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Abstract

Introduction: Fiber-reinforced composite posts (FRC posts) have 
been used for tooth reinforcement after endodontic treatment. The 
mechanical characteristics of FRC posts can influence the clinical 
prognostic. Objective: The aim of this study was to evaluate the 
flexural strength and fracture resistance of commercially available 
FRC posts Material and methods: Fourteen human single-rooted 
premolars with completely formed apices were selected and received 
endodontic treatment. The specimens were divided into two groups 
related to the post system: i) Group A – cylindrical-conical fiber-
reinforced post (White post DC, FGM), and ii) group B – conical 
fiber-reinforced post (EXACTO, Angelus). The fracture resistance 
was evaluated and two point bending tests were carried out. The 
glass fiber characteristics and the tag penetration of the luting 
material into the radicular dentin structure were evaluated through 
scanning electronic microscopy in an illustrative way. One-way 
ANOVA and Tukey’s HSD test (α = 0.05) were applied. Results: The 
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values obtained for fracture resistance and two point bending test 
were, respectively, 399.29 N and 109.5 N for group A, and 386.25 
N and 119.5 N for group B. No significant differences in strength 
values among the groups were found. Conclusion: There were 
no significant statistical differences between the two post groups 
regarding to fracture strength and two point bending strength. It 
can be concluded that the posts selected for this study performed 
satisfactorily in terms of mechanical properties so that they can be 
used for tooth reinforcement after endodontic treatment.

Introduction 

Crown restoration of an endodontically treated 
tooth often requires additional support from the 
root canal by means of a root canal preparation and 
cementation of a post and core restoration. Thus, 
the appropriate selection of restorative material for 
this procedure should consider the professional’s 
requirements and patient’s preferences. The 
principal aims are to promote protection of the 
tooth support structure, obtain good marginal 
integrity and sufficient durability to support 
mastication strength and aesthetic requirements 
[3, 9, 12, 13].

Due to the increasing aesthetic demands, 
fiber-reinforced composite (FRC) root canal posts 
have became more popular, offering an aesthetic 
alternative to the traditional metallic posts, and 
many types of FRC posts have been developed to 
restore pulpless teeth.

The first FRC posts were made of carbon/
graphite fibers because of their good mechanical 
properties. In the fabrication of endodontic posts 
other types of fibers can be used, such as glass, 
quartz and ceramic. As fiber posts are basically 
composite materials, it can be assumed that their 
mechanical properties are improved with an increase 
in fiber percentage [12, 15, 16].

FRC posts have elastic modulus values closer to 
that of dentin, while metal posts are much stiffer. 
The flexural strength values of fiber and metal 
posts are reported to be four and seven times 
higher than those of root dentin, respectively [4, 
19, 23]. These properties of FRC posts allow teeth 
to flex under applied loads leading to an improved 
stress distribution between post and dentin. As a 
consequence, the risk of root fracture should be 
reduced, but also stress may concentrate between 
the cement and the endodontic post resulting in 
loss of adhesion [16].

Other factors that can influence the mechanical 
properties of FRC posts are some characteristics 

related to the fibers such as mean diameter, density, 
orientation, length and the type of matrix polymer and 
the strength of the interfacial bonding [15, 23].

These aspects together with the large variety 
of FRC posts available with different shapes and 
diameters have led to the necessity of a systematic 
evaluation of their mechanical properties which 
can influence the clinical prognostic. This article 
emphasizes the importance to know the mechanical 
behavior of two commercially available posts and 
compare the obtained results with the literature. In 
addition, it was verified the structural characteristics 
of the posts and the resin-dentin inter-diffusion 
zones (hybrid layer) as well as resin tag formations. 
SEM observations can be useful in assessing the 
fiber/matrix relation and the fiber diameter [11]. 

The aim of this study was to investigate the 
flexural properties and fracture resistance values of 
different types of FRC posts. The null hypotheses 
tested were that there is no difference in fracture 
resistance and flexural strength among different 
types of fiber posts tested.

Material and methods

This study was approved by the Ethical 
Committee in Research on human beings of UFSC 
under protocol number #166/08 before the research 
execution.

Twenty-four sound single-rooted human 
premolars, with completely formed apices, freshly 
extracted for orthodontic reasons, were selected. 
The teeth had anatomically similar root segments, 
with radicular length standardized at 20 mm
(± 1 mm) and with absence of visible fracture lines. 
All teeth were stored at room temperature in 0.1% 
thymol solution. 

The teeth were cleaned from soft tissue and 
the clinical crowns were removed approximately 
1.0 mm above CEJ using a diamond disc in a 
universal cutting machine (IsoMet 1000, Buehler 
Ltd, Lake Bluff, IL, USA). 
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Canal patency was determined by inserting a file (size 10 K-file; Dentsply Maillefer, Ballaigues, 
Switzerland) through the apical foramen. A step-back technique was used for canal instrumentation. The 
same operator instrumented all root canals with the same size (#50 file) (Dentsply Maillefer, Ballaigues, 
Switzerland). During instrumentation, canals were irrigated with 1 mL of 1% sodium hypochlorite. Before 
obturation, the root canals were dried with paper points (Dentsply Maillefer, Ballaigues, Switzerland) 
and filled with lateral condensation of gutta-percha (Dentsply Maillefer, Ballaigues, Switzerland) and 
a sealer (Cotosol, Vigodent, Rio de Janeiro, Brazil).The specimens were maintained for one week in 
distilled water at 37°C.

After one week, 2/3 of the gutta-percha length was removed from the cemento-enamel junction by 
using Gates-Glidden burs (Dentsply Maillefer, Ballaigues, Switzerland). Subsequently, the post spaces 
were prepared with a tapered drill specific for each of the post systems at the same length.

The teeth were randomly divided into 2 groups (n = 12), according to the brand of fiber-reinforced 
composite root canal posts: group A – cylindrical-conical fiber-reinforced post (White Post DC n. 2, FGM, 
Joinville, SC, Brazil); and group B – conical fiber-reinforced post (Exacto size #3, Angelus, Londrina, 
PR, Brazil). The posts were selected for this study based on the similarity of the cervical post diameter 
(1.8 ± 0.06 mm), composed of unidirectional reinforcement fibers. The materials used in this study 
are presented in table I.

Table I – Post systems tested in this study, luting and adhesive materials with their characteristics

Product name/
manufacturer Characteristics Composition Lot 

number
White Post DC, 
FGM, Joinville, 
SC, Brazil

Cylindrical-
conical glass 
–fiber post - 

Glass fiber, epoxy resin, inorganic filler, silane, 
polymerization components 040308

EXACTO, Angelus, 
Londrina, PR 
Brazil

Conical glass 
–fiber post - Glass fiber, epoxy resin, silane, internal inner 8217

Allcem, FGM, 
Joinville, SC, 
Brazil

Luting material 
of dual cure

Base paste: methacrylate monomers, 
camphorquinone, coiniciators, barium 
aluminosilicate glass microfillers, 
silicon dioxide nanofiller, pigments,
Catalyzer paste: methacrylate monomers, benzoyl 
peroxide, barium aluminosilicate glass microfillers

270907

Opallis, FGM, 
Joinville, SC, 
Brazil

Micro-hybrid
Photo-
polymerized 
resin 
composite

Monomer matrix (Bis-GMA, Bis-EMA, TEGDMA), 
silanized barium alumino-silicate glass, silicon 
dioxide nanofiller, camphorquinone

070408

Adper Single Bond 
2, 3M ESPE, St. 
Paul, MN, USA

Adhesive
Water, ethanol, HEMA, Bis-GMA, dimethacrylates, 
photo iniciator system, polyacrylic, poly itaconic 
and polyalkenoic acid copolymer

8RW

Silane, Angelus, 
Londrina, PR, 
Brazil 

Silane Organosilane 7110

The radicular dentin was conditioned with 37% phosphoric acid for 20 s, rinsed with water and 
dried. A light-cured bonding agent (Adper Single Bond 2, 3M ESPE, St. Paul, MN, USA) was applied 
to the walls of the post spaces, allowed to etch for 30 seconds, gently air dried and light-cured for 40 
s with the light-curing unit (Curing Light 2500, 3M ESPE, St. Paul, MN, USA), with intensity of 470 
mW/cm2. A dual-cured resin luting agent (AllCem, FGM, Joinville, SC, Brazil) was mixed for 20 s and 
placed in the post spaces using a lentulo spiral instrument (Dentsply Maillefer, Ballaigues, Switzerland). 
The posts were treated with silane (Angelus, Londrina, PR, Brazil) gently brushed with a microbrush 
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point for 30 seconds and then coated with cement 
and slowly seated by finger pressure. Excess of 
cement was removed and cement was light-cured 
for 40 seconds with the same light-curing unit.

Composite cores (shade A2, Opallis, FGM, 
Joinville, SC, Brazil) were built up to 5 mm height 
above the dentin-enamel junction by incremental 
technique and light-cured for 40 seconds.

Fracture strength 

Before carrying out the fracture strength 
experiment, to simulate the periodontal ligament, the 
root surface of the restored tooth was coated with 
polyvinylsiloxane impression material (Express, 
3M Espe, St. Paul, MN, USA) with a thickness 
of approximately 0.1 mm. Finally, the root was 
embedded in a clear acrylic resin block (Vipi Wave, 
Dental VIPI Ltda, São Paulo, Brazil) at a depth 
of 2 mm below the dentin-enamel junction. All 
specimens were stored in 100% humidity at 36°C 
for 24 h prior to the fracture test.

The acrylic block containing the restored tooth 
was tightly fixed to the inclined metal base. A 45-
degree oblique load was applied to the restored teeth 
with a crosshead speed of 1 mm/min by means of a 
universal testing machine (Instron 4444, Canton, MA, 
USA) until fracture. Fracture loads were recorded. 
The vertical load was applied 2.5 mm under the 
incisal edge on the palatal surface of the crown. 

Two point bending test

Twelve post specimens of each manufacturer 
were embedded in acrylic resin block (Vipi Wave, 
Dental VIPI Ltda, São Paulo, Brazil), with 5 mm 
of the cervical portion of the post exposed out of 
the resin and facially oriented long axes at 90o. All 
specimens were stored in 100% humidity at 36oC 
for 24 h prior to the flexural strength test.

The data were obtained in an Instron Universal 
Testing Machine, and the specimens were submitted 
to a crosshead speed of 5 mm/min with load 
applied 2.5 mm under the incisal edge on the post 
structure until fracture, and the fracture loads 
were recorded.

SEM evaluation

Two random specimens of each group evaluated 
in the bending flexural strength experiments were 
cross-sectioned into two halves using a diamond 

saw (Isomet1000, Buehler Ltd, Lake Bluff, IL, 
USA), and the surfaces were coated with gold to 
avoid a charge being induced by the electron beam 
and analyzed by SEM (Philips XL30, Eindhoven, 
Netherlands). One half of each tooth was initially 
deminera l ized in 37% phosphoric acid for
20 s, rinsed, dried, and then deproteinized in 
3% sodium hypochlorite for 30 min. Resin-dentin 
inter-diffusion zones (hybrid layer) and resin tag 
formations in the cervical, middle and apical 
regions were evaluated.

Statistical analysis

Flexural properties and fracture strength were 
statistically analyzed by using one-way ANOVA and 
Tukey’s HSD test (SPSS software, SPSS Inc., USA) 
to evaluate the effect of the brand of the material. 
Significance level was set at 0.05.

Results

Statistical analysis showed that there were 
no significant differences between the groups in 
terms of fracture strength (p = 0.153) or two point 
bending strength (p = 0.237). 

Figure 1 (a and b) shows the distribution of 
the results obtained in the fracture strength test 
for fiber-reinforced post specimens. The mean 
and standard deviation values of the results of 
the two point bending and fracture resistance 
tests are given in table II. The average values for 
fracture strength were 399.3 N (± 42.7) and 386.2 
N (± 112.2) for groups A and B, respectively. For 
the two point bending tests, average values were 
109.5 N (± 12.2) and 119.5 N (± 20) for groups 
A and B, respectively. 

Figure 1 – Distribution of fracture strength values
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(a)

Table II – Average values of fracture resistance and two point bending strength of fiber-reinforced post systems 
(standard deviations in parentheses)

Type of post Group A Group B
Fracture resistance (N) 399.3 (42.7) 386.2 (112.2)
Two point bending strength (N) 109.5 (12.2) 119.5 (20.0)

The SEM images indicated a smaller fiber diameter and higher quantity of fibers for the Angelus 
posts compared with the FGM posts (figure 2). The distribution of the luting material in the canal and 
at the interface between the luting material and the post was also evaluated through SEM. In the cervical 
and middle segments of radicular portion for both post groups (group B: figures 3a and b, respectively 
– group A: figures 4a and b, respectively), the amount of luting material tags penetration into the dentin 
structure was higher, when compared to the apical segment (figures 3c and 4c, for groups B and A).

(b)
Figure 2 – SEM picture of post transversal sections: (a) FGM and (b) Angelus

(a) (b) (c)

Figure 3 – SEM picture of an Angelus post/dentin interface after fracture strength test in different portions of the 
teeth: (a) cervical; (b) middle; and (c) apical

(a) (b) (c)

Figure 4 – SEM micrograph of FGM post/dentin interface after fracture strength test in different portions of 
the teeth: (a) cervical; (b) middle and (c) apical
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Discussion

To determine the characteristics and longevity 
of FRC posts, simulating the clinical situation, 
many studies have used the mechanical properties 
as an evaluation parameter. In this study the tests 
of fracture resistance and two point bending were 
evaluated.

The two point bending test determines the 
fracture resistance of the specimen and high values 
indicate that a specimen is more resistant to fracture 
which is dependent of the specimen configuration 
[15, 21]. On the other hand, the fracture resistance 
test simulates the clinical condition where the post 
is fixed with a luting agent onto the tooth, and the 
axis along which the load was applied. The fiber-
reinforced composite materials are anisotropic and 
it can be supposed that the more parallel the forces 
are to the long axis of the post, the higher the 
flexural test values will be [11, 14, 17]. This could 
be observed by comparing the fracture resistance 
with the two point bending strength values given 
in table II. The values for fracture resistance were 
higher than those for flexural strength values, but it 
can be assumed that in the fracture resistance test, 
which simulates the clinical situation, the strength 
was distributed among the groups of elements: post 
system, tooth and the silicone materials simulating 
the periodontal ligament.

The results for the mechanical properties of 
fiber-reinforced posts, such as fracture strength, can 
be related to the characteristics of the fibers and 
matrix, the strength of the bond at the interface 
between these components and the geometry of the 
reinforcement, that is, fiber length and orientation, 
as well as its concentration. [25] The addition of 
fibers to a polymer matrix leads to a significant 
increase in the fracture toughness, stiffness, and 
fracture resistance of the material [2].

Although the fibers of both posts have different 
diameters and density, in this study the fracture 
resistance and flexural strength values were found 
to be similar for the two groups. On the other 
hand, Silva et al. [24] concluded that the different 
materials used in the composition of the posts and 
the different lengths and geometric configurations 
may interfere in the fracture resistance of roots. 
Recent reports suggested that the fiber post diameter 
may influence the fracture resistance values [15, 
23]. A study reported in the literature tested the 
hypothesis that the fiber diameter and the surface 
area occupied by fibers per square millimeter of 
post surface are parameters related to the physical 
properties of a fiber post [11]. Differences in the 

used methodology between the studies justify the 
different results.

Another aspect which could have led to the 
observed differences in the results is related to the 
treatment of the fibers during the manufacturing 
process. During the manufacturing of Angelus 
posts the fibers are pre-stressed under tension and 
then soaked in resin, which is then polymerized. 
During the final cure of the resin, the tension in 
the fibers is released and, as a result, the resin 
surface is placed under compression. For this 
reason, when the post is subjected to a flexural 
force, the tensile stresses which are introduced 
can easily be absorbed [23]. On the other hand, 
the FGM fibers of the posts are not pre-stressed 
in the manufacturing process.

Another factor related to improving the strength 
of the fiber/matrix interface is the silanization 
techniques. Silanization prior to embedding in 
the resin matrices can particularly affect both the 
mechanical resistance and the structural integrity 
of these posts. Good interfacial bonding can lead 
to load transfer from the resin matrix to the fiber 
reinforcement [11]. However, in this study, both 
posts contain silanized glass fibers, and thus this 
factor could not have influenced the results.

According to Carrilho et al. [6] the FRC posts 
are retained on root canal due to the strength 
obtained by the union between radicular dentin 
and post by the formation of a hybrid layer. This 
layer is created after acid etching dentin which 
removes the smear layer created during the cavity 
preparation. Thus, the dentin tubules are opened 
and the demineralized collagen fibrils are exposed. 
This process promotes the formation of micro 
channels between these fibrils which are occupied 
by the primer, adhesive and resin cement.

The results of SEM images of the FRC posts 
specimens showing the distribution of luting 
material tags penetration on the different radicular 
segments are in agreement with other studies by 
Bitter et al. [5], Ceballos et al. [7], Ferrari et al. 
[8], Grandini et al. [11], Noirrit et al. [18], Perdigão 
et al. [20] and Vichi et al. [26], who noted a 
significant difference in the length and density of 
tags between the crown, middle segments and the 
apical segment, where the tags resemble ‘plugs’ 
blocking the dentin tubules. 

The less favorable morphology of the resin tags 
in the apical third can probably be explained by 
the greater difficulty of the light beam to access 
this level of the root canal during the light curing, 
even though translucent posts are used for the cure 
of the luting agent so that it can be pushed out 
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during the mechanic test. Other important aspect 
is the difficulty of the luting agent penetration in 
the apical segment, even considering that a lentulo 
spiral instrument will be used in the clinical 
situation. 

Another aspect relates to the post translucence, 
FGM post are translucent and Angelus posts 
are opaque. Although it has been reported that 
translucent posts transmit the incident light beam 
to the entire length of the tooth, the polymerization 
degree is higher in the apical third [1, 2, 9, 22]. In this 
study no difference was observed between translucent 
and opaque posts on the micrographs.

Although there are no studies in the literature 
concerning to these specific post brands, the same 
mechanical properties have been evaluated using 
other post systems. For example, Garoushi et al. 
[10] evaluated the static load-bearing capacity and 
the failure mode of endodontically treated maxillary 
incisors. The authors reported values of 229 N and 
309 N for different fiber-reinforced post systems at 
the failure mode, i.e. the resistance of the material 
to fracture.

Conclusion

The fracture resistance and two point bending 
strength tests are important to simulate the clinical 
situation and it was used to verify whether the 
use of posts to reinforce the dental structure can 
support forces and which values of maximum force 
it can support before fracture. From the results of 
the present investigation, it can be seen that there 
were no significant statistical differences between 
the two post groups in terms of fracture strength 
or two point bending strength. It is concluded that 
the posts selected for this study perform satisfactory 
mechanical properties so that it can be used for 
tooth reinforcement after endodontic treatment.
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