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The aim of this study was to evaluate the flexural strength and flexural modulus of
different fiber-reinforcement composite (FRC) posts and determine the correlation between
mechanical properties and structural characteristics. Eleven brands of fiber posts were
analyzed (n=10): Exacto Conico (Angelus), DT Light SL (VDW), RelyX Fiber Post (3M-Espe),
Glassix Radiopaque (Nordim), Para Post Fiber White (Colténe), FRC Postec Plus (Ivoclar),
Aestheti-Plus Post (Bisco), Superpost Conico Estriado (Superdont), Superpost Ultrafine
(Superdont), Reforpost (Angelus), and White Post DC (FGM). The posts were loaded in
three-point bending test to calculate the flexural strength and flexural modulus using a
mechanical testing machine (EMIC 2000 DL) at 0.5 mm/min. Data were submitted to one-
way ANOVA and Scott-Knot test (p<0.05). The cross-sections of the posts were examined
by scanning electron microscopy (SEM). Correlation between the mechanical properties
and each of the structural variables was calculated by Pearson's correlation coefficients
(p<0.05). The flexural strength values ranged from 493 to 835 MPa and were directly
correlated with the fiber/matrix ratio (p=0.011). The flexural modulus ranged from 4500
to 8824 MPa and was inversely correlated with the number of fibers per mm? of post
(p<0.001). It was concluded that the structural characteristics significantly affected the
properties of the FRC posts. The structural characteristic and mechanical properties of fiber
glass posts are manufacture-dependent. A linear correlation between flexural strength
and fiber/matrix ratio, as well as the flexural modulus and the amount of fiber was found.
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Introduction

Endodontically treated teeth frequently require post
and core restorations for retention purposes because of the
extensive structural defects resulting from dental cariesand
access cavity preparation (1-3). The use of glass fiber posts
together with composite resin core foundation materials for
the restoration of root filled teeth is now widely accepted
as a viable alternative to cast posts and cores (2,4). The
major advantage of glass fiber posts is that they have an
elastic modulus that is similar to dentin; they utilize low
elastic modulus materials, such as glass fiber posts; and
they reduce stress arising at the interfaces, enabling the
restored system to mimic the mechanical behavior of a
natural tooth (5,6).

Fiber-reinforced composite (FRC) posts exhibit
biomechanical properties more similar to those of dentin
than the metallic posts, creating a homogenous restorative
system consisting of post, resin cement and core material
along with the tooth substrate (7-10). FRC posts contain a
high percentage of continuous reinforcing fibers embedded
in a polymer matrix. Because fiber posts are essentially
composite materials, their mechanical properties are
expected to increase with increasing fiber content (11,12).

There may be a correlation between the mechanical
properties and the structural characteristics of posts as
regards the post composition. These characteristics include
the integrity, size, density and distribution of the fibers as
well as the nature of the bond between the matrix and the
fibers, which may be the determining factors for different
flexure strength values (12-14). The flexural strength of
the post could be related to the weak interface bonding
between the fiber and matrix, which may be influenced by
irreqularities produced during the manufacturing process
(12,15). Areas of weakness in a FRC post, such as voids
present within the resin or in the discontinuities along the
interface between the fibers and matrix, may reduce their
mechanical properties (11).

It is still not clear how the structural properties of
FRC posts influence their mechanical properties (12).
Therefore, the present study was conducted to assess the
mechanical properties of different FRC posts and to evaluate
the correlation between their properties and structural
characteristics using scanning electron microscopy (SEM).
The tested hypothesis was that the structural characteristics
of FRC posts affect their mechanical properties.



Materials and Methods

In this study, eleven different brands of FRC posts
were evaluated (n=10). The used materials are described
in Table 1.

Three-Point Bending Test

Athree-point bending test (Fig. 1) was used to measure
the mechanical properties of all specimens in a mechanical
testing machine (EMIC DL2000; EMIC, Sdo José dos Pinhais,
PR, Brazil) using a 500 N load cell and 0.5 mm/min crosshead
speed. The mechanical test consisted of positioning the
sample on two supports, which define the length of the

Load cell - 500N

i

0.5mm/min.

Fiber post ﬂ

SIS

6mm

Figure 1. Schematic image of the 3-point bending test used to measure
the mechanical properties of tested fiber posts.

Table 1. Post systems evaluated in this study
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span distance of the test and applying the vertical load
at the mid-point of the specimen (16). The two supports
and the central loading rod had a 2.0 mm cross-sectional
diameter. To reduce the influence of the conical end of the
posts, the length of the span between the supports was 6.0
mm to assure testing only on the parallel portion of the
post (17). The diameter of each sample was measured at the
point where the load was applied using a digital micrometer
(Mitutoyo, Japan). The flexural strength (o) and flexural
modulus (E) were calculated using the following equations:

G = 8Fy,y L/Td? (in MPa)

E = 4FyaL3/(D31d?) (in MPa)

where Fyis the applied load (in Newtons) at the highest
point of the load-deflection curve, L is the span length
(6.0 mm), dis the diameter of the posts (in mm), and D is
the deflection (in mm) corresponding to load Fat a point
in the straight-line portion of the curve (16).

Scanning Electron Microscopy (SEM) Evaluation
All the tested fiber posts were cross-sectioned at
the point where the load was applied using a diamond
saw (Isomet, Buehler, Lake Bluff, NY, USA). The sectioned
surface was embedded in polymethyl methacrylate resin
and polished. The finishing was first carried out with silicon
carbide paper following the sequence 600, 800, 1200, and
1500 grit size under streaming water; the surface was then
polished by felt discs with diamond paste. The specimens
were ultrasonically cleaned in deionized water for 10 min
and then were mounted on metallic stubs before being
sputtered with gold in an ion-sputtering device
(Bal-Tec SCD 050, Balzers, Germany). Finally, the
specimens were analyzed under a SEM (LEO 435
VP, Carl Zeiss, Germany) at the same magnification

FRC Post Manufacturer Fiber

Lot No.

(x1000).

Exacto Conico

VDW Endodontic Synergy;

DT Light SL Munich; Germany Quartz 0706000475
Relyx Fiber Post 3M-ESPE; St. Paul, MN, USA Glass
Glassix . .

R Nordin; Montreux Switzerland  Glass 07221
Radiopaque
Para Post Colténe/Whaledent;
Fiber White Mahwah; NJ; USA Glass — MT-21793

Ivoclar Vivadent;

FRC Postec Plus Schaan, Lichtenstein

Aestheti- e .

Plus Post Bisco; Schaumburg; IL; USA  Quartz

Superpost Superdont; Rio de Glass

Conico Estriado Janeiro; RJ, Brazil

Superpost Superdont; Rio de Glass

Ultrafine Janeiro; RJ, Brazil

Reforpost Angelus; Londrina; PR, Brazil  Glass 12640
White Post DC FGM; Joinville;SC, Brazil Glass

Angelus; Londrina; Brazil Glass 8214

045770701

Glass L12279

080011029

250209

The SEM micrographs of the posts were analyzed
using an image processing and analysis program
(Image Tool 3.0). The number of fibers and the area
occupied by the fibers per square millimeter of the
post area were measured.

Statistical Analysis

Data analysis was performed using one-way
ANOVA followed by the multiple comparisons
Scott-Knot test at a significance level of a=0.05.
To verify the correlation between the mechanical
properties (flexural strength and flexural modulus),
and the structural characteristics (humber of fibers
per mm?2 and fiber/matrix ratio [%]) for all posts,
was used the Pearson's correlation coefficients test
at a significance level of a=0.05 using a statistical
analysis software (SPSS 11 for Windows; SPSS Inc,
Chicago, IL, USA).

a7
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Results

Data expressing the correlation between the mechanical
properties and structural characteristics are in Table 2.
Pearson's correlation test between fiber/matrix ratio
(%) and number of fibers per mm? of post were used for

Table 2. Mean flexural strength (standard deviations) and fiber/matrix
ratio of the tested post systems

FRC Post Strength (MPe)  rati 09
Exacto Conico 835.9 (46.0)? 68
White Post DC 822.2 (56.0)? 65
Aestheti-Plus Post 811.3 (42.1)2 65
Relyx Fiber Post 805.8 (32.7)? 54
Superpost Ultrafine 690.1 (24.1)° 62
DT Light SL 655.8 (130.7)° 60
FRC Postec Plus 632.7 (76.7)" 63
Para Post Fiber White 627.3 (53.3)" 33
Glassix Radiopaque 584.9 (69.9)" 61
Reforpost 569.5 (42.0)° 59
Superpost Conico Estriado 493.5 (49.4)¢ 56

Same letters in the columns indicate no significant differences between
the property values as determined by the Scott-Knot test (p<0.05).

Table 3. Mean flexural modulus (standard deviations), structural characteristics

and diameter of the evaluated post systems

both analyzes, flexural strength and flexural modulus.
Significance correlation was observed between fiber/matrix
ratio (%) and flexural strength (r=0.241; p=0.011), and
between number of fibers per mm? of post and flexural
modulus (r=0.333; p<0.001).

The means and standard deviations (SD) of the flexural
strength and flexural modulus for the experimental groups
areinTables 2 and 3, respectively. The fiber/matrix ratio (%)
is linear and there was a significant correlation between
this ratio and the flexural strength. Multiple comparison
tests showed the highest flexural strength obtained for
Exacto Conico and the lowest for Superpost Conico Estriado
(Table 2).

There is a negative correlation between the flexural
modulus and number of fibers per total area of post. White
Post DC showed the highest modulus, whereas Para Post
Fiber White, RelyX Fiber Post, Superpost Ultrafine and
Reforpost had statistically similar performances with the
highest flexibilities (Table 3).

The post SEM images revealed differences between
the tested FRC posts (Fig. 2). Aesthetic-Plus Post (G) had
the highest and White Post DC (K) the lowest quantity of
fibers. Regarding the fiber/matrix ratio, the highest values
were measured in Exacto Conico (A) and the lowest for
Para Post Fiber White (E). A similar pattern of distribution
of the fibers was observed for Exacto Conico (A), RelyX
Fiber Post (C), FRC Postec Plus (F), Aestheti-Plus Post
(G) and Superpost Ultrafine (I). As regards the bubble

presence, Glassix Radiopaque (D), FRC Postec Plus
(F), Superpost Conico Estriado (H) and Reforpost (J)
exhibited bubblesin the matrix and at the interface
between fiber and resin matrix. RelyX Fiber Post (C),

Number of

Para Post Fiber White (E), Superpost Ultrafine (I) and
White Post DC (K) presented no structural defects

Fl 1 M
FRC Post exura fibers per total . ean post
modulus (MPa) diameter (mm)
area of post
White Post DC 8824.3 (1011.4)2 2924 1.26
DT Light SL 5594.0 (528.4)" 5116 1.48
lassi
Glassix 5531.5 (778.5)) 4122 1.38
Radiopaque
FRC Postec Plus 5479.2 (677.0)° 7691 1.43
Exacto Conico 5476.2 (365.2)° 7951 1.45
Aestheti-Plus Post 5288.7 (681.6)" 17452 1.40
Superpost Conico gy 0 4 (530 5 7427 1.48
Estriado
Para Post .
Fiber White 4957.6 (759.8) 7547 1.41
Relyx Fiber Post 4924.2 (252.0)¢ 5326 1.56
Superpost Ultrafine  4830.9 (402.2)° 6645 1.49
Reforpost 4500.6 (515.6)¢ 8024 1.43

and no gaps between the fibers and the resin matrix.

Discussion

The tested hypothesis was accepted. The
structural characteristics affect significantly the
mechanical properties of fiber posts. The flexural
strength is directly correlated with the fiber/matrix
ratio (p=0.011), whereas the flexural modulus is
inversely correlated with the number of fibers per
mm? of post (p<0.001).

Glass, quartz, carbon and ceramic fibers have
been used for fabrication of endodontic posts (18).
This study evaluated nine brands of glass fiber posts
and two of quartz fiber posts, using the three-point
bending test. Glass fiber posts exhibited similar
values for the flexural strength and flexural modulus

Same letters in the columns indicate no statistically significant differences
between the property values as determined by the Scott-Knot test (p<0.05).
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compared to quartz fiber posts. Usually, glass fiber
posts contain e-glass fibers (electric glass) that



consist of Si0,, Ca0, B,0, Al,O, and a few other oxides of
alkali metals in the amorphous phase (12). The quartz fiber
reinforcement used in DT Light SLand Aestheti-Plus Post is
made from pure silica. The elastic modulus of quartz fiber
reinforcement does not significantly differ from the other
types of glasses, but its low thermal expansion coefficient
may be beneficial to the structural integrity during thermal
alteration (11).

The addition of fibers to a polymer matrix leads to a
significant increase in the physical properties of polymer-
based materials. The posts that exhibit a higher fiber/
matrix ratio are be expected to yield a greater fracture
resistance (10-12). However, RelyX Fiber Post 4 and Para
Post Fiber White had fiber/matrix ratios that were not
linearly related to the mean values among the other nine
groups tested (Table 2). This variability could most likely
be explained by the individual fiber properties contained
in each post type. These results show that the fiber density
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contributes only partially to the mechanical performance
of the FRC post (16).

If the bond interface between the fibers and the matrix
isinadequate, poor mechanical properties may be expected
(19). A better total interface area (fiber and matrix) will
result in better mechanical interlocking and increased
stiffness (7). This relationship between the interface and
stiffness could explain the improvement in the flexural
modulus for White Post DC, which presented the highest
flexural modulus value and also resulted in low number
of fibers, but it had fewer defects from the contact area
between the fiber and matrix as shown in Figure 2K.
The correlation between number of fibers and flexural
modulus for Reforpost was inversely proportional, and SEM
images showed the presence of bubbles and irregularities
between the fibers and the matrix (Fig. 2J). In contrast, the
Aesthetic-Plus Post had the highest number of fibers and
an intermediary flexural modulus value compared with

Figure 2. SEM images of the post systems
evaluated at x1000 magnification: Exacto
Conico (A), DT Light SL (B), RelyX Fiber Post
(Q), Glassix Radiopaque (D), Para Post Fiber
White (E), FRC Postec Plus (F), Aestheti-Plus
Post (G), Superpost Conico Estriado (H),
Superpost Ultrafine (I), Reforpost (J), and
White Post DC (K).
49
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other groups, demonstrating that the individual properties
of the fiber and matrix may be substantial.

The flexural modulus tends to increase with the diameter
decrease in the evaluated FRC post systems. Because the
three-point bending testis determined by the span distance,
the post design and diameter of the post, differencesin the
diameter may affect the flexural response (19). Composites
are recommended, especially for anisotropic FRC with a high
L/d ratio (span distance/diameter of post) about 40:1 or
60:1, to eliminate the shear effect during the bending test
(14-17). Alower L/d ratio produces more shear deformation
in the FRC specimen (18). The engineering material standard
of ASTM D 2344 for the short beam test recommends an
L/d ratio of 4 to determine the interlaminar shear strength
of material. Therefore, the L/d ratio used in this study was
approximately 4.2, considering a 6.0 mm span distance
and a 1.43 mm mean diameter values of FRC posts .
Apart from the L/d ratio, the higher order diameter term
in the expression used to calculate the flexural modulus
- d* (4Fya,L3/D3Td*) compared to the expression used to
calculate the flexural strength - d* (8Fy,, L/Ttd?) indicates
that the flexural modulus has a higher sensitivity to changes
in the diameter. White Post DC had the smallest diameter;
nevertheless, it had the highest flexural modulus (Table 3).

The FRC post designs may also vary in surface
characteristics, such assmooth or serrated surface. Serrated
posts have higher retention values and lower rigidity than
smooth posts (6). Thus, the addition of a serrated process
on the post surface for the purpose of retention, as may
be observed in Para Post Fiber White, Superpost Conico
Estriado and Reforpost, could decrease the values of the
post's flexural strength due to the discontinuous fibers (11).

Fiber and matrix differences in the FRC posts (volume
fraction of fibers, orientation and thickness, bonding to
resin matrix, polymerization-induced stress, manufacture
process, global integrity of the posts, and intrinsic
properties of fibers and matrix) are especially important for
understanding the flexural strength and flexural modulus
of FRC posts (11,13,15,20). The first concern is that failure
results from a small structural defect such as a void or
microcrack within the material. Therefore, potential areas
of weakness in a fiber-reinforced post should be observed
in the voids within the resin or in the discontinuities along
the interfaces between the fibersand matrix (6). The Glassix
Radiopaque, FRC Postec Plus, Superpost Conico Estriado
and Reforpost had clearly visible empty spaces and bubbles
(Figs. 2, D, F, Hand J, respectively). On the other hand, voids
and bubbles were not visualized for Exacto Cénico, RelyX
Fiber Post, and Aesthetic-Plus Post (Figs. 2, A, C and G,
respectively), which is most likely the reason for the high
flexural strength values of those posts.

Reforpost had the lowest flexural strength; a possible
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explanation for this could be the weak interface bonding
caused by the irregularities and bubbles produced during
the manufacturing process (Fig. 2J). Such discontinuities
along the interfaces between the matrix and the fibers
evidence that interfacial bond strength is critical (9,21).
The matrix has a higher thermal expansion coefficient than
the glass or quartz fibers which may generate stress and
cause adhesive failure between the fibers and the matrix
(10). Additionally, due to the different elastic modulus
between glass/silica fibers and the resin matrix, stresses
normally develop at the interface between the fibers and
the matrix and propagate along the surface of the fibers
when the posts are loaded (12).

Adiscontinuity along the interfaces between the fibers
and matrix was not observed in the RelyX Fiber Post, Para
Post Fiber White, Superpost Ultrafine, and White Post DC
posts (Figs. 2, C, E, land K, respectively). The fact that none of
these posts has discontinuity may be due to the combination
of the fabrication process for chemical bonding between
the fiber and resin matrix and the silanization of the fiber
prior to embedding it in the resin matrices. However, much
of this information is manufacturing secret (6,22).

The fiber diameters in the Para Post Fiber White (Fig.
2E) and White Post DC (Fig. 2K) were non-homogeneous
compared to the other systems. The variation in the
diameter of fibers was remarkable; in some cases, there were
small diameter fibers located next to areas of large diameter
fibers. The Aestheti-Plus Post consists of fibers with
diameters much smaller than the other systems (Fig. 2G).
However, the flexural strength and flexural modulus were
not affected by differences in the fiber diameters of the
FRC posts. The type and stiffness of the fiber reinforcement
are dominant over the properties of the organic matrix
(23). Thus, due to the absence of information from the
manufacturer relative to the exact compositions of the type
of fiber and polymer matrix makes it difficult to explain the
exact reason of these variations in results. Thefore, further
studies should be performed to evaluate these questions.
However, itis possible to infer that the presence of bubbles
is probably related to the manufacturing process during
fiber agglutination and also during the cutting process used
to prepare the macro-retention on post surface.

A limitation of this investigation is that no thermal
cycling or artificial aging of the post systems was performed,
as fiber-reinforced composite posts are directly affected
by water and changes in temperature (10). In addition, no
association was made with the tooth structure. This study
was not an assessment of the FRC posts' behavior inside
the oral cavity, but instead it reflected the properties of
the materials themselves. Thus, further studies should
be performed to evaluate the fatigue factors to better
understand the effectiveness and durability of the FRC



posts and to evaluate the behavior of the posts cemented
in roots. That type of analysis may help verifying whether
the structural defects of the posts affect their long-term use
in the clinical setting as well as the stress distribution (24).

In conclusion, this study showed that the structural
characteristics affect significantly the mechanical
properties of fiber posts. The flexural strength is directly
correlated with the fiber/matrix ratio, whereas the flexural
modulus is inversely correlated with the number of fibers
per mm? of post. Structural defects such as bubbles and
discontinuities along the interface between the matrixand
the fibers influence the flexural strength of FRC posts. The
flexural modulus and flexural strength are not affected
by differences in the diameter of fibers in the FRC posts.

Resumo

O objetivo deste estudo foi avaliar a resisténcia a flexdo e modulo de
flexdo de diferentes pinos reforcados com fibra (PRF) e determinar a
correlacdo entre propriedades mecanicas e caracteristicas estruturais.
Foram analisadas onze marcas de pinos de fibra (n=10): Exacto
Conicos (Angelus), DT Luz SL (VDW), RelyX Fiber Post (3M ESPE), Glassix
Radiopaque (Nordim), Para Publicar Fiber White (Colténe), FRC Postec
Plus (Ivoclar), Aestheti-Plus Post (Bisco), Superpost Conicos Estriado
(Superdont), Superpost Ultrafino (Superdont), Reforpost (Angelus), e
White Post DC (FGM). Os pinos foram avaliados por meio de ensaio de
flexdo de trés pontos para calcular a resisténcia a flexdo e mddulo de
flexdo utilizando uma maquina de ensaios mecénicos (EMIC 2000 DL) a
0,5 mm/min. Os dados foram submetidos a ANOVA one-way e teste de
Scott-Knot (p<0,05). As seccdes transversais dos pinos foram examinadas
usando microscopia eletronica de varredura (MEV). A correlaco entre
as propriedades mecanicas e de cada uma das varidveis estruturais foi
calculada por coeficientes de correlacio de Pearson (p<0,05). Os valores
da resisténcia a flexdo variaram de 493-835 MPa e foram diretamente
correlacionados com a proporgdo de fibra/matriz (p=0,011). 0 modulo de
flexdo variou de 4500 a 8824 MPa e foi inversamente correlacionado com
o niimero de fibras por mm? (p<0,001). Concluiu-se que as caracteristicas
estruturais afetam de forma significativa as propriedades dos pinos de
fibra. As caracteristicas estruturais e propriedades mecanicas dos pinos
de fibra de vidro sdo dependentes do processo de fabricacdo. Existe uma
correlagdo linear entre a resisténcia a flexdo e proporcio de fibra/matriz,
bem como entre 0 modulo de flexdo e a quantidade de fibras.
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