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Analysis of  flexural strength of a self cured  acrylic resin  used 
for fabricating provisional restorations with three different 
types of reinforcements

RESUMO

Objetivo: Avaliar o efeito de três diferentes tipos de 
reforços na resistência à flexão de uma resina acrílica 
quimicamente ativada. Material e Métodos: A 
máquina de teste universal EMIC 2000 foi utilizada 
a uma velocidade de 5 mm/min, para avaliar a 
resistência à flexão de 40 espécimes de ensaio (65 
x 10mm x 2,5 mm) fabricados em resina acrílica 
quimicamente ativada, distribuídos em quatro 
grupos: (1) controle - sem reforço; (2) reforçado 
com 0,7 mm de aço inoxidável- fio ortodôntico; (3) 
reforçado com Fibrex-lab ® fibra de vidro e, (4) 
Perma-reforçado com fibra de vidro ®. Resultados: 
Os valores de resistência à flexão obtidos foram: 
Grupo 1- 80,60 MPa; Grupo 2- 95,96 MPa; Grupo 
3- 105,70 MPa e Grupo 4-108,70 MPa. A análise de 
variância (p < 0,05) mostrou diferença significativa 
entre os grupos, e o teste de Tukey  que o grupo de 
controle apresentou o pior comportamento, seguido 
do grupo de reforço com fios de metal, que mostrou 
resultados estatisticamente semelhantes aos do 
Grupo 3. Não houve diferença estatística entre os 
grupos de fibras. Conclusão: O reforço com fibras 
de vidro apresentam uma melhor resistência à 
flexão, em comparação com os outros métodos.

Análise da resistência à flexão de uma resina acrílica de ativação química utilizada para confecção de restaurações provisórias 
utilizando-se de três diferentes tipos de reforços

ABSTRACT

Objective: To evaluate the effect of three different 
types of reinforcements on the flexural strength of 
a chemically activated acrylic resin. Material and 
Methods: A Universal test machine EMIC 2000 was 
used at a speed of 5mm/min., to evaluate the flexural 
strength of 40 test specimens (65 mm x 10 mm x 2.5 
mm) fabricated of self cured activated acrylic resin, 
distributed into the following 4 groups: (1) control – 
without reinforcement; (2) reinforced with 0.7 mm 
stainless steel orthodontic wire; (3) reinforced with 
Fibrex-lab® glass fiber and; (4) reinforced with 
Perma-Fiber®glass fiber. Results: The following 
flexural strength values were obtained: Group 1 – 
80.60 MPa; Group 2 – 95.96 MPa; Group 3 – 105.70 
MPa; and Group 4 – 108.70 MPa. The analysis of 
variance (p < 0.05) showed significant difference 
among the groups and the Tukey test showed that 
the control group presented the worst behavior, 
followed by reinforcement with metal wire, which 
showed  statistically similar results to those of 
Group 3, with no difference shown between the 
fiber groups. Conclusion: Reinforcement with glass 
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IntRoDuctIon

T he purpose of the provisional restorations 
is to protect the dentin-pulp complex in the 

prepared teeth; to evaluate and preserve the 
periodontal tissues; prevent movement of the 
abutment teeth; help to stabilize the teeth with 
mobility; provide the patient with adequate 
esthetics and phonetics, and promote comfort 
during masticatory function [1-3].

The longer the period of time of using 
these provisional teeth, the greater  the 
durability required. Provisional restorations 
with inadequate mechanical resistance and 
marginal adaptation may lead to  caries, tooth 
sensitivity, gingival inflammation, movement 
of the prepared tooth, in addition to constant 
fractures under occlusal loads. Failure of 
provisional restorations resulting from fractures 
or loss of marginal integrity, leads to great 
clinical inconvenience, capable of compromising 
the success of the definitive prosthesis [4,5].

Over the last 50 years, acrylic resin has 
been the material most used for provisional 
fixed restorations, thanks to its color stability, 
ease of processing, repair and pigmentation, in 
addition to its biocompatibility. Nevertheless, 
in spite of all these advantages, acrylic resins 
sometimes have insufficient mechanical 
properties to withstand the occlusal forces [2,6-
8]. Fractures of these resins mainly occur due to 
flexural fatigue or failures resulting from impact 
[7,9,10]. 

Various alternatives to the use of acrylic 
resins have been presented, such as:  Epoxy resins, 
polycarbonates, polyethylenes and polyvinyl  
materials. Some increments have also been 
studied  to reinforce poly-methylmethacrylate, 
such as metals; nylon; cross-linking agents; 
rubber polymers; corpuscles of ceramic, 
silica and sapphire; aluminum oxide, glass, 
polyethylene, aramid and carbon fibers [10-14].

The use of resin reinforcements has been 
described since the 1960s, when  Grant & 
Greener [16] proved the increase in resistance 
of these resins with the inclusion of aluminum 
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fibers within them. Since then, many types 
and designs of metal reinforcements have been 
proposed. There are reports of wires of various 
diameters, plaited meshes and even orthodontic 
bands with the purpose of reinforcing resin 
[1,11].

Researches have been directed towards 
developing techniques and materials that 
improve the quality and resistance of these fibers, 
and that allow the fabrication of provisional 
restorations of greater durability, quality and 
resistance. Thus, the aim of this study was to 
evaluate the effect of three different types of 
reinforcements on the flexural strength of a 
chemically activated acrylic resin.

mAteRIAl AnD methoDs

The present study was constituted of 4 
groups (n = 10), one being a control group 
without reinforcement, and three groups using 
some type of reinforcement (Chart 1). 

Groups Name/ Manufacturer Composition References

G1(Control) Without  reinforcement - -

G2

0.7 mm metal orthodontic 

wires from Dental Morelli 

São Paulo, SP – Brazil

Stainless steel

Ref. No. 

55.01.070

Lot No. 352368

G3

Fibrex-lab® Angelus® 

Odonto Lógika Ind. Ltda, 

Londrina, PR – Brazil

Unidirectional 

glass fibers 

impregnated 

with resin 

composite

Ref. No. 471

Lot No. 11262

G4

Perma-Fiber® Angelus® 

Odonto Lógika Ind. Ltda, 

Londrina, PR – Brazil

Unidirectional 

glass fibers

Ref. No. 484

Lot No. 1183

Chart 1 – Description of the reinforcing material used and 
division of the groups
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Firstly, stainless steel metal patterns 
were devised, in the shape of rectangular bars, 
measuring 67.0 mm long, 12.60 mm wide and 
2.55 mm thick. These measurements were 
purposely larger than those demanded by the 
American Dental Association (ADA) Standard 
#12 for flexural strength tests (65.0 mm long, 
10.0 mm wide and 2.5 mm thick), in order to 
allow correct finishing of the parts without 
compromising the final sizing values.

For including the metal patterns, plastic 
flasks especially developed for use in microwave 
ovens VIPI STG (VIPI Ind. com. Exp. e Imp. de 
Produtos Odontológicos Ltda – Pirassununga, 
Brazil) were used, filled with Type II plaster.

After this, three metal patterns were 
placed in an equidistant manner at a distance of 
approximately 10.0 mm between them. After the 
plaster had set completely, a thin layer of isolating 
material specifically for acrylic resin (Isocril, 
Dencril Produtos Odontológicos - Caieiras, 
Brazil) was applied. Next, there was a variation 
in the inclusion process, which consisted of using 
a condensation-polymerized silicone (Zetalabor, 
Zhermack - Italy), specifically prepared for the 
inclusion of parts in flasks. After concluding 
silicone polymerization, in approximately 30 
min, the counter-flask was filled with type II 
plaster. After the plaster had set, the flasks were 
opened and the matrixes removed [15].

All the test specimens, with and without 
reinforcement, were prepared using self cured 
activated acrylic resin (Dencrilay Speed, Dencril 
Produtos Odontológicos – Caieiras, Brazil), 
shade No. 66. To fill the molds, the resins were 
proportioned and manipulated in accordance 
with the manufacturers’ instructions, so that:

•	For	 fabricating	 the	 test	 specimens	
without reinforcement for the Control Group, 
the resin was manipulated according to the 
manufacturer’s instructions, in which 21 g of 
powder was incorporated into 7 ml of liquid. 
After reaching the plastic stage, the material was 
pressed, and remained in the flask for a period of 
2 h at room temperature before proceeding with 
deflasking. 

•	The	 reinforced	 test	 specimens	 were	
fabricated in a similar manner to those 
without reinforcement. The resin was equally 
proportioned and mixed, however, it was 
inserted in 2 stages. The reinforcement used was 
immersed in the respective monomer for 5 min, 
and at the same time the resin was manipulated 
in the same way as previously described. Excess 
monomer was removed from the fibers or wires 
with paper towels. After the waiting the time 
required for the resin mixture to saturate, the 
first layer was inserted, so that half of the cavity, 
about 1.0 mm, was filled. The reinforcement 
was centralized and placed in the lengthwise 
direction of the test specimen, and after this the 
remainder of the cavity was filled with a second 
layer of the same resin mixture. The material was 
pressed in the flask and remained this way for a 
period of 2 h at room temperature until the flask 
opening process was performed. After this period 
the flasks were opened and the test specimens 
obtained were placed in distilled water, while 
the  finishing process was performed.

For finishing the parts a rotary sand paper 
Universal Polisher APL-4 (Arotec, Brazil) was 
used with 180 grit aluminum oxide abrasive 
papers. The test specimens were stored in 
refrigerated distilled water at 37 °C  ±  2 °C and 
submitted to the flexural resistance test after a 
period of 48 ± 2 h, in accordance with the ADA 
specification # 12.

To measure the flexural resistance, 
the three point bending test was performed, 
determined in  megapascal (MPa) in a universal 
test machine (EMIC 2000) with a load  of 200 
kgf. The test specimens were positioned with a 
distance of 50 mm between the supports, with 
the load on the center of the test specimen at a 
speed of 5 mm / min, in strict accordance with 
the ADA standard # 12.

Statistical power analysis showed the 
sample calculation (n = 10); data were submitted 
to the ANOVA one-way test (p < 0.05), and the 
differences among the groups were detected by 
the Tukey test (p < 0.05). 
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Results

The mean values with the respective 
standard deviation data of flexural resistance are 
described in Table 1. The data with reference to 
the comparison among the groups are described 
in Table 2.

Table 1 – Mean Flexural Resistance  (MPa) and standard 
deviation  (SD) for each group

Harmonic Mean of number of repetitions (r): 10
Standard-Error 2.6775337999734

Treatments Means Test Results

1 80.60 A

2 95.96 B

3 105.70 BC

4 108.69 C

Table 2 – Tukey Test for flexural resistance values (MPa) for 4 
groups

* different capital letters in the groups demonstrate significant 
differences at the level of 95%, repetitions of letters 
demonstrate that there was no statistical difference among 
the groups.

DIscussIon 

The present research was conducted in 
accordance with the ADA specification # 12, in 
compliance with the test specimen dimensions, 
storage conditions and performance of the 
test itself. According to the methodology 
determined by the  ADA, the final dimensions 
of the test specimens would be established by 
cutting and finishing the original resin plate, 
which leads to resin heating, which could result 
in the conversion of residual monomer, and 
in variations in the properties of the material, 
which could lead to errors of interpretation. In 
this respect, the technique for processing the 
test specimens in this research was different, as 

the aim was to reduce the possibility of variables 
to the maximum possible extent [17].

The mean flexural resistance value for 
the Control Group without reinforcement found 
in this study (80.60 MPa), was similar to the 
values demonstrated by Koumjiam & Nimmo 
[2], (76.81 MPa) and Vallittu et al. [5], (89.00 
MPa). Nevertheless, these values are in contrast 
to the values described by Wang et al[7] (55.41 
MPa) and Vallittu[19] (58.00 MPa).

The increase in flexural resistance as a 
result of the use of stainless steel wire inserted 
into PMMA – polymethylmethacrylate resin 
samples  (19% from Group 2 to Group 1) and 
glass fibers (31% for Group 3 and 35% for 
Group 4 in comparison with the control group), 
[12,13,20-22], who found a significant increase 
in flexural resistance in comparison with non 
reinforced PMMA resin samples.

When developing this research, an effort 
was made to simulate a clinical condition in 
which the resin is polymerized directly in the 
mouth at a body temperature of  37 ºC, under 
minimal pressure. The flexural resistance results 
found in this study may, however, be lower 
than in studies in which resin polymerization 
was obtained under higher pressures. Ireland et 
al.[9], reported that the provisional restorations 
made directly in the oral cavity are polymerized 
under minimal pressure, and therefore, generate 
worse mechanical results due to the incorporation 
of air bubbles than those fabricated indirectly 
under higher pressures. Other techniques, such 
as polymerization under room temperature 
conditions (23 ºC) [8],  immersion of the 
resin in water or artificial saliva at different 
temperatures [6,8,10], the use of greater or 
less pressure [6,9] and the association of these 
variables [1,6], have been proposed, and could 
notably influence the mechanical properties of 
the studied resin, which prevents an adequate 
systematization for comparison of the results. 

Therefore, some of the variables related 
to the methodology of these studies may justify 
the differences in the comparison of the results. 

Analysis of  flexural strength of a self cured  acrylic resin  used for fabricating 
provisional restorations with three different types of reinforcements

Costa UV et al.

Group 1 Group 2 Group 3 Group 4

Mean 80.60 5.96 105.70 108.70

S.D 6.14 7.57 6.98 6.45
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For example, various authors have argued that 
the greater the bond between the glass fibers  
and resin, the greater the flexural resistance 
of the samples [12,13,23,24]. Silane has 
been described as the material that effectively 
promotes this bond between PMMA and glass 
fiber [12,13,18,24,25]. For some authors, 
however, non-silanized glass fibers do not 
appear to exert any influence whatsoever  on 
the resistance of PMMA polymers [1,12,13]. 
Other studies have shown, however, that an 
increase in the quantity of liquid monomer MMA 
(methamethylmethacrylate) around the fibers 
before they are incorporated to the final PMM 
resin mixture, appear to contribute to better 
wetting of the fibers and less incorporation of 
air bubbles [20,25]. In addition to this, Vallittu 
[5] observed that the use of a fluid mixture 
of PMMA-MMA does not result in optimum 
impregnation of fibers by PMMA resin. Based on 
these data from the literature, the choice was to 
immerse both reinforcements in MMA monomer, 
as several studies have reported that this method 
improves the bond between reinforcements 
of any type and the resin [4,18,20,26]. The 
immersion of fibers in MMA monomer is seen 
as the cause of the presence of air bubbles 
at the fiber-resin interface, resulting from 
greater polymerization shrinkage of the  MMA 
monomer (21%) in comparison with the PMMA 
polymer (7%). This difference in polymerization 
shrinkage is associated with a smaller increase in 
flexural resistance, and therefore, the addition 
of a fluid mixture of PMMA-MMA is proposed, 
in preference to immersing the fiber in MMA 
monomer [24]. Thus , analysis and comparison 
of the results obtained with those found in the 
literature should be done very carefully, taking 
care not to arrive at unfounded conclusions, 
given some of the differences in the process of 
test specimen preparation among the various 
studies.

The environment, temperature and time 
during which the resin is stored immediately 
after it is polymerized has smaller effect on its 
mechanical characteristics. Koumjian & Nimmo 
[2] found no differences in the flexural resistance 

of samples made of PMMA after storage in water 
at 37 ºC for seven days, when compared with 
those stored in a dry environment at 23 ºC 
for the same period of time. Ireland et al. [9],  
observed no significant difference  in flexural 
resistance and in the modulus of elasticity 
when resins were stored in water at 37 ºC for 
24 h or 60 days. The storage of test specimens 
in water at 37ºC for 48 h, was therefore  only 
relevant because it is the minimum period of 
time necessary for complete polymerization of 
the resin.

A higher concentration by weight of glass 
fibers should also be considered as a factor in the 
increase in flexural resistance and modulus of 
elasticity of PMMA resins [24]. Concentrations 
by weight as high as 21% to 45.4% for glass 
fibers have been associated with an increase in 
resistance and rigidity of these polymers when 
reinforced with these fibers [19,24,25,27]. 
This fact could explain the significant increase 
in flexural resistance with the unidirectional 
Fibrex-Lab® and Perma fiber® fibers were 
used. This fiber is sold in the form of a long 
and relatively thick bundle that can be cut and/
or undone according to the clinical-laboratory 
situation, however, the manufacturer does not 
mention the minimum concentration, by weight 
or volume of this fiber that should be used 
[28,29].

Ladha & Shah [30] reported that the 
reinforcement of denture base resin with pre-
impregnated glass fibers may be a useful means 
of strengthening denture bases. Da Silva et al. 
[31] said that the addition of glass fiber did not 
increase the flexural strength however the use 
of a resin-based composite produced significant 
reinforcement.

It is understood that adequate fracture 
resistance is only one of the requisites of 
provisional  restorations to guide the choice of 
material or technique. In spite of the limitations 
of laboratory techniques with regard to the 
reproduction of clinical situations, they are 
useful and necessary for comparing materials 
and techniques in controlled situations [10]. 
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In accordance with the results of the pre-
sent study, both the Fibrex-Lab® and  Perma-
Fiber® fibers can be used as reinforcement in 
provisional restorations with the purpose of 
preventing an unfavorable situation of fractur-
ing the acrylic teeth. Thus, the technique for 
fabricating provisional restorations reinforced 
with fibers is interesting, as it is a simple and 
practical method, and promotes a significant in-
crease in the resistance of provisional restora-
tions, thereby improving their clinical behavior.

conclusIon 
Within the methodology used in this re-

search and the results obtained, it could be con-
cluded that:

a) The  groups reinforced with 0.7 mm 
stainless steel orthodontic wire,  Fibrex-Lab and  
Perma-fiber glass fibers, presented higher flex-
ural strength values in comparison with those 
obtained in the control group;

b) Among the groups evaluated, the one 
reinforced with Perma-Fiber glass fiber was that 
which presented the greater numerical values , 
however, without differing statistically from the 
group reinforced with Fibrex-Lab glass fiber.
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