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The aim of this study was to evaluate the durability of unidirectional and bidirectional fiber-reinforced post systems under static and 
cyclic loading. Three prefabricated fiber posts with one of two core composite resins each or a post resin were used. Each specimen 
was subjected to a three-point bending test after cyclic loading (1000 times) by 0.1, 0.2 or 0.3 mm deflection. Under cyclic loading, 
flexure strength and elastic modulus tended to show a decrease with increase in deflection in the unidirectional fiber post specimens. 
No such tendency, however, was observed in the bidirectional fiber post specimen. In conclusion, use of a prefabricated fiber post in a 
post-and-core complex improved the flexural properties of the core composite resin, regardless of fiber direction. Although deterioration 
in flexural properties was observed with cyclic loading in the unidirectional fiber post specimens, no significant difference was 
observed in the bidirectional fiber post specimen. 
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INTRODUCTION

Recently, fiber-reinforced composite (FRC) post-and-
core systems have come to be widely used in the 
restoration of endodontically treated teeth1). FRC posts 
offer a number of advantages over metal posts due to 
their modulus of elasticity being closer to that of dentin 
and superior esthetic quality. Teeth restored with FRC 
posts show better resistance to fracture propagation 
than teeth restored with prefabricated or cast metal 
posts2). Endodontically treated teeth reinforced with a 
prefabricated fiber post have shown lower incidences of 
root fracture3,4). 

FRC posts contain a high volume percentage of 
continuous reinforcing glass fibers embedded in a 
polymer matrix, which holds the fibers together. The 
matrix commonly comprises epoxy or acrylic polymers 
with or without filler materials. The fibers used in FRC 
posts may be classified according to fiber direction—
unidirectional or bi-directional—or whether they are 
pre-impregnated with unfilled resin or filled resin. The 
stability of the fiber/polymer matrix and fiber post/core 
resin interface must be taken into consideration in 
evaluating the clinical longevity of FRC posts. 

Several studies have investigated the influence of 
the mechanical properties of post-and-core components 
on the flexural strength of a prefabricated fiber post5-8). 
One study investigated adhesion between core 
composite resin and prefabricated fiber post9). To our 
knowledge, however, few studies have investigated the 
effect of cyclic loading on durability in FRC posts. The 
aim of this study was to evaluate the durability of 
unidirectional and bidirectional fiber-reinforced post 
systems under static and cyclic loading.

MATERIALS AND METHODS

Commercially available posts and core systems were 
chosen for this study. Three prefabricated fiber posts 

(Table 1, Figs. 1-2)—and three core composite resins 
were used (Table 2). Each core composite resin or post 
resin with prefabricated fiber post (2.0 mm in diameter 
and 20.0 mm in length) was subjected to a three-point 
bending test after cyclic loading by 0.1, 0.2 and 0.3 mm 
deflection.

Sample preparation for composite resin with 
prefabricated fiber post 
The preparation procedure for the composite resin with 
prefabricated fiber post specimens is shown in Fig. 3. 
An acrylic pipe (2.0 mm in diameter and 20.0 mm in 
length) which was coated by mold releasing agent 
(DAIFREE, Daikin Industries, Ltd. Osaka, Japan) was 
filled with composite resin to form a core. Two brass 
lids with holes in (1.5 mm in diameter) were then 
pressed onto either end of the pipe to squeeze out any 
excess resin. The prefabricated fiber posts were used as 
received length, however in case of i-TFC, the fiber post 
was cut in length of 24 mm using diamond disk because 
the product was 45 mm. After treating the 
prefabricated fiber post surface according to the 
manufacturer’s instructions, the prefabricated fiber 
post was carefully inserted into the pipe through the 
center holes in the lids. Light-exposure was performed 
for 60 sec by placing the tip of a light source (Grip 
light, Shofu, Kyoto, Japan) along the long axis of the 
pipe at 6-mm intervals. A total of 6 times and 360 sec 
was performed for light curing of one composite resin 
with prefabricated fiber post specimen. Specimens 
without an FRC post were also prepared to evaluate 
the composite resins alone. All specimens were stored 
in water for 24 hr at 37°C.

Three-point bending test and cyclic loading test
A three-point bending test was performed according to 
the ISO10477 standard (span, 15.0 mm; crosshead 
speed, 1.0 mm/min; cross-sectional diameter of loading 
tip, 5 mm) to measure the fracture strength of the 
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specimens at room temperature using a universal 
testing machine (Autograph; AG-I 20kN, Shimadzu, 
Kyoto Japan). Loading was continued until either the 
specimen showed catastrophic rupture or load dropped 
to below 85% of peak load.

In order to evaluate the effect of cyclic loading on 
the specimens, three-point loading (span, 15.0 mm; 
cross-sectional diameter of loading tip, 5 mm) was 
applied at a frequency of 1 Hz and constant deflection 
of 0.1, 0.2 and 0.3 mm using a fatigue testing machine 
(Servopulser; EHF-FV05-10LA, Shimadzu, Kyoto, 
Japan). Loading was introduced in sinusoidal fashion 
at 0.1, 0.2 and 0.3 mm maximum amplitude and 
conducted for 1000 cycles, after which the specimens 
were carefully examined and then tested quasi-
statically to failure with a three-point bend. A 
minimum of five tests were conducted for each set of 
specimens.

Evaluation of fracture mode
After fracturing, the specimens were observed using a 
digital microscope (VH5000, Keyence, Tokyo, Japan) 
and a field emission scanning electron microscope 
(JSM-6340F, JEOL, Tokyo, Japan) following Au-Pd 
sputter-coating. 

Statistical analysis
A one-way ANOVA and the Scheffé test (α=0.05) were 
used to compare differences in strength between 
specimen groups.

RESULTS

Static flexure strengths of prefabricated fiber posts, core 
composite resins and post

The flexure strength and elastic modulus of the 
prefabricated fiber posts is shown in Table 3. GCF 
showed the highest flexure strength and elastic 
modulus. SMF showed the lowest flexure strength and 
elastic modulus. The flexure strength and elastic 
modulus of each specimen with core composite resin or 
post are also shown in Table 3. BI showed the highest 
flexure strength and IP showed the lowest elastic 
modulus.

Flexure strength after cyclic loading
Fig. 4 shows the results of the three-point bending test 
at before and after cyclic loading for composite resin 
with prefabricated fiber post. Although some specimens 
showed slight deformation, no catastrophic rupture was 
observed. The flexure strengths of the composite resin 
with prefabricated fiber post showed improved strength 

Brand name Manufacturer Composition Dia.(mm) Type Code 

GC Fiber Post GC Corp. Glass fibers 
Methacrylate ester and/or Bis-GMA 
copolymer 

1.20 unidirectional GCF 

FibreKor Post Pentron Corp. Glass fibers 
Bis-GMA 
Filler 

1.25 unidirectional JPF 

i-TFC Sun Medical Co., 
Ltd 

Glass fibers
Stainless steel (SUS304) 

1.30 bidirectional SMF 

Table 1 Prefabricated fiber posts used in this study

Brand name Manufacturer Type Code 
Unifil Core GC Corp. Dual Cure UC 
BUILD-IT FR Pentron Corp. Dual Cure BI 
i-TFC Post Resin Sun Medical Co., Ltd Light Cure IP 

Table 2 Composite resin for core or post fabrication

Fig. 1 Appearance of various prefabricated fiber posts.
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over that of composite resin alone. With cyclic loading, 
the flexure strengths of UC-GCF and BI-JPF showed a 
tendency to decrease with increase in deflection, 
whereas no such tendency was seen with IP-SMF. No 
significant difference was observed among the different 
deflection groups with IP-SMF.

Elastic modulus at after cyclic loading
The elastic modulus at before and after cyclic loading 
for composite resin with prefabricated fiber post is 
shown in Fig. 5. These specimens showed a higher 
value than that for composite resin alone at without 
cyclic loading. After cyclic loading, the elastic modulus 

Fig. 2    SEM-micrographs of cross-sectioned prefabricated fiber posts.

Fig. 3 Sample preparation for composite resin with 
prefabricated fiber post. 

Code Flexure strength 
(MPa)

Elastic modulus 
(GPa)

GCF 1277 (92) 36.6 (2.1)

JPF 1150 (155) 28.4 (0.9)

SMF  452 (89) 25.8 (2.2)

UC  147 (9) 10.6 (0.2)

BI  183 (22)  8.6 (0.9)

IP  150 (10)  5.9 (0.2)

Table 3 Result of static three-point bending test for 
prefabricated fiber posts and composite resins 
or post (n=5)  (  ):S.D

Fig. 4 Maximum flexural strength at before and after 
cyclic loading 1,000 times for composite resin with 
prefabricated fiber posts. (n=5) Means with same 
superscript letter are not significantly different at 
p<0.05.

Fig. 5 Elastic modulus at before and after cyclic loading 
1,000 times for composite resin with prefabricated 
fiber posts. (n=5) Means with same superscript 
letter are not significantly different at p<0.05.
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of UC-GCF showed a tendency to decrease with 
increase in deflection. The elastic modulus was lower 
than that with composite resin alone at 0.2 or 0.3 mm 
deflection with UC-GCF and at 0.3 mm deflection with 
BI-JPF. No significant difference was observed between 
at before and after cyclic loading among the different 
deflection groups with IP-SMF. 

Observation of fracture mode
The typical fracture pattern is shown in Fig. 6. The 
crack first appeared on the opposite side to that of the 
loading point in the three-point bending test, after 
which the specimen split into two halves along the long 
axis through the center. Even though the composite 
resin showed catastrophic rupture, however, the fiber 
showed no damage. Delamination of glass fibers from 
the resin matrix was observed. 

DISCUSSION

A post is required to retain the core in endodontically 
treated teeth. Prefabricated fiber posts offer this 
capability when used in combination with post-and-core 
materials and an adhesive resin cement. This study 
evaluated the flexure strength of unidirectional and 
bidirectional fiber-reinforced post and core systems. 
The static flexure test revealed effective fiber 
reinforcement at before cyclic loading, with flexural 
strength being enhanced more than 2 times and a 10-
30% increase in elastic modulus over with a composite 
resin alone. Prefabricated fiber posts contribute great 
flexural strength and stiffness to core composite resins, 
regardless of fiber direction. In general, incorporation 
of glass fiber into a resin enhances the strength of the 
resin matrix10,11). It is assumed that the bond strength 
between the prefabricated fiber post and core composite 
resin is the most important factor among these 
components. If bonding at this interface is poor, 
debonding and/or fracture of the post and core will 
occur. Aksornmuang12) reported that bond strength was 
enhanced by application of a silane coupling agent. The 
role of silane coupling agents in increasing bond 
strength with resin materials is evident in the 
literature13,14). In this study, all the posts were treated 
with a silane coupling agent according to the 
manufacturer’s instructions. From the increasing 
flexural strength and elastic modulus of the results, it 
seem that proper bond strength was obtained between 
prefabricated fiber post and core composite resin at 
before cyclic loading.

In this study, 0.1-0.3 mm of deflection was chosen 
as the amplitude for cyclic loading. We believed that 
application of constant stress by cyclic loading was 
suitable for simulation of masticatory force. However, 
when constant stress was applied to each specimen at 
1 Hz, the low elastic modulus of the composite resin 
and prefabricated fiber post meant that the specimen 
had insufficient time to recover its original shape, 
resulting in major deformation. Therefore, cyclic 
loading had to be discontinued. Therefore, we adopted 
constant deflection by cyclic loading. This deflection 
was equivalent to 20-60% (15-45 N) of the maximum 
fracture load obtained in the static three-point bending 
test before cyclic loading. Although no specimens 
showed catastrophic rupture during cyclic loading, the 
flexure strengths and elastic modulus of UC-GCF and 
BI-JPF showed a tendency to decrease with increase in 
deflection. The 0.3-mm deflection specimen, in 
particular, showed a lower modulus of elasticity than 
that of core composite resin. This suggests that the 
reinforcement provided by the prefabricated fiber post 
was compromised during loading. Although visual 
examination of the test specimens revealed that they 
were still intact after cyclic loading, fracture in the 
composite resin matrix and delamination of glass fibers 
from the resin matrix were observed after the static 
three-point bending test (Fig. 6). Application of load at 
a right angle to the long axis during cyclic loading 

Fig. 6 Optical microscope image (a: UC-GCF) and SEM 
image (b: UC-GCF) of fractured composite resin 
with prefabricated fiber post after three-point 
bending test.
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resulted in concentration of load at the interface 
between the composite resin and the unidirectional 
fibers because of the large difference in elastic modulus 
between the core composite resin and unidirectional 
fibers. Concentrated stress brings on failure of adhesion 
at the interface of the fiber and the matrix resin, 
resulting in micro-cracks. These micro-cracks increased 
with increase in deflection. Therefore, the flexure 
strengths and elastic modulus of unidirectional fiber 
specimens showed a tendency to decrease with increase 
in deflection. These results are in good agreement with 
those of a previous report15).

On the other hand, the bidirectional specimen (IP-
SMF) showed no significant differences among the 
different deflection groups. Stress was distributed at 
the interface because the load acted at an oblique angle 
to the long axis. This reduced the occurrence of micro-
cracks at the interface. Further study is needed to 
elucidate the development of the micro-cracks which 
occur with unidirectional fibers. Moreover, the location 
of loading point did not take into consideration between 
cyclic loading and static three-point bending test in this 
study. As far as the cyclic loading affect flexural 
strength and elastic modulus, stress distribution should 
be taken into consideration. 

In terms of durability, water sorption into glass-
fiber reinforced composites raises the additional 
problem of hydrolytic degradation. Glass fibers 
containing alkali and earth alkali oxides are susceptible 
to hydrolytic degradation. Lassila LV6) reported that a 
decrease in mechanical properties takes place within 
30 days of water storage and is caused by plasticization 
of the polymer matrix by water. With long-term water 
exposure, hydrolyzation of the silane coupling agent, 
which is used to promote adhesion between the fibers 
and the polymer matrix, may affect the mechanical 
strength of fiber posts. This experiment, however, was 
carried out under dry conditions. Water storage 
conditions should be taken into consideration in further 
study. 

CONCLUSIONS

Prefabricated fiber posts improved the flexural 
properties of the core composite resin in a post-and-core 
complex, regardless of fiber direction. However, with 
cyclic loading, flexural properties deteriorated in the 
unidirectional fiber post specimens, although no 
significant difference was observed in the bidirectional 
fiber post specimen. These results suggest that the 
direction of the fibers affects the durability of fiber-
reinforced post and resin core build-up systems.
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