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In vitro comparison of two different materials 
for the repair of urethan dimethacrylate 
denture bases  
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Tonguc Sulun1, DDS, PhD, Ergun Bozdag2, PhD, Emin Sunbuloglu2, PhD
1Department of Prosthodontics, Faculty of Dentistry, Istanbul University, Istanbul, Turkey 
2Istanbul Technical University, Department of Mechanical Engineering, Istanbul, Turkey 

PURPOSE. The purpose of this in vitro study was to investigate the flexural properties of a recently introduced 
urethane dimethacrylate denture base material (Eclipse) after being repaired with two different materials. 
MATERIALS AND METHODS. Two repair groups and a control group consisting of 10 specimens each were 
generated. The ES group was repaired with auto-polymerizing polymer. The EE group was repaired with the 
Eclipse. The E group was left intact as a control group. A 3-point bending test device which was set to travel at a 
crosshead speed of 5 mm/min was used. Specimens were loaded until fracture occurred and the mean 
displacement, maximum load, flexural modulus and flexural strength values and standard deviations were 
calculated for each group and the data were statistically analyzed. The results were assessed at a significance 
level of P<.05. RESULTS. The mean “displacement”, “maximum load before fracture”, flexural strength” and 
“flexural modulus” rates of  Group E were statistically significant higher than those of  Groups ES and EE, but no 
significant difference (P>.05) was found between the mean values of Group ES and EE. There was a statistically 
significant positive relation (P<.01) between the displacement and maximum load of Group ES (99.5%), Group 
EE (94.3%) and Group E (84.4%). CONCLUSION. The more economic and commonly used self-curing acrylic 
resin can be recommended as an alternative repair material for Eclipse denture bases. [ J Adv Prosthodont 
2013;5:396-401]
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INTRODUCTION

An ultimate denture base material should acquire several 
key properties such as biocompatibility, good esthetics, high 
bond strength with artificial teeth, radiopacity, ease of  

repair, and should possess adequate physical and mechani-
cal properties.1,2 Polymethyl methacrylate (PMMA) which is 
believed to fulfill most of  these properties is the most fre-
quently used denture base material for conventional as well 
as implant-retained removable dentures.3 The rationale for 
this extensive handling is low water sorption, solubility and 
cost; construction of  denture bases by simple processing 
techniques with adequate strength.4 Despite these favorable 
properties, a growing number of  patients are presenting 
with hypersensitive reactions to PMMA. Therefore, PMMA 
should be replaced with hypoallergenic materials in these 
patients. Allergic reactions may be induced by the residual 
methyl methacrylate monomer (MMA).5 Therefore, pre-
sumably hypoallergenic resins such as urethane dimethacry-
late, polyurethane, polyethylenterephthalate, and polybutyl-
enterephthalate have been developed to replace MMA or 
the content of  the residual monomer has been reduced.3,5,6
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The fracture of  an acrylic resin prostheses can frequent-
ly be encountered in dental practice, resulting from  fatigue 
of  the base material during function and mastication and 
weakening of  the base material due to water sorption in the 
oral environment.5,7-9 Furthermore, the adaptation of  the 
prosthesis deteriorates over time due to resorption of  the 
alveolar ridge.8,10-12 In addition, since these prostheses are 
removable, shock induced fracture resistance due to patient 
abuse is desirable.2 Therefore, most manufacturers of  
PMMA denture resins add cross-linking agents such as gly-
col dimethacrylate and rubber or fibers to modify mechani-
cal properties to improve impact resistance, and to prevent 
crack propagation.13-15

Light-activated urethane dimethacrylate resins were 
developed as a substitute for PMMA to eliminate contact 
allergies and long flasking procedures.16 Additionally, the 
long aliphatic polyether segment in the repeated unit pro-
vides improved chain flexibility, and improves the tough-
ness of  urethane dimethacrylate resins.17

More recently, a new light activated denture base materi-
al was introduced (Eclipse, Dentsply, York, PA, USA).16 
This system is made of  three types of  resins available in 
four shades; baseplate resin, setup resin and contour resin. 
The denture record base is fabricated from the baseplate 
resin and, after light polymerization; it becomes the perma-
nent denture base of  the final denture. The denture teeth 
are attached to the baseplate resin using the setup resin and 
finally the contour resin is overlaid over the baseplate resin 
and light-polymerized.16 It has been shown that Eclipse 
exhibited significantly higher flexural and impact strengths 
as compared with high impact PMMA denture bases.16,18

The goal of  denture repair is to restore the denture to 
its original strength.8,19,20 There are previous studies show-
ing that the repair strength of  various repair resins exhibit a 
dramatic decrease compared to the original strength of  the 
denture.7,8,19,21,22 Final repair strength of  the denture 
depends on several factors such as the laboratory proce-
dures (width of  gap, beveling of  the fractured surfaces) as 
well as the characteristics of  the denture repair resin used 
(cohesive strength and adhesive strength to the denture 
base material).23 The resistance of  the repaired denture base 
materials to fracture is not only influenced by the fracture 
strength but also by the fracture toughness.24-26

Removable dentures fabricated with Eclipse may also 
fracture. However, it is not possible to repair the denture 
bases with the same material especially when the patient 
experiences these problems abroad. Therefore, it is impor-
tant to investigate the flexural properties of  Eclipse after 
being repaired with the most common repair material 
which is PMMA. This study was conducted to examine the 
flexural properties of  Eclipse denture base system after 
being repaired with two different methods, compare with 
the original intact denture base and draw clinical conclu-
sions. The null hypothesis of  this study was that there 
would be no statistically significant difference in the trans-
verse strength of  the two tested materials for repair.

Materials and Methods

A total of  30 specimens were prepared in a dimension of  
65 mm × 10 mm × 3 mm according to ISO 1567:1999.27 A 
teflon mold with a transparent plexyglass lid was designed 
to prepare the urethane dimethacrylate (Eclipse, Dentsply, 
York, PA, USA, Lot No.:720213) specimens. The urethane 
dimethacrylate dough was sandwiched in this mold and 
cured in its specific unit (Enterra VLC Curing Unit; Degu 
Dent GmbH, Hanau, Germany) using the recommended 
15 minute polymerization cycle (Fig. 1). After completion 
of  the polymerization, the excess materials were removed 
by trimming with tungsten carbide burs using a handpiece 
at low speed. Both sides of  the specimens were polished 
under running water with #320, 400, and 600 grit silicon 
carbide papers respectively. 20 specimens were sectioned in 
half  for creating two repair groups and remaining 10 speci-
mens were considered as a control group. Repair groups 
were sectioned in to two pieces from the center with a dia-
mond disc using a handpiece at low speed. The first group 
was repaired with auto-polymerizing polymer according to 
the manufacturer’s instructions and left on the bench for 
final polymerization (Paladent RR, Heraeus Kulzer GmbH, 
Hanau, Germany, Lot No.:012166) and called Group ES. 
The second group was repaired with the urethane dimeth-
acrylate resin which is a light cured polymer (Eclipse, 
Dentsply, York, PA, USA) according the manufacturer’s 
instructions and called Group EE. The third group was left 
intact as a control group and called Group E. Repairs were 
made in the mould where the specimens were manufac-
tured before. All repair pieces were positioned in the mold 
with a 2 mm rounded joint gap. All joint surfaces were 
pumiced before repair for eliminating bonding errors. All 
repaired specimens were trimmed and polished after repair 

Fig. 1.  The picture of the urethane dimethacrylate dough 
sandwiched in the mold and cured.
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procedures. Before the fracture transverse strength test all 
specimens were immersed in distilled water at room tem-
perature (25 ± 2℃) for 15 days.

A 3-point bending test device (MTS Mini-Bionics, mod-
el 858, MTS Corporation, Eden Prairie, MN, USA) was 
used to determine the flexural strengths and flexural modu-
li. The device consisted of  a loading wedge and a pair of  
adjustable supporting wedges placed 50 mm apart. The 
specimens were centered on the supporting wedges and the 
loading wedge was set to travel at a crosshead speed of  5 
mm/min engaged at the center of  the upper surface of  the 
specimens. Specimens were loaded until fracture occurred. 
Transverse strengths were calculated using the following 
equation:

S = 3PI / 2bd2

Where: S = transverse strength (N/mm2), P = load at 
fracture (N), I = distance between the supporting wedges 
(mm), b = width of  the specimen (mm), and d = thickness 
of  the specimen (mm). 

The mean displacement, maximum load, flexural modu-
lus and flexural strength values and standard deviations 
were calculated for each group, and the data were statistical-
ly analyzed by the NCSS 2007&PASS 2008 Statistical 
Software (Kaysville, UT, USA). For the comparison of  the 
parameters of  the groups the one way ANOVA test and for 
the detection of  the group engendering the difference the 
Post Hoc Tukey HDS test was used. The relation between 
the parameters was evaluated by the Pearson correlation 
analysis. The results were assessed at 95% confidence inter-
val, at a significance level of  P=.05

RESULTS

There was a statistically significant difference between the 
mean “displacement”, “maximum load before fracture”, 
“flexural strength” and “flexural modulus” values of  the 
three groups (Table 1). The mean values of  Group E were 
statistically significant higher than those of  Groups ES and 
EE, whereas no statistically significant difference was 
detected between the mean values of  Group ES and EE 
(Table 1).

There was a statistically significant positive relation 
between the displacement and maximum load of  Group ES 
(99.5%), Group EE (94.3%) and Group E (84.4%; see 
Table 2 and Fig. 2).

DISCUSSION

Since the first introduction of  PMMA, additional polymers 
have been evaluated for denture base applications, but none 
has proven superior to PMMA.28-30 The residual monomer 
problem as well as rise in the number of  hypersensitivity 
reactions has made the search and development of  hypoal-

Table 1.  Means and standard deviations of the group investigated

Group Displacement-max deflection (mm) Force-max load (N) Flexural strength-S (MPa) Flexural modulus (E)

E 9.003 ± 2.46 127.912 ± 26.88 88.094 ± 18.51 1702.554 ± 180.79

ES 1.995 ± 0.78a 32.098 ± 12.60a 22.106 ± 8.68a 1420.228 ± 80.76a

EE 3.844 ± 1.40a 56.654 ± 21.52a 39.018 ± 14.82a 1443.559 ± 103.96a

Means with the same superscript letter in each column are not significantly different from each other (P>.01).

Table 2.  The correlation of displacement and maximum 
load between the groups

Displacement-max load

r P

Group E 0.844 < .008**

Group ES 0.995 < .001**

Group EE 0.943 < .001**

Pearson correlation analysis ** P<.01.

Fig. 2.  The relation between maximum load and 
displacement for all three groups.
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lergenic denture base materials necessary. In a previous 
study, it was reported that Triad VLC denture base material, 
which is a light cured polymer, exhibited superior trans-
verse strength properties (125.23-14.71 MPa) compared to 
conventional acrylic resins (97.67-8.83 MPa).31 On the other 
hand, Machado et al.16 found that PMMA resins showed a 
higher transverse strength than Triad VLC. This finding 
might be explained by the presence of  the large number of  
porosities in the Triad VLC material,32 which might also 
explain why it was reported that the Triad material showed 
greater staining in tea solution compared to other acrylic 
resin denture base materials.31

The use of  light-polymerized denture base resins is 
popular, since not only for exhibiting acceptable strength 
and dimensional stability, but also for relatively complete 
polymerization without free monomer release. The fracture 
resistance of  denture base polymers has been the subject 
of  many investigations. Various methods have been sug-
gested to test the flexural properties of  denture bases.32-36 

Testing of  the flexural strength and flexural modulus of  
denture base materials according to ISO 1567 is well 
accepted.27

Eclipse is a newer hypoallergenic light-polymerized den-
ture base material which helps manipulation of  artificial 
teeth at the evaluation appointment, before final polymer-
ization of  the dentures16 and it has been shown that Eclipse 
exhibited significantly higher flexural and impact strengths 
as compared to PMMA denture base materials.16,18

The fracture of  a resin based prostheses can frequently 
be encountered in dental practice, caused by fatigue of  the 
base material during function and weakening because of  
water sorption in the oral environment.5,7-9 Additionally, 
accidentallydropped or damaged  dentures while cleaning is 
frequently observed especially in the geriatric population 
where neuromuscular incoordination is present. Therefore, 
the patients are usually advised to brush the dentures over a 
filled basin or face cloth to protect them against damage if  
dropped. Fracture of  the denture base, whether for a con-
ventional or implant prosthesis, can be a problematic com-
plication for elderly patients, as they are generally unable to 
wear the dentures until repaired.37 A broken or cracked 
denture can be embarrassing and may happen at the most 
inconvenient times. Therefore, it is very important to repair 
the dentures as quickly as possible and rescue the patients 
from this situation.

The goal of  the present study was to assess the dis-
placement, maximum load before fracture, flexural strength 
and modulus of  the Eclipse denture base material after 
being repaired with auto polymerizing acrylic resin or with 
urethane dimethacrylate polymer and compare with the 
original control group. The null hypothesis in this study 
(that there would be no statistical difference when compar-
ing the transverse strengths of  the two tested denture base 
materials for repair) was accepted. Based on the results, it 
can be stated that both repair materials have failed to 
restore the displacement, maximum load before fracture, 
flexural strength and flexural modulus of  the original mate-

rial. It should be pointed out that the repair of  the hypoal-
lergenic denture base by the use of  auto polymerizing acryl-
ic polymer ends in flexural values as low as one fifth to one 
sixth of  the original strength and moduli. It was also shown 
that the respective manufacturer-recommended repair is 
slightly more suitable for the repair of  hypoallergenic den-
ture base materials. 

The finding of  reduced flexural strength and flexural 
modulus after repair of  the denture base in the present 
study is in agreement with several studies.7,8,19,21-23 It has to 
be pointed out that the strength of  the repaired base is 
always significantly lower than the intact base as shown pre-
viously.38-41 There are several studies showing that flexural 
strengths of  repaired denture base materials had been 
reduced to percentages such as 22-58%,19 72-91% or 
36-65%10 of  the intact materials. This finding was in agree-
ment with the maximum estimated repair strength of  
75-85% reported in previous studies.8,20-22,42 Therefore, it 
was pointed out that the repair strengths of  the hypoaller-
genic base materials achieved the level of  repaired conven-
tional denture base materials, except for Puran HC, Alldent 
Sinomer, and Thermo Free. 

Polyzois et al.8 reported greater repair strengths for auto 
polymerizing acrylic resin compared to heat-polymerizing 
acrylic resin. Although, Dar-Odeh et al.7 reported similar 
values in transverse strength for auto polymerizing, heat 
polymerized and light-polymerized resin materials after 
repair and the results of  another study showed even lower 
flexural properties for light-polymerized repair materials 
compared to those of  auto polymerizing resin,19 no signifi-
cant differences between the 2 repair groups (repair accord-
ing to manufacturer’s instructions or repair with Versyo.
com) were found with respect to the flexural properties in 
another study.38 The superior repair material was found to 
be the light polymerizing polymer. The other light-polymer-
izing material, Microbase repair material, presented a flex-
ural strength and flexural modulus that did not differ signif-
icantly from the control group, whereas both autopolymer-
izing repair materials, Puran CC and Alldent Sinomer N, 
demonstrated significantly lower flexural strengths and flex-
ural moduli compared to the control group. These findings 
were in congruence of  the results of  the present study. 

Another factor influencing the success of  the repair 
procedure according to several studies is the width of  the 
gap and the preparation of  the fractured surfaces.22,23 In the 
present investigation, the fracture gap, with a distance of  3 
mm between the 2 fragments and a 45 degree bevel of  the 
fractured surfaces of  both fragments was prepared, as rec-
ommended in other studies.22,23 Ward et al. for example had 
advised a 45 degree bevel or rounded joint rather than a 
butt joint of  the repair surfaces to improve the fracture 
strength.22

Eclipse may be a biocompatible material for denture 
base fabrication. However, it should be emphasized that 
not every technical lab or dental clinic has the infrastruc-
ture for repair with the same material. Although the results 
of  the present study indicate a slightly better but not signif-
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icant resistance of  the light-polymerized repair, the more 
economic self  curing acrylic resin can be recommended as 
an alternative repair material, keeping in mind the difficulty 
to find the relevant equipment for light polymerization.
However it should be pointed out that in order to reduce a 
potential allergic reaction induced by the residual monomer 
of  PMMA, repair procedures should be used with same 
material when possible.

Although in vitro tests may not always reflect intraoral 
conditions and be predictive of  clinical performance, they 
are valuable and can be applicable to clinical situations.43 
The present study involved a limited analysis of  mechanical 
properties for the denture base materials used. Further 
investigations regarding other properties of  these materials 
are mandatory. To overcome the limitations of  the in vitro 
tests repaired denture base materials must be evaluated 
intraorally.

CONCLUSION

Transverse strengths of  PMMA and Eclipse denture base 
materials for the repair of  Eclipse denture bases show no 
differences. However, compared to the intact base any 
repaired denture base shows lower flexural properties.
Therefore, it can be recommended that the more economic 
self-curing acrylic resin can be used as an alternative repair 
material for Eclipse denture bases.
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