of Acron MC specimens

(36,37).

The samples were immersed in distilled water at a temperature of 37 ° C for 48 hours before testing. The
addition of ZrO2NP at different weight percentages (0%, 3% and 5%) to the monomer of microwave acrylic
monomer (Acron MC) and heat-cured acrylic denture base materials (Ivoclare, Major) was found to be
more beneficial compared to the addition of it to the powder. This finding has been supported by other

researchers who also mixed ZrO, NP with the monomer and observed similar advantages 9.

The samples prepared for the three tests were rectangular (12 x 10 x 4+0. 2 mm), according to ADA (2002)
and Figuerda et al. (2018) for water sorption and water solubility 223, and Figuerda et al. (2018) and Pero
et al. (2009) @32 for porosity test, which is achieved by using an electrical digital sensitive analytical bal-

ance measuring up to 0.0001 g. then applying these equations:
(A) Water sorption (mg/cm?) = M2-M1/V
(B) Solubility test: Solubility (mg/cm?) = M1-M3 / V

Where M 1 = Conditioned mass, M2 = mass after immersion, M3 = Reconditioned mass in mg and V =

surface area.

C) the porosity was calculated according to the following equations:

Vd= (md - m,d)/ow [1]
Vs wet = (ms — m,s)/ow [2]
Porosity % =100 x (Vs - Vd)/Vd [3]
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The variables used in this equation are as follows: Vs dry (ml) represents the volume of the dry sample,
md (g) represents the weight of the dehydrated samples measured in the presence of atmospheric air, m,d
(g) represents the mass of the dry sample measured as soon as it is submerged in water, ow (g/mL) repre-
sents the density of water (1000 kg/m3), Vs dry (mL) represents the volume of the wet specimen, ms (g)
represents the mass of the saturated sample recorded in air, and m,s (g) represents the mass of the satu-

rated specimen immediately immersed in water.

The samples were dried using silica gel in a desiccator at a temperature of 37 ° C and weighed with a high
precision of 0.0001 g using an electronic balance instrument (Shimadzu, Germany). The original weight of
the samples (M1) was regarded as such. The samples were subsequently submerged in distilled water and
each specimen placed in individual containers. After 1 week, the specimens were extracted from their
container. By blotting the excess water with filter paper, it was possible to record the weight (M2). That is,
the weight of the specimen after it has absorbed the distilled water. The samples were desiccated by being
put in the desiccator. The receiver included a freshly prepared desiccated silica gel, which was kept at a
temperature of 37+1°C for 24 hours. Subsequently, the receiver was allowed to cool on a bench for one
hour until it reached the ambient temperature. The samples were weighed as a cyclic process, which con-

tinued daily for 24 hours until all samples reached their ultimate weight (M3) @629,
Results

The Shapiro-Wilk test, which was used to evaluate the distribution of the data, indicated that all
variables had a normal distribution. Statistical analysis of all the data was conducted using the SPSS sys-
tem (version 28). Figure (1) presents the average values and standard deviation (S5D) of water absorption
(mg/cm?) for the heat-cured acrylic denture base materials Ivoclar and Major, as well as the microwave-
cured acrylic denture base material, after the addition of ZrO: nanoparticles at concentrations of 0%, 3%
and 5%. Heat-polymerised acrylic resin specimens in the control (0%) group of ZrOz nanoparticles show
the highest value (0.49784 + 0.00441), while specimens from the 3% ZrO: NP microwave-cured acrylic
exhibit the lowest value (0.46312+ 0.0024025).
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Figure 1: Mean values and standard deviation of water sorption for heat- and microwave-cured acrylic
denture-based materials after adding ZrO: nanoparticles (control (0%), 3% and 5%). *Significant at (-
value <0.05), NS (nonsignificant) according to DMRT.

Analysis of variance (ANOVA) of water sorption (mg/cm?) in Table (1) demonstrated that there were

statistically negligible variations between the tested groups of acrylic denture base materials. (Ivoclar,
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Major) heat-polymerised acrylic resin and Acron MC microwave-cured acrylic denture base materials
after adding ZrO:Nanoparticles ( 0%,3% and 5%) at (P value<:0.05).

Table 1: ANOVA for acrylic denture base materials cured with water sorption (mg/cm?) for (Ivoclar, Ma-
jor) and Acron MC after adding ZrO:Nanoparticles ( 0%, 3%, and 5%),

Groups Sum of Squares DF  Mean Square  F value Sig
Heat-cured acrylic Between groups 0.002 2 0.001 29.496  0.000**
Within groups 0.000 12 0.000
Total 0.002 14
Microwave-cued Between groups 0.002 2 0.001 23.805 0.000**
acrylic  Within groups 0.001 12 0.000
Total 0.003 14

*significant at (P value <0.05).

Duncan’s multiple range test (DMRT) of water sorption for heat and microwave-polymerised acrylic resin
material. It shows that there is a substantial reduction in water sorption between all tested groups (3% and

5%) of ZrO2 nanoparticles, with the control group at (P value <0.05, as revealed in Figure (1).

Figure (2) shows the mean values and standard deviation of water solubility (mg/cm?) for (Ivo-clar, Major)
heat-polymerised acrylic resin and Acron MC microwave-cured acrylic denture base materials after mix-
ing ZrOz nanoparticles (0%, 3%, and 5%) to heat- polymerized acrylic resin specimens. The control (0%)
ZrO2 nanoparticles group exhibited the highest value (0.49878 + 0.00592), while the sample 3% ZrO: na-
noparticles microwave-cured acrylic group exhibited the lowest value (0.4749 + 0.00866).
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Figure 2: Mean and standard deviation of water solubility for heat and microwave-cured acrylic denture-
based materials cured in microwave after adding ZrO: nanoparticles (Control (0%), 3%, 5%). *Significant
at (P-value <0.05), NS (nonsignificant) according to DMRT.

Table (2) Analysis of variance (ANOVA) of water solubility (mg/cm?) highlighted that there was a statis-

tically significant variation between all groups tested of acrylic denture base materials heat-polymerised
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acrylic resin and Microwave-cured acrylic denture base materials after the addition of ZrOz nanoparticles
(0% 3%, and 5%) at (P value<<0.05)

Table 2: ANOVA for water solubility (mg/cm?) for the base materials of acrylic dentures (Ivoclar, Major)
and Acron MC cured acrylic denture base materials after adding ZrO: Nanoparticles ( 0%, 3%, and 5%),

Groups Sum of Squares DF Mean Square F value Sig
Heat cured Between groups  (.001 2 0.001 17559  0.000%*
acrylic Within groups  0.001 12 0.000

Total 0.002 14
Microwave Between groups 0.002 2 0.001 8.648 0.005**
cued Within groups 0.001 12 0.000
acrylic Total 0.003 14

*significant at (P value <0.05).

The Duncan multiple range test (DMRT) was conducted to assess the water solubility of heat and micro-
wave-polymerised acrylic resin material. The results indicate a substantial decrease in water solubility
between the control group and the tested groups (3% and 5%) treated with ZrO2 nanoparticles, with a p-

value of <0.05, as shown in Figure 2.

Figure (3) shows the mean values and standard deviation of the percentage of porosity for two types of
acrylic resin materials. Ivoclar and Major. These materials were heat-polymerised and microwave-cured,
and ZrO: nanoparticles were added at different concentrations (0%, 3% and 5%). In heat-polymerized
acrylic resin samples, the control group with 0% ZrO: nanoparticles had the highest porosity value of
0.8595 + 0.031663. On the other hand, the microwave-cured acrylic group with 3% ZrO2 nanoparticles had
the lowest porosity value of 0.72425 + 0.037453.
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Figure 3: Mean and standard deviation of porosity % for heat and Acron MC microwave-cured acrylic
denture-based materials after adding ZrO: nanoparticles (Control (0%),3%, 5%). *Significant at (P-value

<0.05), NS (nonsignificant) according to DMRT.

Analysis of variance (ANOVA), Table (3) of porosity % demonstrated that there were statistically signifi-
cant differences between all tested groups of acrylic denture base materials heatpolymerised acrylic resin
and Microwave acrylic denture base materials after mixing with ZrO2 nanoparticles (0% 3%, and 5%) at

(P value<0.05)
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Table (3): ANOVA for acrylic denture base materials porosity % for (Ivoclar, Major) and Acron MC

cured after mixing ZrOz Nanoparticles ( 0%, 3%, and 5%),

Groups Sum of Squares DF Mean Square Fvalue Sig
Heat-cured Between groups 0.035 2 0.018 21.489  0.000**
acrylic Within groups 0.010 12 0.001

Total 0.045 14
Microwave- Between groups 0.037 2 0.018 33.002  0.000**
cued acrylic Within groups 0.007 12 0.001

Total 0.043 14

*significant at (P value <0.05).

(DMRT) of porosity % for heat- and microwave-polymerised acrylic resin material. It shows that there is

a significant decrease in porosity % between all tested groups (3% and 5%) of ZrO: nanoparticles, with the

control group at (P value <0.05), as shown in Figure 3.

A detailed explanation of the independent T test (Tables 4-6) was performed to analyze the water sorption,

solubility and porosity of two groups: (Ivoclar, Major) heat-polymerised acrylic resin and Acron MC mi-

crowave-cured acrylic denture base materials Acron MC. The test was carried out following the addition

of ZrO:2 nanoparticles at three different concentrations: 0%, 3% and 5%. No notable distinctions seen be-

tween the two types of acrylic denture base materials after the introduction of ZrO: nanoparticles (5%) at

a significance level of p <0.05.

Table 4. Independent T-test for water sorption(mg/cm?) of heat-polymerised acrylic resin (Ivoclar, Ma-

jor) and Acron MC Microwave-cured acrylic denture base materials after adding ZrO: Nanoparticles

(0%,3%, and 5%),

Groups N Mean  Std.Deviation F Sig

Control heat-cured 5 049784 .0.00441
2.748 0.136

Microwave-cured 5 0.49162 0.01059

3% heat-cured 5 047334 0.00426
7977 0.220

Microwave-cured 5 0.46312 0.00240

5% heat-cured 5 0.48302 0.00630
3.702 0.910

Microwave-cured 5 0.48002 0.00336

*significant difference at P <0.05

Table 5. Independent T-test for solubility(mg/cm?) of (Ivoclar, Major) and Acron MC Microwave-cured

acrylic denture base materials after adding ZrO2 Nanoparticles (0%, 3% and 5%),

Groups N Mean Std. Deviation F Sig
Control heat-cured 0.498780 0.00592
0.589 0.465
Microwave-cured 0.502600 0.00995
3% heat-cured 5 0.475680 0.01033
0.032 0.863
Microwave-cured 5 0.474900 0.00866
5% heat-cured 5 0.482520 0.00412 4.238 0074
Microwave- cured 5 0.486460 0.01059 .

*significant difference at P <0.05
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Table (6). Independent T-test for the porosity of (Ivoclar, Major) heat-polymerised acrylic resin and

Acron MC microwave-cured acrylic denture base materials after adding ZrO:2 nanoparticles (0%, 3%,

and 5%),
Groups N Mean Std. Deviation F Sig
Heat-cured control 5 0.85950 0.03166 0.262 6
0.622
Microwave cured 5 0.84500  0.03005
3% heat- cured 5 0.74090 0.02603
1.599 0.242
Microwave- cured 5 0.72426 0.03745
5% heat- cured 5 0.80464 0.00734
0.325 0.584
Microwave- cured 5 0.79180  0.009121

*significant difference at P <0.05
Discussion

In dentistry, the latest recommendations involve improving the properties of acrylic resin by adding
fibres, fillers, and nanofillers. Among them, ZrO2nanoparticles are the most often suggested to strengthen
PMMA (11-131820) A pair of techniques used during the mixing process helps to explain the dispersion of
ZrOz nanoparticles inside the PMMA matrix: When ZrO:nanoparticles have been added to the monomer
instead of powder, physical and chemical approaches can be used, which offers more benefits @. Physical
methods include melt mixing, ultrasonic vibration, and high-energy ball milling. The chemical technique
involves the combination of nanoparticles with the monomer, where the inorganic ZrO: nanoparticles

form the core and the monomer forms a shell structure through a process called grafting.

The surface of ZrO2 nanoparticles is chemically changed by the monomer, resulting in a uniform disper-
sion of ZrO2 nanoparticles into the polymer. This enables a combined physicochemical preparation and
improves the dispersion of ZrO: nanoparticles, minimising particle aggregation and phase separation.

Several other studies mix ZrO: with the monomer to obtain these advantages (617

The water sorption of denture base resin is a crucial characteristic that directly impacts the quality of a
prosthesis, the effectiveness of therapy, and ultimately the patient's quality of life. Both the control and
experimental groups in this study exhibited levels of water sorption that fell within the standard ADA
value No. 12 (2002) @» for water sorption of denture base materials, which is 32 pg/mm?3. The process of
water molecules being taken up by a polymer is made easier by the polarity of the polymer's molecules,
the presence of unsaturated molecules, or the unbalanced intermolecular interactions of the polymer 24,
Water sorption is influenced by the qualities of the water-based environment, the molecular composition
of the polymer, and the presence of various additives, resulting in varying degrees of water sorption ?4.

The study findings indicate a decrease in water absorption.

This decrease can be attributed to the replacement of hydrophilic resin with zirconia nanoparticles. The
presence of these nanoparticles reduces the uptake of water because the diffusion of water molecules
through this material is significantly lower compared to that of the PMMA matrix. This reduced water
absorption can be attributed to the insolubility of ZrO: in water, the improved degree of conversion in
the experimental group, the reduction in residual monomer release, the increase in physical cross-linking

or the decrease in porosity within the resin matrix 925,
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The water solubility of the denture-base acrylic resin is a crucial characteristic as it signifies the amount
of soluble substances that seep out of the polymer matrix. This property directly impacts the quality of
the prosthesis and, subsequently, the quality of life 3. The low solubility of the acrylic resin is crucial
due to its ability to prevent the leaching and diffusion of excess monomers and additives into the sur-
rounding tissue @Y. The water solubility of a filler in a resin matrix is determined by factors such as the
type, size, and distribution of the filler particles, as well as the strength of the bonding between the filler

and the resin matrix.

The solubility of a polymeric substance is influenced by the uniformity of its structure. The higher the
homogeneity, the lower its solubility 4. The decrease in solubility is mainly attributable to the reduced
development of pores within the polymeric, which may be driven by an accelerated conversion rate and

a decrease in monomer concentration ©@9.

Porosity in acrylic resin is a persistent issue that compromises the structure and diminishes the biological,
physical, and mechanical qualities of acrylic resins %31, The decrease in porosity observed in the experi-
mental group, compared to the control group at a significance level of p <0.05, may be attributed to the
interfacial entanglements between PMMA and the incorporated Np. This phenomenon likely contributes
to a reduction in microvoids, an improvement in crystallinity, and an increase in polymer dimensional
stability 1012, Porosity in acrylic resin is caused by various potential problems including air trapping of
air during the mixing process, the contraction of monomers during polymerization, the vaporization of
monomers during exothermic processes, residual monomer, insufficient mixing, processing temperature

exceeding 74°C, and low flask compression “52,

When comparing the impact of different concentrations of incorporated Np, it was found that the lowest
levels of porosity were observed when Np was incorporated at a concentration of 3%. This reduction in
porosity can be attributed to the uniform distribution of the incorporated particles, which leads to mini-

mal porosity compared to higher concentrations (101218,

Statistical analysis demonstrated that the inclusion of 3 wt% nano-ZrO: yielded the most favourable out-
comes in terms of water sorption, solubility, and porosity in the primary hot and microwave acrylic resin.
According to studies, the addition of a significant amount, such as 10% ZrO2 NP or more, leads to an
increase in water sorption compared to the control group 9. One possible reason for the decrease in water
absorption, solubility, and porosity might be the capacity of zirconia to undergo a phase shift from te-
tragonal to monoclinic, known as transformation toughening, which leads to the absorption of energy

from cracks.

The growth of ZrO: crystals will stop propagation. Research has shown that the presence of pits and
fissures in the lamella leads to improved surface characteristics compared to the control group. Further-
more, there is no evidence of nanoparticle aggregation, resulting in a homogeneous distribution of nano-

particles 1929 and indicating a successful dispersion of ZrO2nanoparticles within the matrix.

Additionally, their nanoscale size enables them to effectively occupy the spaces between matrix particles,
thereby reducing agglomeration. This may be related to the minimal amount of leftover monomers, which

improves the quality of the acrylic resin (1517). The microwave-curing approach produces acrylic denture
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bases with reduced water sorption, solubility, and porosity compared to the heat-curing method. How-

ever, earlier research 3V did not find significant differences between the two methods.
Conclusion

Enhancing the performance of acrylic resin can be achieved by reinforcing it with ZrO2 nanoparticles.
This strategy effectively reduces water sorption, solubility and porosity, observed in both (Ivoclar and
Major) as well as Acron MC acrylic denture-based materials based on Acron MC, with concentrations of
ZrO2NP of 3% and 5% compared to the control group. The addition of 3% ZrO:NP results in decreased
water sorption, solubility, and porosity compared to the addition of 5% ZrO:NP. Therefore, it is crucial

to disprove the null hypothesis.
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