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Abstract 
Objectives: The objective of this study was to compare the fracture resistance of conventional acrylic resin versus 
reinforced and unreinforced thermoplastic resin as a denture base material of an implant supported mandibular 
overdenture. 
Materials and Methods: A completely edentulous epoxy mandibular model was used in this study with two root form 
implants installed bilaterally at the canine areas. The model was duplicated 15 times into dental stone according to the 
sample size calculation. The 15 dentures were divided into three groups, five model in each. In the first group an implant 
retained overdenture was constructed with conventional heat cured acrylic resin denture base. In group two the 
overdenture was constructed from thermoplastic resin material, while the denture base of the third group was 
thermoplastic resin reinforced with 5% nano-zirconium oxide powder. The universal testing machine was used to evaluate 
the fracture resistance of the three types of overdenture. The recorded data was collected, tabulated and statistically 
analyzed. 
Results: The results of the present study revealed that the mean values of maximum fracture resistance were much higher 
in the reinforced thermopress with 5% nano-zirconium oxide powder group followed by the unreinforced thermopress and 
finally the lowest mean values were the conventional acrylic resin. 
Conclusion: the thermoplastic resin material either reinforced or not showed higher fracture resistance and could be used 
as an alternative to conventional acrylic resin material as a denture base in implant supported overdentures. 
Key words: Conventional acrylic resins, denture base, mandibular overdenture; denture fracture, fracture resistance. 
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Introduction:  
Nowadays, the use of overdentures 

supported by two implants is considered the 
first treatment option for rehabilitation of a 
completely edentulous mandible. This is 
proved to be a reliable and safe procedure 
with a long-term clinical success (1)   
One of the most common failures that might 
happen in such cases is the possibility of 
fracture of the unreinforced denture base 
especially when using attachments over 
implants. This could be generally attributed 
to the absence of enough inter-arch space 
need for the proper film thickness of the 
denture base material, additionally the 
weaking of the denture base following the 
conventional pick-up procedure of the 
attachments (2-4).  
         Its worthy mention that Polymethyl 
methacrylate (PMMA) is the most popular 
denture base material due to its good 
esthetics, accurate fit, biocompatibility with 
the oral tissues, easily repaired if fractured 
and finally its coast is affordable. Although it 
has all these advantages but it has also a 
major drawback which is low fracture 
resistance that render it weak and easily 
fractured either when falling down or due to 
fatigue from long time use (5,6)  
Polymethyl methacrylate acrylic resin 
(PMMA) has become the most widely used 
material for the construction of denture base. 
PMMA continues to be used because of its 
favorable working characteristics, processing 
ease, accurate fit, stability in the oral 
environment, superior esthetics, simplicity in 
repair and the use with inexpensive 
equipment. Despite these excellent properties 
there is a need for improvement in the 
fracture resistance of PMMA. (6,7) 

Despite its popularity which satisfies 
excellent aesthetic properties, adequate 
strength, low water sorption, low solubility, 
and freedom of toxicity, they can reproduce 
surface details accurately and can be easily 
repaired. (8) 

Various methods have been investigated to 
improve the properties of acrylic denture 
base materials where enhancement of 
fracture resistance to prevent fracture was a 
prime concern. This includes chemical 
modification of acrylic resin and 
reinforcement of acrylic with other materials, 
such as metal wires and glass fibers. Also, the 
development of new materials was 
attempted.  Zirconium oxide powder is one of 
the components that are used to strengthen 
different materials. It is a white and hard 
amorphous powder that is obtained from 
zirconium which is naturally found and 
produced by a thermal process. Zirconium 
oxide is found to be highly resistant to crack 
propagation and has premium mechanical 
properties with high fracture toughness and 
strength. Many authors showed in their 
studies an improvement in all mechanical 
properties with the addition of zirconium 
oxide nanoparticles to PMMA (9-12)  
Materials and methods 
Model fabrication and implant 
installation: 

An educational model of a completely 
edentulous mandible was used to obtain a 
duplicate that were used in this study. 
constructed from epoxy resin material in 
order to with stand the load application. A 
complete trial wax up with full set of teeth is 
done to enable the accurate allocation of the 
canine areas. Both canine areas will receive 
bilateral implants of diameter 3.8 mm and 12 
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mm in length. At the canine areas implant 
osteotomies is prepared using sequential 
drilling protocol followed by implant 
placement and fixation using a flowy mix of 
self-cure acrylic resin. Implants were planned 
to parallel placed parallel to each other and 
perpendicular to the occlusal plane by the aid 
of a milling device.    

In order to standardize the dimensions of the 
constructed overdentures, three indices were 
created in the base of the epoxy model to 
facilitate the attachment of the putty index 
later then it is duplicated 15 times in dental 
stone. These duplicate models were used to 
fabricate 5 identical dentures.A double layer 
of pink base plate wax was adapted on one of 
the casts then artificial teeth were set and 
waxed up. To ensure that the dimensions of 
all the dentures are identical, a rubber base 
index was made for the polished surface and 
the teeth, this ensured that the duplication of 
the remaining four dentures with the same 
denture base thickness and teeth setup.  

 

Grouping of the sample size was 
performed as follows; groups I:  conventional 

 
1 Heat cured acrylic resin, Stellon QC-20, Dentsply, 
USA. 
2  thermopress 400 - bredent UK 

heat cured acrylic resin denture base1. Group 
II: thermopress resin2 denture base while 
group III: thrmopress resin denture base 
reinforced with 5% nano zirconium oxide 
powder3 

 For the heat cured resin dentures 
conventional steps of denture processing 
(flasking, wax elimination, packing, curing, 
deflasking, finishing and polishing) were 
followed to obtain the 5 dentures.  

Thermopress resin dentures were constructed 
by conventional injection molding technique 
following the manufacturer guidelines. 
Regarding the reinforced thermopress, nano-
zirconium powder was pre-weighed in order 
to ensure a powder concentration of 5% by 
weight. The nano zirconium particles were 
treated with 1% of silane coupling agent 
before mixing with the thermopress resin 
powder. Mixing and proper blending were 
done using an electric mixer to obtain a 
consistent and homogeneous mix before 
manipulation of the materials. 

Ball attachment was fixed to each implant 
and their female parts were picked up in all 
denture following the conventional pick-up 
procedures. 

Load application was conducted in the form 
of two arms connected by a T-Shaped bar was 
cast in cobalt chrome alloy. The terminal end 
of each arm was made to fit the occlusal 
surface of the second premolar on each side 
to achieve homogenous stress distribution. 
The load applicator was mounted to the upper 
part of a universal testing machine. The 
modified acrylic cast with the denture was 
fixed to the lower metallic plate of the testing 
machine4. A vertical load was applied at a 

3 Zirconium oxide (ZrO2) nano powder. Advanced 
materials, USA 
4 Model LRX-plus; Lloyd instruments Ltd.,Farnham, 
UK 
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crosshead speed of 1.00 mm/min until 
denture fracture as manifested by an audible 
crack sound and confirmed by a sharp drop at 
load-deflection curve recorded using the 
computer software. The load- deformation 
curve for tested denture was plotted by means 
of data analysis software installed in a PC 
connected to the testing machine. Maximum 
load reached at denture fracture (LF) in 
Newton (N) was recorded. 
 

 

Results 

The mean and standard deviation values were 
calculated for each group in each test. Data 
were explored for normality using 
Kolmogorov-Smirnov and Shapiro-Wilk 
tests and showed parametric (normal) 
distribution. One-way ANOVA followed by 
Tukey post hoc test was used to compare 
between more than two groups in non-related 
samples. The significance level was set at P 
≤ 0.05. Statistical analysis was performed 
with IBM® SPSS® Statistics Version 20 for 
Windows. 

I) Fracture load results: 
There was a statistically significant 
difference between (Group I), (Group II) and 
(Group III) where (p=0.002). A statistically 
significant difference was found between 
(Group II) and each of (Group II) and (Group 
III) where (p=0.034) and (p=0.001) 
respectively. No statistically significant 

difference was found between (Group2) and 
(Group3) where (p=0.173). The highest 
mean value was found in (Group3) followed 
by (Group2), while the least mean value was 
found in (Group1). 

 

 
Discussion 

Improving the mechanical properties 
of the denture base material is always 
considered a prime concern for all the 
manufactures especially the fracture 
resistance property, that might help the 
denture to withstand more load and resist 
fracture that might happen due to abrupt falls 
or masticatory overload. 

Several authors had suggested the 
incorporation of several elements to achieve 
better fracture resistance property as carbon 
fibers, glass fibers, polyethylene fibers and 
metal strengtheners as copper, silver, 
titanium and zirconium. The use of these 
elements had also improved many other 
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properties as reduction of polymerization 
resistance, better thermal conductivity, but 
always the main problem of these metal 
particles is bad esthetics of the resulted base 
material. This might be attributed to the 
failure of these foreign particles to merge 
with the original material (10, 13, 14,15).  

These attempts not only include the 
reinforcement of the old materials, but also 
includes the introduction of new material as 
the thermoplastic resin with is utilized using 
a different technique (injection moulding 
technique) with different characteristics as 
more flexibility when compared to 
conventional acrylic resin  

This study is aiming to compare the 
fracture resistance of three different materials 
which are the conventional acrylic versus the 
non-reinforced and nano zirconium 
reinforced thermopress material in cases of 
implant supported overdenture. 

Nano-zirconium has been selected for 
this study as it was proved to be a 
biocompatible material able to improve 
fracture resistance of dental materials. It is 
characterized by its low density and 
accordingly light weight. Furthermore, the 
zirconia powder has the advantage of being 
white and therefore, is less likely to alter the 
appearance of the denture base material.   

Based on a pilot study, 5% by weight 
nano ZrO2 powder produced a significant 
increase in fracture resistance of acrylic resin. 
This was attributed to the fact that zirconia 
powder has flexural and impact strength 
values that exceed that of acrylic resin. But it 
was found that exceeding 15 % by weight of 
the filler gives a reverse effect. That is why 
the 5% ZrO2 powder was used.  

Many authors concluded that when 
incorporating zirconium powder with 
different dental materials, this improved its 
mechanical properties (16,17,18). Also, the 
white color of zirconia powder does not 
compromise the esthetics unlike its metal 
filler counterparts like titanium (14). Addition 
of 3-5 wt. % zirconium powder nanoparticles 
into PMMA resin significantly improved 
flexural strength, flexural modulus, fracture 
toughness and surface hardness (19),  
           One of the main points that should be 
taken into consideration is the adhesion of the 
zirconium powder with the resin matrix 
which effectively improve the properties of 
the polymer/nanoparticles composite.  
Therefore, modification of nanoparticles 
surface with a saline coupling agent might 
enhance its compatibility with the polymer, 
which may result in the improvement of 
material properties (20). 

The results of the present study 
revealed that the mean values of maximum 
fracture resistance were much higher in the 
reinforced thermopress with 5% nano-
zirconium oxide powder group (2612) 
followed by the unreinforced thermopress 
(2231) and finally the lowest mean values 
were the conventional acrylic resin (1662). 
This could be attributed to the addition of the 
nano-zirconium powder which improved the 
mechanical properties of the thermopress 
resin, enabling it to better absorb forces, 
additionally the flexible nature of the 
unreinforced thermopress enhanced its 
fracture resistance property when compared 
to the conventional acrylic resin material. 
This comes in agreement with many studies 
(6, 21, 22). 
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Although there is no significant 
difference between the unreinforced 
thermopress group and the reinforced 
thermopress one, but in the reinforced group 
the fracture resistance is higher which might 
be attributed to the incorporation of the nano-
zirconium particles which might interfere 
with any crack propagation initiated in the 
thermopress (23).   
Conclusion: 

Within the limitations of this in vitro 
study, regarding the facture resistance both 
the thermopress resin material and its 
reinforcement with 5% nano-zirconium 
showed to be a good alternatives to 
conventional acrylic resin as a denture base 
materials especially in implant supported 
overdenture cases.  
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