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ABSTRACT

Background: Debonding of denture teeth from denture bases is the most common failure in 
removable dentures. The purpose of this study was to evaluate the effect of surface treatments on 
shear bond strength of denture teeth to heat-polymerized and autopolymerized denture base resins.
Materials and Methods: In this experimental in vitro study, 60 maxillary central incisor acrylic 
teeth were divided into two groups. Group M was polymerized with heat-polymerized acrylic resin 
(Meliodent) by compression molding technique and group F was processed by autopolymerized 
acrylic resin (Futura Gen) by injection molding technique. Within each group, specimens were divided 
into three subgroups according to the teeth surface treatments (n = 10): (1) ground surface as the 
control group (M1 and F1), (2) ground surface combined with monomer application (M2 and F2), 
and (3) airborne particle abrasion by 50 μm Al2O3 (M3 and F3). The shear bond strengths of the 
specimens were tested by universal testing machine with crosshead speed of 5 mm/min. Data 
were analyzed by two-way analysis of variance (ANOVA) and Tukey’s honestly signifi cant difference 
(HSD) tests (P < 0.05).
Results: The mean shear bond strengths of the studied groups were 96.40 ± 14.01, 124.70 ± 15.64, 
and 118 ± 16.38 N for M1, M2, and M3 and 87.90 ± 13.48, 117 ± 13.88, and 109.70 ± 13.78 N for F1, 
F2, and F3, respectively. The surface treatment of the denture teeth signifi cantly affected their shear 
bond strengths to the both the denture base resins (P < 0.001). However, there were no signifi cant 
differences between the groups treated by monomer or airborne particle abrasion (P = 0.29). The 
highest percentage of failure mode was mixed in Meliodent and adhesive in Futura Gen.
Conclusion: Monomer application and airborne particle abrasion of the ridge lap area of the 
denture teeth improved their shear bond strengths to the denture base resins regardless of the 
type of polymerization. 

Key Words: Acrylic resin, dental bonding, denture bases

INTRODUCTION

One of the most widely available materials in 
prosthetic dentistry is polymethyl methacrylate 
(PMMA), a material that has been used as a denture 
base since 1937.[1,2] Heat-polymerized PMMA resin 

is used as a denture base material because of its 
excellent esthetics, low water sorption and solubility, 
relative lack of toxicity, repair ability, and simple 
processing technique.[3] A conventional method for 
curing resin is the compression molding technique.[3,4] 
Advantages of this method include ease of processing, 
its familiarity for dentists and technicians, and the 
lack of need for any sophisticated or expensive 
equipment. Disadvantages of this technique are 
dimensional changes and inaccuracies in the fi t of the 
denture base. Therefore, the popularity and relative 
simplicity of the compression molding technique are 
usually overshadowed by the high processing stresses 
induced in the resin during polymerization.[5,6]
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Another type of resin is the chemically activated or 
autopolymerizing resin. Chemically activated resins 
are much less frequently used for denture base 
fabrication than heat-activated resins. These materials 
have a higher solubility and inferior color stability due 
to oxidation of the amine accelerator.[7,8] Chemically 
activated resins, most often when compression 
molded, display less polymerization shrinkage than 
their heat-activated counterparts, which leads to 
greater dimensional accuracy. This could be attributed 
to a reduction in residual stresses that have been 
induced during the processing cycle.[9]

The injection molding technique when compared with 
the compression molding technique has a reduced 
processing time, lower cost, lower skin sensitivity 
to the evaporated monomer, and availability of 
the resin reservoir to compensate for acrylic resin 
shrinkage.[10,11] 

The type of processing could affect the mechanical 
properties of the resins such as the bond strength 
between the denture teeth and the denture base resins.[2,9]

Debonding of denture teeth from denture bases is a 
major problem in the prosthodontic practice. Previous 
surveys reported that 26-33% of denture repairs are 
the result of debonded teeth which cause distress and 
increased cost for patients.[12,13] This may be related to 
the basic properties of the materials (teeth or denture 
base materials), processing factors (contaminations 
or curing cycle duration), and the available monomer 
during processing.[14,15] Attempts to increase the bond 
strength between acrylic resin teeth and denture 
base resins include grinding the glossy ground 
surface,[16,17] painting the ground surface of the teeth 
with monomer,[18-20] and cutting mechanical retention 
features in the ground surface of the teeth.[21-23]

Clancy and Boyer[24] compared the bond strengths 
of light- and heat-polymerized, and autopolymerized 
denture base resins to the denture teeth. In their 
study, the strongest bonding occurred between heat-
polymerized resin and plastic teeth. The lowest bond 
strength was observed in light-polymerized resin. 
Schneider et al.[25] evaluated the bonding of two 
resin denture teeth to microwave and heat-processed 
denture bases. They obtained higher bond strength of 
denture teeth with the conventional heat-polymerized 
than the microwave-polymerized acrylic resins. 

The purpose of this investigation was to evaluate 
the effect of surface treatments on shear bond 

strength of denture teeth to heat-polymerized and 
autopolymerized denture base resins.

The null hypotheses were: 1) there is no signifi cant 
difference between the shear bond strength of the 
denture teeth to the two denture base resins and 2) 
surface treatments of the denture teeth have no effect 
on their bond strengths to the denture base resins. 

MATERIALS AND METHODS

In this experimental in vitro study, 60 maxillary central 
incisor acrylic teeth (Ivoclar, Vivadent, Naturno, Italy) 
were divided into two groups which were processed 
with heat-polymerized acrylic resin (Meliodent, 
Heraeus-Kulzer GmbH, Wehrheim, Germany) (group 
M, n = 30) and autopolymerized acrylic resin (Futura 
Gen, Shutz-Dental, Rosbach, Germany) (group F, 
n = 30), respectively. Denture teeth were further 
subdivided into the following three subgroups with 
n = 10 per group: 1) M1, F1: untreated ground 
surface; 2) M2, F2: treated with monomer on ground 
surface; and 3) M3, F3: treated with airborne particle 
abrasion. The methyl methacrylate monomer was 
applied to the teeth bonding surfaces using a cotton 
bud for 180 s.[26,27] The airborne particle abrasion was 
done using 50 μm aluminum oxide particles for 30 s 
from a distance of 10 mm under 2 bar pressure.

The denture teeth were mounted on two sides of six 
triangular shaped wax models [Figure 1] and covered 
with silicone putty (Optosil, Heraeus-Kulzer, Leverkusen, 
Germany) to facilitate defl asking. Before processing, all 
teeth were treated according to their assigned groups. 

Each model was fl asked and the wax removed by 
boiling water. Six molds were made in this procedure 

Figure 1: Denture teeth in triangular shaped wax model
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for groups (M1, M2, M3, F1, F2, F3). Three molds were 
packed with Meliodent denture base resin and cured 
in a curing machine by an automatic curing device 
(EWL, type 5518, KaVo, Leutkirch, Germany) in 
accordance with the manufacturer’s instructions. 

The three other molds were injected with Futura 
Gen resin and processed using unipress machine 
(Shutz-Dental). The mixture was injected according 
to the manufacturer’s instructions. After completion 
of the curing cycle and defl asking, the Meliodent and 
Futura Gen specimens were stored in distilled water 
at 37°C for 7 days.

Then, the shear bond strengths of the specimens 
were evaluated by universal testing machine (Instron 
Corp., Canton, MA, USA). Force was applied by a 
stainless steel pin, 1 mm in diameter, at an angle 
of 130° to the long axis of the tooth at a crosshead 
speed of 5 mm/min until fracture occurred. In a 
class I occlusion, this stimulates the average angle 
of contact between the maxillary and mandibular 
anterior teeth.[16]

The mean shear bond strength values were subjected 
to two-way analysis of variance (ANOVA) followed 
by Tukey’s test. For all statistical analyses, the 
signifi cance level was set at P < 0.05. The failure 
mode was classifi ed as adhesive, cohesive, and mixed. 
No statistical analysis was performed on failure mode 
of the studied groups.

RESULTS

Table 1 presents the mean and standard deviation of 
the studied groups. Two-way ANOVA demonstrated 
that the shear bond strength was signifi cantly affected 
by the type of acrylic resin (F = 4.71, P = 0.03) and 
the surface treatment (F = 21.09, P < 0.001), but 
the interaction between these two factors was not 
statistically signifi cant (F = 0.004, P = 1.00) [Table 2].

Tukey’s honestly signifi cant difference (HSD) 
multiple comparison test revealed that the control 
groups had signifi cantly lower bond strength than 
the treated groups (P < 0.001), but there was no 
signifi cant difference between the bond strengths 
of groups treated by monomer or airborne particle 
abrasion (P = 0.29) [Table 1].

Failure mode was predominantly mixed in the 
Meliodent groups, whereas adhesive failure was 
reported for Futura Gen specimens [Figure 2].

DISCUSSION

According to the results of the present study, there 
was signifi cant difference between the shear bond 
strengths of the denture teeth to the two denture 
base resins and surface treatment of the denture teeth 
affected the bond strength signifi cantly. Thus, the null 
hypotheses were rejected.

Some studies have reported that the bond strength 
of acrylic teeth to denture base resin is due to the 
diffusion and polymerization of monomer across the 
teeth base interface to form an interpenetrating polymer 
network. The effi ciency of the attainment of such bond 

Table 1: Mean and standard deviation of the studied 
groups

Studied 
groups 

Mean ± SD 95% Confi dence 
interval of mean

Tukey’s 
groups*

Lower 
bound

Upper 
bound

M1 96.40±14.01 86.38 106.42 B
M2 124.70±15.64 113.51 135.89 A
M3 118.00±16.38 106.28 129.72 A
F1 87.90±13.48 78.25 97.55 b
F2 117.00±13.88 107.07 126.93 a
F3 109.70±13.78 99.84 119.56 a

*There is signifi cant difference between the means which are characterized 
by different letters

Table 2: Two-way ANOVA

Source Type III sum 
of squares

df Mean 
square

F P

Acrylic resin 1000.42 1 1000.42 4.71 0.03
Treatment 8957.20 2 4478.60 21.09 P < 0.001
Interaction 1.73 2 0.87 0.004 1.00
Error 11,467.50 54 212.36
Total 733,633.00 60

Figure 2: The failure mode of the studied groups
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depends primarily on the rate at which the monomer 
diffuses from the base resin mixture. Higher diffusion 
rate of the monomer of a denture base polymer mixture 
into the acrylic resin polymer teeth is achieved with 
increasing polymerization temperature.[18,26-28]

Injection molding does not have any heat conduction 
as with the conventional water bath technique, thus 
the bond strength of the denture teeth in the Meliodent 
group was higher than that in the Futura Gen group.

Development of alternative materials such as Futura 
Gen (PMMA) is a breakthrough in denture base 
materials used for prosthetic dentistry. The advantages of 
Futura Gen include less shrinkage, outstanding denture 
adhesion characteristics, less processing time, and ease 
of polishing. The manufacturer claims that the quality of 
this material has been improved because of modifi cation 
and binding ability which has resulted in higher bond 
strength. In addition, the lack of a monomer results in 
higher strength compared to that of heat-cured resin.[10,11] 

Production of Futura Gen is a success for overcoming 
the disadvantages of autopolymerized PMMA. 
According to the manufacturer, due to changing of the 
initiator system and replacement of changed copper and 
barbituric acid ions, instead of the tertiary amine, the 
amount of residual monomer in Futura Gen is similar to 
that of heat-polymerized resin.[10]

In similar studies on the bond strengths of denture 
teeth to different types of denture base resins, heat-
polymerized acrylic resins showed the highest 
bonding values in comparison to autopolymerized 
or light-polymerized acrylic resins, which is in 
agreement with this study.[16,24,25] On the contrary, 
Vallitue[29] suggested that heat-polymerized PMMA 
did not adhere to the acrylic resin tooth better than 
the autopolymerizing PMMA.

The results of this study showed that the surface treatment 
with monomer is an effective method for improving the 
bond strength between denture teeth and denture base resins. 
Acrylic teeth treated with monomer failed predominantly 
in the cohesive and mixed modes in Meliodent groups, 
which is in agreement with the fi ndings of previous studies 
on the benefi ts of chemical locks.[16,17] The monomer that 
was applied to the tooth surface before packing provided 
a solvent effect on the tooth surface which favored a more 
effective diffusion of the monomer of the denture base 
polymer across the tooth denture base interface and formed 
interpenetrating polymer networks.[30,31]

One of the technical factors that contribute to the bond 
strength of denture tooth to denture base resin is ridge 

lap surface contamination with wax or tinfoil substitute 
residues, which can be cleaned with monomer 
application before packing PMMA into the mold.[14,15]

The airborne particle abrasion of the denture teeth 
ground surface improved signifi cantly the shear bond 
strength compared to untreated samples. Although 
these results are in agreement with some studies,[20,25] 
however, there are other studies which have shown 
that airborne particle abrasion or grinding decreases 
the bond strength of the treated teeth to denture 
bases.[1,17] Other studies have reported that teeth 
base roughening with cutting or abrasive rotary 
instruments or aluminum oxide air abrasion provides 
slightly higher bond strength values than those 
achieved without surface modifi cation, or with cavity 
preparation or monomer etching.[21,22]

It has been shown that the use of mechanical retention is 
a primary means of securing the bond strength between 
acrylic resin teeth and the denture base resins. The 
airborne particle abrasion increases the surface area of 
the ridge lap portion of the denture teeth and, hence, 
improves their bond strengths to denture base resins.[29-31]

In this study, most of the Futura Gen specimens 
(F1 > F2 > F3) showed adhesive failure, but failure 
mode of the Meliodent specimens was predominantly 
mixed (adhesive and cohesive) (M1 > M2 and M3) 
[Figure 2].

Hatim and Hasan[26] demonstrated that the failure modes 
are mostly adhesive in all types of selected acrylic teeth 
with heat-polymerized resins and mixed for microwave 
acrylic denture bases.Fletcher-Stark et al.[28] showed 
adhesive debonding between the acrylic denture teeth 
and light-polymerized resin without a bonding agent. 
But when a bonding agent was used with light- and 
heat-polymerized denture base resins, mixed and 
cohesive failures were observed.

Mechanical fatigue, thermal cycling, and chewing 
simulation were not considered in the present study; 
therefore, the results of the present study should be 
interpreted with caution.

CONCLUSION

Within the limitations of this study, these conclusions 
can be drawn:
1.  Treatment of the ridge lap surface of denture 

teeth by monomer or by airborne particle abrasion 
signifi cantly improved their bond strengths to the 
denture base resins.
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2.  There was no significant difference between 
applying monomer or airborne particle abrasion in 
improvement of the bond strength. 

3.  The bond strength of the denture teeth to the studied 
denture base resins was signifi cantly different. 

4.  The failure mode was predominantly adhesive with 
Futura Gen and mixed in Meliodent.
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