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Abstract

Purpose: Microorganism colonization, namely Candida albicans (C. albicans), on silicone facial prostheses, with
subsequent dermatitis and prosthesis material degradation, is another problem added to the list for maxillofacial
defect patients who have already suffered a lot of physical and psychological pain during their injury and
treatment journey. This study aimed to investigate the most effective percentage of thymol powder for retarding
Candida albicans adhesion and colonization on the thymol-modified silicone specimens.

Materials and Methods: Study specimens were made from room-temperature vulcanized VerSilTal (VST-50)
maxillofacial silicone, which is impregnated with thymol powder in percentages of 0.75 wt.% and 1 wt.%,
depending on the pilot study outcomes. Forty silicone specimens were fabricated for the main study and then
dispensed among four groups: group A (the negative control with no additive), groups B and C (0.75 and 1 wt.%
thymol additive, respectively), and group D (the positive control with 1.4 wt.% nystatin additive). Candida
adherence testing estimated the antifungal properties of thymol-modified maxillofacial silicone specimens
through microscopic counting of adherent C. albicans cells on the silicone specimens’ surface. ANOVA and post-
hoc multiple comparison tests were used to compare groups (significance level at P < 0.05).

Results: Statistically, group B exhibited the maximum significant reduction in candida adherence mean value of
52.211 yeast cells/s/mm? (P = 0.000), compared to the rest of the study groups, including the positive and the
negative controls.

Conclusion: The outcomes revealed that thymol powder could be a powerful antifungal agent when impregnated
with maxillofacial silicone to produce material with inherent sanitation against C. albicans fungi.

Keywords: Candida Adherence; Candida Albicans; Maxillofacial Silicone; Thymol.

Copyright © 2025 Tehran University of Medical Sciences.

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International
license ( ). Noncommercial uses of the work
are permitted, provided the original work is properly cited.

DOI: https://doi.org/10.18502/fbt.v12i2.18268

Frontiers in
BIOMEDICAL
TECHNOLOGIES


https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.18502/fbt.v12i2.18268
file:///D:/A/Mrs.Dadbin/FBT-12-2/hussainmanar23@gmail.com
https://orcid.org/0009-0001-5122-4181

M. Hussein Ramadhan, et al.

1. Introduction

Prosthodontists and laboratory technicians adopt
maxillofacial prosthetic materials to fabricate artificial
replacements for patients who have lost some parts of
their faces because of trauma, congenital disabilities,
or surgical tumor excision [1, 2].

Any maxillofacial prosthetic material should
possess a high level of biological, physical,
mechanical, and aesthetic characteristics to be as
durable and comfortable for the patient as possible [3].

Nowadays, maxillofacial silicone is considered the
premium material developed for producing most
maxillofacial prostheses. This consideration is
because of its relatively good physical and mechanical
characteristics, low cost, easy management,
biocompatibility, and acceptable coloring and
characterization techniques [4, 5].

The long period of wearing the maxillofacial
prosthesis, however, places it close to facial tissue and
secretions, creating a good opportunity for
opportunistic microorganisms such as Candida
albicans (C. albicans) to colonize both the prosthesis
and the underlying facial tissue, leading to skin
infection as well as silicone material degradation.
Therefore, maintaining the integrity of the
maxillofacial prosthesis and the health of the
underlying facial tissue depends heavily on prosthesis
hygiene [6].

Candida infections could range from simple
mucocutaneous candidiasis to serious candidemia
through the diffusion of fungal cells from their biofilm
into the bloodstream; their drug-resistance capability
could aggravate this [7, 8].

Furthermore, candida colonization within the fabric
of a silicone prosthesis is harmful to its integrity as it
causes the silicone to soften, deteriorate, and develop
a fixed black stain, ultimately leading to prosthesis
failure [8].

The pharmaceutical properties of medicinal herbs
and their active components for human health against
various ailments have been suggested by extensive
epidemiological and experimental studies; they offer
easier handling, fewer side effects, and lower toxicity
than chemical substitutes [4, 9].
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Plants can synthesize a wide variety of chemical
compounds that are used to perform critical biological
functions. For example, eucalyptol is the main active
constituent of eucalyptus oil and has antibacterial and
anti-inflammatory properties [10].

Menthol is another herbal compound that can be
isolated from essential oils extracted from some
species of the Mentha genus [11]. The biological
properties of menthol include analgesic, anesthetic,
antibacterial, and antifungal properties [12].

Also, essential oils from Laportea aestuans, highly
dominated by methyl salicylate (54.50%), have in
vitro antioxidant and antimicrobial activities [13].

Thymol is a natural monoterpenoid phenol,
chemically termed 5-methyl-2-isopropylphenol, a
colorless crystalline material with a distinctive scent.
It is the main active constituent of natural thymol oil
extracted from the plant Thymus vulgaris (T. vulgaris)
[14].

Thymol  exhibits  various  pharmacological
properties, for example, antioxidant, antimicrobial,
anti-inflammatory, and anticancer properties [15].

In this study, thymol is utilized as the antifungal
agent to be added into the Room Temperature
Vulcanized (RTV) VST-50 maxillofacial silicone
material in an attempt to inhibit the adherence of C.
albicans units on the maxillofacial silicone surface
owing to its antimicrobial and anti-inflammatory
properties and its safety [15].

There are no published research studies
investigating the effects of thymol herbal extract as an
additive to the maxillofacial silicone elastomer that
inhibits candida biofilm formation on the surface of
maxillofacial silicone.

This study aims to evaluate the efficacy of thymol
powder incorporation into the VST-50 maxillofacial
silicone matrix to inhibit C. albicans adherence.

2. Materials and Methods

All methods employed for this in vitro experimental
study adhered to the Helsinki Declaration and any later
amendments it received regarding human research.
The institutional ethics committee approved the
protocol (project No. 667222 and Ref No. 667) after
fully explaining the nature and objectives of the study.
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A pilot study was accomplished to investigate the
more effective two percentages of thymol powder
(purity of 99.5%, particle size 2 microns, BDH
Limited Pool England, CAS 89-83-8) that should be
incorporated into VST-50 maxillofacial silicone
matrix (Factor Il Inc., USA) in the main study to act
as an antifungal agent while improving or at least not
affecting the other mechanical properties of the tested
silicone, namely tensile strength and percentage of
elongation. Concerning the candida adherence test,
three silicone specimens were made for each of the six
percentages (0.25, 0.50, 0.75, 1, 1.25, and 1.50 wt.%)
of thymol powder additives. Another three silicone
specimens were also made for the negative (-ve)
control.

Tensile strength and elongation percentage tests
were accomplished using dumbbell-shaped (type 2)
specimens according to the International Organization
for Standardization (ISO 37, 2017) [16]. The
mechanical tests were examined synchronically using
the same specimen through an Instron universal
testing machine, the WDW-20. Again, three
specimens were allocated for each weight percentage
group.

According to the pilot study outcomes, 0.75 wt.%
and 1 wt.% of thymol powder were nominated to be
used in the main study as they exhibited a more
significant reduction in candida adherence to the
silicone surface as well as an improvement in the
tested mechanical properties.

The main study was accomplished according to the
outcomes of the pilot study. In this study, ten silicone
specimens were prepared for each of the four study
groups, which are group A (the -ve control without
additive), group B (0.75 wt.% thymol additive), group
C (1 wt.% thymol additive), and group D (the positive
(+ve) control, in which 1.4 wt.% nystatin powder was
incorporated, Nystatin powder was supplied by
Avonchem Limited with a purity of 99% (CAS 1400-
61-9). The total number of prepared and tested
specimens in the main study was 40.

An inverted light microscope (D-63303,
KARLKOLB, DREIEICH, GERMANY) was used to
visualize and count the adherent candida cells in four
fields of view on the surface of every specimen, and
the mean reading was calculated.
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The negative and positive control groups were used
as criteria to explore the impact of thymol powder on
candida adherence.  Thymol powder was
nominated for this study due to its antifungal
characteristics.

2.1. Mold Fabrication and Specimen
Preparation

The mold was fabricated from transparent acrylic
sheets (Perspex cell-cast acrylic, Clairvaux Les
Lacsrance, France). The shape and dimensions of the
specimens’ mold were designated by AutoCAD 2013.
The fabrication process of these molds was
accomplished by the Computer Numerical Control
machine (CNC) JL-1612 [17].

Maxillofacial silicone specimens were fabricated as
discs of 2 mm thickness and 10 mm diameter [18, 19].

The control silicone specimens were prepared as
stated by the instructions of the manufacturer, which
indicate adding the catalyst to the base of the silicone
in a weight ratio of 1:10, then mixed by a Myxyvac T
vacuum mixer at 360 rpm and -10 bar for five minutes
[4, 20].

Concerning the experimental groups’ specimens,
thymol powder was incorporated into the silicone base
according to its weight percentage. For example, in 10
g of the silicone base to be modified with 0.75%
thymol powder, 0.75 g of thymol powder was mixed
with 9.925 g of the silicone base to form 10 g of the
modified base [20].

Then, the thymol and the silicone base were mixed
initially without a vacuum for three minutes to prevent
powder suction and then remixed for five minutes with
the vacuum [4].

The silicone catalyst was then incorporated,
depending on the weight of the modified base, in the
previously mentioned ratio (1:10 catalyst to base) and
mixed with it for five minutes under vacuum to obtain
a bubble-free mixture [21].

Nystatin-modified silicone specimens (+ ve
control) were prepared by the same method as thymol-
modified silicone specimens and according to weight
percentage, which is 1.4%.

All mold parts (cover, matrix, and bottom) were
coated with a thin film of separating medium (BMS
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Dendal, Italy). Then, the mixture was poured into the
mold [17, 22]. This was done “at a Relative Humidity
(RH) of 50+10% and a controlled temperature of
23+2°C” [23]. It requires about 4-6 hours of setting
time, as recommended in the manufacturer’s
information.

Following the setting, all specimens were retrieved
from the molds, finished, and kept in a lightproof
storage box under the formerly mentioned standard
conditions until testing. The minimum time between
vulcanization and testing should be 16 hours [23].

2.2. Preparation of Sabouraud Dextrose Agar
(SDA) Medium

SDA (Oxoid Ltd Wade Road Basingstoke, Hants,
UK) medium preparation was accomplished as
directed by the manufacturer's instructions, sterilized
by an autoclave (Portable Pressure steam sterilizer
Y X-2808, China) at 121 °C and 15 psi for 15 minutes,
and allowed to cool down for about 30 minutes, and
chloramphenicol (Oxoid Ltd Wade Road Basingstoke,
Hants, UK, Cas 56-75-7) (0.05 gram per liter of
medium) was added to inhibit the bacterial
development in the medium. After that, the SDA
medium was dispensed into Petri dishes and left to
harden, then kept in the refrigerator at four °C until it
needed to be used [24].

The SDA dishes were used for culturing candida
isolates and then incubated aerobically for 48 hours at
37°C [25, 26].

2.3. Identification of Candida Albicans

C. albicans was identified by the following
methods:

1- Colony Morphology

After incubation and colonization in the SDA
medium, C. albicans colonies appear dome-shaped,
pearly, smooth, buttery, and pale [24, 27, 28].

2- Microscopic Examination

A small part of a single, distinct C. albicans colony
was picked up and blended with a normal saline
droplet to produce candida suspension, which was
then spread on a glass slide, dried, and fixed by the
Bunsen burner flame. After that, it was stained
according to Gram’s method [29]. This method was
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the next: First, the slide was stained with crystal violet
(APCO, Cas 548-62-9) for one minute and washed
away by rinsing with distilled water. Second, the slide
was stained with Gram’s iodine stain (APCO, Cas
12298-68-9) for one minute and then washed. Third,
acetone alcohol (APCO, Cas 67-64-1) was used to
decolorize the slide until the solution became
colorless, then rinsed with distilled water. Finally, the
slide was counterstained with safranin (APCO, Cas
477-73-6) for one minute, rinsed, and dried.

The slide was examined by a light microscope (A.
KRUSS OPTRONIC, Germany) at a magnification of
x400.

3- Germ Tube Formation

A small amount of inoculum was picked up from a
single distinct candida colony and mixed with 0.5 ml
of serum. This mixture was then incubated for two
hours at 37 °C. Then, this suspension was dispensed
over a glass slide and shielded with a coverslip to be
inspected under a light microscope [30, 31].

4- Biochemical Identification

The VITEK-2 compact™ system (BIOMERIEUX,
France) was used to accurately determine the exact
species of fungi to confirm that it is C. albicans. This
system compares the biochemical profile of the tested
isolate with a vast database to determine the exact
fungal species [24].

Candida suspension was prepared at an optical
density of 2.0 McFarland standards. VITEK-2 cards
were automatically filled with candida suspension,
closed, and incubated in the device for 18 hours at 37
°C. The results were matched with the database to
identify the microorganism [32].

2.4. Preparation of Candida Albicans
Suspension

First, the Sabouraud Dextrose Broth (SDB) was
prepared following the manufacturer’s directions, then
sterilized in an autoclave for 15 minutes at 121°C/15
psi and left to cool for about 30 minutes. Then,
chloramphenicol (0.05 grams per liter of medium) was
added. Then, for preparing the C. albicans suspension,
this broth was mixed with C. albicans inoculum in
sterile glass tubes at a concentration of 0.5 McFarland
standard [24].
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2.5. Candida Adherence Test

Test specimens of VST-50 RTV maxillofacial
silicone material were prepared as discs of 2 mm
thickness and 10 mm diameter for each study group.
Then, they soaked in sterile tubes containing about 20
ml of C. albicans suspension [18, 19].

These specimens were put in the incubator for one
hour at room temperature, then rinsed for one minute
by gentle agitation in normal saline and dried.
Methanol (Carlo Erba, Iraq, Cas 67-56-1) was used to
fix the adherent candida cells; this was followed by
staining the specimens with crystal violet for one
minute, washing them in normal saline for 30 seconds,
and finally drying them on filter paper [18].

The prepared specimens were ready to be examined
under an inverted light microscope (at a magnification
power of x40) connected to the computer. First, the
diameter of the Field Of View (FOV) of the
microscope was calculated and found to be 0.575 mm
through Equation 1 according to the manufacturer’s
instructions:

dFOV = FN/MP (1)

where:
drov: Diameter of the field of view (mm).

FN: The field number (engraved on the objective
lens).

MP: The magnification power of the objective lens.

As the FOV is circular, the area of the field of view
was calculated through the area equation of circles and
found to be 0.26 mm?. Then, the mean of adherent
yeast cells in four fields of view for every specimen
was counted, and the result was calculated
mathematically as yeast cells per one square
millimeter of the FOV.

The Energy Dispersive X-Ray (EDX) device
(MIRA 1Il, TESCAN, Czech) was utilized to
investigate the purity of thymol through the elemental
analysis associated with electron microscopy.
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3. Results

The Statistical Package for Social Sciences (SPSS)
program, version 26, was used to analyze the data
through descriptive and inferential statistics.

3.1. Pilot Study Results

The pilot study included a Candida albicans
adherence test, a tensile strength test, and an
elongation percentage test.

Table 1 shows the results of pilot study tests.
Generally, the 0.25, 0.5, 0.75, and 1 wt.% thymol-
modified experimental groups showed a reduction in
the mean candida adherence to the silicone specimens’
surfaces and an increase in the tensile strength and
elongation percentage than those of the control groups.
Regarding the candida adherence test, the 0.5 and 0.75
wt.% groups exhibited the lowest mean candida
adherence values among the other groups. In contrast,
the 1.25 and 1.5 wt.% groups showed increasing mean
candida adherence values than those of the control
group, which is why they were excluded from the rest
of the pilot study tests.

Regarding the tensile strength test, the 0.75 and 1
wt.% groups exhibited the highest mean values among
all groups. Finally, the elongation percentage test
result showed the maximum increase in the mean
elongation values of the test specimens belonging to
the 0.25 and 0.75 wt.% groups compared to all other
groups.

3.2. Main Study Results

Table 2 shows the descriptive statistics, one-way
Analysis of Variances (ANOVA), homogeneity of
variances, and the post-hoc multiple comparisons of
the candida adherence test groups in the main study.
According to the descriptive statistical analysis,
experimental group B exhibited the minimum mean
value of adherent candida cells (52.211 yeast
cellssmm?), followed by group C (63.653 yeast
cellssmm?), which showed a mean value lesser than
that of both the +ve control group (88.653 yeast
cells/fmm?) and the -ve control group (162.499 yeast
cellssfmm?), with the latter having the maximum
number of adherent candida cells as shown in Figure
1.
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Table 1. Statistical analysis for candida adherence (yeast cells/mm?), tensile strength (MPa), and elongation percentage

(%) tests in the pilot study

Descriptive Post-hoc multiple
statistics comparisons
. Mean
Pilot tests Groups No. Mean Compared groups difference P-value
0 wt.% 3 166.346 0 wt.% - 0.25 wt.% 87.179 0.000
0.25 wt.% 3 79.166 0 wt.% - 0.5 wt.% 104.166 0.000
Candida 0.5 wt.% 3 62.179 0wt.% - 0.75 wt.% 117.948 0.000
adherence 0.75 wt.% 3 48.397 0wt.% - 1 wt.% 98.717 0.000
1 wt.% 3 67.628 0 wt.% - 1.25 wt.% -26.602 0.176
1.25 wt.% 3 192.948 0wt.% - 1.5 wt.% -31.730 0.055
1.5 wt.% 3 198.076
0 wt.% 3 6.436 0 wt.% - 0.25 wt.% -1.006 1.000
Tensile 0.25 wt.% 3 7.443 0 wt.% - 0.5 wt.% -0.606 1.000
Strength 0.5 wt.% 3 7.043 0 wt.% - 0.75 wt.% -2.326 0.230
0.75 wt.% 3 8.763 0wt.% - 1 wt.% -1.446 1.000
1 wt.% 3 7.883
0 wt.% 3 734.441 0 wt.% - 0.25 wt.% -184.334 0.087
Elongation 0.25 wt.% 3 918.776 0 wt.% - 0.5 wt.% -0.953 1.000
% 0.5 wt.% 3 735.394 0 wt.% - 0.75 wt.% -183.604 0.089
0.75 wt.% 3 918.045 0wt.% - 1 wt.% -99.733 1.000
1wt.% 3 834.174

Table 2. Statistical analysis of the candida adherence result (yeast cellsymm?) in the main study

Descriptive statistics

Post-hoc multiple comparisons

Groups No. Mean d S.td'. ANOVA Homogenelty Compared Mean difference P-

eviation P-value of variances groups value

A 10 162.499 4.73232672 0.000* 0.002 A-B 110.288 0.000*

B 10 52.211  4.41912740 A-C 98.846 0.000*

C 10 63.653  2.16435138 A-D 73.846 0.000*

D 10 88.653  2.01694035 B-C -11.442 0.000*
B-D -36.442 0.000*

C-D -25.000 0.000*

M Group A [ Group B

M Group C Group D
200
[%2] —
= % & 150
ETE
s SE 100
22
S5 =
<38 s0 e
(&)
0
Groups

Figure 1. Box plot presentation of mean candida
adherence values for all study groups

The ANOVA test showed significant differences
among groups at P = 0.000, which means that thymol
addition to the silicone matrix significantly affected
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the candida adherence to the silicone surfaces. In
addition, the post-hoc multiple comparisons test
compared the mean values of the test results between
every two groups. It showed that the (-ve) control
exhibited statistically significant differences as
compared to experimental groups B, C, and D (P =
0.000); likewise, there were statistically significant
differences between groups B and C, B and D, in
addition to C and D (P = 0.000).

3.3. Energy-Dispersive X-Ray (EDX) Result

The energy-dispersive X-ray analysis demonstrated
thymol purity through the elemental analysis
associated with electron microscopy (Figure 2).
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1

Figure 2. Energy dispersive X-ray analysis for
thymol powder showing carbon (C) and oxygen
(O) elements

4. Discussion

Generally, VST-50 maxillofacial silicone possesses
relatively good physical and mechanical properties, as
evident in the manufacturer's information. However,
patients with maxillofacial defects are prone to
develop candida infections due to wearing the
maxillofacial silicone prosthesis, which is in close
contact with skin secretions for long hours during the
daytime, creating a favorable environment for candida
colonization, skin infection, and silicone material
degradation.

A preliminary pilot study was employed to
investigate the more suitable two-weight percentages
of thymol powder to be incorporated into VST-50
maxillofacial silicone, mainly in order to inhibit
candida adherence and improve its mechanical
performance. Accordingly, 0.75 and 1 wt.% thymol-
modified groups were nominated for the main study.

According to the results of the main study, thymol
powder seemed practical in inhibiting C. albicans
adherence to the surface of thymol-impregnated
silicone specimens, as was the aim of this study. This
inhibition is essential in preventing C. albicans
colonization on silicone facial prostheses and
underlying tissue, with subsequent dermatitis and
prosthesis material degradation.

Statistically, the antifungal efficacy of the two
experimental groups, B and C, was significantly
higher than the (+ve) and (-ve) control groups. This
antifungal efficacy is because thymol hinders the
ergosterol biosynthesis. Ergosterol is a unique fatty
acid that is present only in the cell wall of fungi, and
it is mandatory for their proper growth and survival.
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Therefore, the materials that disturb ergosterol in the
fungal cell membrane render it dramatically
permeable, which allows leakage of cellular
constituents necessary for fungal cell survival [33] and
an increase in reactive oxygen species concentration
and oxidative stress, which, in turn, decreases the
extracellular ~ polymer matrix and  capsular
polysaccharide leading ultimately to fungal cell failure
and death [34].

The adherent candida cell mean values of
experimental group C specimens were higher than
those of experimental group B specimens. This
observation may be attributed to the leaching out of
excessive thymol loading from the silicone specimens
to achieve a more stable state; this could lead to a
lower thymol content of the silicone specimen and,
consequently, lesser antifungal efficiency [35].

The results of this test agreed with the study
conducted to investigate the effect of incorporating
pure natural thyme and nigella sativa oils in different
concentrations (0.5%, 1%, 1.5%, and 2%) into the
heat-cured acrylic resin denture base material. Their
outcomes indicated a significant difference (P = 0.05),
as both nigella sativa and thyme oil additives act as
antimicrobial agents in the cured acrylic denture base
[36].

In agreement with this work results, an earlier study
had found a robust fungicidal effect of thymol and
carvacrol against candida isolates [37].

This finding was also proven by an in vitro study
conducted to evaluate the antifungal efficiency of
thymol, carvacrol, and eugenol. The results showed
that these herbal extracts inhibited fungal growth, with
thymol demonstrating the maximum efficiency [38].

No previous work in the literature has studied the
antifungal efficiency of thymol-modified
maxillofacial silicone matrix. Therefore, in this study,
we looked for the efficacy of thymol in inhibiting C.
albicans adherence to the surface of maxillofacial
silicone. This property is particularly promising in
opening the gates towards improving patients' quality
of life with maxillofacial defects.

5. Conclusion

In conclusion, this in vitro experimental study
investigated the efficacy of thymol-modified
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maxillofacial silicone material in inhibiting the
adhesion of C. albicans fungi to the surface of the
silicone prostheses. Within the limitations of this
study, thymol-modified silicone material exhibited
significant potential against C. albicans adhesion.
Silicone specimens of 0.75 wt.% thymol addition
exhibited a more considerable inhibition in C. albicans
adhesion than the other groups’ specimens. However,
further studies are required focusing on the thymol
impact on other properties of the thymol-modified
silicone material while considering the patient-related
factors before other recommendations can be made on
using this modified silicone in standard clinical
practice.
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