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ABSTRACT

Soft liners are recommended in denture stomatitis, yet they are prone to microorganism colonization. Modification of
soft liners can be done by adding titanium dioxide (TiO,) because they induce photocatalytic production and increase
the physical strength of the material. This research aims to examine the effect of adding TiO, filter in soft liners on
the growth of Candida albicans and surface hardness. This research used disc-shaped soft liners with 2 sizes: 10
mm in diameter and 2 mm in thickness for the mold growth test and 10 mm in diameter and 6mm in thickness for
surface hardness. Each of the 24 samples was divided into 4 groups: groups |, Il, and Il with the addition of TiO,
at concentrations of 0.5%, 1%, and 2%, respectively, and group IV acting as the control group without TiO,. Test of
the growth of Candida albicans used dilution method, and calculations were made with a colony counter. Test of
surface hardness used a durometer, and data were analyzed using one-way ANOVA and LSD. The results showed
that among the groups, group Il demonstrated the lowest growth of Candida albicans (7.67 + 2.25 x10° CFU/mL),
while group IV exhibited the highest growth (21.33 £ 4.63 x 10° CFU/ml). The results of the ANOVA test showed that
the addition of TiO, had a significant effect on the growth of Candida albicans (p < 0.05). In the LSD test, there were
significant differences between the control group and all of the treatment groups. In the surface hardness test, the
highest was observed in group Il (29.92 + 1.52 HA), and the lowest was in group IV (23.08 + 2.6 HA). The results
of the ANOVA test indicated the effect of adding TiO, on the hardness of the soft liners (p < 0.05). The LSD test
showed significant differences between the control group and all of the treatment groups. The addition of 0.5%-2%
TiO, concentrations to soft liners inhibited the growth of Candida albicans, while the 0.5% concentration showed the

smallest change in surface hardness.
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INTRODUCTION

Denture material worn in the mouth cavity comes
into contact with saliva, and the denture selectively
absorbs salivary proteins and forms the acquired
denture pellicle. Microorganisms attach to salivary
protein receptors to form colonies. The collection of
microorganisms that form a soft, non-calcified coating
attached to dentures is called denture plaque. Plaque
formation can occur due to insufficient cleaning of
the acrylic resin surface. The salivary pellicle on the
surface of the denture can lead to the colonization
and proliferation of fungi, which are known to
contribute to the development of denture stomatitis.’

According to research, the presence of
Candida colonies is associated with cases of denture

stomatitis. Smear layer examination showed that
Candida colonies were frequently found on denture
surfaces that had been used, regardless of the
presence of denture stomatitis. Continuous use of
dentures increases the risk of developing denture
stomatitis with the presence of injury to the mucosa
and the length of time the mucosa is exposed to
the plaque on the denture. The use of a soft liner is
highly recommended in cases of denture stomatitis
to promote the healing of the tissue injury and to
provide comfort to the patient.2

Soft liner materials are generally easily
degraded and susceptible to colonization by
microorganisms. Modification of the temporary
soft liner material by adding an antimicrobial agent
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has the advantage of increasing the long-term
durability of the soft liner clinically.® The addition of
antifungal or antimicrobial drugs into the denture
base material can progressively release antifungal
properties into the oral cavity.* The addition of
drugs into the denture liner helps break the contact
between the denture biofilm and the infected
tissue, thereby preventing re-infection due to
contaminated dentures.?

TiO, nanoparticles have been shown to
have antimicrobial properties due to the ability
of TiO, to induce the photocatalytic production
of cytotoxic oxygen radicals. TiO, generates
strong oxidizing energy when UV radiation,
water, and oxygen are present around TiO,.5
The irradiated titanium dioxide can decompose
or oxidize organic and inorganic components.
The ability of TiO, to decompose organic
components increases the use of TiO, to destroy
microorganisms which mostly consist of organic-
based components.® TiO, nanoparticles also
produce reactive oxygen species (ROS) in cells
which cause a devastating effect on microbial
cells. This results in a decrease in respiratory
activity and ultimately leads to cell death.”

The addition of TiO, to resin materials at
certain concentrations can increase impact
strength, transverse strength, and surface
hardness.? In use, soft liner materials are expected
to be able to maintain their physical properties
in a plastic state.? Hardness is a measure of a
material’s resistance to local plastic deformation.
The hardness test was carried out to determine the
strength of the surface of the material to withstand
the penetration of certain loads.® The purpose of
this study was to examine the effect of adding TiO,
nanoparticles as a filler to soft liners on the growth
of Candida albicans and surface hardness.

MATERIALS AND METHODS

This research received ethical clearance from
the Research Ethics Commission of Faculty of
Dentistry and Prof Soedomo Dental Hospital,
Universitas Gadjah Mada Yogyakarta (project
number 150/KE/FKG UGM/EC/2022). Molds for the
construction of study samples were computerized
using Prusa Slicer 2.4.1 software, and 3D printing
was done with polylactic acid (PLA) material with a
0.1 mm accuracy.

Samples of soft liner discs were prepared
and mixed with 0.5%, 1%, and 2% concentrations
of TiO2 nanoparticles. The ratio of powder and
liquid soft liner according to the manufacturer
was 1:1. The percentage of TiO, nanoparticles
was determined based on the final weight of the
soft liner mixture. At a concentration of 0.5%, the
weight of the TiO, nanoparticles was 1 g, and
the weight of the powder and liquid was 99.5 g.
At a concentration of 1%, the weight of the TiO,
nanoparticles was 2 g, and the weight of the
powder and liquid was 99 g. At a concentration of
2%, the weight of the TiO, nanoparticles was 4 g,
and the weight of the powder and liquid was 98 g.
A stellon pot was used for mixing. The first mixing
was between soft liner liquid and TiO, nanoparticles
to obtain homogeneity. It was followed by the
addition of soft liner powder and stirred again for
30 seconds. Samples were incubated in distilled
water at 37 °C for 1 day.

Candida albicans colonies were collected
using sterile loops, then placed in Saboraud
dextrose broth (SDB) media and incubated for 24
hours at 37 °C. The Candida albicans suspension
obtained was added with sterile distilled water to
achieve turbidity with the Brown Il standard of 108
CFU/mL.
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Figure 1. The process of making sample prints uses 3D printing



Twenty-four samples with a diameter of 10
mm and a thickness of 2 mm were immersed in
Candida albicans suspension. Each sample was
put into a conical tube containing 10 ml of sterile
distilled water. Subsequently, the conical tube
was vibrated with a vortex mixer for 30 seconds
at a speed of 500 rpm, followed by dilution to a
series of 1073, Three types of dilutions were made
to simplify the calculation: (1) dilution 107": 1 mL
of solution was put into test tube | and added with
9 mL of distilled water; (2) dilution 1072 1 mL of
solution was taken from test tube |, put into test
tube Il, and then added with 9 mL of distilled
water; (3) dilution 1073 0.1 mL of solution was
taken from test tube Il and put in the Saboraud
dextrose agar (SDA) medium. The spreader was
used to spread the culture, then cultured at 37
°C for 24 hours. Calculation of Candida albicans
used a colony counter with units of colony forming
unit (CFU)/mL.

Twenty-four samples with a diameter of 10
mm and a thickness of 6 m were removed from
the distilled water, allowed to dry, and then tested
for surface hardness. Hardness measurement
used a digital Durometer Shore A and expressed
by the hardness of Shore A (HA). The instrument
was kept in a vertical position while pressure

Table 1. The mean value and standard deviation of Candida
albicans colonies on the soft liner

Groups n Mean + SD

P (x10° CFU/mL)
TiO, 0.5% 6 11.83 + 1.60
TiO, 1% 6 10.00 £ 2.53
TiO, 2% 6 7.67+2.25
Control 6 21.33+4.63

(B)

Figure 2. Candida albicans colonies growing on SDA (A) Control group, (B) TiO, 0.5%, (C) TiO, 1%, (D) TiO, 2%
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was applied. The reading was taken when the
foot of the instrument touched the surface of the
sample. Readings were made for 5 seconds after
tight contact was found. Measurements were
made at 5 points on each sample and then the
average surface hardness was calculated from
the data obtained.

RESULTS

The mean and standard deviation values of
Candida albicans colonies (in units of CFU/mL)
that grew on the soft liner after the addition of
TiO, nanoparticle filler can be seen in Table 1.
The difference in the number of Candida albicans
growing on SDA media can be seen in Figure 2.

The results of the Shapiro-Wilk normality test
showed that all data had a normal distribution with
a significance value of 0.948 (p > 0.05). The results
of the homogeneity test with Levene’s test showed
a significance value of 0.15 (p > 0.05), indicating
that all population variances are the same and the
assumption of variance between homogeneous
groups has been met. The results of the one way
ANOVA test showed a value of p =0.000 (p < 0.05).
These results are consistent with the hypothesis
that adding TiO, filler to the soft liner had an effect
on the growth of Candida albicans. The LSD post
hoc test was used to determine differences in each
treatment group. The significance value can be
seen in Table 2. The average value and standard
deviation of the surface hardness of the soft liner
(in HA units) after the addition of TiO, filler can be
seen in Table 3. The difference in the results of
measuring the surface hardness of the soft liner in
the treatment group can be seen in Figure 3.

(©) D)
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Table 2. The results of the significance of the LSD post hoc test between groups of TiO, nanoparticle filler concentrations on the

growth of Candida albicans

Concentration TiO, 0.5% TiO, 1% TiO, 2% Control
TiO, 0.5% - 1.83 417 -9.50*
TiO, 1% - - 2.33 -11.33*
TiO, 2% - - - -13.67*
Control - - - -

*. The mean difference is significant at the 0.05 level.

Table 3. The mean value and standard deviation of the surface
hardness of the soft liner

Groups n Mean + SD
(HA)

TiO, 0.5% 6 27.40 + 1.88

TiO, 1% 6 28.80+2.42

TiO, 2% 6 29.92 +1.52

Control 6 23.08 £2.16

Table 4. Significance results of the LSD post hoc test between

surface hardness

(B) (©)

Figure 3. Measurement of surface hardness of soft liners (A)
Control group, (B) TiO, 0.5%, (C) TiO, 1%, (D) TiO, 2%

groups of filler concentrations TiO, nanoparticles on soft liner

Concentration TiO, 0.5% TiO, 1% TiO, 2% Control
TiO, 0.5% - -1.4 -2.52% 4.2*
TiO, 1% - - -1.11 5.72*
TiO, 2% - - - 6.83*
Control - - - -
*. The mean difference is significant at the 0.05 level
The results of the Shapiro-Wilk normality = DISCUSSION

test on the soft liner surface hardness data
indicated that all data had a normal distribution
with a significance value of 0.142 (p > 0.05). The
results of the homogeneity test with Levene’s test
showed a significance value of 0.604 (p > 0.05).
This suggests that all population variances are the
same and the assumptions of variance between
homogeneous groups have been fulfilled. The
results of the one way ANOVA test showed a
value of p = 0.000 (p < 0.05). These results are
in accordance with the hypothesis that adding
TiO, filler to the soft liner had an effect on surface
hardness. The LSD post hoc test was used to
determine differences in each treatment group.
The significance value can be seen in Table 4.

The results of the study showed that adding TiO,
filler to the soft liner resulted in the highest inhibition
of Candida albicans growth at a concentration of
2% with an average number of colonies of 7.67
x 10® CFU/mL. The control group, which did not
receive TiO,, had the lowest number of colonies.
This indicates that TiO, nanoparticles could inhibit
the growth of Candida albicans. As shown in Table
1, TiO, nanoparticles with a concentration of 2%
showed the highest ability to inhibit fungal growth
compared to TiO, nanoparticles with concentrations
0f 0.5% and 1%. The high level of TiO, concentration
used may affect the antifungal effect of the soft
liner. Titanium dioxide at higher concentrations can



cause a greater inhibitory effect on mold growth.
The higher the concentration of TiO,, the fewer
Candida albicans colonies that grow.

Titanium dioxide that is added to the polymer
does not bond with it. It remains separate from the
polymer chain, and instead it is only trapped in the
polymer chain network." This leads to the release
of the antifungal effect over time. Titanium dioxide
can kill Candida albicans as the concentration
increases.” The addition of TiO, concentration to
acrylic materials has antibacterial and antifungal
effects as the concentration increases.'?The
amount of ROS produced depends on the
concentration used. The higher the concentration
of nanoparticles, the higher the ROS that can be
produced. Candida albicans has a thick cell wall
because it consists of glucan and chitin which
makes it strong. Titanium dioxide produces ROS
which can induce destructive effects on fungal
cells, triggering intracellular oxidation of coenzyme
A and lipid peroxidation. This process ultimately
causes a decrease in cell respiration activity,
resulting in the death of Candida albicans.”

The LSD test (Table 2) showed significant
differences in all treatment groups compared to
the control group. This effect might be due to the
presence of antifungal properties in titanium dioxide.
The properties of titanium dioxide nanoparticles
are broad-spectrum antimicrobials, high chemical
resistance,andabletoreduce contaminantsbecause
they have photocatalyst properties.”® The energy
difference of titanium dioxide anatase 3.26eV exits
from the valence band to the conduction band and
electrons, and releases energy. This energy then
reacts with water molecules and oxygen, triggering
the formation of ROS and hydroxyl radicals (-OH).
These radicals form pairs of electrons (e-) and holes
(h+) that can reduce and or oxidize compounds
(pollutants) in the vicinity. Microorganisms die after
contact with hydroxyl radicals. Hydroxyl radicals
and O, superoxide radicals play an important
role in inactivating micro-organisms by oxidizing
phospholipids in cell membranes. -OH radicals are
known to be 1000 times more effective in inactivating
micro-organisms than common disinfectants.™
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The results showed that there was no
significant difference between the number of
Candida albicans colonies in the 0.5% and
1% TiO, treatment group and the 1% and 2%
treatment group. This might be caused by the
low level of agglomeration that occurred in the
concentration range with a difference of 0.5-
1%. Low filler concentrations can increase the
density of polymer chains. The addition of TiO,
filler in low concentrations allows the filler to be
dispersed evenly without agglomeration. This
is in accordance with the finding of Shirkavand
which showed that the addition of excessive TiO,
can increase the risk of agglomeration between
nanoparticles. This can ultimately reduce the
dispersion of nanoparticles in the resin material,
so the effect produced by TiO2 is uneven.®

The highest mean surface hardness of the
soft liner was found in the treatment group with the
addition of 2% TiO, nanoparticles with an average
surface hardness of 29.92 HA. The lowest surface
hardness was found in the control group (without
the addition of TiO, nanoparticles) with an average
surface hardness of 23.08 HA. The increase in
surface hardness that occurred in all treatment
groups was still within the normal range for the
soft-liner material classification. According to 1ISO
10139-2:2016, a soft denture lining material has
a surface hardness of 25-50 HA after 24 hours of
soaking in granulated water. Shore A hardness
measurement is a measurement of the texture and
flexibility of the material where the ideal shore A
hardness value is between 25-35 SHU.'®

The increase in hardness can be influenced
by two factors: a higher filler content and the use
of a silane coupling agent, which is associated with
an increase in the connection between the filler and
the matrix.® Titanium dioxide acts as a solid in the
resin matrix, leading to an increase in its stiffness,
reduced mobility, and volume release, which
eventually appears as an escalation of violence.

The LSD test (Table 4) showed significant
differences in all treatment groups compared to
the control group. The role of TiO, nanoparticle
filler is to fill empty plasticizer spaces that are not
chemically bonded to the polymer network. The
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space will be filled with solid TiO, filler which will
make the soft-liner material even harder. The more
TiO, filler is added to the polymer, the more rigid the
polymer matrix will be. The amount of plasticizer
that is present in the liner material determines how
much of the material’s elasticity is lost throughout
usage; the more plasticizer that is substituted at the
start of polymerization, the less elastic the material
is. This problem frequently arises with soft-liner
products that contain acrylic.'”” The filler makes
the intermolecular cross-links in the surface layer
of the material larger than the internal layer of the
material, resulting in an increase in hardness on
the surface of the material being tested.'?

The results showed that there was no
significant  difference between the surface
hardness of the group added with 0.5% and 1%
TiO, nanoparticles and the group added with 1%
and 2% TiO, nanoparticles. This could be caused
by the small difference in TiO, content between
treatment groups, resulting in insignificant changes
in physical properties. The difference in filler
concentration affects the degree of saturation in
the resin matrix. The addition of TiO, nanoparticles
at a concentration of 0.5% to 1% showed an
increase in mechanical strength, namely tensile,
flexural and impact strength. In contrast, the
addition of concentrations above the saturation
point (> 2%) showed that the strength of the resin
material remained largely unchanged.'

Finally, it is important to note that this study
was limited to just one brand of soft-liner which
was commercially available, and the experiment
was of short duration. A longer period is needed
to extrapolate the results of this study to the
antimicrobial effects of soft-liner incorporated with
nanoparticles. Future studies could examine the
antifungal effectiveness achieved by adding TiO,
nanoparticles in the soft-liner material.

CONCLUSION

Incorporating TiO, nanoparticles into the soft liner
as a filler was found to decrease the growth of
Candida albicans. Adding TiO, nanoparticle filler at
0.5% to 2% concentration effectively suppressed

Candida albicans growth, with 0.5% resulting in
the smallest change in surface hardness.
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