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Abstract: While functioning in the oral cavity, denture soft linings (SL) are exposed to contact with the
microbiota. Dentures can offer perfect conditions for the multiplication of pathogenic yeast-like fungi,
resulting in rapid colonisation of the surface of the materials used. In vitro experiments have also
shown that yeast may penetrate SL. This may lead to changes in their initially beneficial functional
properties. The aim of this work was to investigate the effect of three months of exposure to a
Candida albicans suspension on the mechanical properties of SL material and its bond strength to the
denture base polymer, and to additionally verify previous reports of penetration using a different
methodology. Specimens of the SL material used were incubated for 30, 60 and 90 days in a suspension
of Candida albicans strain (ATCC 10231). Their shore A hardness, tensile strength, and bond strength
to acrylic resin were tested. The colonization of the surface and penetration on fractured specimens
were analysed with scanning electron and inverted fluorescence microscopes. Exposure to yeast
did not affect the mechanical properties. The surfaces of the samples were colonised, especially in
crystallized structures of the medium; however, the penetration of hyphae and blastospores into the
material was not observed.

Keywords: silicone elastomers; denture soft linings; Candida albicans; mechanical properties; colonization;
penetration; dentures

1. Introduction

The problem of edentulism occurs with varying intensity depending on the age of
patients and the wealth of societies. Peltzer et al. [1] reported that among adults older than
50 years of age, its overall prevalence was 21.7% in Mexico; 16.3% in India; 9% in China;
and 8.5% in South Africa, while in the United States in patients over 15 years of age the
prevalence of edentulism was 4.9% [2]. The basic method of rehabilitation for these patients
is the use of dentures, which are usually made of polymer materials [3,4]. Soft denture
polymeric relining materials are used in new and old dentures at the mucosal interface.
They allow for a more even distribution of the chewing forces transferred to tissues, but also
show a cushioning effect during chewing, helping to improve retention and stabilisation of
dentures [5,6]. They are recommended mainly for patients with atrophied or acute alveolar
ridges, painful mucosa under the denture or during treatment for mucosal healing caused
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by a hard denture, or after surgical procedures [7,8]. Studies show significant clinical
benefits associated with the long-term use of mostly silicone soft linings, achieved by
improving chewing ability [9-11] and other factors affecting the comfort of patients [12-15].
Among the problems related to the functioning of soft liners in clinical practice, their
relatively quick colonisation by yeast-like fungi is indicated [16,17]. Research shows that
after a year, approximately 30% of soft silicone relinings are colonised so intensively that
they need to be replaced [18].The importance of the occurrence of pathogenic microflora
in dentures applies not only to the well-known complications of the oral cavity [19,20].
The microorganisms of dentures can be both inhaled and swallowed, thereby affecting
other aspects of the health of elderly patients, due the infection of the lungs, kidneys,
cardiovascular, and digestive systems [21]. To eliminate complications, experimental
long-term materials with antimicrobial properties have been considered [22-27], but none
of them has been introduced into clinical practice so far. Much attention has also been
paid to the possibility of disinfecting and cleaning soft liners, but its effectiveness is also
limited [28,29], as it may negatively affect their physicochemical properties [30,31].

Numerous studies have also been focused on better understanding the colonisation
process and its potential relation to the properties of materials. To date, it has not been
possible to determine whether, and to what extent, roughness affects the colonisation of
these types of materials, as some studies have indicated this relationship [32-34], while it
was not observed in others [35]. This indicates that roughness may be one of the important
factors for this process, but probably not the decisive one. In this context, it is also suggested
that C. albicans show greater adherence to surfaces with higher hydrophilicity [35]. In vitro
investigations also show that the presence of salivary film on silicone liners influences early
colonisation of Candida by decreasing the number of adhered yeast cells [36], however,
after a longer period, the effect may be the opposite [37]. In vitro studies indicated that
yeasts not only colonise the surface of soft linings, but also penetrate their interior [32,38,39].
During experiments, samples were exposed to suspensions of C. albicans, then cut and
evaluated in microscopic observations. Bulad et al. [38] registered blastospores and hyphae
forms inside soft acrylic and silicone linings, counted in hundreds or even thousands per
analysed section. Moreover, in some sections, microorganism cells were observed at the
interface where the denture base acrylic and the lining material were bonded, so the authors
suggested that these data may indicate the influence of yeast presence on the properties
of the bonded area. In laboratory studies, Rodger et al. [39] also indicated that just after
72 h of exposure to C. albicans suspension, the process of the penetration of yeasts into
silicones occurs with considerable intensity. The presence of yeast inside the material may
be an important factor influencing the mechanical properties of soft-lining silicones, but
this problem has not been investigated so far.

Thus, the purpose of the work was to investigate the mechanical properties of sil-
icone soft lining material, and its bond strength with acrylic denture base polymer ex-
posed to C. albicans suspension. Our hypothesis was that soft-lining samples exposed to a
C. albicans strain suspension are colonised and penetrated by microorganism cells, which
causes deterioration of mechanical properties. An additional objective was to investigate
the penetration of C. albicans into silicone soft lining material using fractured samples
during microscopic observations. Recognising the problems that are the subject of research
is particularly important in the context of risk identification, control, and prevention of
the spread of pathogenic microorganisms operating on dentures as a result of their contact
with food ingredients and saliva.

2. Materials
2.1. Materials and Samples Preparation

The material tested was room-temperature silicone vulcanizing soft lining material
Mollosil Plus, with a dedicated adhesive (Detax GmbH, Ettlingen, Germany). For the
tensile bond strength test, shade 4—translucent Vertex Rapid Simplified acrylic heat-curing
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resin (Vertex-Dental B.V., Soesterberg, The Netherlands) was used as the denture base
material. The materials were cured according to the manufacturer’s instructions.

Samples for Shore hardness and tensile tests were prepared in stainless steel moulds.
After mixing the base and catalytic pastes at a 1:1 (mass) ratio, the material was put into
the moulds using inserts made of 23 pum thick polyester film (DuPont Teijin Films, Chester,
PA, USA), between the polymerized material and the lid of the mould, in order to prevent
strong adhesion of the silicones to the smooth metal surface. The moulds were compressed
using a hydraulic press (0.2 MPa) to remove air bubbles and excess material. For hardness
tests, samples with a diameter of 40 mm and a height of 6 mm were made [40]. For tensile
strength tests, firstly plates measuring 60 mm x 60 mm and 1.5 mm thick were polymerized,
and then samples of type ISO 37-4 [41] were cut using the ZCP 020 cutting-die (Zwick
GmbH & Com, Ulm, Germany).

Tensile bond strength samples were prepared based on the ISO 10139 standard [42],
with necessary modifications aimed at the proper performance of the experiment. First,
PMMA samples with dimensions of 20 x 20 mm and a thickness of 3.3 £ 0.1 mm were
made with the standard flasking technique used in prosthetic dentistry. Their surfaces were
individually wet ground (Labo-Pol25, Struers, Willich, Germany) with abrasive paper P500
(Struers, Willich, Germany), rinsed in distilled water, and conditioned in distilled water at
37 £ 1 °C for 2 days.

The samples were prepared according to the procedure shown in Figure 1. Stainless
steel rings with an internal diameter of 10.8 mm, a height of 3 mm, and a wall thickness of
1 mm were prepared. The rings were made by gluing two halves together with Kropelka
cyanopane glue (Feneedur, Montevideo, Uruguay). The halves of the rings were obtained
by cutting two separate rings on a precision cutter so that, taking into account the thickness
of the disc, two identical halves were obtained. A chamfer was made at one end of each
half. The bonding agent was applied with a brush on the surface of the PMMA samples,
the silicone soft lining material was placed into the ring set on an acrylic plate, and the
second PMMA was pressed. After finishing the curing procedure, excess material was
carefully removed with a scalpel, then the ring was opened and removed. This procedure
was aimed at ensuring free access of the microorganism suspension to the surface of the
samples during their incubation in the C. albicans suspension. After the exposure, handles
(M4 screws) were attached to the samples using reducers placed in the jaws of a testing
machine, and Vertex Castapress cold-curing acrylic resin (Vertex-Dental B.V., Soesterberg,
The Netherlands) as previously described [23], and a tensile test was carried out.
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Figure 1. Illustration of the procedure for determining the impact of the presence of C. albicans on
bond strength.
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2.2. Exposure to Suspension of Candida albicans

As the test medium, a suspension of the reference strain C. albicans (ATCC 10231) (CAS)
in liquid Sabouraud medium diluted 5-fold with 0.9% NaCl solution (the final density
was 3 x 10° CFU/ mL) was used. Sabouraud liquid medium (bioMérieux, Craponne, France)
diluted 5 times with PBS was used as control medium (CM). All samples were plasma sterilized,
and incubated for 30, 60 and 90 days at a temperature of 37 °C. The CM and TM were changed
twice a week. During the media exchange, the samples were gently rinsed in CM.

2.3. Mechanical Properties Tests

For the tensile strength test, ten samples of each material were made for each experi-
mental condition (n = 70). Specimens were mounted with polymeric tweezers in the jaws
of a Zwick Z020 universal testing machine (Zwick GmbH & Com, Ulm, Germany). Tensile
speed was 10 mm/min [43], and the tensile strength was calculated as a ratio of force at
rupture (N) and initial cross-sectional area (mm?). Each fractured sample was carefully
removed to a Petri dish with polymeric tweezers (parts were caught near the place of
attachment in the jaw), and stored inside desiccators before microscopic investigations.

Ten samples of each material were made for the tensile bond strength (TBS) test for
each experimental condition (1 = 70). After each incubation time, samples were individually
mounted in reducers placed in the jaws, and the tensile test was performed with a cross-
head speed of 10 mm/min [23]. The tensile bond strength (TBS) was calculated as a ratio
of the maximal registered force (N) and the initial cross-sectional area (mm?). During
mounting/removal of the samples in/from reducers, special care was taken to touch
only the handles, and fracture samples were collected on Petri dishes and stored inside
desiccators before microscopic investigations. For each of the specimens, the type of failure
was classified as follows: adhesive (debonding of the silicone material from the PMMA),
cohesive (failure only within the lining material), and mixed (lining material partially left
on the PMMA substrates).

Three samples were made for the Shore A hardness test for each incubation time
(n = 21), and after 5 s of loading at five points of every sample [40], values were registered
with a Bareiss HPE II-A durometer (Bareiss Priifgeratebau GmbH, Oberdischingen, Germany).
Since, due to the purpose of the experiment, it was not possible to carry out measurements on
the same samples at subsequent time points, the hardness of all samples was measured before
the start of incubation to confirm the lack of initial differences in hardness.

All tests were carried out in air-conditioned laboratory rooms at a temperature of ~21 °C.

2.4. Scanning Electron Microscopy Investigations

After exposure, samples were removed with tweezers and gently placed three times
in ~30 mL of 4% glutaraldehyde solution (Pol-Aura, Zabrze, Poland) in a sterile 0.9% PBS
solution, to remove loose and unattached cells, placed in the solution as above for 2 h to fix the
cells [32,38], and then dehydrated in 100% alcohol [32] for one minute. For scanning electron
microscopy (SEM) investigations, five parts of fractured specimens were chosen randomly
after the tensile strength test, and five after the tensile bond strength test (ten parts for each
incubation time). Due to the creation of a new surface after the rupture of the samples, the
fixation was repeated as previously described, but the samples were dried (20-30 min) [44]
at 30 °C in desiccators containing freshly dried silica gel. All samples were gold sputtered.
A Zeiss SUPRA 35 scanning electron microscope (Zeiss, Oberkochen, Germany) was used
for qualitative evaluation of surface colonisation and potential penetration (on fractured
surfaces—interior of specimens) of C. albicans. The accelerating voltage was 15 kV.

2.5. Fluorescence Microscope Investigations

The five samples (tensile test samples) for each incubation time were carefully rinsed
by gently dipping them three times in sterile PBS to remove loosely attached cells. Attached
cells were fixed by immersion in 100% methanol for one minute and then air-dried [32].
After the tensile strength test, ten parts (five for surface observations and five for interior
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observations) were obtained. For surface observations 1-2 drops of Calcofluor White
Stain (Sigma-Aldrich, St. Louis, MO, USA) were placed on a microscopy glass slide,
the investigated surface was placed in it and after 1-2 min of incubation, observations
were carried out at room temperature under UV light. For investigations of the interior
(fractures), samples containing the tested surface (fracture) were carefully cut off from the
fractured half-samples with a razor blade, approximately 3 mm from the observed surface.
This was necessary due to the original size/geometry of the samples required to allow
setting them correctly on a microscope slide for fluorescence microscopy. An amount of
1-2 drops of Calcofluor White Stain was placed on the glass slide, the investigated surface
(fracture) was placed in it and after 1-2 min of incubation, observations were carried out
at room temperature under UV light with fluorescence microscopy. Due to the binding of
calcofluor with the cellulose and chitin contained in the cell walls of fungal microorganisms,
they are fluorescent and visible as bright green to blue in UV-mode. During investigations
an OLYMPUS IX 51 (Olympus, Tokyo, Japan) inverted fluorescence microscope was used
for qualitative evaluation of surface colonisation and potential penetration of specimens.

2.6. Statistical Analysis

The results were analysed with PQStat ver. Software 1.6.6.204 (PQStat Software,
Poznan, Poland). The distributions of the residuals were tested with the Shapiro-Wilk
test (o« = 0.05). The equality of variances was tested with the Levene test (o« = 0.05). To
compare Shore A hardness, tensile strength, and tensile bond strength before and after
the experiment, a one-way ANOVA test was used (« = 0.05). If the null hypothesis was
rejected, the Tukey’s HSD post hoc test («x = 0.05) was performed to find mean values that
are significantly different from each other. For particular time intervals, CM vs. CAS values
of hardness, tensile strength, and tensile bond strength were tested with Student’s ¢-test
(o =0.05).

3. Results

The results of the mechanical properties tests are summarized in Table 1. Shore A
hardness ranged from 31.4 to 33.7 Shore A. Statistically significant changes after exposure
to CM (p < 0.0001) and CAS (p < 0.0001) were recorded, however, an increase in hardness
was only in comparison to values BE. There were no statistically significant differences
in hardness between 30 and 90 days of the experiment (p > 0.05). The hardness values
obtained after individual times did not differ statistically significantly after exposure to
CM and CAS (p > 0.05).

Table 1. The results of Shore A hardness, tensile strength, and tensile bond strength investigations
(average values and standard deviations) *.

Time, Shore A Hardness, Shore A Tensile Bond Strength, MPa Tensile Strength, MPa

Days M CAS M CAS M CAS
BE 3144094 3144094 143 +0.15 143 £0.15 314 £0.5 314 £05
30 3314068 33.6+098 1.56 £ 0.10 1.51 +£0.12 3.15+£0.37 323 +0.44
60 330+1.18 3374098 1.42 +0.17 1.61 £0.25 3.34 £0.40 3.29 £0.41
90 3354068 332+098 1.50 + 0.10 141 +£0.15 3.24+0.58 3.15+0.52

BE—Dbefore exposure, CM—control medium, CAS—C. albicans suspension. * Different uppercase letters (A,B) for
columns show significantly different results at the level of p < 0.05.

Tensile strength ranged from 3.14 to 3.34 MPa. There were no statistically significant
changes during exposure to CM and CAS (p > 0.05). For particular exposure times, there
were no statistically significant differences (p > 0.05) after exposure to different media.

Tensile bond strength ranged from 1.42 to 1.61 MPa. There were no statistically
significant changes in its values with prolonged incubation time for both media (p > 0.05),
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as well as for particular exposure times, and no statistically significant differences after
exposure to CM and CAS (p > 0.05). Failures of all registers were classified as cohesive type.

Examples of SEM micrographs showing the surfaces of samples after exposure to CM
are presented in Figure 2. The presence of crystallized structures of the CM substrate were
observed. The EDS analysis confirmed that they were composed of sodium and chlorine, so
can be identified as crystallized NaCl from the PBS (Figure 2a). Typically, their quantity in
the observation fields increased with increasing exposure time (please compare Figure 2a,b
to Figure 2c), however areas with a large quantity for the shortest incubation time, and
with a small number after 90 days, were also registered.

cps/eV.

3.59
3.0
2.54

2.0

1.59
1.0
0.54
0.0 - e T L IR

Signal A= SE2 EHT = 15.00 kV. kev

Mag= 3.00KX

Signal A= SE2 EHT = 15.00 kv — Mag= 3.00KX Signal A= SE2 EHT = 15.00 kv

(b) (o)

Figure 2. Scanning electron microscopy (SEM) micrographs of the surface of samples after 30 days (a,b);
with exemplary dispersive X-ray spectroscopy (EDS) spectra (a); and after 90 days (c) of incubation in
control medium (CM).

After incubation in CAS, the yeast cells were observed on surfaces using a SEM micro-
scope and a fluorescence microscope (Figure 3). Numerous blastospores, pseudohyphae
and, much less often, the presence of hyphae, were observed. SEM studies showed that the
presence of fungal colonies was associated with the presence on the surface of crystallised
structures composed of sodium and chlorine (Figure 4), that can be identified as NaCl
from the PBS used in the medium. The cells were located between the elements of these
structures, as shown in Figure 3e,f. On four samples only, very large colonies such as those
presented in Figure 3b,c, were observed in single locations, and their occurrence was not
associated with longer conditioning times (two were observed after 30 d and the next two
after 90 d). The presence of yeast colonies, which would occur without the presence of
crystallised structures, was not noted.

The exemplary fracture of a sample exposed to CM after the bond strength test is
presented in Figure 5a. Some bubbles measuring up to 200 mm were visible, which formed
due to the mixing of the material components during polymerisation, as well as a small
number of loosely bound particles indicated by red arrows, that were formed during the
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destruction of the samples. Representative SEM micrographs of samples incubated in CAS
after the bond strength test are presented in Figure 5b,c. Numerous colonies of C. albicans
were observed on the surface of the denture base PMMA material (Figure 5b).

100 pm ) 0 20 um
Mag= 150X Signal A = SE2 EHT =15.00 kv — Mag= 1.00KX Signal A= SE2 EHT=1500kV

(a)

’
A

P

— Mag= 3.00KX Signal A = SE2 EHT = 15.00 kv — Mag= 150 KX Signal A = SE2 EHT =15.00 kv

(d)

10 pm

Mag= 3.00 KX Signal A = SE2 EHT = 15.00 kV

(e) ()

Figure 3. Representative micrographs of adhered C. albicans cells on the surface of samples incubated
in CAS after tensile tests: SEM microscope after 30 days (a—c) and 90 days (d,e), and inverted
fluorescence microscope after 30 days (f).
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Figure 4. SEM micrographs of the surface of the sample after 90 days of incubation in C. albicans
suspension with EDS spectrum of crystallised NaCl.
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Mag= 100X

SL surface = .
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Figure 5. Micrographs of samples after the bond strength test showing the fracture after exposure to
CM (a); surface/interior after incubation for 90 days in CAS and fractures (interior) after the tensile
bond strength (b,c); and tensile strength tests after incubation for 90 days in CAS (d—f). SL—soft
lining material.
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The presence of yeast colonies was also observed near the bonding zone (PMMA—
bonding agent—SL) (Figure 5b). C. albicans was observed on the surface of the SL, and in
some places it had formed a compact biofilm (Figure 5c). After the test, the presence of
delaminated and cracked biofilm was also observed at the edges of the fractures, however
this was rare (Figure 5c). The presence of C. albicans was not recorded on the surface of the
fractures, but contaminations (material particles) were observed.

Fracture analysis using SEM, obtained during the tensile strength, also showed no
presence of C. albicans inside the samples, although colonies were visible on the surface
near the edges (Figure 5d). Observations using a fluorescence microscope confirmed
the presence of C. albicans on the surface of the samples near the edges (yellow arrows,
Figure 5e). In the case of one of the samples, after 90 days of incubation in CAS, yeasts
were observed on the surface of one fracture in two observation fields—in the first three
blastospores (Figure 5f), and in the second four blastospores.

4. Discussion

C. albicans belongs to the commensal microflora of up to 65% of healthy individuals;
however, its prevalence in denture wearers is much higher, increasing the risk of infec-
tion [45]. The growth of yeast-like fungi such as C. albicans is also a significant problem
experienced after the application of soft linings [46]. Due to favourable environmental
conditions (decreased flow of oxygen and saliva, and local acidity) [20], as well as objective
difficulties in maintaining optimal hygiene of dentures and the original properties of materi-
als, microorganisms can adhere to their surface within a short period, which creates the risk
of negative consequences for patients” health [47]. C. albicans, with other less widespread
Candida species, have been well recognised for their role in denture stomatitis [48,49], a
typical disorder that appears under dentures and is manifested by inflammation and ery-
thema of the oral mucosal areas [21]. C. albicans can also be an opportunistic pathogen
causing recurring mucosal infections as well as lethal invasion infections, especially if the
patient is under an immunoincompetent and immunosuppressed condition [50]. Moreover,
yeast cells in such a difficult environment can often survive antifungal therapy [20,51].
Candida species can cause tissue irritations by releasing metabolic substances [52]; in the
case of candidiasis, they can cause symptoms such as burning, painful sensations, and
taste disorders [53]. The oral cavity may also colonize the upper gastrointestinal tract
and respiratory system [54,55]. Due to these problems, microbiological colonisation is
mentioned as one of the major reasons for relatively rapid replacement of soft denture
liners in clinical practice.

Although relatively more attention has been paid to surface colonization of soft den-
tal lining materials by microorganisms and their consequences, published reports on
the penetration of C. albicans into their interior are very rare. Despite the importance of
the problem, only a few in vitro studies and one in vivo study are available. Previous
in vitro studies [32,38,39,56] have shown that C. albicans penetrated silicone soft lining
materials in a short time. Burns et al. [56] were the first to investigate the possibility
of yeast penetration into soft denture liners. Samples were incubated in a solution of
Sabouraud agar with cultures of dextrose and C. albicans, changed weekly. After 8 weeks,
the samples were sectioned using a microtome with water cooling, and evaluated under
a microscope. A mean of 50 yeast cells per observation field (magnification x400) were
noted, and cells were observed in all cross-sections of silicone samples. Bulad et al. [38]
used a similar methodology, and after exposure for 6 weeks in a suspension of C. albicans
(in artificial saliva of a composition not specified), in cross sections (with dimensions of
1.5 x 10 mm) observed from over a thousand to almost four thousand blastospores per
sample. The number of blastospores decreased with the distance from the surface of the
samples. Furthermore, penetration of the hyphae forms was confirmed in all cross sections
(deeper regions were less penetrated), and at the junction of the denture base acrylic with
the soft lining. The authors suggested that this last finding indicated the influence of
C. albicans penetration on the strength of the acrylic-lining bonding. Several years later,
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similar research showed that even after 72 h of incubation, thousands of blastospores and
hyphae forms on 2 x 10 mm fields penetrated into silicone lining samples [39]. Krishna-
murthy et al. [32], in an experiment very similar in terms of methodology to that presented
in previously discussed works [38,39,560], independently confirmed the penetration of
C. albicans blastospores and hyphae even into the deepest sections of different soft linings
and bonding areas, and also suggested potential consequences for the mechanical proper-
ties. To date, only one study is available in which soft materials used in in vivo conditions
have been tested, and this study did not confirm the penetration of yeast-like fungi into the
interior [34]. Similar studies for other prosthetic materials are even more rare. An example
is a work by Khiyani et al. [57], suggesting the possibility of penetration of yeast-like fungi
into two denture base materials, but it only contains a very brief description of the research
methodology. Another work indicates that C. albicans probably does not have the ability to
penetrate into denture base materials [58]. The above-mentioned discrepancies and scarcity
of data indicate the need for further research in this area.

Taking into account the afore-mentioned results, and also suggestions from Bulad
et al. [38] and Krishnamurthy et al. [32], starting our experiment we expected significant
changes in mechanical properties. Despite this, our tests did not show changes in the
tensile strength or the tensile bond strength due to the presence of CAS. Only an increase
in hardness was observed in the initial phase of the experiment, which was similar in
CM and CAS, so it is related to the continuation of the crosslinking process at elevated
temperature [8,59]. The obtained values of mechanical properties, as well as the dynamics
of their changes over time, were comparable to the ones registered in other studies for
silicone soft linings stored at elevated temperature [60-66].

Taking into account previous reports on C. albicans in the junction zone [32,38], dur-
ing our experiment, particular attention was paid to the results of tensile bond strength
results. The test samples were designed to not restrict the access of yeast cells to this area.
The deterioration of this property was especially expected due to the fact that in clinical
conditions, deboning is a frequent cause of problems related to the functioning of silicone
soft linings [18]. However, in our tests these values were stable, and there was no change
in the failure type (all was cohesive) after 90 days, which allows us to conclude that even if
some changes occurred in the connection zone, its strength was still higher than that of the
soft lining material [67,68].

Microscopic observations confirmed the presence of a large number of blastospores and
pseudohyphae on the surface, but the form of the hyphae was only occasionally registered,
so the distribution of the morphological forms was comparable to the ones registered by
Burns et al. [56], where a similar CAS was used. In the three remaining experiments [32,38,39],
more hyphae were observed; however, the exact composition of the CAS was not specified, so
it is hard to judge how this could have affected the results of the experiment.

In the interior of the material only seven blastospores at a single fracture were ob-
served. It can be assumed that their presence was related to accidental contamination
associated with the movement of samples immediately after their destruction on the testing
machine, rather than the actual penetration of C. albicans into the material. This is sup-
ported by microscopic observations that showed fragments of biofilms detaching from the
edges of the sample (Figure 5c¢). Our results are different from previous works that used
samples cut into sections with a microtome in an aqueous environment, where the numbers
of cells observed in the interior were very high, even counted in thousands, regardless
of whether only blastospores, or blastospores and hyphae forms, occurred [32,38,39,56].
Therefore, the question arises about the potential risk of the cutting methodology influ-
encing results, because the mentioned works do not describe how methodologies were
validated to eliminate the risk of transfer of microbiological material to the interior during
this process. It seems that the possibility of obtaining a false positive result was minimised
to a greater extent in the current experiment. On the other hand, it cannot be ruled out
that the fractures in our experiment were obtained in nonrepresentative places, because
the destruction process is beyond the control of the testing machine operator; however,
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this seems unlikely, considering the number of fractures tested. It should also be noted
that the cited works [32,38,39,56] did not discuss how C. albicans cells could penetrate
various materials. Very strong penetration was observed after only 72 h of the experiment,
which is particularly surprising when only blastospores were observed on the surface and
inside [39]. It is difficult to explain how blastospores, which do not have the ability to
actively move, penetrated the polymeric materials in such a short time, especially if we
consider that the denture soft lining materials are not porous. It should be emphasised
that our results are consistent with the only experiment in which soft lining materials used
in clinical conditions were tested. Taylor et al. [34] observed a varied intensity of surface
colonisation of soft linings silicones, but after six months of functioning in the oral cavity,
penetration was not registered.

The obtained results indicate that the issue of potential penetration of C. albicans
remains open and requires comprehensive laboratory tests. It seems very important to
investigate microenvironmental factors in the context of the presence of different forms of
candida, because numerous parameters such as pH values; carbonates/peptides presence
and concentration; and temperature or initial concentration of cells in suspension, may
influence the germ-tube formation process [69-71]. Nadeem et al. [72] reported that incuba-
tion temperature and pH value are especially significant for yeast or hyphal form creation.
An incubation temperature of 37 C favoured high germ tube formation, while 34 C allowed
low filamentation. A pH near 5 induced low filamentation, while a pH of 7.4 gave ideal
conditions for germ tube induction. In our experiment, the temperature was maintained
at 37 C and the initial pH value was 6.7, which according to Nadeem et al. [72], should
favour medium filamentation. The initial pH values of the culture medium used in our
experiment also corresponded to the saliva recorded, which is normally ranged from 5.6 to
7.1, including for denture wearers [73,74]. However, the presence of Candida species pro-
motes the lowering of pH values by producing cetate; pyruvate; formate; and propionate
acids, which influence in vitro tests and under clinical conditions may activate candidal
proteases; phospholipases; and collagenases, promoting tissue damage and subsequent
invasion by yeast-like fungi [75,76]. The possibility of the pH values of the culture medium
used in studies influencing the penetration of C. albicans into soft lining remains unknown.
Thus, it is difficult to consider if they could have a significant impact on the results of the
experiments; this relationship should be analysed in future.

The observed tendency for the occurrence of C. albicans colonies/cells in the PMMA-
silicone junction zones characterised by the presence of micro-gaps, or within crystallized
structures coming from components of the culture medium, is supported by previous ex-
periments, where stronger colonisation of more rough surfaces was reported [32,33,77,78].
Therefore, the current results indicating the lack of penetration may indicate that problems
with the increasing presence of microorganisms on soft lining materials under clinical con-
ditions over time [79] are not caused by the penetration of yeasts, but by the formation of
micro-damages on surfaces that are difficult for cleaning agents to access during long-term
use. This supposition is supported by in vitro investigations, where greater surface rough-
ness increased resistance to biofilm removal, and the number of hyphae and blastospores
remaining on the surfaces of prosthetic polymers after the cleaning process [80].

This problem is particularly important considering that some methods of cleaning soft
lining surfaces increase their roughness [81-83]. Moreover, a longer period of denture use
also results in rougher surfaces of liners [84].

This study has some potential limitations. In the presented research study, only
one set of conditions of C. albicans incubation was used. Due to the conditions under
dentures, we need further experiments taking into account environmental conditions, such
as different temperature values and pH affecting the germ-tube formation process. Another
limitation was that a basic suspension of C. albicans was used, so future experiments after
biofilm formation, including the possibility of synergistic interactions between various
microorganisms [16,85,86], will pose a serious challenge. Attention should be paid to the
lack of prior research studies on the topic, and objective methodological difficulties that
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could potentially influence the results of microscopic studies. Despite every effort, the risk
of the influence of dynamic movement of samples after their rupture on the presence of
microbial cells at the fracture surfaces, cannot be completely ruled out—cells could fall
from the surface or contaminate it.

5. Conclusions

The current research did not show any effect of the presence of C. albicans suspension
on the mechanical properties of denture soft lining material. Previous reports on the
penetration of hyphae and blastospores into the material have also not been confirmed.
Further, comprehensive research is necessary to help confirm or deny the possibility of
Candida strains penetrating materials, including in vivo tests to link germ tube formation
conditions, such as variable pH and temperature, with the possibility of colonising the
surface and potentially also the interior of materials.
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