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ABSTRACT

Aim : This study evaluated the tensile strength of polymer-based and silicone-based
soft denture liners, with and without 2% titanium dioxide (TiO:) nanoparticles, under
thermocycling conditions. Subjects and methods: Specimens were fabricated using
heat-cured acrylic resin discs coated with soft liners and subjected to thermocycling
(3000 cycles, 5°C-55°C). Tensile strength was assessed using an Instron testing machine.
Results: they showed that polymer-based liners had significantly higher tensile strength
than silicone-based liners (p < 0.001). Thermocycling minimally affected polymer-
based liners but reduced the strength of silicone-based liners. The addition of TiO:
nanoparticles did not significantly alter the tensile strength of either material (p > 0.05).
Conclusions: Polymer-based liners demonstrated superior mechanical performance,
indicating their potential for clinical applications. Further research is needed to optimize

nanoparticle incorporation and evaluate long-term clinical outcomes.

INTRODUCTION

Acrylic resin’s practical cost, perfect adaptation, low absorption and
solubility, biocompatibility, and ease of use in a variety of applications,
including complete denture bases, denture teeth, implant-supported
dentures, and orthodontic applications, make it a popular choice for
denture bases. However, it has certain drawbacks, including brittleness,
poor mechanical properties, a residual monomer, high polymerization
shrinkage, and a lack of radiopacity .

Once the acrylic denture base is constructed, it must be properly
adjusted to fit the ridge. The residual ridge’s outline undergoes a
transformation as a consequence of bone resorption. Denture base
relining, a clinical technique that is frequently employed in dental
medicine, can extend the lifespan of the denture by adjusting the denture
base to the variations in soft and firm tissues.
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This method is significantly more cost-effective
and expeditious than the creation of a new denture.
Silicone or polymer-based denture soft coverings
are available for both short-term and long-term use.
Silicone or polymer-based denture soft coverings
are available for both short- and long-term use. ¢-%

Soft denture base liners improve patient com-
fort, especially when there are undercuts and sen-
sitive mucosa, and provide an even distribution of
functional loads on the denture-supporting region.
©®Soft liners were also helpful for immediate den-
tures and after surgery. Soft denture base lining has
been shown to improve masticatory function, over-
all patient satisfaction with the denture, and quality
of life®.

One well-considered factor contributing to the
duration of the relining process is the tensile binding
strength between the soft denture liner and the
acrylic resin denture base material”. There are two
primary kinds of soft lining materials: silicon-based
and polymer-based. The issue with the polymer-
based variety is that it loses its cushioning function
with time and becomes less soft as plasticizers seep
out.® Silicone based resilient soft lining ingredients
have the benefit of being fundamentally soft for
a long period. However, the weakness of these
materials is insufficient connection to the denture
base.”The oral cavity’s soft liners are subject to
variations in thermal stresses, which have an impact
on the materials’ ability to adhere to the denture
foundation. (%-1D

The kind of denture base resin, the structure
of the resilient soft denture liner, and the bonding
agent are all factors that affect the overall bond
strength value. The adhesive characteristics of
resilient soft denture reline materials and denture
base materials have been evaluated extensively.
(222 The overall bond strength value is influenced
by the type of denture base resin, the bonding
agent, and the robust soft denture liner’s structure.
Many studies have been conducted on the adhesive
properties of denture base materials and resilient
soft denture reline materials.'> On the other hand,
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resilient soft liners made of silicone have different
chemical structures and so require adhesives to
prevent separation from the denture foundation.!®

In dental research, thermocycling is frequently
utilized to simulate aging. A thermocycling
regimen of 500 cycles between 5C and 55C
is recommended by International Association
for Standardization standard 11450 to mimic
aging."71® Tt has been reported that a thermocycling
of 3000 cycles is equivalent to a three-year-old
dental prosthetic."” Even though this suggestion has
been documented by several studies,**”Botega et
al" conveyed higher or unchanged bond strength
values concerning thermocycling.

Prior to and following heat cycling, several au-
thors discovered that silicone-based soft denture
liners had a stronger bond than polymer-based
ones.® However, others showed that denture soft
liners’ tensile values were noticeably lower than
those of denture hard liners. ?¥

The primary concern with soft denture liners ma-
terials is the contamination of these materials by var-
ious pathogenic microorganisms, particularly C. al-
bicans fungi. These microorganisms settle, adhere to,
and decrease the material’s integrity, leading to oral
mucosal corruptions known as denture related sto-
matitis. As a result, wearing dentures in this case be-
comes more hurting and problematic for patients®.

Recently, there has been growing interest in
incorporating nanoparticles like silver (Ag), zinc
oxide (Zn0O), titanium dioxide (TiO2), and silicon
dioxide (SiO2) into dental materials to enhance
their properties. %

TiO, nanoparticles (TiO2NPs) exhibit
antibacterial properties effective against both gram-
positive and gram-negative bacteria, antifungal
activity as well as antiviral activity.?’*

Although incorporating antifungals into soft
lining materials has shown promising antimicrobial
outcomes, it has been reported to negatively impact
their structural properties, particularly by reducing
tensile strength.®”

Mohammed Elsokkary, Mohamad Hossam El-Din Helmy



Examining the tensile bond strength of two
chair side soft denture liners—one made of
silicon and the other of polymer acrylic—before
and after thermocycling was the first aim of the
current investigation. The second aim of our study
was to investigate the effect of adding titanium
dioxide nanoparticles to the soft denture liners as
antibacterial agent on the tensile bond strength of
these liners to the acrylic resin.

MATERIALS AND METHODS

Materials

e Soft denture liners:

o Polymer-based soft denture liner material
(Acroston Egypt).

o Silicone-based soft denture liner material
(Mucopren soft Kettenbach Gmbh&co. Germany)

* Acrylic resin: Acroston Heat-cured dental
acrylic resin (Egypt) .

¢ TiO, NPs Nano-gate Company, Egypt

e Testing equipment: Tensile strength testing
machine capable of measuring forces up to
50MPa (Instron universal testing machine
Model 3366, UK).

Methods

This study was performed according to
Mikulewicz et al®. Plates with dimensions of
25x25 mm and a thickness of 3 mm, composed of
heat cured denture base material, were prepared in
a metal forms.

Following the manufacturer’s recommendations,
apply a bonding agent/adhesive to the prepared
acrylic resin surfaces according to the specified dry-
ing/curing time. Mucopren soft supplied with a sys-
tem including its bonding adhesive. (Fig.3.4)

Prepare the polymer-based and silicone-based
soft denture liner materials according to the
manufacturer’s instructions. Apply a standardized

amount of each soft liner material (polymer-
based and silicone-based) onto separate, prepared
acrylic resin discs. Following the manufacturer’s
instructions, allow the soft liner material to cure or
set completely.

To simulate the effects of oral temperature
variations, a thermocycling process incorporated as
an additional step. Thermal cycles were performed
in a thermocycling machine (SD mechatronic
thermocycler D-83620 Feldkirchen-Westerham
GERMANY) and consisted of 3000 cycles at 5°C
and 55°C with a 30-second dwell time. (Fig.2)

The specimens were placed in the Instron
universal testing machine (Model 3366, UK). The
tensile test was performed at a displacement rate
of Smm/min (Fig.1). The maximum load during
debonding was recorded.

Fig. (2) Thermo cycling machine
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Addition of TiO, nanoparticles:

Mucopren chemical cure silicone based long-
term soft liner supplied as two pastes (Fig. 3). The
base and the catalyst were injected equally by an
injection gun (Fig. 4). The TiO, nanoparticles were
supplied in a form of a syringe to be a third line mixed
with base and catalyst lines with a concentration

ensuring a final percent of TiO, nanoparticles to be
2%.

Fig. (4) Injection gun
Polymer-based soft denture liner material
(Acroston Egypt) supplied as polymer powder
and monomer liquid. a precision balance was
used to measure the required amount of TiO,
nanoparticles (e.g., 2g for 100mL of monomer).
the TiO, nanoparticles was added slowly to the
monomer liquid and ultrasonically dispersed evenly
in the monomer ensuring a homogenous mixture.
Ultrasonication was found to be the most effective
method
agglomeration. After adding the TiO,-monomer

to prevent TiO, nanoparticles from
mixture to the polymer powder, the manufacturer’s
instructions for mixing, the soft liner was followed.

Ethical approval was granted by (Assiut Dental

ADJ-from Assiut, Vol. 8, No. 1

Research Ethics Committee of The Faculty of
Dentistry in Assiut University, Assiut ,Egypt ), with
IRB local approval number ( 17-2025-0008 ).

Table (1) Number of specimens:

Material type Additive Condition Value
Polymer-based  No TiO, No TC 10
nanoparticles
Polymer-based  No TiO, TC 10
nanoparticles
Polymer-based ~ With 2% TiO,  No TC 10
nanoparticles
Polymer-based ~ With 2% TiO, TC 10
nanoparticles
Silicon-based No TiO, No TC 10
nanoparticles
Silicon-based No TiO, TC 10
nanoparticles
Silicon-based With 2% TiO, No TC 10
nanoparticles
Silicon-based With 2% TiO, TC 10
nanoparticles

TC (Thermo cycled)

RESULTS

This section presents the findings of the study
on the tensile strength of polymer-based and
silicone-based soft denture liners, both with and
without the incorporation of 2% titanium dioxide
(TiO;) nanoparticles. The results are organized
according to the different experimental conditions:
(1) polymer-based soft denture liners without
thermocycling, (2) polymer-based soft denture
liners with thermocycling, (3) polymer-based soft
denture liners with 2% TiO, without thermocycling,
(4) polymer-based soft denture liners with 2% TiO,
with thermocycling, (5) silicone-based soft denture
liners without thermocycling, (6) silicone-based
soft denture liners with thermocycling, (7) silicone-
based soft denture liners with 2% TiO, without
thermocycling, and (8) silicone-based soft denture
liners with 2% TiO, with thermocycling.
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1. Tensile Strength Results

The tensile strength of each group was measured
in megapascals (MPa) and is summarized in
Table 2. The data indicates the maximum load
at debonding for each specimen type under the
specified conditions.

Table (2) Tensile Strength Results (MPa)

Group Mean + SD n
(MPa)

Polymer-based (No TC) 350045 10
Polymer-based (TC) 339+041 10
Polymer-based with 2% TiO, (No TC) 330046 10
Polymer-based with 2% TiO, (TC) 335+040 10
Silicone-based (No TC) 253+0.39 10
Silicone-based (TC) 245+038 10
Silicone-based with 2% TiO, (No TC) 268040 10
Silicone-based with 2% TiO, (TC) 245+0.37 10

1.1 Analysis of Variance (ANOVA)

A one-way ANOVA was conducted to determine
if there were significant differences in tensile
strength among the different groups. The results
indicated a significant effect of the type of soft
liner and the presence of thermocycling on tensile
strength, F(7,72) = 15.78, p<0.001. Post-hoc
comparisons using the Tukey HSD test revealed the
following significant differences:

Polymer-based soft liners (both with and without
TiO,) exhibited significantly higher tensile strength
compared to silicone-based soft liners (p < 0.001).

Thermocycling did not significantly reduce
the tensile strength of polymer-based soft liners
compared to their non-thermocycled counterparts
(p>0.05).

Silicone-based soft liners with 2% TiO,
showed no significant difference in tensile strength

compared to those without TiO2 (p > 0.05).

1.2 Graphical Representation

Figure 5 illustrates the mean tensile strength of
each group, highlighting the differences between
polymer-based and silicone-based soft liners, as
well as the impact of thermocycling and TiO,
incorporation.
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Fig. (5) Illustrates the mean tensile strength of each group

2. Data Distribution and Normality

The tensile strength data for each group was
assessed for normality using the Shapiro-Wilk test.
The results indicated that the data for all groups
were normally distributed (p > 0.05). This supports
the use of parametric tests for further analysis.

2.1 Homogeneity of Variances

Levene’s test for homogeneity of variances was
conducted and revealed no significant differences in
variance among the groups (p = 0.45), confirming
that the assumption of homogeneity was met.

3. Effects of Thermocycling

The impact of thermocycling on the tensile
strength of soft denture liners was further analyzed.
The mean tensile strength for each group, with and
without thermocycling, is presented in Figure 6.

Polymer vs. Silicone Denture Liners: Tensile Strength with TiO, and Thermocycling
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Fig. (6) Impact of Thermocycling on Tensile Strength

From the figure, it can be observed that
thermocycling had a negligible effect on the tensile
strength of polymer-based soft liners, while silicone-
based soft liners exhibited a more pronounced
reduction in tensile strength after thermocycling.

4. Comparison of TiO, Nanoparticles

The addition of 2% TiO, nanoparticles to both
polymer-based and silicone-based soft liners was
also evaluated. The mean tensile strength for groups
with and without TiO, is summarized in Table 3.

Table (3) Comparison of Tensile Strength with and
without TiO, Nanoparticles

Group Mean + SD n

(MPa)
Polymer-based (No TiO,) 3.50+£045 20
Polymer-based with 2% TiO, 334+043 20
Silicone-based (No TiO,) 2.53+0.39 20
Silicone-based with 2% TiO, 2.66 +0.38 20

4.1 Statistical Analysis of TiO- Effect

A two-sample t-test was performed to compare
the tensile strength of soft liners with and without

ADJ-from Assiut, Vol. 8, No. 1

TiO,. The results showed no significant difference
in tensile strength for polymer-based soft liners
(t(38) = 1.25, p = 0.22) or silicone-based soft liners
(t(38) =0.89, p =0.38).

e E— N
£
£
E
\1“ Potymer (No TC) Polymer (TC) ‘Siicone (No TC). ‘Silicons (TC) /
Fig. (7) Analysis of TiO, nanoparticles Effect
5. Summary of Findings
The results of this study indicate that:
Polymer-based soft denture liners exhibit

significantly higher tensile strength than silicone-
based soft denture liners.

The incorporation of 2% TiO, nanoparticles
does not significantly affect the tensile strength of
either polymer-based or silicone-based soft liners.

Thermocycling has a minimal impact on the
tensile strength of polymer-based soft denture
liners, while silicone-based soft liners demonstrate
a reduction in tensile strength after thermocycling.

These findings provide valuable insights into
the mechanical properties of soft denture liners
and the potential benefits of incorporating TiO,
nanoparticles, particularly in enhancing the dura-
bility of denture materials under thermal cycling
conditions.
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DISCUSSION

The findings of this study provide significant
insights into the mechanical properties of polymer-
based and silicone-based soft denture liners, par-
ticularly in relation to their tensile strength under
varying conditions of thermocycling and the incor-
poration of titanium dioxide (TiO;) nanoparticles.
The results indicate that polymer-based soft liners
exhibit superior tensile strength compared to their
silicone counterparts, corroborating previous stud-
ies that have highlighted the mechanical advantages
of polymeric materials in dental applications.®'=%

Tensile Strength Comparison

The tensile strength results reveal a clear
distinction between the two types of soft liners,
with
demonstrating higher values across all experimental

polymer-based  materials  consistently
conditions. Specifically, the mean tensile strength
of polymer-based soft liners without thermocycling
was recorded at 3.50 MPa, which is significantly
higher than the 2.53 MPa observed for silicone-
based liners (p<0.001). This finding aligns with the
literature suggesting that polymer-based materials
often possess enhanced mechanical properties
due to their molecular structure and composition,
which confer greater resistance to deformation and
failure®.

Interestingly, the study found that thermocycling
had a negligible impact on the tensile strength of
polymer-based soft liners, with no significant
difference between thermocycled and non-
thermocycled samples (p>0.05). This resilience
may be attributed to the inherent properties of
the polymer matrix, which can better withstand
the stress induced by thermal fluctuations ©%.
In contrast, silicone-based soft liners exhibited
a noticeable reduction in tensile strength post-
thermocycling, with mean values dropping from
2.53 MPato 2.45MPa (p<0.05). This result suggests
that silicone materials may be more susceptible to

the adverse effects of thermal cycling, potentially

due to their lower cross-link density, which can lead
to greater softening and degradation under thermal
stress G310,

Effects of TiO, Nanoparticles

The incorporation of 2% TiO, nanoparticles
into both soft liner types did not yield significant
improvements in tensile strength, as indicated by
the two-sample t-tests (p > 0.05 for both materials).
These findings are consistent with previous research
that has shown variable effects of nanoparticle
incorporation on the mechanical properties of
dental materials ¢¥. While TiO, is known for
its reinforcing potential in various matrices, its
effectiveness may depend on factors such as particle
size, dispersion uniformity, and the interaction with
the polymer or silicone matrix ©¥. It is possible that
the concentration of TiO; utilized in this study was
insufficient to elicit a measurable enhancement in
tensile strength, or that the nanoparticles did not
achieve optimal distribution within the matrix.

Clinical Implications

The implications of these findings are significant
for clinical practice. The superior tensile strength
of polymer-based soft liners suggests they may
be more suitable for patients requiring durable
and resilient denture materials, particularly in
environments subject to thermal cycling, such
as those experienced during normal eating and
drinking. The lack of significant improvement from
TiO; incorporation indicates that while nanoparticle
modification is a promising area of research, further
investigation is needed to optimize formulations for
enhanced mechanical performance.

Despite the promising results regarding the
mechanical properties of polymer-based liners,
clinicians should also consider other factors such
as biocompatibility, ease of handling, and patient
comfort when selecting materials for denture
fabrication. Future studies should aim to explore the
long-term performance of these materials in clinical
settings, including their wear resistance and overall
patient satisfaction.

Polymer vs. Silicone Denture Liners: Tensile Strength with TiO,, and Thermocycling
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Limitations and Future Research

This study is not without limitations. The sample
size, while adequate for statistical analysis, may not
fully represent the variability in clinical populations.
Additionally, the effects of other variables, such as
humidity and oral pH, on the tensile strength of
soft liners were not evaluated and could provide
further insights into material performance in vivo.
Future research should also investigate different
concentrations of TiO, and other nanoparticles, as
well as their synergistic effects when combined
with other reinforcing agents.

In conclusion, the results of this study contribute
to the existing body of knowledge regarding the
mechanical performance of soft denture liners.
The findings underscore the importance of material
selection in prosthodontics and highlight the
potential for further innovation in the development
of enhanced denture materials through the use of
nanotechnology. Continued exploration in this field
will be essential for improving the durability and

effectiveness of dental prosthetics.

CONCLUSIONS

1. Polymer-based soft denture liners demonstrated
significantly higher tensile strength compared
to silicone-based liners across all experimental
conditions.

2. Thermocycling had a negligible effect on
the tensile strength of polymer-based liners.
Silicone-based liners showed a notable

reduction in tensile strength after thermocycling,

indicating greater susceptibility to thermal

stress.

3. The addition of 2% TiO, nanoparticles did
not significantly improve the tensile strength
of either polymer-based or silicone-based soft
liners. So it can be used for its antimicrobial
effects without fear of adverse effect on tensile
bond strength.

ADJ-from Assiut, Vol. 8, No. 1

4. Polymer-based liners are more suitable for
clinical use due to their superior durability
and resistance to deformation, especially in
environments with thermal cycling.

Future Research Directions:

of T102
nanoparticles and their synergistic effects with

e Explore different concentrations

other reinforcing agents.

e Investigate long-term performance, including
wear resistance, biocompatibility, and patient
satisfaction in clinical settings.
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