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Abstract: Tissue conditioners are temporary lining materials applied to dentures to soothe
and cushion inflamed or traumatized oral tissues, typically resulting from ill-fitting den-
tures. This laboratory study aimed to evaluate the physicomechanical properties of a
clinical tissue conditioner with 0.5 and 1 wt.% of silanized, micron-sized, E-glass fibers. The
experimental tissue conditioners were characterized based on their molecular structure,
surface roughness, contact angle, tensile strength, dimensional stability, water sorption, and
solubility. The results were analyzed by two-way ANOVA (factors: material composition
and aging) and the post hoc Tukey’s test. FTIR analysis revealed characteristic peaks at
1710–1720 cm−1, 2800–3000 cm−1, and 1400 cm−1, indicating a strong interaction between
the tissue conditioner and the micron-sized glass fibers. Tensile strength was highest at
baseline but declined in all groups after 14 days of aging, with the 0.5 wt.% glass fiber
group showing the least reduction. Linear dimensional changes remained consistent across
all groups. Surface roughness increased in all groups after 14 days, though the 0.5 wt.%
glass fiber group exhibited the smallest increase. Water contact angles ranged from 71◦

to 92◦, suggesting adequate surface wettability for clinical use. The experimental groups
consistently demonstrated lower water sorption and solubility values. The 0.5 wt.% glass
fiber formulation showed the potential to improve clinical performance by its reduced
water sorption and solubility. However, long-term studies and clinical trials are necessary
to validate the clinical effectiveness of this formulation.

Keywords: tissue conditioner; glass fiber; aging; physicomechanical properties; viscogel

1. Introduction
A full-arch, removable acrylic denture is the most popular and economically viable

option for edentulous arches [1]. A removable denture enhances a person’s quality of life by
improving oral functions such as speaking, chewing, and appearance. However, prolonged
wear of dentures or inadequate denture cleanliness can cause oral infections, particularly
in elderly patients who are immunocompromised or handicapped [2]. The most common
oral condition among denture wearers is denture-induced stomatitis, which affects around
65% of patients; fungal infections caused by Candida albicans account for 93% of cases [3,4].
This problem can be treated by replacing the old denture, medication, improving diet, and
using denture soft liners [5].
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Temporary soft denture liners, commonly referred to as tissue conditioners, have been
used since the 1960s to facilitate the healing of compromised oral mucosa [6]. They reduce
the masticatory forces and prevent direct pressure application to the mucosa and alveolar
ridge while offering a cushioning effect beneath the ill-fitting denture [7,8]. Tissue condi-
tioner consists of a powder of poly(ethyl methacrylate) and a liquid component containing
plasticizers and ethanol that combine to form a soft, gel-like material [9]. Tissue condition-
ers are recommended for short-term use (from a few days to a maximum of 4 weeks) to
promote the healing and recovery of denture-supporting tissues. The ideal characteristics
of a tissue conditioner include color and dimensional stability, biocompatibility, ease of
manipulation and processing, good bond strength, resilience, and low hardness and water
sorption [10]. However, over time, tissue conditioners develop surface roughness, colonize
microbes, leach plasticizers, discolor, undergo reduced adhesion to the denture base, and
decline in their intended cushioning effect [5,9,11]. The reduction in bond strength and the
low resilience of tissue conditioners contribute to their mechanical weakness [10,11].

Recent advancements in tissue conditioners have focused on integrating antimicrobial
agents such as silver nanoparticles (up to 0.5%), conventional antifungals (e.g., nystatin),
non-organic additives (e.g., silver zeolite), and herbal extracts (e.g., tea tree oil) to combat
pathogens like Candida albicans, Staphylococcus aureus, and Streptococcus mutans [3,11,12].
However, existing studies have not extensively explored methods to significantly improve
the physicomechanical attributes of tissue conditioners. Glass fibers are composed of
a strong and complex three-dimensional network of silicon and oxygen atoms, making
them highly suitable for reinforcing dental materials [13]. Glass fibers are also esthetically
pleasing and biocompatible [14]. Silanization of glass fibers is essential [15] to promote
chemical bonding between the fibers and the polymer matrix in the composite [16–18].

This laboratory study aimed to enhance the properties of tissue conditioners through
the incorporation of micron-sized glass fibers. To the authors’ knowledge, no studies have
ever reported the use of glass fibers or any other fibers in tissue conditioners. It was hypoth-
esized that the addition of micron-sized glass fibers would enhance the physicomechanical
properties of tissue conditioner and that these properties in glass fiber-modified tissue
conditioner would remain largely unaffected after 24 h and 14 days of water aging.

2. Materials and Methods
2.1. Synthesis and Fabrication of Experimental Tissue Conditioner Samples

Visco-Gel™ (Dentsply Sirona, Bensheim, Germany), a widely used tissue conditioner,
was chosen for this study. Its powder composition was blended with micron-sized E-glass
fibers, measuring 150 µm in length, 16 µm in diameter, and having an aspect ratio of 11:1.
These fibers typically consist of SiO2 (52–56 wt.%), Al2O3 (12–16 wt.%), CaO (16–25 wt.%),
and B2O3 (8–13 wt.%). The glass fibers were obtained pre-silanized from Sigma-Aldrich
(St. Louis, MO, USA) with 3-[trimethoxysilyl]propyl methacrylate and then blended into
the powder component of the tissue conditioner at two weight ratios (0.5 and 1.0 wt.%). The
mixing was performed with an amalgamator (PromixTM; Dentsply Caulk, York, PA, USA)
for 20 s. After mixing, samples were prepared using a standard amount of 2.2 g of powder
to 1.8 g of Visco-Gel™ liquid, mixing for 30 s in a rubber bowl. The mixture was then placed
into a cylindrical-shaped mold (6 mm in diameter and 3 mm in height) to fabricate as many
samples as needed, by repeating this procedure for surface roughness, Fourier transform
infrared spectroscopy, water contact angle, water sorption, and solubility testing. The same
procedure was repeated with fresh material to prepare the remaining samples. Disc-shaped
samples with a 30 mm diameter and 2.5 mm thickness were fabricated separately for the
linear dimensional stability test. Dumbbell-shaped samples (20 mm in length and a neck
diameter of 6 mm) were fabricated for tensile strength testing.
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After an initial setting time of 10 min, all samples were removed from the molds
and stored in distilled water at 37 ◦C. Sixteen samples were prepared per group, with
eight samples tested after 24 h and the remaining eight tested after 14 days of water aging
at 37 ◦C.

2.2. Fourier Transform Infrared Spectroscopy

The molecular structure and functional group of the silanized glass fibers were ana-
lyzed and identified using a NICOLET iS5 spectrometer (Thermo Scientific, Waltham, MA,
USA). The analysis was performed using a monolithic diamond attenuated total reflectance
(ATR iD7). The sample was positioned on the ATR-FTIR accessory crystal, and the spectrum
was recorded in the range of 4000 to 500 cm−1 with a resolution of 2 cm−1.

2.3. Surface Roughness Test

The prepared samples were analyzed with a 3D optical non-contact surface profilome-
ter (ContourGT, Bruker, Campbell, CA, USA) using white light interferometry to measure
the mean surface roughness (Sa, µm). A 5× magnification objective lens was used to
focus on the required area for scanning. The accuracy of surface roughness measurements
was controlled using Vision64 (v 5.30) application software. The surface roughness was
measured both after 24 h and after 14 days of water aging. Eight samples per group
were evaluated.

2.4. Contact Angle Evaluation

A Tensiometer (Theta Lite, Dyne Technology, Staffordshire, UK) was used to record
the contact angle measurements of the samples. The test to measure the contact angle of the
tissue conditioner was performed after 24 h and after 14 days of water aging. Eight samples
per group were tested. The contact angle of the samples was measured by calculating the
angle formed by placing a 3 µL droplet of deionized water on the sample surface [19].

2.5. Tensile Strength Test

A universal testing machine (Model no. 3369 Instron, Canton, MA, USA) equipped
with a 5 kN load cell was used to perform tensile strength testing of the samples with
a crosshead speed of 2 mm/min, as shown in Figure 1. The dumbbell-shaped samples
(20 mm in length with a neck diameter of 6 mm; n = 8/group) were evaluated. The ends of
the sample were secured to the grips of a tensile device using cyanoacrylate (Super Glue,
Henkel/Loctite, Westlake, CA, USA). The tensile strength was calculated using proprietary
software (Bluehill ver.3.15) integrated with the universal testing machine, based on the
standard formula:

Tensile strength = F/A

where F = maximum load at failure and A = cross-sectional area of the sample.

2.6. Linear Dimensional Stability Test

In accordance with ISO standard 10139-2: 2016 [20], dimensional stability testing
was conducted; however, disc-shaped samples (30 mm in diameter; 2.5 mm thick) were
prepared using a calibrated mold, which differs from the rectangular specimen dimensions
specified in the standard. A precisely calibrated aluminum block mold was used, featuring
lines 50 µm in width, spaced 24.805 mm apart (L1). Five samples were made for each group.
The samples were taken out from the mold after 20 min and stored in distilled water at
37 ◦C with each subgroup of five samples immersed in 200 mL of distilled water. After 24 h,
a light stereomicroscope (Nikon SM2-10, Tokyo, Japan) at a magnification of 20× fitted
with a measuring tool was used to determine the distance between the two reference lines
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on the flat face of the samples (L2). Similarly, aging group samples were stored separately
under the same conditions (Figure 2).
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The linear dimension changes were calculated using the following equation, as per
the ISO standard 10139-1:2018 [21] explained by Chladek et al. [22].

Ref. [23],

Dimensional change =
L1 − L2

L1
× 100

2.7. Water Sorption and Solubility Tests

For water solubility and sorption tests, five disc-shaped samples from each subgroup
were fabricated. After 1 h, the samples were removed from the mold and placed in a
desiccator until a constant weight (±0.5 mg) was measured, designated as the initial weight
of the sample (M1). Next, the samples were placed in covered plastic jars, filled with
100 mL of distilled water, and stored at 37 ◦C. After 24 h, the samples were removed, gently
blotted dry, and weighed (M2), followed by drying in a desiccator until a constant mass
was achieved (M3). The water sorption and solubility were calculated using the following
equations [24]:
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Water sorption (%) = (M2 − M3)/M1 × 100

Water solubility (%) = (M1 − M3)/M1 × 100

The same procedure was applied to two separate groups of samples stored in distilled
water for 14 days. The water (100 mL per sample) was not replaced throughout the storage
period. The 24-h and 14-day measurements were conducted on independent sets of samples
and were not cumulative.

2.8. Statistical Analysis

The data were statistically analyzed using SPSS software version 28 (IBM, New York,
NY, USA). The descriptive data were expressed in mean and standard deviation. A two-way
ANOVA was performed to test for significant differences between the measuring intervals.
A p-value of <0.05 was considered statistically significant. Tukey’s post hoc tests were
performed following the ANOVA analysis to distinguish the significant differences within
and between the groups.

3. Results
3.1. FTIR

The FTIR spectra of the study groups are displayed in Figure 3. Similar spectral
patterns were observed among the control group and the glass fiber-reinforced groups,
indicating potential interactions between the tissue conditioner matrix and the incorpo-
rated glass fibers. The carbonyl group (C=O bond) of the poly(ethyl methacrylate) was
observed at 1720 cm−1. The peaks at 1710–1720 cm−1 corresponded to the ester group in
poly(ethyl methacrylate). The polymer bond of C–H was represented by the peak between
2800–3000 cm−1 and 1400 cm−1. The variations in the glass fiber peaks, observed between
1000 and 1200 cm−1, indicated the silica of the glass fibers and may have been caused by
changes in the concentration of glass fibers in the matrix. The dibutyl phthalate’s C-O
peaks were observed between 1160 and 1173 cm−1 [21,22].
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3.2. Tensile Strength

The tensile strengths of the control and experimental groups after 24 h and 14 days of
aging are shown in Figure 4. At 24 h, the control group had the highest tensile strength,
followed by the 0.5 wt.% glass fiber group and the 1 wt.% glass fiber group. At the end of
day 14, the 1 wt.% glass fiber group showed the lowest strength, followed by the control
group, while the 0.5 wt.% glass fiber group exhibited the highest tensile strength. However,
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the differences among the groups were not statistically significant at either time point (p =
0.102 after 24 h and p = 0.080 after 14 days).
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3.3. Linear Dimensional Stability

Figure 5 shows the % of the original linear dimension retained for each study group.
After 24 h, the control group exhibited the greatest shrinkage, retaining 94.932 ± 0.952%
of its original dimension. This was followed by the 0.5 wt.% GF group (95.252 ± 0.849%),
and the 1 wt.% GF group (96.072 ± 1.107%). However, the differences in shrinkage among
the groups were not statistically significant (p = 0.205). After 14 days, all groups exhibited
an increase in their linear dimensions over the 24 h values but were still smaller than at
the baseline. The dimensional change at 14 days was 97.5 ± 0.5, 96.9 ± 0.5, and 97.4 ± 0.8
for the 0.5% GF, 1% GF, and control groups, respectively. Again, the differences among the
groups after 14 days were non-significant (p = 0.263).
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Table 1 presents the mean and standard deviation values for the surface roughness,
water sorption, water solubility, and water contact angle of the study groups after 24 h and
14 days of aging. All groups exhibited increased surface roughness, water sorption, and
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solubility after 14 days compared to 24 h of evaluation, with the control group showing the
highest values for deterioration. However, the water contact angle decreased for all groups,
showing increased wettability. The control group had the lowest contact angle, indicating
the highest hydrophilicity.

Table 1. Descriptive statistics and pair-wise comparison of surface roughness, water sorption and
solubility, and contact angle for tested groups.

Aging. Group
Surface Roughness

(µm)
Water Sorption

(%)
Water Solubility

(%)
Water Contact Angle

(◦)

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Baseline
(24 h)

Control 0.95 ± 0.04 a −2.39 ± 0.50 a 1.43 ± 0.31 a 88.59 ± 0.60 ab

0.5% wt. GF 0.97 ± 0.05 bc −2.32 ±0.29 bc 1.39 ± 0.25 bce 90.09 ± 0.92 bc

1% wt. GF 1.01 ± 0.08 b −2.25 ± 0.30 bde 1.19 ± 0.11 bde 92.20 ± 0.43 abcd

14 days

Control 1.17 ± 0.06 ab 3.63 ± 0.86 ab 2.05 ± 0.14 ab 71.25 ± 0.89 ab

0.5% wt. GF 1.01 ± 0.11 2.96± 0.34 acd 2.01 ± 0.18 acd 82.25 ± 0.83 abcd

1% wt. GF 1.15 ± 0.09 ac 2.78 ± 0.33 ace 1.95 ± 0.16 e 90.11 ± 0.65 abd

Key: Statistical difference between groups is indicated by different superscripts arranged vertically.

3.4. Surface Roughness

The two-way ANOVA analysis showed that aging had a significant effect (p < 0.001) on
the surface roughness of the materials. However, the material had no significant influence
on the roughness (p = 0.22). Additionally, no significant interaction was found between
the material and aging (p = 0.183). Surface roughness was lowest (0.952 ± 0.044) in the
control group at baseline and slightly higher with the addition of 0.5 or 1 wt.% of glass
fibers, but the differences among them were non-significant. The surface roughness of all
the groups significantly increased after 14 days of aging. The 0.5 wt.% glass fiber group
was the smoothest, followed by the 1% glass fiber group. The results are shown in Table 2.

Table 2. Two-way ANOVA test result for surface roughness.

Parameters Sum of Squares df Mean Square f-Value p-Value

Material 0.0192 2 0.01 6.95 0.22

Aging 0.168 1 0.168 27.874 <0.001

Material*Aging 0.022 2 0.011 1.826 0.183

Error 0.145 24 0.006
Key: * = Interaction between Material and Aging.

3.5. Water Contact Angle

Table 3 presents the two-way ANOVA results of the contact angle data. The material,
aging, and the interaction of the material with aging had significant effects (p < 0.001) on the
contact angle. The control group at baseline had the lowest contact angle, and the 1 wt.%
glass fiber group had the highest values. After 14 days, the contact angle was significantly
reduced in all the groups, indicating the better wettability of the material over time.
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Table 3. Two-way ANOVA test result for water contact angle.

Parameters Sum of Squares df Mean Square f-Value p-Value

Material 634.359 2 317.18 574.974 <0.001

Aging 619.983 1 619.983 1123.888 <0.001

Material*Aging 296.81 2 148.405 269.204 <0.001

Error 13.239 24 0.552
Key: * = Interaction between Material and Aging.

3.6. Water Sorption and Solubility

The two-way ANOVA results for water sorption and solubility are presented in
Tables 4 and 5. Aging increased the water sorption of all the groups (p < 0.001). The
control group had the highest sorption values at both time intervals, whereas the 1 wt.%
glass fiber group had the lowest. Both the material and the aging significantly influenced
solubility (p < 0.001). However, no significant interaction between group and storage time
was observed (p = 0.988).

Table 4. Two-way ANOVA test result for water sorption.

Parameters Sum of Squares df Mean Square f-Value p-Value

Material 0.731 2 0.366 1.567 0.229

Aging 222.06 1 222.06 951.64 <0.001

Material*Aging 1.314 2 0.657 2.816 0.080

Error 5.599 24 0.233
Key: * = Interaction between Material and Aging.

Table 5. Two-way ANOVA test result for water solubility.

Parameters Sum of Squares df Mean Square f-Value p-Value

Groups 0.375 2 0.188 5.257 0.013

Aging 2.803 1 2.803 78.58 <0.001

Groups*Aging 0.001 2 0 0.012 0.988

Error 0.856 24 0.036
Key: * = Interaction between Material and Aging.

4. Discussion
This laboratory study investigated the effects of micron-sized glass fiber on the physi-

comechanical properties of tissue conditioner after 24 h and 14 days of water aging. The
study hypothesized that adding glass fiber would improve the tissue conditioner’s physi-
comechanical characteristics, and these characteristics in the glass fiber-reinforced tissue
conditioner would remain unchanged after aging. The hypothesis was partially accepted,
as some properties improved by incorporating glass fibers. However, aging had a signifi-
cant effect on the materials’ characteristics; changes were more prominent in the control
group (without glass fibers).

Tensile strength is a crucial characteristic of tissue conditioners that influences their
durability and resistance to tearing or deformation during function [23]. Higher tensile
strength can indirectly lead to better clinical performance, particularly when combined
with an effective adhesive or bonding system [24]. The tensile strength of the control group
at 24 h had higher tensile strength than the glass fiber-reinforced groups. This reduction in
tensile strength may be attributed to poor interfacial bonding between the glass fibers and
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the resin matrix. Inadequate fiber-matrix adhesion can lead to stress concentration points,
reduced load transfer efficiency, and premature failure under tensile loading [18]. The
aging had a significant impact on the strength of the tested materials, causing significant
decreases over 14 days, likely due to water absorption, thermal degradation, or oxidative
changes that can weaken the polymer network. Although slight differences were noted
among groups, with the 0.5 wt.% glass fiber group showing numerically less change in
strength, these differences, however, should be interpreted with caution [15].

All groups exhibited shrinkage relative to their baseline dimensions. After 14 days of
water immersion, a slight increase in the retained linear dimension was observed compared
to the 24-h measurements; however, the samples remained smaller than their original size.
The 1 wt.% glass fiber group showed the least change over time, with retained dimensions
of 96.07% at 24 h and 96.88% after 14 days. This finding is consistent with previous research
documenting the dimensional stability of Visco-Gel™, which typically exhibits shrinkage
values between 1% and 3% over time [25].

The water contact angle indicates the material’s hydrophilic and hydrophobic behav-
ior [19]. Tissue conditioners should possess some hydrophilicity to adhere to oral tissues,
retain moisture, and stimulate salivary flow to improve patient comfort [23]. However,
excessive hydrophilicity can indicate excessive absorption of water, which can reduce its
mechanical properties and cause staining/discoloration. Some hydrophobicity is needed
for improved flexibility, stability, and durability [26]. Given that, according to ASTM D7334,
the contact angle of 45–90◦ (between hydrophilic and hydrophobic) is appropriate for the
material for optimum function. The contact angle of Visco-Gel™ significantly increased
after glass fibers incorporation due to the fibers’ hydrophobic nature, and it remained
higher than the control after aging, indicating the hydrophobic properties imparted by
glass fibers were persistent. However, all groups had contact angle values within the range
necessary for optimal performance and longevity after 14 days. Only the 1 wt.% glass fiber
group presented a contact angle above 90◦ (92.204 ± 0.431) after 24 h, which subsequently
decreased to within the clinically acceptable range after 14 days (90.114 ± 0.654).

Research studies have shown that tissue conditioners absorb water and release soluble
components when exposed to saliva or other liquids. This may break down the polymer
network, leading to softening, loss of mechanical integrity, reduced elasticity, and compro-
mised surface structure. These changes can facilitate C. albicans colonization and growth,
also cause dimensional instability in the material, and reduce the functional efficiency and
clinical lifetime of the tissue conditioner [5,9,11]. Ideally, tissue conditioners should have
low sorption and solubility for a longer lifetime and effective clinical performance. Visco-
Gel™, which was also evaluated by Murata et al., has been reported to exhibit low water
solubility (up to 4.0%), consistent with the relatively low values observed in the present
study [25]. The addition of glass fibers further reduced these values. Previous studies have
shown that the incorporation of additives such as chitosan, nystatin, or chlorhexidine into
tissue conditioners tends to increase water sorption and solubility due to their hydrophilic
nature [26–28]. In contrast, the incorporation of glass fibers in our study led to an increase
in water contact angle, indicating a more hydrophobic surface behavior.

Surface roughness is a crucial parameter for assessing the performance of dental bio-
materials [29]. Profilometric analysis revealed that all tested groups had surface roughness
values above the threshold level of 0.2 µm, which is considered the limit below which
microbial adhesion is minimized [30]. The incorporation of glass fibers further increased
this surface roughness compared to the control group. At 24 h, the control group exhibited
the lowest roughness, and after 14 days, 0.5 wt.% glass fiber group showed the lowest
roughness, indicating the ability of its surface to resist bacterial attachment and colonization
better over time.
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Our current study is the first to reinforce tissue conditioner with glass fibers to improve
its physicomechanical properties. The properties of the tested materials were evaluated
after aging for 14 days, the usual clinical life of this tissue conditioner. However, our
study used one commercial tissue conditioner and performed only 14 days of aging. Long-
term aging effects (e.g., thermal and water aging), and dynamic mechanical behavior will
provide a more comprehensive understanding of the reinforced material’s performance.

5. Conclusions
Incorporating E-glass fibers (150 µm length, 16 µm diameter) reduced the water sorp-

tion and solubility of the tissue conditioner, which are favorable properties for successful
and effective clinical use. The 0.5 wt.% glass fiber group demonstrated not only the lowest
water sorption and solubility values but also exhibited favorable physicomechanical char-
acteristics (surface roughness, tensile strength, dimensional stability, and contact angle).
Reinforcement with 0.5 wt.% glass fibers may enhance the material’s suitability for use as a
tissue conditioner.
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