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Abstract - A methylmethacrylate-free denture base polymer (Eclipse) in comparison to a conventional denture base 
polymer (Palapress vario) was evaluated after water saturation and Stick glass fibre reinforcement. The data were 
analysed with ANOVA at α=0.05. Water-storage caused a decrease in the flexural strength and stiffness of the materi-
als (p>0.05). Conventional denture base material with fibre reinforcement gave highest flexural strength (201.1 MPa) 
compared to fibre reinforced Eclipse (79.1 MPa) (p<0.05). Water sorption after 76 days was 2,08 % (Palapress vario) 
and 1,55% (Eclipse). Fibre-reinforcement of methylmethacrylate-free material was not as successful as conventional 
denture base and needs to be further optimized.
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INTRODUCTION

Poly(methylmethacrylate) (PMMA) has served as a success-
ful denture base polymer since the 1930s and no other 
material has reached its popularity after its introduction1,2. 
However, as a denture base it has several shortcomings 
that need further improvement. PMMA denture bases are 
susceptible to impact and fatigue fractures3-6. To improve 
the impact strength, PMMA denture base polymer have 
been reinforced with elastomeric particles to act as crack 
stoppers or various fibres have been incorporated to in-
crease the fatigue life and stiffness of the denture base7-11. 
High-impact denture base polymers generally required 
relatively complex curing cycles or special equipment, 
which limited their use10-12.  

Attempts to replace the poly(methyl methacrylate) with 
polymers that have different backbone structure were also 
made during the last decades but none of the materials 
have been widely accepted1,2,7,8. A light-cured, urethane 
acrylate based denture base polymer is currently used. 
This material has been reported to have superior flexural 
properties, low water sorption and high polishability. The 
system also gives the dentist the option to shape the final 
material in the clinic avoiding the use of modelling wax13.

The flexural strength of denture base polymers especially 
with regard to fatigue is one important weakness and limits 
the service life under demanding clinical circumstances14,15. 
Several methods have been suggested for reinforcement 
and mainly because of the additional cost and additional 
laboratory steps involved; none of these methods have 
been universally accepted14-17. Fibre reinforcement was 
extensively studied to replace reinforcing metal meshes 

used in dentures11,15-19. These reinforcements can be tailor-
made for specific patient needs and the cost involved is 
relatively acceptable, compared to high-impact denture 
base polymers11,19-21. Use of these fibre reinforcements have 
not been studied with the MMA-free polymer Eclipse and 
the reinforcement obtained is not known. 

The flexural properties of this material under dry and wet 
conditions were reported previously13 but there are no 
reports about the water sorption and water solubility of 
this material and its compatibility with the currently used 
glass fibre reinforcement system Stick (Stick Tech, Finland). 

The aim of this study was to evaluate the flexural proper-
ties of two denture base polymers before and after water 
saturation of the polymers and after application of glass 
fibre reinforcement with Stick fibres. Water sorption and 
solubility of these materials were also studied. The working 
hypothesis of this study was that the different polymers 
would behave differently after water saturation and fibre 
reinforcement.

MATERIALS AND METHODS

Materials

One of the polymer systems used in this study was a ure-
thane acrylate based, light cured Eclipse Prosthetic resin, 
(Dentsply Trubyte, York, USA) (Lot  070213). This material 
was introduced as a paste, which can be softened for easy 
manipulation in a warm water bath and after the correct 
shape is given, light cured in a light curing oven. The con-
ventional control was a poly methylmethacrylate (PMMA) 
based resin system Palapress vario (Heraeus Kulzer, Hanau, 
Germany)(Lot 011036 and 012352 for liquid and powder 
respectively). This second material is a pourable polymer 
system cured in a pneumatic curing chamber.
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Flexural testing

Specimens were prepared according to ISO 1567 (10 x 
65 x 3.3 mm). Six groups were used (n=6) for the tests 
in each group and the groups and treatments are given 
in Table 2. The specimens prepared for groups one and 
two were polymerized in a Pneumatic Curing Unit (Acri-
Dense ™ IV, GC America Inc.) at 50 ˚C and 2,00E+04  kg/
m2,  for 20 minutes. The specimens prepared for groups 
three and four were placed into the preheated mould and 
then polymerized in Targis Power light-curing unit (Ivoclar 
Aktiengelsellschaft, Schaan, Liechtenstein) (program 3, 2 x 
31 minutes only light without heat). 

In specimens groups five and six, the Stick glass fibres were 
first impregnated in liquid Palapress for 30 min before the 
Palapress material (group five) was placed into the mould 
and polymerized in Pneumatic Curing Unit  (Acri-Dense 
™) or the Eclipse Prosthetic resin (group six) was then 
placed in to the mould and gently heated. Polymerization 
was completed in Targis Power light-curing unit (Ivoclar) 
(program 3, 2 x 31 minutes only light without heat). The 
surfaces were polished with 1200 grit SiC – paper.   

The specimens from the groups one and three were stored 
at room temperature (22 ± 0.2°C) for 5 days before testing. 

The tests were made according to a 3-point bending test 
ISO 1567 with a universal testing machine (Lloyd Model 
LRX, Lloyd instruments, Fareham, England). The height 
and width of all specimens were measured before testing. 
Ultimate flexural strength (σ) (MPa) of the samples was 
calculated using the formula:
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where F is the load at fracture, L the span, b the width, 
and d the thickness of the specimens.

Flexural modulus (E) (MPa) was calculated from the graph 
with the following formula:
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where L is the span, b the width, h the height and F/D the 
slope of the linear region of the load-displacement curve.

Water sorption and solubility

Flexural strength samples were used for determining wa-
ter sorption and solibility. After polymerization, the water 
uptake by weight was measured by an analytical balance 
(AT261 Deltarange Mettler Toledo, 0.1 mg resolution) after 
1, 2, 6, 12, 19, 26, 33, 40, 47, 54, 62, 69, 76 days.

The specimens for the Solubility-groups were taken from 
the Water stored-groups after performing the 3-point 
bending test. The specimens were dehydrated in an oven 
at 50°C for 40 days. The weight change was measured at 
2, 7, 13, 33,35,37,40 days. Water sorption (WS) and water 
solubility (SL) was calculated using the formulas:
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where m
1
 is the initial mass, m

2
 is the mass after water 

immersion and m
3
 is the mass after dehydration.

Brand names 
(Code)

Manufacturer Composition Processing method

Eclipse Dentsply Trubyte,
York, PA

Urethane methacrylate, Stearyl 
acrylate

Soften the material in the conditioning unit for 1-1,5 minutes 
to allow manipulation. After application, cure in the Dentsply 
curing unit.

Palapress Vario Heraeus Kulzer, 
Hanau, Germany 

PMMA (powder), MMA, 1,4-
BDMA (liquid)

Pourable polymer system;55ºC at 2,00E+04  kg/m2 pressure/15 
min

Stick Stick Tec, Turku, 
Finland

E-glass fibres preimpregnated 
with PMMA 

Wet the Stick fibres with the monomer and cure with the 
denture base polymer

Table 1.  Materials used in the study.

PMMA= Poly(methyl methacrylate)
MMA= Methyl methacrylate
1,4-BDMA= 1,4-Butanediol dimethacrylate

Group Material Treatment/storage Fibre reinforcement

1 Palapress None/Dry  stored None

2 Palapress None/Water stored at 37 ˚C for 77 days (18 Ω purity 
distilled water)

None

3 Eclipse None/Dry stored at (22 ± 0.2 ˚C) None

4 Eclipse None/Water stored at 37 ˚C for 77 days (18 Ω purity 
distilled water)

None

5 Palapress Glass fibres/Dry stored (22 ± 0.2 ˚C) Unidirectional Stick, Longitudinal, Centre of the specimen

6 Eclipse Glass fibres/Dry stored Unidirectional Stick, Longitudinal, Centre of the specimen

Table 2.  Groups and treatments used in the study.
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Scanning Electric Microscopy

Scanning electron microscopy analysis were done after 
polishing of the fracture surfaces up to 4000-grit (FEPA) 
and carbon sputtering (SCD 050; Bal-Tec, Balzers, Liech-
tenstein). Then, the FRC materials were examined with a 
scanning electron microscope (SEM) ( JSM-5500; Jeol Ltd., 
Tokyo, Japan) to determine impregnation of the fibre by 
the resin.

Statistical Analysis

Statistical analysis was performed using SPSS (Statistical 
package for social science, SPSS Inc., Chicago, IL). One-way 
analysis of variance was carried out for flexural strength, 
flexural modulus and water sorption values.  

RESULTS

Flexural strength and flexural modulus results are shown 
in Table 2 and 3.  The initial flexural strength of Eclipse 
was 101.5 (±20,2) Mpa. Water storage and fibre reinforce-
ment both caused a decrease in the flexural strength (92.2 
(±15.1) and 79.1 (±21.9) MPa respectively). However, this 
change was not significant (P>0.05). Palapress had an initial 
flexural strength of 97.3 (±13.1) MPa which decreased to 
69.7 (15.5) MPa after water storage. Fibre reinforcement 
of Palapress resulted in an increase in flexural strength 
to 201.1 (±618) MPa from the initial value of 973 (±13.1) 
MPa (P<0.05). 

The flexural modulus of bending was also influenced 
by treatments. Water storage caused a slight decrease in 
the flexural modulus of the two unreinforced polymers. 
Flexural modulus of Eclipse decreased to 1.9 GPa from an 
initial value of 2.8 GPa (P>0.05) and flexural modulus of 
Palapress decreased to 1.9 GPa from and initial value of 
2.4 GPa (P>0.05). Fibre reinforcement of Palapress resulted 
in a significant increase of flexural modulus to 3.7 GPa 
compared to the initial value (P<0.05). 

Water sorption and solubility values are presented in Fig-
ures 3 and 4 respectively. Percent water absorption was 
2.08 for Palapress and 1.55 for Eclipse and these values 
were not statistically significant (P=0.077) at 76 days. The 
water sorption of Palapress was higher until 12 days, and 
then slowed down and reached equilibrium after about 54 
days. Eclipse, on the other hand, continued absorbing water 
and the absorption slowed down but still did not stop after 
54 days. The solubility by weight is similar between the 
materials and at the level of 0.22 (±0.08) and 0.20 (±0.01) 
percent respectively for Palapress and Eclipse. 

SEM images revealed that there were spaces between the 
matrix and the glass fibres in Eclipse and the impregnation 
of the fibres were only partly successful. Palapress speci-
men showed almost continuous contact between fibres 
and the matrix with very few empty spaces.

Figure. 2.  Flexural modulus. Letters represent significant groups.

Figure 1.  Flexural strength of the materials. Letters represent significant group.
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Figure 3..  Weight gain of the materials as a result of water immersion at 37ºC. 

Figure 4.  Water solubility of the materials after 72 days.

Figure 5a,b. SEM image of (a)Palapress Vario and (b) Eclipse after glass fibre reinforcement. Note the improper wetting/impregnation of 
the fibres in Eclipse.

a b
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Discussion

Palapress was cured in a pressurized chamber in the exist-
ence of heat. Although this curing technique is different 
compared to the compression molding technique, the 
chemical composition is very similar to the conventional 
heat-cured denture base polymer 12. Therefore, this den-
ture base polymer was used to compare different aspects 
of denture base polymer performance to that of Eclipse 
prosthetic resin.

In the current study, the test samples were immersed in 
distilled water for 76 days. By plotting the weight gain in 
time in a graph (Fig. 3), it was shown that the two ma-
terials approached equilibrium in time. Water content of 
a polymer affects the mechanical properties. For PMMA, 
water diffuses throughout the polymer resulting in a plas-
ticizing effect and increased water content decreases the 
modulus of elasticity of the polymer21. Therefore, testing 
the mechanical properties of a denture base polymer after 
water saturation will give valuable information about how 
the material will behave in the oral environment.

Based on the results of the flexural tests, the hypothesis 
that the different denture base polymers will behave dif-
ferently was partly rejected. The initial flexural strength of 
Eclipse material was higher than Palapress. However, the 
difference was not significant. The flexural strength values 
obtained from the current study is in accordance with 
previous publications testing the initial flexural strength 
of Eclipse8,22. 

Water storage for 76 days resulted in a decrease in flexu-
ral strength for both the material types. This is expected 
because the effect of water on the elastic modulus of 
polymers in general is well known21.  At the time of test-
ing, the samples used in this study contained about 1,5 
to 2 % water. This may have affected the flexural strength 
by softening the material. Previous reports about the 
water-immersed samples of Eclipse report higher flexural 
strength results23,24. This may be due to difference in the 
testing protocols. The previous tests were done after 30 
days of water immersion. In the present study, 76 days 
was used. The water sorption chart shows that for PMMA 
based Palapress, equilibrium is reached after 50-60 days 
and for Eclipse, after 70 days the water absorption slowed 
down and the material approached equilibrium. A 30 day 
period is certainly not enough for these materials to reach 
equilibrium, especially for Eclipse.

MMA-free polymer Eclipse had significantly higher flexural 
modulus before water immersion and water immersion 
decreased the stiffness resulting in similar flexural modu-
lus compared to PMMA-based denture base polymer. This 
decrease in stiffness may have long-term consequences 
when fatigue and longer-term water immersion is involved. 
A comparison with PMMA-based denture base with regard 
to endurance strength under flexural fatigue could be use-
ful in predicting the behaviour of these materials under 
clinical settings.

Fibre reinforcement of PMMA denture base with glass fibres 
is a popular concept and is recommended where a higher 
flexural modulus and fatigue resistance is needed10,11. The 
results obtained from the current study with reinforcement 
of Palapress with Stick fibres is in good agreement with a 
previous study where Palapress was reinforced with Stick 
fibres and tested under similar conditions6. The flexural 
strength of the fibre reinforced Palapress was significantly 
higher than the initial strength of the unreinforced Pal-
apress. However, for Eclipse, such an increase was not 
observed. The flexural strength of glass fibre reinforced 
Eclipse was lower, showing that the fibre reinforcement 
did not succeed. Also, the SEM images of the fracture sur-
faces reveal that wetting of the fibre bundles and proper 
impregnation was not obtained with Eclipse (Fig. 5a,b). 
The high viscosity of the Eclipse could be the reason. 
Previously, similar problems were reported because of the 
highly viscous denture base polymers25-28. Energy dissipa-
tion mechanism of a fibre reinforced composite relies on 
the bond strength between fibres and the matrix.  Poor 
impregnation will allow the fibres to be pulled out without 
friction, resulting in lower fracture toughness. Thus, using 
the currently recommended methods, Stick fibres will not 
have a reinforcing effect with Eclipse.

Palapress and Eclipse differed with regard to the amount 
of water they absorbed after 76 days of water immersion 
(Fig. 3). It can se seen that Palapress had a steeper curve 
during the first twelve days. Eclipse had a more gradual 
increase of water content. This shows that PMMA absorbs 
water faster. The urethane acrylate based Eclipse has a 
slower rate of water sorption, but reaches a similar level 
at the time of equilibrium.

Conclusions

The results of this study revealed that modifications with 
regard to application technique are needed to obtain the 
reinforcing effect of Stick fibres with MMA-free denture 
base polymer. With regard to water sorption and solubil-
ity, Eclipse resin showed slower water sorption rate and 
comparable equilibrium water-uptake results to that of a 
conventional PMMA denture base polymer. 
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