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ABSTRACT

Aim: The aim of this study is to evaluate the effects of three
different surface treatments and thermocycling on the tensile
strength of a silicone lining material to denture resin.

Materials and methods: A total of 96 cube-shaped specimens
were fabricated using heat-cured polymethyl methacrylate
(PMMA) denture base resin. Three millimeters of the material
was cut from the midsection. The specimens were divided into
four groups. The bonding surfaces of the specimens in each
group received one of the following surface treatments: no
surface treatment (control group), airborne particle abrasion
with 110 ym alumina particles (air abrasion group), Er:yttrium
aluminum garnet laser irradiation (laser group), and air abrasion
+ laser. After the lining materials were processed between the
two PMMA blocks, each group was divided into two subgroups
(n=12), either stored in distilled water at 37°C for 24 hours
or thermocycled between 5 and 55°C for 5,000 cycles. The
specimens were tested in tensile and shear strength in a
universal testing machine. Data were analyzed with two-way
analysis of variance and Tamhane’s post hoc tests (a=0.05).
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The mode of failure was determined, and one specimen in each
group was examined by scanning electron microscopy.

Results: Surface-treated groups demonstrated significantly
higher tensile strengths compared to the control group
(p<0.001). Nonetheless, no significant differences were found
between surface-treated groups (p>0.05). The tensile strength
was significantly different between thermocycled and water-
stored specimens (p=0.021).

Conclusion: Altering the surface of the acrylic denture base
resin with air abrasion, laser, and air abrasion + laser increased
the tensile strength. Thermocycling resulted in decrease in bond
strength of silicone-based liner to surface-treated acrylic resin.

Clinical significance: Pretreatment of denture base resins
before applying the soft liner materials improves the bond
strength. However, thermocycling results in decrease in bond
strength of soft denture liner to surface-treated acrylic resin.
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INTRODUCTION

Denture lining materials, applied as a cushion on the tissue
surfaces of the removable dentures and maxillofacial
prostheses to achieve more equal force distribution,
reduce localized pressure and improve retention by
engaging undercuts.'” Patients who have alveolar ridge
resorption, bruxism, thin and nonresilient mucosa, and
areas of severe undercuts may benefit from the use of soft
lining materials in their prostheses.** There are two types
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of resilient soft lining materials: Plasticized acrylic resins
and silicone rubber. The most important problem with the
acrylic product is leaching out of plasticizers and other
soluble materials into water, resulting in loss of softness
over time.>® Silicone-based resilient lining materials
have the advantage of being inherently soft over a long
time. Nevertheless, the Achilles heel of these products is
inadequate bonding to the denture base.”®

Resilient lining materials have several important
problems, including loss of softness, colonization by
Candida albicans, and low tear strength and porosity.”!
One of the most common problems with these materials is
deboning from the denture base. To solve this perplexing
problem, investigators have focused on methods to alter
the denture base resin surface. These methods include
airborne particle abrasion,1® tribochemical c:oa’cing,16
chemical etching,'* and laser treatment.!*1>1718 A study
showed that roughening the acrylic surface results in
almost twice the adhesive bond strength of resilient
lining materials in comparison to smooth surfaces."”
Traditionally, airborne particle abrasion with aluminum
oxide particles has been used to alter the surface of acrylic
resin in order to provide mechanical locks. However,
there is conflicting information regarding the efficacy of
airborne particle abrasion in enhancing bond strength of
the soft lining material to acrylic resin denture base.'**®

Technological developments during the last decade
have resulted in increased use of lasers in dentistry.
Recently, laser has been proposed as an alternative method
for surface treatment to obtain higher bond strength
between two materials.?’ The laser might be a reasonable
choice for treating denture base resin because of its depth
of optical penetration depending on the laser type and
its parameters. Nevertheless, limited and inconsistent
findings are available regarding the effectiveness of laser
treatment in improving bond strength between soft lining
materials and denture resin.!*!417.!

In the oral cavity, liner denture base resin interface
is frequently subjected to thermal stresses. It has been
found that the bonding between resilient liner materials
and denture resin is affected by aging in water and
thermocycling.?>*> However, no investigation was found
in relation to comparing the bond strength of resilient
liners to surface-treated denture base resin before and
after thermocycling.

The aim of this study was to evaluate the effects of
three different surface treatments and thermocycling on
the tensile strength of a silicone lining material to denture
resin. The first hypothesis was that surface treatments
affect the bond strength of resilient denture liner. The
second hypothesis was that the bond strength between
resilient liner and surface-treated denture base resin
changes after thermocycling.

MATERIALS AND METHODS

The resilient liner in this study was a silicone-based mate-
rial (Detax Gmbh & Co KG, Ettlingen, Germany) and the
denture base material was a heat-polymerized acrylic
resin (Triplex, Ivoclar Vivadent, Schaan, Liechtenstein).
A total of 96 cube-shaped acrylic resin specimens were
fabricated according to the manufacturer’s instructions.
The specimens were prepared by investing brass cube-
shaped patterns, 25 mm in height, 10 mm in length, and
10 mm in width. Putty impression material was placed
around the brass patterns to facilitate the removal of
processed specimens from the flask. Once the specimens
were polymerized, 3 mm of the material was cut from
the midsection of the specimens using a water-cooled
low-speed diamond saw (IsoMet, Buehler, Illinois, USA).
The prepared specimen was then randomly divided into
four groups (n=24) according to surface treatments. The
bonding surfaces of the specimens in each group received
one of the following surface treatments:

Untreated (control): The bonding surface of the specimens
received no treatment.

Airborne particle abrasion (air abrasion): The bonding
surfaces of the specimens were airborne particle
abraded using 110-um aluminum oxide particles at
2 bars of pressure for 10 seconds at a distance of 10 mm
in a sandblasting unit (Basic Classic; Renfert, Hilzingen,
Germany).

Laser irradiation (laser): The bonding surfaces of the
specimens were irradiated using Er: yttrium aluminum
garnet (YAG) laser beams (Smart 2940D Plus; Deka Laser,
Firenze, Italy) in noncontact focused mode from 5 mm
above the surface. The laser beam with the following
parameters was used: 300 mJ, 10 Hz, 3 W, long pulse
duration for 20 seconds.

Airborne particle abrasion + laser irradiation (air abrasion +
laser): The bonding surfaces of the specimens were
airborne particle abraded similar to the air abrasion
group. The surface was then irradiated with Er:YAG
laser beams in the same manner described for the laser
group.

The acrylic blocks were placed back in the molds,
and the Molloplast-B bonding agent was applied on
the bonding surfaces. The resilient liner materials
were then packed into the space between the two
blocks, trial-packed, and polymerized according to the
manufacturer’s instructions. Before the specimens were
retrieved from the denture flasks, they were left to cool
at room temperature for 20 minutes. The specimens in
each group were divided into two subgroups (n=12),
either stored in distilled water at 37°C for 24 hours or
thermocycled between 5 and 55°C for 5,000 cycles. The
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dwell time at each temperature was 20 seconds and
transfer time was 10 seconds. All the specimens were
subjected to a tensile force using a universal testing
machine (STM20; Santam, Tehran, Islamic Republic of
Iran) at a crosshead speed of 5 mm/min. The force on
the failure point was recorded, and the tensile strength
values were calculated using this formula: S=F/A,
where S is the tensile stress (in MPa), F is the maximum
tensile force (in N), and A is the bonded surface area
(in mm?). The failure modes were visually determined
and classified as adhesive (total separation at the liner
resin interface), cohesive (tearing within the liner), or
mixed (a combination of adhesive and cohesive). In
addition, four other specimens (one specimen for each
group) were prepared. The bonding surfaces of these
specimens were gold-sputtered and used for surface
analysis using scanning electron microscopy (SEM;
XL 30; Philips, Eindhoven, the Netherlands). Two-way
analysis of variance (ANOVA) was used to evaluate the
effect of the surface treatments, thermocycling, and their
interaction on tensile strength. The means were then
compared using Tamhane’s post hoc tests (0.=0.05).

RESULTS

Mean tensile strength values and standard deviations
of all the groups are presented in Table 1. Two-way
ANOVA revealed significant differences for surface
treatments (p <0.001) and thermocycling (p=0.021).
However, their interaction was not significant (p =0.768)
(Table 2). According to Tamhane’s post hoc test, the surface-
treated groups (air abrasion, laser, and air abrasion+
laser) demonstrated significantly higher tensile strength
compared to the control group (p <0.001). Nonetheless,
no significant differences were found between surface-
treated groups (p>0.05).

Different modes of failure were observed in the
experimental groups (Table 3). The control group exhibited
25% adhesive failure and 75% mixed failure, while in
the thermocycled group, the results changed to 41.67%
adhesive, 8.33% cohesive, and 50% mixed modes. Before
thermocycling, the laser group exhibited 8.33% cohesive
and 91.67% mixed failure. The air abrasion + laser group
exhibited 33.33% cohesive and 66.67% mixed failure, while
following thermocycling, the failure mode of laser and air
abrasion + laser groups changed to completely mixed.

The SEM images of the treated surfaces of experimental
groups are presented in Figures 1A to D, which shows
surface treatment resulted in irregularities and many pits
and depressions on the denture base resin. In the laser
group, holes and cavities with trabecular pattern were
noticeable (Fig. 1C).

Table 1: Mean +(SD) tensile bond strength values (MPa)
of experimental groups

Tamhane’s post

Groups  Water storage Thermocycling hoc test

Control 0.9 +(0.21) 0.75+(0.36)  Control: air
abrasion, laser,
and air abrasion +
laser, p<0.001

Air 1.29+(0.17) 1.13+(0.14) Air abrasion: laser,

abrasion p=1

Laser 1.24£(0.22) 1.22+(0.45) Airabrasion: air
abrasion + laser,
p=0.48

Air 1.36 +(0.12) 1.21+(0.1) Laser: air abrasion

abrasion + laser, p=0.97

+ laser

p<0.05 indicates significant difference; SD: standard deviation

Table 2: Two-way analysis of variance results for comparison of
bond strength values

Sum of Mean

Source squares df square F p-value
Group 3.239 3 1.080 17.458  <0.001
Thermocycling 0.342 1 0.342 5.532 0.021
Group x 0.071 3 0.024 0.380 0.768
thermocycling

Error 5.442 88 0.062 Error 5.442
Total 133.397 96

Table 3: Percentage of mode of failure of all groups after
tensile bonding test

Mode of failures

Groups Adhesive  Cohesive  Mixed

Control ~ Water storage 3 (25%) 0 9(75%)
Thermocycling 5 (41.67%) 1 (8.33%) 6 (50%)

Air Water storage 12 (100%) O 0

abrasion Thermocycling 12 (100%) 0 0

Laser Water storage 0 1(8.33%) 11 (91.67%)
Thermocycling 0 0 12 (100%)

Air Water storage 0 4 (33.33%) 8 (66.67%)

abrasion Thermocycling 0 0 12 (100%)

+ laser

DISCUSSION

According to the results of this study, pretreatment with
airborne abrasion, laser, and airborne abrasion + laser
increased the bond strength of silicone lining material to
the acrylic resin denture base. Thus, the first hypothesis
that surface treatments affect bond strength was accepted.

Itis assumed that airborne particle abrasion of acrylic
resinimproves the bond strength of resilient lining material
to denture base, through production of irregularities that
can facilitate mechanical interlocking. Nevertheless, the
results of investigations are controversial.""> Gundogdu
etal'*and Akin etal" reported that roughening the acrylic
resin with airborne particle abrasion with 50-um alumina
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Figs 1A to D: Scanning electron microscope image (2000x magnification) of surface-treated acrylic resins before bonding:
(A) Control, (B) airborne particle abraded, (C) treated with laser, and (D) treated with air abrasion+ laser

particles resulted in lower bond strength compared to
control specimens. Similar findings were reported by
Atsii and Keskin,'® who found that airborne abrasion
with 50-um alumina and 30-pm silica-coated alumina
particles did not improve the bond strength of resilient
lining material to denture base resin. It has been proposed
that the weakening effect of airborne abrasion on the bond
strength might be due to stresses that are produced at the
acrylic resin resilient liner interface or to insufficient size
of irregularities created by airborne abrasion to allow
penetration of material into them. In contrast, Storer!?
reported that airborne particle abrasion of the acrylic
resin denture surface improved the bond strength of
the resilient lining materials. In addition, Usumez et al'®
reported that airborne particle abrasion of the acrylic resin
with 250-pm alumina resulted in higher bond strength
compared with the control group, although this increase
was not statistically significant.

According to the results of this study, the airborne-
abraded group exhibited significantly higher bond
strength than the control group. This finding contradicted
the results of Gundogdu et al'* and Akin et al," but was
consistent with the results of Storer'? and Usumez et al.'®
The enhanced bond strength achieved in this study
could be attributed to larger size of alumina particles

(110 pm) that created larger pits and depressions, thereby
the resilient lining material could penetrate into them
more easily.

The presence of definite cavities on surfaces hit by
aluminum oxide particles indicated this. On the contrary,
these larger particles are more easily removed from the
surface of the liner and the acrylic resin, leaving fewer
residual particles that exhibit less interference with the
bonding procedure compared with smaller particles.

Recently, laser beams have attracted attention as an
alternative technique for the preparation of the surface
of the acrylic resin before placement of the soft liner.
High-energy laser beams give rise to instant evaporation
of water along with widespread volumetric expansion,
ablating the surrounding materials and increasing the
surface area.!! Therefore, the elastic liner can penetrate
into the created irregularities or spaces, increasing the
bond strength. This is confirmed by the presence of
trabecular pattern on SEM photomicrographs.

Usumez et al”® found that Nd:YAG laser treatment of
polymethyl methacrylate (PMMA) increased the surface
roughness, and irradiated specimens exhibited higher
bond strength to resilient lining material, although the
difference was not statistically significant. Korkmaz et al*!
compared the effect of erbium, chromium-doped yttrium,
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scandium, gallium and garnet (Er, Cr:YSGG) laser
treatment with different parameters and concluded that
laser pretreatment at 3 W, 20 Hz increased the peel bond
strength of a silicone-based liner (Molloplast B) to the
acrylic denture base resin.

In the present study, altering the surface of the PMMA
resin by Er:YAG laser irradiation before application of
resilient material resulted in higher tensile strength
values than those of the control group. This finding is
consistent with the results of Akin et al,'! who found
that Er:YAG laser treatment at 200 mJ, 10 Hz, and 2 W
for 20 seconds increased the tensile strength between the
resilient liner and denture base resin. However, Nd:YAG
and potassium titanyl phosphate lasers were ineffec-
tive. In another study, Akin et al'® reported that surface
treatment of light-polymerized urethane dimethacrylate
base resin by Er:YAG laser irradiation at 300 mJ, 3 W and
pulse duration of 700 um significantly increased the bond
strength to silicone-based soft liner. However, Gundogdu
etal'* reported that surface treatment with Er:-YAG laser
at 150 mJ and 100 pm was ineffective in increasing the
bond strength of PMMA to autopolymerized and heat-
polymerized silicone-based resilient liners.

Tugut et al showed that preparation of the acrylic
resin surface with laser beams at 3 W, 10 Hz, and 300 m]J
created small pits on the surface of the acrylic resin the
liner can penetrate into, increasing the bond strength.
However, Er:YAG laser at 4 W and 400 m] produced
cavities instead of pits, decreasing the bond strength.'”

In the present study, Er:YAG laser beams were used
with the same parameter as given by Tugut et al.””
However, higher bond strength values were achieved
compared with those reported by Tugut et al (1.23 vs 0.98
MPa). One of the factors that might affect the outcomes in
the laser group in different studies is the rate of scanning
of the laser tip and the distance of the tip to the surface.
The scan rate can result in different cavities on surface of
acrylic resin. Use of laser in the focus or defocus mode
can also affect the ability to create pits by the laser beams.

In the present study, there were no significant
differences in mean tensile strength values among surface-
treated groups, either before or after thermocycling.
However, following thermocycling, the least adhesive
failure was observed in the laser treatment groups (laser
and air abrasion + laser). These findings indicate that
surface treatment with laser can be an effective technique
in increasing the bond strength of liner to acrylic resin.

The results of this study indicated that the tensile
strength of studied groups significantly decreased after
5,000 thermocycles. Thus, the second hypothesis that the
bond strength between resilient liner and surface-treated
denture base resin changes after thermocycling was also
accepted. This finding is consistent with those of a study

by Elias et al,  demonstrating a reduction in bond strength
values of silicone-based liners after 3000 thermocycles,
whereas all the materials tested had higher bond strength
than those considered acceptable for clinical use. Kulak-
Ozkan et al evaluated the bond strength of six silicone-
based soft denture liners after 5,000 thermocycles and
reported a significant decrease in bond strength values
for all the materials tested expect Ufigel C and Mollosil.
However, all the materials tested still exhibited sufficient
bond strength for clinical application after thermocycling.*
In contrast, Pinto et al*® reported that thermocycling had
no effect on bond strength of silicone-based resilient lining
material to denture base resin after 4,000 cycles, but affected
the bond strength of acrylic resin-based resilient liner.

Craig and Gibbons' claimed that an adequate bond
strength value for a resilient liner is 0.44 MPa. However,
Kawano et al” suggested that the bond strength value
should be at least 96 MPa to achieve acceptable clinical
results. In this study, the bond strength values for all the
groups significantly decreased after thermocycling, but
they were still higher than 96 MPa, which is the clinically
acceptable bond strength level.

One of the advantages of the present study, compared
with similar studies, was the concomitant evaluation of the
effects of different surface treatments and thermocycling
on the bond strength of soft liner to acrylic resin. One of
the limitations of the present study was the fact that only
one type of resilient lining materials (silicone-based) and
one type of denture base material (heat-polymerized)
were tested. Although such in vitro study could be helpful
to predict the outcomes of clinical application, further
in vivo longitudinal investigations are recommended to
demonstrate the effects of the tested pretreatments on
bond strength of resilient lining materials to acrylic resin
denture base.

CONCLUSION

Within the limitations of this study, the following conclu-

sions were drawn:

¢ Altering the surface of the acrylic denture base resin
with air abrasion, laser, and air abrasion + laser
increased the tensile bond strength between silicone-
based resilient liner and acrylic denture base resin.

* Thermocycling resulted in a decrease in bond strength
of silicone-based liner to surface-treated acrylic den-
ture base resin.

CLINICAL SIGNIFICANCE

Pretreatment of denture base resins before applying the
soft liner materials improved the bond strength. However,
thermocycling results in decrease in bond strength of soft
denture liner to surface-treated acrylic resin.
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