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ABSTRACT

Effect of different surface modifications on the bonding of
a soft liner to a denture base material

Background: The purpose of the study was to investigate the
tensile bond strength of polydimethylsiloxane denture liner to
denture base which was sandblasted with different size of
aluminum oxide particles.

Methods: Forty rectangular heat-polymerized acrylic resin
samples were processed for bond strength test. Samples were
divided into 4 test groups (n=10) according to the surface
treatment as follows: Group |: no surface treatment, Group II:
sandblasted and coated with tribochemical silica, Group III:
sandblasted with 50 um aluminum oxide (Al,O5) particles,
Group IV: sandblasted with 110 um Al,O3 particles. All samples
were subjected to 5000 cycles of thermal cycling after
connection with soft liner. The bond strength was determined
by the tensile strength test using a universal testing machine.
The normality of the data was tested by Shapiro-wilk test. All
data were analyzed using one-way ANOVA, and their mean
values were compared using Tukey’s HSD test (p<0.05).

Result: The highest bond strength value was observed in
Group Il (1.51 = 0.41 MPa). The lowest value was observed in
control group of untreated samples (0.85 = 0.27 MPa). Group |
were significantly different (p<0.05) from group Il and group IlI.

Conclusion: Sandblasting with 30 um silica-coated aluminum
oxide and 50 um aluminum oxide particles significantly
increased the bond strength of acrylic surfaces.
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6z
Farkl yilizey modifikasyonlarinin yumusak astarin protez kaide
materyaline baglanmasi lizerine etkisi

Amag: Galismanin amaci, polidimetilsiloksan protez astarinin farkli
boyutlardaki aliminyum oksit parcaciklari ile kumlanmis olan protez
kaide maddesine geriime baglanma mukavemetini arastirmaktir.

Gere¢ Yontemler: Dikdortgen prizma seklinde kirk adet 1si ile
polimerize edilmis akrilik 6rnek baglantt dayanimi icin
degerlendirilecektir. Ornekler uygulanan yiizey islemine gére 4 test
grubuna ayrilmistir. Grup I: Ylzey islemi uygulanmayan (kontrol
grubu), Grup Il: Kumlama ile birlikte tribokimyasal silika kaplama,
Grup lll: 50 pm altiminyum oksit partikdlleri ile kumlama, Grup IV:
110 pm aliminyum oksit partikilleri ile kumlama. Butin 6rnekler
yumusak astar ile baglanti saglandiktan sonra 5000 devir termal
siklusa tabi tutulmustur. Baglanti degeri, evrensel test cihazi
kullanilarak cekme test ile belirlenmistir.  Verilerin normalligi
Shapiro-Wilk testi ile test edildi. Tum veriler tek yonli ANOVA
kullanilarak analiz edildi ve ortalama degerleri Tukey’in HSD testi ile
karsilagtirildi. (p <0.05).

Bulgular: En yuksek bag mukavemet degeri Grup Il'de (1.51 * 0.41
MPa) gozlendi. En disUk deger, ylzey islemi uygulanmayan
Orneklerin bulundugu grupta gézlendi (0.85 + 0.27 MPa). Grup |,
grup Il ve grup lll'den anlamli olarak farkliyd (p <0.05).

Sonug: Akrilik yuzeylerin 30 pm silika kapl aliminyum oksit ve 50
um aliminyum oksit partikulleri ile kumlama islemine tabi tutulmasi,
baglanma mukavemetini anlamli olarak artirdi.

ANAHTAR KELIMELER

Polimetilmetakrilat, yumusak astar, yiizey 6zellikleri, cekme
dayanimi

Denture soft liners have been applied in various
positions for more than a century in prosthodontics. It
is applied to the tissue surface of prosthesis." In 1945,
as a soft liner plasticized polyvinyl resin was
developed. After than silicone-based materials were
introduced in 1958.2 The function of soft lining
material is shock absorption for the denture-bearing
mucosa and to increasing retention of the
prosthesis.®* They are used for thin and atrophic
mucosa, bony undercuts, irregular bony resorption,
xerostomia, a risk for  osteoradionecrosis,

parafunction, congenital oral defects requiring
obturation, sensitivity in the mental foremen region,
wrong occlusal relationship, bony spicules and implant
placement surgery.*® In addition, soft liners provide
distributed forces during function of tissue-supported
prosthesis. Thereby, protection of the mucosa and
patient comfort is provided.™ If soft lining materials are
not used, tissues can be under the pressure by hard
surface of polymethylmethacrylate (PMMA) and it may
cause chronic soreness.* Soft lining materials can be
used at different time intervals from 6 months to 5
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years.! The properties of ideal soft lining material are
easy application, acceptable bond strength with
denture base, sustainable resilience and softness, no
water absorption, nontoxic, non-allergic, easy
cleaning, dimensional and color stability, repairable
and resistance to forces.!

Soft liners can be classified in three groups: 1)
According to the curing system (auto-cured, heat-
cured), 2) According to purpose of use (temporary,
permanent), 3) According to their chemical structures
(acrylic, vinyl, silicone).?

While auto polymerized soft liners enable the dentist
to apply directly in the mouth, heat polymerized
should be prepared in the laboratory. Auto-cured
system is more acceptable than heat-cure system for
patient. The reason of this first system is faster,
cheaper and easier to apply than second system. Also
patients don’t have to wait for their prosthesis in this
process. In contrary all of favorable properties, it is
difficult to obtain sufficient thickness with a soft liner
therefore it can easily undergo deformation and
become infected.?

Soft liners based on acrylic usually contain powder
and liquid. The structure of powder and liquid is
composed of acrylic polymers and copolymers, along
with a liquid containing an acrylic monomer and
plasticizers (ethyl alcohol and/or ethyl acetate). It has
been thought that the plasticizers in liquid are
responsible for the primary softness.* Silicone based
soft liners and silicone dental impression materials are
similar in terms of their contents. The both of them are
essentially dimethylsiloxane polymers. Unlike acrylic,
plasticizer is unnecessary for softness.*

Acrylic based soft liners provide better bonding to
denture base due to their construction. Silicone soft
lining material’s bond strength to denture base is very
low, so adhesives must be used to increase the bond
strength. Water absorption of acrylic material is more
than silicone. Surface of silicone lining material is
more convenient for colonization of fungi and
microorganism. Silicone based materials can keep
their softness for longer time and that is more elastic
than acrylic materials. The color stability of silicone
lining material is better than acrylic resin materials.
This may be explained with their higher
hydrophobicity.

Soft lining materials have many disadvantages
besides their positive properties. Some of them have
lost their softness over time, the growth of fungal and
microorganism colonization, loss of dimensional
stability, water absorption, porosity, low tear stress,
color change and inadequate bonding force between
the prosthetic base.®'"'* Many studies have been
conducted to investigate these problems. Several
articles have been published on the prosthetic base to
increase the bond strength. Examples of some

surface treatments are alumina abrading, laser,
oxygen plasma, glass fiber, nitric acid and argon
plasma.?®191517  Some failures can be observed
depending on the time of bond strength between to
denture base. They are caused by mechanical
properties of denture base and reliner materials, aging
of material, contacting with saliva and food, chewing
forces, using of denture cleaners and temperature
changes in mouth.®

In some of the studies, a thermocycling was applied to
the specimens to stimulate the oral cavity.*'2'® The use
of thermal cycling in studies can increase or decrease
the bond strength independently of the material.

Peel, lap-shear and tensile test which are commonly
used for evaluation of bonding characteristic of soft
relining materials. Tensile test method was described
to be effective by American Society for Testing and
Materials (ASTM) for the evaluation useful of different
adhesive systems and varied processing techniques.'®

The aim of this in vitro study was to compare bond
strength to denture base of silicone soft liner materials
and define the effect of surface conditioning methods
on the bond strength. The hypothesis tested was that
the tensile bond strength obtained after sandblasting
treatment of denture base resin is higher than any
untreated group.

MATERIALS AND METHODS

Soft denture liner and denture base material used in
this study are shown in the Table 1.

A steel mold was produced in order to obtain
specimens in standard sizes (Figure 1). Forty pairs of
heat-cured PMMA resin (Meliodent, Bayer Dental,
Newbury, UK) specimens were prepared in the form of
rectangle prism, according to the manufacturer’s
directions. Dimension of specimens is 10mmx10mm
cross-sectional area and 30 mm length. The dies are
divided by steel spacer with a thickness of 3mm for
soft lining application. Specimens were ground to a flat
surface by hand grinding on wet 600-grid silicone
carbide paper. Then it was cleaned and dried. The
steel spacer was removed from the mold, and the
surface was prepared according to the manufacturers’
directions.

The 40 pairs of specimens were divided to four
groups.

Group I: This group was determined as the control
group and no surface treatment was performed.

Group II: Acrylic base surfaces were sandblasted with
30 um silica-coated aluminum oxide particles (Al.O3)
(Codet™ Sand, 3M-ESPE, Seefeld, Germany) (Lot
number 619274) for 10 seconds at a pressure of 2.8
bar, from a distance of 10 mm using an intraoral
sandblaster.
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Group llI: Acrylic base surfaces were sandblasted with 50um Al.O;
particles (3M ESPE, Seefeld, Germany) at a pressure of 2.8 bar 10
seconds 0.28 MPa for 15 seconds from the tip of the air abration
unit, equipped with a nozzle 5 mm in a diameter. (3M ESPE, Seefeld,
Germany).

Group IV: Acrylic base surfaces were sandblasted with 110 um Al.Os
particles (3M ESPE, Seefeld, Germany) at a pressure of 2.8 bar 10
seconds 0.28 MPa for 15 seconds from the tip of the air abrasion
unit, equipped with a nozzle 5 mm in a diameter. (3M ESPE, Seefeld,
Germany).

The PMMA blocks were returned to the mold, and soft liners packed
into the space made by the steel spacer, and heat polymerized
according to the manufacturers’ directions. After the polymerization,
specimens were removed from the flask. All samples were
thermocycled between 5 and 55° C 5000 cycles to simulate oral
environment.

Tensile bonding test were applied to the samples with universal
testing machine (Lloyd LF Plus, Ametek Inc, Lloyd Instruments,
Leicester, UK). Specimens were loaded until failure in a universal
testing machine with a crosshead speed of 5 mm/min.

Figure 1.

The steel mold used in the work is seen in the figure

Table 1.

Materials used for the study

Heatpolymerize,
Molloplast-B  silicone based, Detax Dental 190514
definitive
. Heatpolymerize, Heraeus Kulzer
Meliodent PMMA resin GmbH Hanau ~ 1oJUL145

Failure analysis

By means of a stereomicroscope, debonded sample surfaces were
evaluated by the same observer. (Stereomicroscope Leica M2 12,
Leica Microsystems, Glattbrugg, Switzerland) Failure modes were
assessed and classified as adhesive, cohesive or mixed type.
Adhesive failure indicates a full separation at the interface between
the soft denture liner and the prosthetic base material. Cohesive
failure indicates rupture within the soft lining material. Mixed failure
indicates a combination of cohesive and adhesive failures.

Statistical Analysis

Statistical analyzes were performed
using the statistical software, statistical
Package for the Social Sciences,
version 22 for Windows (SPSS Inc.,
Chicago, IL, USA).

Tensile bond strengths of the tested
groups were evaluated by one-way
ANOVA. The Shapiro-Wilk test was
performed to confirm that the data of
tensile bond strength values were
normally distributed. Statistical
analyses were performed at a
significance level of 0.05. Multiple
comparisons of different surface
treatments were undertaken using the
Tukey-HSD test.

RESULTS

Table 2 summarizes the mean values
and standard deviations of tensile
bond strength data for all groups.
Among the groups tested the highest
mean tensile bond strength was
observed in the groups Il (1.51 +0.41
MPa). The lowest mean tensile bond
strength value was observed for the
group | (0.85+0.08 MPa). Tukey’s HSD
test showed that the tensile bond
strengths in group | was significantly
different from group Il and group lII.
(p<0.05) There was no significant
difference in bond strength between
groups group | and group IV.
Furthermore, no significant difference
was found between group I, group il
and group IV.

In addition, failure types are presented
in Table 3. Group Ill and IV samples

presented 100% adhesive failure.
Additionally, Group | samples
predominated in adhesive failure

(80%). However, Group Il samples
presented 60% mix, 30% adhesive, 10
% cohesive failure.
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Table 2. Table 3
One-_ way Anova results for Mean and standard deviation of Failure types and numbers
tensile bond strength values (MPa) (n=10)
Group | 8 2
Groupl 10 0.85°  0.56 1.34 0.27 0.08 0.66 1.05
Group Il 1 3 6
Gr<|>|ur: 10 151°  1.04 2.41 0.41 0.13 1.21 1.81
Group Il 10
Group 45 433 052 1.87 0.40 0.12 1.04 1.62
Il Group IV 10
G’I‘\’,“p 10 1212 072 1.78 0.34 0.11 0.96 1.46

Groups with the same superscript letter are not significantly different (p>0.05)

DISCUSSION

The result obtained in the present study show that
application of sand blasting to the denture base
material increases the bond strength between soft liner
and denture base material, thus the first hypothesis
was accepted. Clinically, bonding properties of
prosthetic lining materials is important under chewing
stress. Optimally, soft lining materials should be
strongly bonded to the acrylic resin during the lifetime
of the prosthesis to prevent separation from the base
material. In the current study, to increase the bond
strength of the soft denture liner to the denture base
materials, different surface modification methods were
applied, such as sandblasting with different particle
Slize.

After the tensile strength test, different types of failures
were observed among the groups on failure. Failure
analysis results showed that group Il which was
sandblasted with 30 um silica-coated aluminum oxide
particles had the highest bond strength and 30%
adhesive failure, 60% mixed failure and 10% cohesive
failure. On the other hand, group | (control group)
showed the lowest bond strength with 80% adhesive
failures and 20% mix failure.

Laboratory experiments, with the soft lining of the
bonding forces denture base materials was carried out
using different methods of testing by various
researchers, for example shear, tensile or peel tests.?
% The tensile bond strength test has been extensively
used by researchers. In this study, the tensile test
method is preferred because it provides the surface of
the draft; it can give information about the structure of
the boundary layers and the location of the
failures.2!27:28 Although it is believed that the peel test is
the best simulation test for soft lining materials for
clinical lining materials, the results indicated that the
peel tests are likely to cause higher cohesion failures in
soft denture lining materials and this test may be

affected by the material thickness. Shear adhesion
strength of the material is also influenced by the
deformation rate. In the tensile bond test, the coated
area is stretched simultaneously and is not allowed
for deformation of materials. Although the tensile
test does not mimic the clinically exposed forces of
the lining material, it is well-considered a suitable
method.21928 Also soft denture liners did not cause
tensile stresses by pulling forces alone, such as
some shear forces due to the high Poisson's ratio.
As well as for soft lining materials to be acceptable
for clinical use; have been reported to have a bond
strength of at least 0.44 MPa (4.5 kg / cm?.% In
general, we estimate that the prosthesis can be
changed on average every 5 years. Acceptable soft-
lined prostheses should also provide this life period.
Bond strength between the soft liner and the acrylic
resin must be sufficient for to prevent soft liner
separating from denture base. As a result of this
separation unhygienic and non-functional area may
become.?

Thermal cycling is a widespread method for
imitating more closely the oral condition. This
process causes repeated enlargement and
contraction between the soft denture liners and the
prosthetic base material, while at the same time
causing stress and thermal volumetric changes in
the bonding interface. It has been determined that
thermal cycling stress is one of the disruptive factors
among the soft denture liners and denture base
resins. Just as in previous studies, in this research
the thermal cycling was done only to simulate the
oral environment. For this reason, the bonding
forces were not compared before and after the
thermal cycling. In this study, 5000 thermal cycles
were chosen. The temperature changes from 5°C to
55°C in the thermal cycling procedure. 5000 thermal
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cycles simulate the use of total prostheses in about 5
years for a patient thought to eat three meals a
day.1,12,29,30

It is accepted that soft lining material develops
adhesion strength to the prosthetic base by producing
air-borne particle abrasion of acrylic resin, which will
facilitate mechanical interlocking. However, the results
of the investigations should be discussed. Gundogdu
et al'® and Akin et al'® reported that abrasion of the
acrylic resin with 50-um alumina particles resulted in
lower bond strength compared to the control samples
with airborne particle abrasion. Atsu and Keskin'2
discovered that airborne abrasion with 50 um alumina
and 30 um silica coated alumina oxide particles did not
increase the adhesive strength of the flexible lining
material to the prosthetic base resin. It has been
suggested that the debilitating effect of airborne
abrasion on the bond strength may result from stresses
produced at the interface of the acrylic resin-resistant
liner or due to the insufficient size of irregularities
caused by airborne abrasion to penetrate the material
itself however, some researchers indicated that
airborne particle abrasion of the acrylic resin prosthesis
surface improves the binding force of soft denture
lining materials®. In addition, Usumez et al® reported
that airborne particle abrasion of 250 um aluminum
oxide particles to acrylic resin resulted in higher bond
strength compared to the control group, but this
increase was not statistically significant.> All groups
airborne based on the results of this study showed
high bond strength than the control group.
Sandblasted with 50 pm aluminum oxide particles and
30 um silica-coated aluminum oxide particles exhibited
higher bond strength at statistically significant level.
There was no statistically significant difference between
110 um aluminum oxide particles and control group.
Because the 110 um diameter forms larger retention
focus on the acrylic surface, the bonding areas may be
insufficient compared to 30 um and 50 um
sandblasting.

There is no plasticizer in content of Molloplast-B, it
does contain filler. The filler may cause to increase
softness, because of it absorbate water. Due to these
reasons, Molloplast-B is affected thermocycling.® It is
possible to find many studies which comparing acrylic
and silicone soft liner in the literature. El-Hadary et al
reported that silicone based soft lining material’s bond
strength to denture base is stronger than acrylic based
soft liner®® On the contrary, Mutluay and Ruyter
founded silicone based soft denture liner’s bond
strength is lowest.’ Aydin et al reported although
acrylic was higher bond strength than silicone at the
beginning of the study after the thermocycling silicone
based material’s bond strength to denture base was
founded the highest.®

This research is an in vitro study. The thermocycling
isn’'t sufficient to simulate the mouth environment.
There are many variables in the mouth such as
saliva, chewing force, microorganism and foods.
Therefore, long-term clinical studies are required to
obtain more accurate results.

CONCLUSION

Within the limitation of this research, under the
present experimental conditions, the following
conclusions can be drawn:

Different size of aluminum oxide particles was effect
the bond strength of the silicone based soft denture
liner to the heat cured based resin.

The highest tensile bond strength between the
denture base resin and the silicone based soft
denture liner was obtained by application of
sandblasting with 30 um silica-coated aluminum
oxide particles. In addition, there was no statistically
significant  difference  between the  other
sandblasting parameters. The adhesive failure type
was predominantly observed.
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