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ABSTRACT 
Introduction: The aim of this study was to compare the tensile strength of the bond between acrylic resin modified 
with laser or sandblasting with silicon soft liners immersed in isobutyl methacrylate. 
Materials and Methods: A total of 60 blocks of acrylic resin (meliodent) were made in gypsum molds and packed 
into soft liners of silicone (Molloplast). Acrylic resin blocks after preparation in gypsum molds were subjected to 
surface changes with aluminum oxide and Er: YAG laser particles, and soft liners were divided into two groups, 
which a group of 10 g soft liners was immersed in a solution of isobutyl methacrylate for 3 minutes, but the other 
group did not do this. Finally, the specimens were evaluated in 6 groups including unmodified acrylic resin without 
immersion soft liners, unmodified acrylic resin with iBMA immersed Soft Liner for 3 min, sandblasted acrylic resin 
with soft liner without immersion, Acrylic sandblasted acrylic resin sandblast, immersed in iBMA for 3 min, modified 
acrylic resin with Er: YAG laser without immersion soft liners, modified acrylic resin with Er: YAG laser with 
immersion soft liner in iBMA for 3min. Tensile strength was measured for all specimens and data were analyzed by 
SPSS software, ANOVA and Tukeyp = 0.05 supplementary tests. 
Results: The mean tensile strength of Er / YAG corrected acrylic resin group was significantly higher than that of 
sandblast modified acrylic resin group (p = 0.003). Also, iBMA Soft Leaven's immersion significantly increased the 
tensile strength of the modified sandblast acrylic resin group (p = 0.016), While in control group did not have a 
significant increase in band strength (p = 0.117) and in the Er: YAG laser group, there was a significant decrease in 
tensile bond strength after immersion in iBMA (p = 0.026). 
Conclusion: The results of the study showed that the use of YAG: Er laser produced had higher tensile strength than 
other methods. Immersion in iBMA can also contribute to tensile strength. 
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INTRODUCTION 
In dentistry, dentists use the benefits of soft liners 
to enhance viscoelastic properties (1-3). These 
liner act as a shock absorber to reduce and spread 
stress in denture-bearing tissues. It also improves 

the tissue surface of the denture base (2, 4-7). The 
use of liner materials may contribute to the full 
development of denture through the ability of  
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denture to tolerate chewing stress (8-11). In any 
case, the use of soft liners has several problems. 
The most important of these is a failure in the 
connection between the soft liner and the denture 
base (2, 9, 10, 12). Its ability to grow bacteria and 
the formation of plaque and mass are one of the 
most important reasons for the failure of this band. 
Therefore, clinical evaluations and intermittent 
soft-line replacement are necessary (13). More 
laboratory time and higher prices are required for 
denture with a permanent soft liner, most of which 
is the cost of materials and equipment. Therefore, 
we need a sufficient bond between the denture 
base and the liners (5, 7, 14, 15). Previous studies 
have shown that because of less water absorption 
and the ability to dissolve, Molloplast B is a 
preferred substance for long term clinical use (14) 
(16, 17). Having different molecular structures of 
PMMA and silicon base soft liners makes it 
impossible for them to be chemically bonded to 
each other (18, 19). The connection between 
acrylic base denture resin and liners with silicone 
base depends on the adhesion of the two surfaces 
(19).Usually the adhesion of polymeric materials 
requires surface changes to improve the wetting 
properties of these materials (5, 20). Several 
studies have examined different methods for 
improving bond strength between liners and 
acrylic base denture resin (5, 9, 15, 19, 21, 22) 
Other studies have examined the effects of air-
abraid particles on the strength of the soft-liners 
and acrylic resins, and other studies have 
investigated the use of chemicals such as acrylic 
resin monomer and their compounds on the 
strength of the soft liners with acrylic resins. 
However, the paradoxically results reported (21-
23). In spite of studies that done with surface 
roughness -to-denture before using liner materials, 
showed improvement in contact surface strength 
(5,19,25), other studies did not report any adverse 
effects of roughness in the bonding of two 
substances (1.9, 23) Recently, they discovered that 
lasers are effective in changing the surface of the 
material (5, 9, 21). Few studies have been 
conducted on the use of laser to improve the resin 
level before using soft liners to improve bond 

strength. (21,11,9,5,1) Er-Cr-YSGG Laser 
(Waterlase MD, Turbo, Biolase Technology) has a 
high hydrophilicity. The unique feature of this 
system is the existence of a water spray that has a 
dual role: (25, 26). Cutting support and use as a 
coolant to reduce surface temperatures and 
eliminate any damaging heat damaging side 
effects (27). Hydroxyethyl methacrylate (HEMA) 
and isobutyl methacrylate (iBMA) are also used to 
improve the mechanical properties of PMMA. 
According to studies (28), the increase in ethyl 
methacrylate concentration leads to a linear 
decrease in the mechanical properties measured by 
molecular weight. In addition, polymerization of 
PMMA with 2-hydroxyethyl methacrylate 
(HEMA), the temperature of the Glass Transition 
(Tg) copolymers decreases from 119 ° C to 100 ° 
C with increasing HEMA. The Tg PMMA 
temperature decreases with HEMA 
copolymerization, which may facilitate the 
cooking conditions. (29) The mechanical 
properties of soft materials for railing and their 
bonding properties have been evaluated in a 
variety of ways. There are three acceptable 
methods for measuring the attachment of denture 
base polymers to soft liners, which include: 
tensile, shear and peeling tests (11, 30) The 
purpose of this study was to evaluate the effect of 
sandblast and treatment of acrylic resin with laser 
on its bond strength with Soft Liner with 
Molloplast B submerged in isobutyl methacrylate. 
 
METHOD: 
In this study, were used a soft liner with 
Molloplast B silica base (Detax, Germany) and a 
silicone acrylic resin (Heraeus Kulzer, Germany). 
To test the tensile strength of the samples, the 
plaster molds (Dental Stone, Pars Dental, Iran) 
were prepared with 75 mm long brass shapes and 
a 12 mm diameter, with a 7 mm diameter in the 
thinnest section. 60 thermocycled acrylic resin 
blocks were made in gypsum molds and prepared 
by using denture flasks, and were prepared in a 
similar manner to conventional dentures and bake 
according to factory orders. 
First, the flasks were boiled in water, then the 
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flame was turned off and in that case the flasks 
were released for 15 minutes. Then they were 
boiled again for 20 minutes and after 
polymerization PMMA blocks were removed 
from the flask and trimmed. Then, before the 
surface changes were made by a diamond disk and 
a 3mm blue cooler, the thin section of the acrylic 
blocks was cut and the band surface with silicon 
carbide washed 200 grit and cleaned and dried. 
Then samples were stored in 37ºC water until 
superficial changes. Before the surface changes, 

the samples were allowed to dry in air for 24 
hours. 
A random sample was selected to examine the 
electron scanning microscope (SEM) to examine 
the differences in surface shape after surface 
modification. Then acrylic blocks were randomly 
divided into three groups: 
1.Any superficial changes were made in the 

control group. 
2.A group sandblasted with 50 micron oxide 

particles (AL2O3) sandblast. 
3.A group was changed by Er: YAG Laser. 

 
Figure 1. Prepared sample in heat-acrylic resin block 
In group 2, Nozzle (1.0 mm) was lightly contacted 
with each specimen and was transferred to the 
PMMA for 30 seconds with 50-micron oxide 
particles and the Sandblasting medium. In group 3 
with examines studies, a 10-minute time was 
selected for laser radiation and used as a pilot on 
the surface of one of the specimens, and then the 
same method was used for all specimens. In this 
group, an Er: YAG laser with a2.980 nm 
wavelength and 20HZ frequency, 20pulse / second 
was used. Output power W 1.5 was selected 
according to the test protocol. The air spray was 
applied from the handpiece at 70% air and 30% 
water for 1.5W (150mJ / pulse) to prevent 
excessive temperature rise. Laser energy was used 
by a fiber optic system with a device with a 600 
µm tip diameter of and 6 mm length. The focal 
laser radiation at the acrylic surface was 1 mm and 
the laser beam was vacuumed onto the bonded 
surface according to the factory's order. A 
comparison of samples was performed with SEM 

and 500 × magnification. After modifying the 
samples surface, the samples were returned to 
plaster molds. Then soft liner samples were 
divided into two groups: 
 A group of 10 g soft liners without immersion 
and a second group of 10 g soft liners immersed in 
a solution of isobutyl methacrylate for 3 minutes, 
so that the soft liners were completely covered 
with a chemical solution. 
After immersion and laser and sandblasting 
methods, the liner material was packaged into the 
molds and finally, six final groups were created: 
1. Acrylic resin without change with Soft Liner 

without immersion (A) 
2. Acrylic resin without change with soft liners 

immersed in iBMA for 3 min (B) 
3. Acrylic resin with soft sandwich without 

immersion (C) 
4. Acrylic resin sandblasted with soft liners 

immersed in iBMA for 3 min (D) 
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5. Modified Acrylic Resin with Er: YAG Laser 
With Soft Liner Without Immersion (E) 

6. Modified Acrylic Resin with Er: YAG Laser 
with Soft Liner Immersed in iBMA for 3min 
(F) 

After polymerization, the samples were taken and 
trimmed and stored in distilled water at 37 ° C for 
one week. Then puts all samples in Universal 
testing machine at a speed of 5mm / min to failure 
under tensile loads. The maximum force for 
fracture was recorded for each sample and the 
bond strength (s) (based on MPa) was calculated 
according to the following formula: 
                F 

  S= 
                   A                                                           
                                          

F= the maximum force (in Newton’s) and A cross-
section (in square millimeters). 
The value of A was calculated from the relation 
πr2. 
The mean standard deviation of the standard 
samples was statistically analyzed using ANOVA 
and SPSS 18 software. 
 
RESULTS: 
As Table 1 shows, the mean tensile strength in the 
immersion control group in IBMA was 48.381 and 
in the immersion control group in IBMA was 
27.421, in the IBMA-treated sandblasting acrylic 
resin group was 72.285, in the immersed acrylic 
resin group in IBMA was65.395, in the immersed 
laser acrylic resin group in IBMA was 21.457,and 
in the immersion-acrylic resin group in IBMA was 
34.356. 

Table 1. The values of mean tensile strength and descriptive data obtained from measurements in different groups 
Immersion Without immersion in iBMA With immersion in iBMA p-value 

Acryl 381.48 ± 61.88ab 421.27 ± 44.92 0.117 
Control 457.21 ± 73.41b 356.34 ± 102.41 0.026 
Laser 285.72 ± 111.03a 395.66 ± 66.75 0.016 

p-value 0.001 0.170  
 

The same letters in the table indicate no 
significant difference between the groups. 
The results of ANOVA test showed that there is a 
significant difference between the methods used to 
modify acrylic resin with sandblast and laser 
without correction before immersion in iBMA (p 
= 0.001). But, the comparison of these three 
groups after immersion in iBMA was not 
significant (p = 0.117).An independent T-test was 
performed on immersion in iBMA or without 
immersion between groups. The tensile strength of 
the sandblasted acrylic resin acrylic resin group 

immersed in IBMA was significantly higher than 
the mean tensile strength of sandblasted acrylic 
resin to soft liner without immersion in IBMA (P 
= 0.016). In the comparative groups, the mean 
tensile strength of the laser-free acrylic resin 
without immersion in IBMA was statistically 
higher than that of immersion acrylic resin in 
IBMA (P = 0.026). 
However, the comparison of immersion in IBMA 
did not differ significantly on tensile strength of 
the control group (P = 0.117). 

 
Table2.Compare pairs (Tukey). Average tensile strength in test groups without immersion in iBMA 

group  Number Average difference standard error Meaningful 
Sandblast acrylic resin  10 311/237 - 55/65 003/0 
Laser acrylic resin 10 

Slashed acrylic resin 10 76/95 - 55/65 325/0 control group 10 
Laser acrylic resin 10 54/141 55/65 097/0 control group 10 
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ANOVA supplementation test with Tukey method was performed to compare two groups. As Table 2-4 
shows, only the comparison of the tensile strength between the modified acrylic resin with silicone base and 
the tensile strength of the Er: YAG laser corrected acrylic resin and soft liners with silicone base is 
significant (P = 0.003). 

 
Figure 2. The mean tensile strength obtained by measuring tensile strength in triple acrylic resin groups, unmodified, 
modified with laser and modified with sandblasting. 
As shown in Figure 4-1, the average tensile strength in the modified acrylic resin group with Er: YAG laser 
was highest and in the sandblasted acrylic resin group, the lowest mean tensile strength was obtained. 

 

 
Figure 3. SEM images prepared from samples prepared to check tensile strength. A) Control group (X500) b) 
Sandblast group (X500); c) Laser group (X500). 
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DISCUSSION AND CONCLUSION: 
The results of this study showed that acrylic base 
denture correction with laser compared to 
sandblast had a higher tensile strength between 
acrylic base denture and soft liners with silicone 
base. The results of this part of the study were 
consistent with the results of the review by Akin 
and colleagues in 2011, so that they reported that 
changing PMMA level with Er: YAG laser 
significantly increases the bond strength (21). In 
our study, the effect of Er: YAG laser, in 
comparison with sandblast, produced a greater 
tensile strength between acrylic base denture and 
soft liners. 
The use of laser and sandblasting is intended to 
make changes in the level of PMMA with the aim 
of increasing the mechanical contact surface. 
Theoretically, this manipulation (increasing the 
mechanical surface with laser or sandblasting) is 
beneficial for the bonding site and, as a result, 
creates a stronger bond. In line with this theory, 
Lawrence and Li (2001) stated that the superficial 
change in PMMA with Nd: YAG laser radiation 
resulted in an increase in violence from 1.95 to 
2.22 µm, which reduced the contact angle between 
PMMA and control fluids hat are accompanied 
(20). Usumez et al. (2004) also reported that 
modified denture base resin with laser beam 
increased surface and bond strength. Although the 
bond strength was not significant (5). 
Jacobsen et al. (1997), also consistent with 
Usumez, stated that PMMA samples under the 
CO2 laser beam and PMMA samples had the 
same strength control as soft liners (9). On the 
other hand, Akin et al. Reported in 2011 that the 
change in the level of PMMA with Er: YAG laser 
significantly increases the bond strength in 
PMMA and soft liners with silicon base, while 
sandblasting prior to the use of liner materials has 
a weakening effect on The KTP and Nd: YAG 
lasers are not effective in increasing the bond 
strength (21). In addition, Tugut et al. (2012) 
reported that Er: YAG laser radiation with 10HZ, 
3W and 300 mJ and a long time (700 µs) on the 
PMMA sticky surface, increased the tensile 
strength between the soft liners and the denture 

base (15). The application of Er: YAG laser 
causes irregularities and a large number of small 
tufts on the surface of the PMMA resin. So soft 
liners can penetrate these irregularities and 
deformations and increase the bond strength. 
Although the high laser energy levels (400mj and 
w4) damage the sticky surface and cause large 
cavities instead of small cavities. For this reason, 
the Er: YAG laser with a 2.980 nm wavelength, 
150MJ and a 20HZ frequency, 20pulse / second 
was used in the present study, and the output 
power of W 1.5 was selected according to the 
protocol test, which is roughly the same as the 
parameters selected in the TUGUT et al. (2012) 
And AKIN et al. (2011) (15, 21).Storer et al. 
(1962) used sandblasting to make surface changes 
in acrylic resin, and concluded that the use of 
sandblasting prior to the railing of soft liners 
causes a slight irregularity in the level of acrylic 
resin bound to soft liners. This irregularity causes 
the mechanical locking of soft liners to increase, 
and bond strength increases (22). In addition, 
Usumez et al. (2004) reported that the use of 
aluminum oxide to produce PMMA surface 
changes before the use of liner materials resulted 
in an increase in the mean tensile strength of the 
band compared to control samples, but this 
increase was not significant. (5) On the other 
hand, the results of the study by Amin et al. 
(1981) (23) and Jacobsen et al. (1997) 
contradicted with the above results (9). They 
reported that the formation of surface roughness in 
acrylic base denture by sandblasting prior to the 
use of soft liners would weaken bond strength. In 
the present study, it was found that sandblasting of 
denture acrylic base resin before relaxation by soft 
liners with a non-immersed silicone base in IBMA 
reduced the mean tensile strength compared to the 
control group. Amin et al. Suggested that the 
reason for the low strength after sandblasting is 
due to the stress caused by the connection between 
PMMA and soft liners. Another reason may be the 
insufficient size of the irregularities created at the 
base of the denture surface with the sandblast 
method, which does not create the elasticity of the 
liners. 
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As Akin et al. (2011) have shown, different sizes 
of aluminum oxide particles affect the strength of 
flexible bonding and PMMA and sandblasting 
with 120 µm particles has the best tensile strength 
compared to the rest of the groups (31). Usumez et 
al. (2004) also reported that 250 micron particles 
produced the best tensile strength even when 
compared to the Nd: YAG laser (5). Since the 
sandblasting was carried out for 30 seconds with 
50-micron aluminum oxide particles in the study, 
one of the reasons for reducing the strength of the 
sandblast denture base resin to soft liners may be 
used in comparison with the particle size control 
group. The results of our study were consistent 
with Usumez et al. (2004). However, this 
difference was not significant despite the 
increased strength of tensile strength in 
sandblasting compared to control samples. 
The other part of this study showed that 
immersion in iBMA has a significant effect on the 
tensile bond strength between acrylic base denture 
and soft liner with silicone base, so that the mean 
bond strength between acrylic base denture and 
soft liner with sandblasting baseband immersed in 
iBMA It was more than sandblasted without 
immersion. Our result is in line with the result of 
Akin and colleagues in 2014 that the immersion of 
soft liners with silicon bases in iBMA for 2 
minutes doubled the tensile strength of soft liners 
and PMMA compared to the control group (32). 
In our study, it was also found that immersion 
increases the tensile strength in sandblast-
modified acrylic resin as well as the control group; 
although it was also observed that immersion in 
iBMA has a reciprocal effect on increasing the 
tensile strength of an acrylic-resin modified with a 
laser. In the study of past studies, few studies have 
shown that chemicals are used to increase the 
flexibility of liner materials. However, in some 
studies, PMMA modification with iBMA was 
observed (33, 34). 
G. Bolayır et al. (2013) tested the bond strength 
between acrylic resins and soft-liners of the 
Molloplast B type when acrylic resins were 
modified with ethyl methacrylate, isobutyl 
methacrylate, and modified tert-methacrylate 

monomer. It was found that in resins modified 
with isobutyl methacrylate, the tensile strength 
was higher than other samples (35). Doğan et al. 
(2006) in their study mixed the dominant 
polymeric powders in baking heat dentures with 
ethyl, isobutyl, and tert-butyl methacrylate 
monomers. They reported that there is no 
difference between the tensile strength of the 
polyacrylate group and the control (33). Leles et 
al. (2001) tested the levels of resin base and hard 
dentures with materials such as monomer methyl 
methacrylate (MMA), iBMA monomer, 
chloroform, and acetone. They reported that the 
exposed surface of the MMA monomer and 
chloroform had the highest average bond strength, 
and after which the IBMA monomer showed the 
highest bond strength. Three minutes’ immersion 
was also used in this study. Therefore, this study 
was similar to that of Leles et al. (36). In 
explaining that immersion in iBMA significantly 
increases the tensile strength of sandblasting 
specimens, it can be said that the physical 
properties of the liner are immersed in iBMA will 
change, iBMA makes it more flexible for liners 
against tearing or fractures Which is more than the 
strength of the tensile bond between the liners and 
the base of the denture. Another explanation is 
that molecules in PMMA and chemicals will react 
with each other. Methacrylate materials with a 
large number of alkyl groups can react with C-H 
groups and form hydrogen bonds. In addition, the 
use of solvent chemicals on acrylic resin creates 
rough surfaces, and this also has a positive effect 
on the tensile bond strength (32). Finally, the 
results of this study showed that the use of laser 
for superficial surface droplets in acrylic resin 
dentures with the specified characteristics (20HZ, 
150mj, 1.5W) and also immersion soft liners in 
iBMA in sandblast modified acrylic resin had the 
highest mean strength Stretch bond between 
acrylic resin and soft liner. 
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