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Background/aim

Denture base materials with all their diversities and the curing method have a
massive impact on their physical, mechanical, and biological traits. This
contemplate is aimed to both assess and relate water sorption and solubility of
heat-cured and microwave-cured acrylic resin denture base materials with and
without the addition of titanium oxide nanoparticles (TiO, NPs).

Materials and methods

A total number of 80 circular specimens were fabricated for the two tested groups
(n=40). Group | was divided into two subgroups: group IA and group IB (20 each)
fabricated from heat-cured and microwave-cured acrylic resin, respectively.
Another group (group IlI) was divided into two subgroups: group IIA and group
IIB (20 each) as in group | with the addition of TiO, NPs. Then, the degree of water
sorption and water solubility was calibrated by using an electronic balance for all
specimens and determined by the aid of a specific formula.

Results

The present results indicated that there is a significant difference between all groups
using one-way analysis of variance test as the P value was less than 0.05. Moreover,
Tukey’s post-hoc test was performed and revealed that there was a significant
difference between all subgroups except (group IIA and group IIB) in which there
was an insignificant difference regarding water sorption and water solubility.
Conclusion

Within the limitation of this consideration, microwave-cured acrylic resin is superior
to the heat-cured one regarding both water sorption and solubility. Moreover, the

addition of TiO, NPs revealed the best outcome.
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Introduction

Denture base is a fragment of denture which rests on
the underlying areas and to which teeth is attached to
compensate the entire dentition and associated
structures of both maxilla and mandible [1]. In
addition to prosthetic teeth attachment, relocating
the dense occlusal intensities to the supporting
constructions as well as substituting the absent
alveolar tissues in both bulk and shape is one of the
substantial utilities of denture base [2].

Categorization of denture base substances can take place
in two main forms: metallic (cobalt—chromium and
nickel-chromium alloys) and nonmetallic (acrylic resin)
[3,4]. Since the usage of acrylic resin as a denture base
material in 1937, none of the metallic forms were utilized
due to the superiority of both its properties and
biocompatibility once used in its polymerized form [5,6].

Such most employed sort of denture base is provided as
powder and liquid. The powder (polymer) comprises
prepolymerized spheres of polymethyl methacrylate

© 2018 Journal of The Arab Society for Medical Research | Published by Wolters Kluwer - Medknow

(PMMA) and minor expanse of benzoyl peroxide as
an initiator. The liquid (monomer) is predominantly
unpolymerized methyl methacrylate (MMA) with
slight sums of hydroquinone as an inhibitor. The
liquid might be funded with a cross-linking agent
(e.g. glycol dimethacrylate) to boost its resistance to
both solvents and deformation [7,8]. Acrylic resin’s
polymerization is an additional reaction that requires
energy to activate the initiator to start processing [9].

The most frequently employed acrylic resin denture
base is the heat-cured one, which necessitates the
thermal energy to initiate additional polymerization
reaction. The energy compulsory for polymerization of
heat-activated PMMA is regularly provided in the
form of a water bath which may be either short or

long cycle [10].
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Heat-cured acrylic resin denture base material is
categorized by being nontoxic, insoluble, esthetically
reasonable, inexpensive, with satisfactory shelf lifetime,
easy to process, and capable to repair with simple
equipment [6]. However, it also illustrates few
drawbacks such as tissue hypersensitivity due to its
lofty residual monomer content triggering tissue
irritation. Furthermore, dimensional instability is an
additional demerit which is either due to water sorption
and solubility or polymerization shrinkage and it
manipulates  the  material's  durability  [11].
Accordingly, innovative and  processing
procedures have been anticipated to enhance both
the physical properties and performance [12,13].

resins

It has been proved that the structure of titanium oxide
(TiO,) has three famous crystalline forms known as
anatase, rutile, and brookite [14]. Although in general,
the anatase form of TiO, is the most preferred one, due to
its stability at lower temperatures it has high
photocatalytic activity, big surface area, nontoxic, is
photo chemically stable, and is relatively inexpensive.
Anatase-TiO, is used as a superior photocatalytic
material for purification and disinfection of water and
air, as well as remediation of hazardous wastes [15].

Specifically, formulated TiO, nanoparticles (TiO,
NPs) have been added to PMMA to augment its
characteristics. ~ Such ~ addendum  leads  to
biocompatibility, antifungal capacity, advanced
mechanical criteria, resistance to corrosion, and
stability enhancement. Consequently, TiO, NPs are
abundantly applicable to be utilized in many fields such
as orthopedic and dental implant supplies [15,16].

Away from the dental field, there are tremendous
applications of TiO, as it is suitable for applications in
water treatment since it is stable in water, nontoxic by
ingestion, suitable for drinking water disinfection, and of
low cost. The photoactivity in the ultraviolet range and
its potential visible light activity when doped with metals
allows TiO, to have a photocatalytic disinfection
property which is especially useful in developing
countries where electricity is not available [17].

A recent form of acrylic resin was advanced to be cured by
microwave. The liquid (monomer) of this resin is specially
formulated for microwave curing characterized by
gathering of triethylene or tetracthylene glycol
(dimethacrylate) instead of PMMA. The microwave
energy used for polymerization of this resin is
captivated and altered into heat (dielectric heat) that
equally dispenses heat both inside and outside and
swiftly leverages the temperature [2].

The microwave oven flask should be free of metal as the
microwaves will interact very substantially with free
electrons of the metal flask. Moreover, such waves will
be reflected on the flask surface and have no impact on
the resin [18]. The flask must be fabricated of microwave
translucent material such as common resins, high
resistance ceramics, or unbreakable glass. Moreover, it
could endure compression of packing pressure. Recently,
the light fiber-reinforced flask was established and

became commercially obtainable [19].

Processing of microwave acrylic resin denture base
material by microwave radiation presents numerous
merits such as enhanced adaptation of the processed
bases which results from homogeneous heating, minor
residual monomer contents which disrupt the physical
and mechanical properties, dimensional stability,
minimal time consumption due to the shorter curing
time as the denture base can be fully polymerized in
only 3 min [20-22].

Both water sorption and solubility are considered as
essential physical criteria that influence the clinical
success of the denture base material, as the PMMA
absorbs relatively minute amounts of water when
positioned in an aqueous environment. This water
exerts a remarkable outcome on both the mechanical
and dimensional criteria of the polymer. Moreover, the
denture base resins are solvable in a variety of solvents
and a slight sum of unreacted monomer may be
leached, but they are virtually insoluble in the oral
cavity fluids [23].

The ADA specification no. 12 for denture base
polymers stated that a denture plastic should have a
water sorption value of not more than 0.8 mg/cm?.
Denture plastics of the same nature varied considerably
regarding water uptake due to the existence of
additives, curing methods, time, and temperature
[24,25]. This contemplate aimed to both assess and
relate the water sorption and solubility of heat-cured
and microwave-cured acrylic resin denture base
materials with and without the addition of TiO, NPs.

Materials and methods

Materials

This in-vitro study was carried out on two dissimilar
natures of commercially accessible acrylic resin denture
base materials. Conventional heat-cured acrylic resin
was purchased from Acrostone (Acrostone Dental
Factory, Industrial Zone, Salam City, Egypt);
WHW Plastic (London, England) and microwave-

cured acrylic resin was purchased from Protechno
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(Poligono  Emporda  Internacional, —Garrotaxa,
Vilamalla Girona, Spain). Moreover, TiO, NPs was
purchased from Sigma Aldrich Company (California,
USA).

Study design

A total number of 80 specimens were fabricated using
metal patterns (50 mm, diameter: 0.05 mm thickness
according to ADA specification no. 12) for both group
I (control) and group II (modified) (40 each). Each
cluster was further divided into two subgroups (#=20).
group I (control) constructed from: (group IA) 20
conventional heat-cured acrylic resin samples and
(group IB) 20 microwave-cured acrylic resin samples,
while group II (modified): (group ITA) 20 conventional
heat-cured acrylic resin samples with nano-TiO,
particles and (group IIB) 20 microwave-cured acrylic
resin samples with nano-TiO, particles.

Ethical approval

The study was carried out according to the ethical
guidelines of the World Medical Association
(Declaration of Helsinki) and was approved by the
Ethics Committee at the National Research Centre
(NRC), Cairo, Egypt.

Methods

Conventional metal flask was utilized to attain molds
of conventional heat-cured acrylic resin while a special
microwave plastic flask purchased from Tecno-Flask
(Protechno, Can Viloca, Spain) was used with the
microwave one. The inferior section of the dental

Figure 1

flask was filled with dental plaster that was
purchased from Elite (Rock Stone, Zhermack
Clinical, Italy), which was mixed according to the
manufacturer’s guidelines (i.e. 50ml/100g). The
metal pattern was coated with the separating
medium, which was purchased from Acrostone
(Egypt); then a layer of plaster mix was coated on
metal pattern. Sequential to plaster setting (30 min),
both the plaster and metal patterns were coated with a
separating medium and another layer of plaster was
poured into the superior half of the flask with vibration
by aid of a mold vibrator. Plaster was allowed to harden
for 60 min, then finally the flask was unfastened, metal
pattern was detached, and the mold was gained which
later on helped in the construction of acrylic resin

specimens, as displayed in Fig. 1a and b.

Specimen’s preparation

Conventional heat-cured acrylic resin was mixed and
packed succeeding the manufacturer’s
recommendations using a stainless steel spatula.
Once approaching the dough stage, it was packed
into the plaster mold. Then, the metal flask was
compressed with a hydraulic press and placed into
the water bath curing unit, which was purchased
from the Water bath Curing Unit, Type 5518
(KaVo EWL, Biberach, Germany) for 30 min at
70°C and extended for extra 30min at 100°C for
heat curing. Subsequently, the flask was segregated
from the water bath and left to cool at room
temperature prior to deflasking, followed by
finishing and polishing of the specimens.

(a) The metal pattern and (b) acrylic resin specimen.
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The microwave- cured denture base material was then
mixed and packed according to the manufacturer’s
recommendations (a powder ECO-CRYL M: liquid
was 2 : 1 by weight). Next to sufficiently achieving a
doughy stage, the material was packed into the mold. A
special nonmetallic flask was compressed beneath the
manual machinery pressure, and then incorporated into
the microwave oven for 3 min at 500 W. After curing,
the flask was removed from the microwave and left to
chill at room temperature for 30 min, then immersed in
cold water for 20 min. Deflasking was performed by
gentle mallet blows over the flask’s hole and all the
specimens were then finished and polished.

Acrylic resin specimens of group II containing TiO,
NPs (the modified group). TiO, NP powder was
added (3% by weight) to the polymer of heat-cured
and microwave-cured resins respectively by utilizing
the weighing balance which was purchased from
weighing balance: Adam equipment 124 precision
weighing balance (UK); in the Central Service Unit
at National Research Centre (National Research
Centre, Cairo, Egypt). Then curing of the
specimens of each subgroup was performed as that
of group IA and group IIA, respectively.

Water Sorption test was subsequent to efficient
specimens’ grinding by abrasive paper and then
flooded with water to ensure the surfaces were both
flat and parallel. Consequently, the specimens were
dried in a desiccator containing Silica gel that was
purchased from Silica gel; static dehumidification
(SUD-SHEMIE, Zhejiang, China), at 37°C for
24h. The disks were placed in a similar desiccator at
room temperature for 1 h and subsequently, weighed to
an accuracy of 0.0001g employing an electronic
balance that was purchased from Electronic Balance
Mettler PM 460 (Eagle Capital Corp., Newgersy,
USA). This cycle was periodic till accomplishing a
constant weight that is supposed to be as the initial
weight of the specimen (ml) by using the electronic

balance as displayed in Fig. 2.

The disks were immersed in distilled water at 37+2°C
for 7 days and then it was removed from the water with
tweezers, wiped with a clean dry hand towel until being
free from any visible moisture, then waved in air for 15 s
and weighted 1min postexclusion from the water.
Their weight was regularly calibrated till a constant
mass was achieved, indicating water saturation which
considered as gained weight of the specimen (m?).
Water sorption of each specimen was assessed by
means of specific formula [sorption %=(m>?-m?>)/
mlx100]. Moreover, estimation of water solubility

Figure 2

Delicate electronic weighing balance.

took place by utilizing the desiccation technique
previously described till attaining a constant terminal
weight (m®). Water solubility of each disk was
calibrated using another specific formula (solubility
%=(m"-m?)/mlx100).

Statistical analysis

Statistical analysis was performed using a commercially
available software program (SPSS 19; SPSS Inc,
Chicago, Illinois, USA). The level of significance
was set at a P value of less than 0.05, using one-way
analysis of variance test.

Results

Statistical analysis was performed using SPSS version
20. One-way analysis of variance test was performed to
compare values between all groups and revealed that
there was significant difference between all groups as
the P value was 0.00 (significant difference set at

P<0.05) regarding water sorption as showed in
Tables 1, 2, and Fig. 3.

Numerous comparisons employing Tukey’s post-hoc test
was performed and revealed that there was significant
difference between the following groups with different
superscript letters as (group IA and group IB), (group IA
and group ITA), (group IA and group IIB), (group IB and
group IIA), and (group IB and group IIB) and
insignificant difference between the following groups
with the same superscript letters (group IIA and group
IIB) in which there was insignificant difference regarding
water sorption and water solubility, respectively, as
displayed in Tables 1, 2 and Fig. 3.
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Discussion

Metal specimens with specific dimensions were fabricated
to attain stone molds for acrylic resin specimens’
preparation according to ADA specification no. 12
[26]. Conventional metal flask was used to acquire
mold for the heat-cured acrylic resin specimen
fabrication, while for the microwave one a special
microwave plastic flask was utilized to avoid improper
processing of the microwave-cured acrylic resin due to
reflection of the waves on the flask’s surface [18,27].
Acrylic resin denture base material of all groups was
proportioned, mixed, and processed subsequent to
each’s manufacturer guidelines to achieve the optimal

material quality as much as possible [24,28-31].

TiO, was added to PMMA owing to its maximum
stability, biocompatibility, advancing mechanical, and
antifungal properties of the denture base material [29].
In the current contemplate, the anatase-TiO, phase

Table 1 Water sorption in all groups and subgroups

was utilized as it exhibits lofty overall photocatalytic
activity and extra steady than the rutile one [32]. Only
3% by weight of TiO, NPs was added to the two
dissimilar forms of PMMA resin for formulating
specimens aiming to evade undesirable impacts

especially if the concentration reached 7% [33-35].

Water sorption and solubility calibration were
performed by using an electronic balance next to
proper drying of the finished disks in a desiccator at
room temperature till attaining constant weight for all
groups’ specimens (initial weight) for standardization
to obtain more accurate results. This was performed
according to ADA specification no. 12 for denture
base polymers which stated that acrylic resin denture
base should not absorb more than 0.8 mg/cm? of water.
This can clarify the impact of the decline that took
place in water sorption and solubility records in both
microwave groups with and without nano-TiO,
particles [27,36].

Table 2 Water solubility in all groups and subgroups

Groups Mean+SD Groups Mean+SD
Group | (control) Group | (control)
Group IA (conventional) 0.554+0.158% Group IA (conventional) 0.391+0.229%

Group IB (microwave) 0.374+0.164°
Group Il (modified)
Group A (modified conventional)

Group 1IB (modified microwave)

0.256+0.034°
0.198+0.014°

Group IB (microwave) 0.281+0.099°
Group Il (modified)
Group Il A (modified conventional)

Group Il B (modified microwave)

0.038+0.021°
0.036+0.029°

Values with different letters are significant at P<0.05, using
analysis of variance test.

Figure 3

Values with different letters are significant at P<0.05, using
analysis of variance test.
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The outcome of this contemplate revealed that
microwave-cured acrylic resin denture base has a better
water sorption than the conventional one (0.374,
0.554 mg/cm?® regarding group I) and (0.198, 0.256
regarding group II). Also, the microwave acrylic resin
is better in water solubility than the conventional one
(0.281, 0.391 mg/cm® regarding group I individually),
(0.036, 0.038 regarding group II correspondingly).

This might be attributed to the alteration in both the
monomer’s chemical composition and polymerization
procedure as microwave curing is categorized by rapid
escalation in temperature accompanied with almost
equivalent heating inside and outside of the
substance, while the hot water bath involves a period
of boiling which is close to the boiling temperature of
MMA that is converted into gas creating bubbles that
might be trapped in a polymer matrix and influences
both water sorption and solubility [27,36].

The current consideration’s results were in accordance
with several studies that evaluated both water sorption
and solubility of heat-cured acrylic resin and compared it
with the microwave one. These contemplates revealed
that the microwave oven for curing resin was faster than
the conventional water bath. Furthermore, minimal
releasing of residual substances as well as improved
sorption and solubility results were achieved. On the
other hand, other contemplates compared between the
heat-polymerized acrylic resin (73°C for 9h) and the
microwave one (20min/90W and 5 min/450 W)
revealed that no alteration was originated between

both groups [2,37-39].

In the current contemplate, TiO, NF addition to
acrylic resin leads to improvement in water sorption
and solubility of acrylic resin denture base materials.
Regarding water sorption of heat-cured acrylic resin
was 0.554 and 0.256 in control and the modified group,
respectively, while in the microwave one it was 0.374
and 0.198 in control and the modified group,
respectively. On the other hand, water solubility of
heat-cured acrylic resin was 0.391 and 0.038 in control
and modified group individually, while in the
microwave one it was 0.281 and 0.036 in the control
and the modified group separately. The improvement
of both water sorption and solubility subsequent to the
addition of TiO, NF might be attributed to numerous
explanations such as nanofillers are water insoluble so
that the supplementation of metal oxide to the
specimens declines the solubility of acrylic resin [40].
Furthermore, titanium coupling agent incorporated in
salinized TiO, NPs expands the adhesion between
both resin matrix and filler particles which enhances

acrylic resin properties and declines its water sorption

and solubility [41].

Moreover, the reaction between resin (polar nature) and
nanofillers certainly induce replacing the hydrophilic
resin and minimizing the water uptake by decreasing
this polarity through utilizing most active sites in the
molecules, so the diffusivity of water particles through

this material is greatly declined [42—44].

Conclusion

Within the limitations of this study, it has been concluded
that microwave-cured acrylic resin in both modified and
control groups proved to be better than the conventional
heat-cured one. Moreover, the modified group generally
was significantly better than the control one in both water
sorption and solubility. Hence, TiO, NPs play a great role
in declining the amount of water sorption and solubility
when added to both microwave and conventional heat-
cured acrylic resin denture base materials.
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