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Abstract Objectives This study aimed at assessing the effect of the addition of silver nanopar-
ticles (SNPs) to a silicone soft liner on its tensile bond strength to denture base resin.
Materials and Methods SNPs were added to Mucopren cold cure soft liner in 0 (con-
trol), 0.5, 1, 2, and 3 wt% concentrations and bonded in 120 stainless steel molds with
processed heat cure acrylic resin blocks. Liner/resin combination samples were divided
into two groups. The first half was stored for 2 days in distilled water at 37°C and then sub-
jected to tensile bond strength, while the other half were thermocycled 3000 times before
testing. Mean bond strength, expressed in mega pascals (MPa), was determined in the
tensile test with the use of a universal testing machine at a crosshead speed of 5 mm/min.
Statistical Analysis Data were analyzed using SPSS via one-way analysis of variance
test, t-test, and Tukey’s posthoc, at a 95% confidence level (p < 0.05).

Results Addition of SNPs and thermocycling both caused a significant reduction in
the tensile bond strength of Mucopren to acrylic resin; however, in the thermocycled

Keywords group, the bond strength increased with the increase in the concentration of SNPs
= denture liners (p<0.001).
= nanoparticles Conclusion Addition of SNPs to Mucopren soft silicone liner reduces its tensile bond

= tensile bond strength  strength to denture acrylic resin.

Introduction the application of occlusal loads.? This inherent property

makes them suitable for oral diagnostic and therapeutic pur-
Soft liners are mainly used in removable prostheses to  poses and an essential adjunct for the treatment of trauma-
obtain ideal denture fit, conditioning the traumatized tis-  tjzed oral mucosa.! Soft liners are divided into two groups
sues beneath the denture base and enhancing the retention  based on their composition: plasticized acrylics and silicone
of intraoral and extraoral prostheses.' They are described  elastomers. Both types are available in autopolymerized and
as a class of resilient material used to reline denture base  heat-polymerized forms.* In silicone elastomers, no plasti-
surfaces in contact with the occlusal stress-bearing oral  cizer is necessary to produce a softening effect; therefore,
mucosa.” Clinical success with these materials depends on  they keep their properties for a longer period in contrast
their ability to reshape and adapt to the residual ridge after  to the short-term ones who are mostly referred to as tissue
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conditioners.! Patients with thin and sharp alveolar ridges,
extensive ridge resorption, and severe bony undercuts, are
the main candidates for long-term soft liners.!

Despite their advantages, the use of soft denture liners
is associated with several problems such as loss of softness,
water absorption, colonization by Candida albicans, difficulty
in cleaning, and adhesion failure from the denture base.*
Recently, attention was directed toward the incorporation
of nanoparticles such as Ag, ZnO, TiO,, and SiO, into den-
tal materials to improve their properties.® It was reported
that the addition of silver nanoparticles (SNPs) in various
concentrations enhances the antifungal properties of both
denture base and soft liners.5” Addition of low concentra-
tions of nano-SiO, to acrylic denture base was reported to
be a promising method for improving denture longevity and
repair strength.® The SNPs’ incorporation within the acrylic
denture base material was even stated to improve its visco-
elastic properties.®

Adequate bonding of soft liners to the acrylic denture
bases is essential to ensure their performance.! When lin-
ers peel off the resin surface, a potential gap for bacterial
growth and biofilm formation is made; therefore, clinical
failures with these materials are often attributed to the loss
of bonding.!® Despite the positive antimicrobial results of
the incorporation of antifungals into soft lining materials,
adverse effects are reported on their structural properties
and especially tensile strength.!-'* Studies also showed that
the addition of SNPs significantly reduces the compressive,
tensile, and flexural strength of acrylic resin,'*'® although the
authors identified no information in the literature regarding
the effects of addition of SNPs to soft liners.

On the other hand, liners are routinely subjected to ther-
mal stresses in the oral cavity, especially during the inges-
tion of hot and cold foods and beverages, and this can further
affect the bond between these materials and denture base
resins.*!” Thermocycling has been suggested as an efficient
method to mimic the natural aging process of dental resto-
rations.'® Therefore, this study aimed at assessing the effect of
the addition of SNPs to Mucopren soft silicone liner material
on its tensile bond strength to denture acrylic resin.

Materials and Methods

Preparation of PMMA Specimens

A two-compartment mold stainless steel (length: 65 mm,
width: 22 mm, height: 15 mm) was prepared by laser cut-
ting and used to fabricate 120 acrylic blocks (Acropars;
Tehran, Iran) by the lost wax technique.'® The mold was lubri-
cated with petroleum jelly (Vaseline; Unilever, Rotterdam,
Netherlands). Cerewax (Istanbul, Turkey) was melted in a
heater (Sunburst; New York, USA) and poured into the mold.
After 15 minutes, the two compartments of the mold were
separated and the wax pattern was removed and placed in
20°C water to prevent the dimensional changes.?*?! Each
wax pattern was divided into two equal halves measuring
8 x 8 x 20 mm to create a 4 mm thickness of liner between
the two acrylic blocks? (=Fig. 1). 1200 g volume brass flasks
(SongYoung; Taipei, Taiwan) were used, each containing
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8 wax patterns.?? Heat-cured acrylic resin (Acropars; Tehran,
Iran) with a powder liquid ratio of 3:1 was prepared accord-
ing to the manufacturer’s instructions and after trial pack-
ing (under 3000 Psi hydraulic press) (Mehrdent; Karaj, Iran),
baked at 70°C in water for 9 hours.?**

Preparation of SNP Incorporated Soft Liner

The softliner selected in this study was Mucopren (Mucopren;
Kettenbach, Germany) autocure silicone long-term liner sup-
plied as two pastes (=Fig. 2). The base and the catalyst were
injected equally by an injection gun (Applyfix; Kettenbach,
Germany) on two separate pads. The base, catalyst, and pad
were separately weighed by a digital scale (0.000 gr; Kern,
Germany). SNPs (Nanoshel; 80-100 nm in size, 99.9% purity)
in 0.5, 1, 2, and 3 wt%,® were weighted and mixed first with
the base of the soft liner for 100 seconds, and then the
mixture was added to the catalyst and mixed for another
60 seconds. To assess the quality of mixing and ensure ade-
quate dispersion of SNPs, transverse sections were made from
the 0.5 wt% samples by cutting and tearing, and evaluated
under a scanning electron microscope (SEM; KYKY-EM3200,
KYKY Technology; Shanghai, China).
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Fig. 2 Mucopren auto cure silicone long-term liner supplied as two
pastes.
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Stainless steel molds were lubricated with petroleum jelly,
and acrylic blocks were placed in them. Mucopren bond-
ing agent (Panasil; Kettenbach, Eschenburg, Germany) was
applied on the acrylic surface, according to the manufactur-
er’s instructions. One layer was applied first and the second
layer after one minute and allowed to dry for 30 seconds.?
Using a 3 mL volume syringe (Medoroux; London, UK),
the soft liner was injected into the space between the
acrylic blocks. To create a smooth surface, a thin glass slide
(Mingzhu; Zhejiang, China) measuring 22 x 22 x 13 mm was
placed over the blocks, allowing 10 minutes for the complete
set. The acrylic blocks/soft liner combination was removed
from the mold and incubated at 37°C for 2 days.

Tensile Testing and Aging Procedure

After two days, 60 samples were subjected to the tensile
bond strength test at a crosshead speed of 5 mm/minute
using a universal testing machine (Bongshin; Seongnam,
Korea) (=Fig. 3).2° The remaining 60 samples were subjected
to 3000 thermal cycles (Dorsa; Karaj, Iran) in 5 and 55°C tem-
peratures with a dwell time of 30 seconds?’ before the tensile
bond strength test (=Fig. 4). For each specimen, the maxi-
mum tensile strength before failure was recorded, and the
bond strength was calculated using the following equation:

Tensile bond strength

Tensile bond strength = - -
Cross sectional are (mm? ) of the interface

Data were summarized as mean and standard deviation.
As the interaction effect of SNP concentrations and thermo-
cycling on tensile bound strength became significant, data
was analyzed by one-way analysis of variance (ANOVA) (SNPs

Fig. 3 Microtensile bond strength test, using the universal testing
machine.
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Fig. 4 Thermocycling machine (3000 thermal cycles in 5 and 55°C
temperatures with a dwell time of 30 seconds).

concentration and thermocycling) and independent t-test
using SPSS version 22. One-way ANOVA (followed by Tukey’s
multiple comparison test) was carried out to assess the effect
of the addition of different concentrations of SNPs on ten-
sile bond strength in thermocycled and nonthermocycled
groups. Independent t-test was performed to compare the
effect of thermocycling in each SNP concentration. p < 0.05

was considered statistically significant.

Results

According to =Table 1 in the nonthermocycled group, the
addition of SNPs in all concentrations decreased the tensile
bond strength (p<0.001). However, in the thermocycled
group, the addition of SNPs had an inverse effect on the ten-
sile bond strength and by an increase in the concentration of
SNPs, the tensile bond strength increased.

Thermocycling in O (control) and 1wt% SNP groups caused
a significant reduction in the bond strength compared with
the nonthermocycled group (p <0.001). The same results
were obtained in 2 wt% (p < 0.001) and 3 wt% (p = 0.02) SNP
groups. Therefore, the effect of thermocycling on the tensile
bond strength was also significant in all concentrations and
the tensile bond strength of the nonthermocycled group was
significantly higher than that of the thermocycled group

(p <0.001).
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Table 1 Effect of addition of SNPs on tensile bond strength of soft liner to acrylic resin in thermocycled and nonthermocycled

groups

Concentration Mean bond Mean bond Mean 95% confidence p-Value
(wt %) strength without | strength with difference

thermocycling in | thermocycling in

MPa MPa
0 1.19+£0.12 0.32+0.07 -0.87 -0.96 --0.78 <0.001
0.5 1.05+£0.16 0.38+0.11 —-0.68 -0.79 - -0.56 <0.001
1 0.97 £0.11 0.45+0.08 -0.52 -0.60 - -0.43 <0.001
2 0.84+0.11 0.43 £0.07 -0.41 -0.32--0.49 <0.001
3 0.60+0.11 0.50+0.08 -0.11 -0.19--0.02 0.02

Abbreviation: SNP, silver nanoparticles.

Discussion

Difficulty in cleaning makes soft liners susceptible to plaque
accumulation.?3! Soft liners are even more susceptible to
plaque accumulation and fungal infection than hard liners
and acrylic denture bases.>® To prolong the clinical longev-
ity of these materials and reduce the possibility of biofilm
accumulation, several solutions have been suggested.!!!3233
Researchers have attempted to add antimicrobial and anti-
fungal agents to the composition of liners.!®!132-35 Antifungals
such as nystatin and fluconazole with different percentages
and forms (powder and suspension) have been added to soft
liners and have shown positive results,*® although there is no
agreement on the routine application of these materials.?*3*
Silver and its compounds have long been used as antibacte-
rial agents due to their biocompatibility and low toxicity.>
Advances in science and nanotechnology resulted in the
introduction of SNPs.*>*¢ Although studies have discussed
the addition of SNPs on the compressive, tensile, and flexural
strength of acrylic resin,®!*'¢ no previous study investigated
the effect of addition of SNPs in a soft silicone liner on its ten-
sile bond strength to denture acrylic resin. The results of the
current study showed that by an increase in the concentra-
tion of SNPs from 0 to 3wt%, tensile bond strength to acrylic
resin decreased. Besides, thermocycling decreases tensile
bond strength. However, despite an overall reduction in the
tensile bond strength of specimens subjected to thermocy-
cling, tensile bond strength increased with an increase in the
concentration of SNPs (p < 0.001).

Haghgoo et al evaluated the effect of the addition of dif-
ferent concentrations of SNPs (20, 40, 80, 100, and 200 ppm)
on mechanical properties of resin-modified glass ionomer
and indicated an increase in the compressive and flex-
ural strength after 1 day and 1 month compared with the
controls. However, the physical properties were found to
be lower than the baseline after 4 months.>” In a study by
Ghaffari et al, the addition of 5% SNPs caused a reduction in
the tensile strength of polymethyl methacrylate in denture
base.' Addition of 0.2 and 0.05% of SNPs to orthodontic two
different acrylic resins (Rapid Repair and Selecta Plus) also
caused a reduction in their flexural strength.'¢

The properties of polymer nanocomposites depend on
the type of incorporated nanoparticles, their size and shape,

as well as the concentration and interaction with the poly-
mer matrix®. It has been stated that the incorporation of
nanoparticles into polymerized dental materials causes these
particles to aggregate. The resulting compounds can act as
stress-concentrating centers in the matrix of the polymerized
material and adversely affect the mechanical properties.>
Moreover, studies documented that inorganic materials
such as SNPs do not stablish a chemical bond to polymer-
ized materials.' Therefore, the absence of a chemical bond
between inorganic silver particles and silicone structure of
the soft liner may be another reason for the reduction in ten-
sile bond strength. Others suggested that reduction in the
bond strength, following the addition of SNPs, may be due to
the irregularities created in the hybrid layer at the interface
of the soft liner and acrylic resin, which can create a place
for stress accumulation, and negatively affect the mechanical
properties of the bond interface.'

Long-term soft denture lining (LTSDL) materials constitute
a group of polymer materials supplied as two pastes. The
catalyst paste is a mixture of vinyl-terminated polydimeth-
ylsiloxanes with a platinum catalyst, and the base paste
consists of vinyl-terminated polydimethylsiloxanes with
hydride-terminated polydimethylsiloxanes. SLTSDLs can be
cured in the mouth due to the low temperature required
for their cross-linking, and thus called “chair-side” SLTSDLs.
The curing reaction does not produce any byproducts and
in practice, their use can extend to several months or even
years as reported 12 months for Mucopren.*’ Although some-
times recalled as permanent liners,*° the use of any dental
restorative material suffers an inherent problem of aging
that develops over time.*! Thermocycling is conventionally
performed for fast thermal aging and simulation of thermal
conditions in the oral cavity.*? The effect of thermocycling on
physical properties of soft liners such as tensile and shear
bond strength has been evaluated in previous studies and
nearly all have agreed on its negative effect.*17264243 Ozkan
et al evaluated the effect of thermocycling on tensile bond
strength of six resin-based liners and reported that except for
Ufigel and Mollosil liners, thermocycling decreased the ten-
sile bond strength of other liners.** In a study by Elias et al on
three silicone soft liners, Mucopren showed the highest ten-
sile bond strength before thermocycling, compared with the
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other types. However, in general, the tensile bond strength
of all three silicone liners was significantly reduced follow-
ing thermocycling.?® The ISO/TR 11450 standard indicates
that a thermocycling regimen comprising 500 cycles in water
between 5 and 55°C is an appropriate artificial aging test.*
In this study, 3000 cycles equivalent to 12 months of clini-
cal usage**were preformed which corresponds well to the life
span of Mucopren. Our results regarding the effect of ther-
mocycling on tensile bond strength were in line with previ-
ous studies, confirming that tensile bond strength decreases
after thermal aging.

Reduction in the tensile bond strength, following thermo-
cycling, may be due to the immersion of soft liner in water.
When immersed in water, plasticizers are released and water
sorption occurs. Water penetrates the interface of soft liner
and denture resin base and causes edema and stress in the
region. This changes the viscoelastic properties of the soft
liner and its hardening. Therefore, instead of cushioning
effect, it directly transfers external loads to the acrylic inter-
face and decreases the resistance of interface to degradation
and fracture.?® Water sorption is, however, less in silicone lin-
ers compared with acrylic ones.! Szakonyi et al reported that
water sorption can cause material degradation at the molec-
ular level. The level of degradation depends on the volume
of water absorbed and solid state of the object.*> Therefore,
the increasing trend of bond strength after thermocycling by
an increase in the concentration of SNPs in our study may
be explained by the fact that thermocycling results in water
sorption, and since silver is solid, it would have the highest
effect on the highest concentrations, causing degradation of
silver. As a result, the free silver acts as a filler in the matrix
of the soft liner and increases the bond strength.

The current study used 0.5, 1, 2, and 3 wt% SNPs, which
were the more common concentrations of SNP in previous
studies.’® The 3 wt% concentration of SNPs showed the least
changes in tensile bond strength after thermocycling. As
the minimum acceptable clinical threshold of tensile bond
strength of soft liner to denture acrylic resin is 0.44 MPa,*
the 3 wt% SNP incorporation to Mucopren might provide the
best clinical results.

Addition of SNPs may increase toxicity of the materials,
and there exist concerns regarding the release of this mate-
rial in the oral cavity and its absorption.> Therefore, whether
this combination (Mucopren + SNP) confers high antifun-
gal properties while maintaining optimal biocompatibility
needs to be further investigated clinically.

It is difficult to obtain a homogenous dispersion of filler
(nanoparticles) without aggregations in laboratory level, and
this can reduce the expected effects of the filler addition.
Therefore, commercial mixing machines and mechanical-
electric mixers, vacuum, and high-shear action are suggested
to be used in future studies to improve the incorporation
of fillers and allow trapped air and large aggregations to be
eliminated. The dimensional stability of the wax patterns and
acrylic blocks was extremely important to be taken care of in
this study. Finally, the authors investigated the tensile bond
strength of Mucopren soft liner, yet other properties of this
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material such as the flexural strength, color stability, solubility,
viscoelasticity, and odor need to be addressed in future studies.

Conclusion

Within the limitations of this study, the results showed that
the addition of 0.5, 1, 2, and 3 wt% SNPs to Mucopren soft
liner reduced its tensile bond strength to denture acrylic
resin. Thermocycling (simulating one year of clinical service)
decreased the tensile bond strength of soft liner to denture
acrylic resin. Therefore, SNP addition to Mucopren soft silicone
liner to improve its antifungal properties may adversely affect
its tensile bond strength to denture acrylic resin.
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