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Abstract: Objectives: The aim of this study was to evaluate the effect of two different cementation techniques of individually formed E-glass fiber-reinforced composite (FRC) post on bond strength and microleakage.
Methods: The crowns of extracted third molars were removed and post preparation was carried out with parapost drills
(diameter 1.5 mm). After application of bonding agents individually formed FRC posts (everStick POST, diameter 1.5
mm) were cemented into the post spaces with either ParaCem®Universal or self-adhesive RelyX™Unicem, using two different cementation techniques: 1) an “indirect (traditional) technique” where the post was prepolymerized prior application of luting cement and insertion into the post space or 2) a “direct technique” where the uncured post was inserted to
the post space with luting cement and light-polymerized in situ at the same time. After water storage of 48 hours, the roots
(n = 10/group) were cut into discs of thickness of 2 mm. A push-out force was applied until specimen fracture or loosening of the post. A microleakage test was carried out on roots which were not subjected to the loading test (n= 32) to evaluate the sealing capacity of the post-canal interface. The microleakage was measured using dye penetration depth under a
stereomicroscope.
Results: Higher bond strength values (p<0.05) and less microleakage (p<0.05) were obtained with the “direct technique”
compared to the “indirect technique”. None of the FRC posts revealed any dye penetration between the post and the cement.
Conclusions: The “direct technique” seems to be beneficial when cementing individually formed FRC posts.

Keywords: Bond strength, Cementation technique, Custom-made fiber post, Dye penetration, Fiber-reinforced composite root
canal post, Individually formed fiber post, Microleakage, Push-out force.
INTRODUCTION
In the last decades, the continuous development in fiberreinforced composites (FRC) has extended the clinical applications of FRCs into many areas such as periodontal splinting, minimal invasive fixed partial dentures, removable dentures, orthodontic applications and post and core restorations
[1-7]. Cast metal posts and cores are more and more being
replaced by prefabricated posts [8, 9]. Prefabricated posts are
root canal posts that are ready-to-use as chairside material.
They can be made from metal, glass fiber or carbon fiber and
they come in variety of shapes and surface design. Because
of the high root fracture risk with prefabricated metal posts,
nowadays prefabricated FRC posts, with biomechanical advantages are preferred [7]. However, also prefabricated FRC
posts have disadvantages. They require preparation of the
root canal to fit the shape of the post, which causes loss of
dentin and makes the root more vulnerable to root fracture
[10]. Large root preparation can be avoided by using individually formed FRC posts, which were recently introduced
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[11-13]. An individually formed FRC post can be polymerized in situ in the root canal, thus precisely following the
shape of the canal [14].
In situ polymerization of an individually formed FRC
post enables free radical polymerization to occur between the
resin matrix of the FRC post and the composite resin luting
cement. An oxygen inhibition layer is formed on the coronal
part of the post, which allows free radical polymerization
between the post and core-built-up composite resin [15]. The
polymer matrix of individually formed FRC post material
consists of both linear and cross-linked phases, which is
called semi-interpenetrating polymer network (IPN). This
matrix also allow formation of secondary IPN bonding based
on interdiffusion of the resin systems of post and luting cement [15-17]. The manufacturer’s recommendation has been
to light-polymerize in two phases; first a short curing is carried out when the post material is placed in the root canal to
copy the anatomical shape of the canal. After that the final
curing is carried out after removing the post from the canal,
in order to ensure complete curing also at the apical parts of
the post. The final cementation of the individually formed
FRC post is carried out in the same way as with the conventional solid prefabricated FRC posts. However, in spite of
the advantages of the minimal invasive preparation, the extra
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Table 1. Materials Used in this Study
Trade name

Type

Composition

Manufacturer

Stick®RESIN

light-curing resin

Bis-GMA-TEGDMA

Stick Tech Ltd, Turku, Finland

everStick®POST 1.5

E-glass fiber-reinforced composite (FRC)

PMMA, BisGMA

Stick Tech Ltd, Turku, Finland

ParaCem®Universal, Base shade: white

Dual-cured composite resin luting cement

Bis-GMA, bis-EMA, TEG-DMA

Coltene-Whaledent, USA

RelyX™Unicem

Self-adhesive universal resin cement

Bifunctional methacrylate, multifunctional phosphoric acid, metyhacrylates

3M ESPE AG, Germany

Pararosaniline chloride

staining liquid

basic parafuchsine

Sigma-Aldrich, Finland

clinical steps, when forming the uncured individual FRC
post, can make the use of this post material clinically more
complicated and may need simplification if important properties of bonding and cement sealing are not compromised.
Bonding of a FRC root canal post to a root depends on
the adhesion of luting cement to the post and to the root canal dentin. Therefore, the aim of this study was to determine
bonding properties of an individually formed FRC post polymerized together with luting cement directly in the root
canal (“direct technique”) and to compare to those of an individually formed prepolymerized FRC post cemented into
the root canal using the instructed (“indirect”) technique. The
hypothesis of this study is that an individually formed FRC
post cemented using the direct technique would result in
similar bonding properties to the root canal than it would
have been if cemented by the indirect technique.
MATERIALS AND METHODOLOGY
Seventy-two (n=72) extracted intact and caries-free human third molars, were stored in chloramine (0.5 %) for one
month. The crowns of the teeth were removed at the cemento-enamel junction by wet grinding (SiC paper, grit 180
FEPA, Federation of European Producers of Abrasives) and
post space preparation up to 5 mm (measured from the orifice) was carried out with parapost drills (diameter 1.6 mm)
to the root that had the largest diameter (Push-out test n=40
and Microleakage test n=32). The composition of the materials used in this study is presented in Table 1.
The “Indirect Technique” for Cementation of an Individually Formed FRC Post
Preimpregnated continuous unidirectional E-glass fiberreinforcement (everStick POST, Stick Tech Ltd, Turku, Finland) was cut to a premeasured length and inserted into the
root canal (n=20). The post was initially light-polymerized
inside the root canal for 20 s. A light-polymerizing device
(Optilux 501, Danbury, USA) with a halogen lamp radiating
blue light (wavelength ranging between 500 and 700 nm)
and with an intensity of 780 mW/cm2 (Optilux 501,
Danbury, USA) was used. After removing the post from the
canal, it was further light-polymerized for a total of 40 s. The
surface of the post was activated for the formation of secondary IPN bonding using light-curable resin (Stick®Resin,
Stick Tech Ltd, Turku, Finland) and the post was placed under a light shield for 3-5 min to prevent premature polymerization of the activation resin by light. Prior to cementation,
the resin layer was thinned by carefully blowing the surface

of the post with dry air. The post was light-polymerized for
10 s.
The “Direct Technique” for Cementation of an Individually Formed FRC Post
Preimpregnated continuous unidirectional E-glass fiberreinforcement (everStick POST, Stick Tech Ltd, Turku, Finland) was cut to a premeasured length and fitted into the root
canal (n=20). The obtained post shape was cylindrical,
achieved by rolling on a glass plate before. In the “direct
technique” the uncured individually formed FRC post was
inserted directly into the root canal together with the luting
cement and light-polymerized together.
For both groups (indirect and direct techniques) post cementation was carried out with two different luting cements
(n=10/group, 4 groups): 1) ParaCem Universal DC Cement,
which is a dual-cure resin cement and 2) RelyX™ Unicem,
which is a dual-cure, self-adhesive resin cement. The cementation procedure was depending on the luting cement used:
1) the post space was washed with water thoroughly, dried
with paper points and lightly air-dried. The ParaBond®NonRinse Conditioner (ParaCem® Universal, ColteneWhaledent, USA) was applied to the pretreated root canal
with a brush and massaged for 30 s. After removing excess
Non-Rinse Conditioner from the root canal with a paper
point and lightly air-drying, one drop of ParaBond® Adhesive A (ParaCem® Universal, Coltene-Whaledent, USA) was
mixed with one drop of ParaBond® Adhesive B (ParaCem®Universal, Coltene-Whaledent, USA) and the mixed
adhesive was applied to the root canal. The mixed adhesive
was left in the root canal for 30 s. Excess of adhesive was
removed from the root canal with a paper point. Then the
entire bond layer was lightly air-dried according to the
manufacturer’s instructions. The posts were cemented with
dual-curing composite luting cement (ParaCem®Universal,
Coltene-Whaledent, USA) into the prepared post spaces of
the roots. The cement was light-cured (in 45° angle, close to
the root of the post) for 40 s (20 s on each side). After cementation, specimens were stored in water at a temperature
of 37° C for 48 hours. 2) The post space was washed with
water thoroughly, dried with paper points and lightly airdried. According to the manufacturer’s instructions for use,
bonding and conditioning of the prepared tooth structure is
not necessary when using the self-adhesive cement (RelyX™
Unicem). The capsule containing cement was activated
according to the instructions for use in the
Aplicap™Activator (3M ESPE). Then the capsule was
mixed in a high-frequency mixer (Maxicap™, 3M ESPE) for
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dentin disc

cemented post

Fig. (1). A setup of the custom-made jig for measuring the push-out force (modified from Le Bell et al 2005 [24]). 1= coronal layer, 2= apical layer.

mixer (Maxicap™, 3M ESPE) for 15 s. The capsules were
inserted in the Aplicap, the cement was applied into the post
spaces and the individually formed FRC post was positioned
in the post space. The cement was light-polymerized (in 45°
angle, close to the root of the post) for 40 s (20 s from each
side). After cementation, specimens were stored in water at a
temperature of 37° C for 48 hours.
Push-Out Test
Four push-out test groups with 10 teeth each (n=
10/group) were prepared. The coronal part of the root specimen were wet ground to flat (grit 180 FEPA) and the root
specimen were cut with a low-speed diamond saw (Leitz
1600 Saw Microtome) into discs of thickness of 2 mm (±
0.20 mm). The push-out force was measured by applying a
force to the upper end of the post with a universal testing
machine (Lloyd LRX, Lloyd Instruments Ltd, Fareham, UK)
with a custom-made jig using a cross-head speed of 1.0
mm/min. Two discs of each root were measured (“1st layer”=
coronal disc, “2nd layer”= apical disc) (Fig. 1). The force at
the point of interfacial failure between the post, cement and
dentin was observed from the loading curve. The force
(Newton) required to debond the post from the dentin disc
was registered for all posts. The push-out force (MPa) was
calculated from the formula

After immersion in 0.5% basic parafuchsine dye solution
(24 hours, 37° C), the specimens (n=8/group) were finally
rinsed under running tap water and the nail varnish was removed (SiC paper, grit 320 FEPA, Federation of European
Producers of Abrasives) from all surfaces.
The teeth were sectioned with a low speed saw, vertically
dividing the posts into halves. After sectioning the specimens’ surfaces were smoothened (SiC paper, grit 4000
FEPA, Federation of European Producers of Abrasives). Dye
penetration was measured using a stereomicroscope at 10 x
magnification. The sections/halves were then studied under a
stereomicroscope to measure the depth of dye penetration
between the cement and dentin (or post and cement) from the
chamber surface (Leica DC Twain, Version: 5.1.10, Cambridge, UK).
The data was analyzed by 3-way ANOVA using independent factors (cement, cementation technique and layer).
Interaction between factors was evaluated and Levene´s test
was carried out. The level of statistical significance was set
at 0.05.
RESULTS

Microleakage Test

The results of the push-out test are shown in Fig. (2).
ANOVA revealed that all factors (cement, technique and
layer) were statistically significant (P < 0.05). No interaction
between factors was found (p>0.1). The individually formed
FRC posts polymerized together with the luting cement in
the root canal (“direct technique”) revealed highest push-out
strength and the difference to that of the specimens cemented
with the “indirect technique” was significant (P = 0.05).

Four groups, each consisting of 8 teeth, were investigated
in the microleakage test. The teeth (n=32) were prepared in
the same way as mentioned above. After post cementation,
the acrylic resin embedding and sealing the tooth tightly was
entirely coated with nail varnish to within 1 mm of the cement margins from the chamber surface.

Furthermore, higher bond strength values (P = 0.025)
were obtained using ordinary dual-cure cement (ParaCem®Universal) in comparison to self-adhesive dual-cure
cement (RelyX™ Unicem). A trend of coronal discs (1st layers) revealing slightly higher push-out strength than the apical discs (2nd layers) (P = 0.04) was also seen.

σ = F / 2π r
where F is the debonding force (N) and r is radius of post.
Failure modes were categorized as interfacial failure between the post-cement or post-dentin or mixed mode failure.
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Fig. (2). Mean push-out bond strengths (MPa) and standard deviations (vertical lines) for individually formed FRC posts (everstick Post).
Individually formed FRC posts were cemented either with the indirect technique or the direct technique with self-adhesive dual-cure cement
(RelyX™ Unicem) and ordinary dual-cure cement (Paracem) for both types of cementation technique.

D
C

P

Fig. (3). Typical failure mode of the cemented posts after the push-out study: adhesive failure between cement and dentin of individually
formed FRC post (everstick Post).
D= Dentine, C= Cement, P= Post.

In the assessment of the failure mode under a stereomicroscope it was found that none of the individually formed glass
FRC posts showed adhesive failures between the post and the
cement. The individually formed FRC posts in both groups
(“direct” and “indirect” technique) failed mostly adhesively
between the cement–dentin interface (Fig. 3). No difference in
the failure types could be seen between the two groups.
The microleakage studies under a stereomicroscope revealed a significant difference in the depth of dye penetration
between the posts cemented with the ”direct technique”

compared to those cemented with the “indirect technique”
(Fig. 4 and 5). None of the individually formed FRC posts
showed dye penetration between the post and the cement.
Also dye penetration between the cement and the dentin was
significantly decreased in the “direct technique” group. Furthermore, less microleakage was observed in the specimen
where ordinary dual-cure cement (Paracem) had been used in
comparison to the specimen which had been cemented with
self-adhesive dual-cure cement (RelyX™ Unicem) (Fig. 4
and 5).
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Fig. (4). Mean depth of dye penetration (µm) along the dentin and cement interface and standard deviations (vertical lines) for individually
formed FRC post (everstick Post) cemented with either the indirect technique or the direct technique with self-adhesive dual-cure cement
(RelyX™ Unicem) and ordinary dual-cure cement (ParaCem®Universal) for both types of cementation technique.
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Fig. (5). The depth of dye penetration along the dentin and cement interface of individually formed FRC post (everstick Post) cemented with
the two different cements (ParaCem®Universal and RelyX™ Unicem) with two different cementation techniques (direct and indirect). D=
Dentine, C= Cement, P= Post.
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DISCUSSION
For a successful root canal anchored restoration a strong
bond between the post, the resin luting cement and the dentin
is needed. To evaluate and examine the different interfaces
between post, resin luting cement and dentin, many methods
in different studies have been used, e.g. push-and pull-out
force, microtensile test, shear bond test, finite element
method (FEM)-studies and observational studies using SEM
images. In this study a push-out and a microleakage test was
carried out to evaluate the effect of two different cementation
techniques of individually formed E-glass fiber-reinforced
composite (FRC) posts.
The use of FRC posts, with a modulus of elasticity close
to that of dentin, has rapidly increased [7]. It has been shown
in many studies that FRC posts are a viable alternative to
cast and prefabricated metal posts [8]. However, prefabricated FRC posts also have limitations in their properties,
such as poor anatomical fit to the canal, poor bonding to
luting cement and in thin posts low fracture resistance, and
therefore individually formed FRC posts have been introduced [11, 12, 18]. In the individually formed, also called
custom-made FRC posts, the fiber volume at the coronal part
of the root canal is high and it fills the entire available root
canal space. This increases the stiffness and strength of that
part of the post and forms strong support for the core. By
considering the mechanics of tubular structure of tooth and
post system, the individually formed posts also provide fiber
location closer to the outermost surface of the root where the
highest functional stresses are located. In the case of prefabricated conventional FRC posts, the location of the post in
the center of root – in the neutral axis of tubular structure - is
not optimal to provide effective reinforcing effect by the
fibers of the post for the root-core-crown system. In addition,
by using the prefabricated FRC posts, the free space of the
coronal root canal opening is filled only with weaker particulate filler composite resin cement.
Prefabricated FRC posts have been critized for their
highly cross-linked polymer matrix, which is difficult to
bond to resin luting cements and core material [17, 19, 20].
This is due to the fact that the monomers of composite resin
luting cements, which are used when bonding FRC posts,
cannot dissolve, penetrate and swell the polymer matrix of a
cross-linked character [15, 17, 20-22]. Attempts to develop
alternative polymer matrices of FRC posts have been made
and results of a multiphase polymer matrix, consisting of
both linear and cross-linked polymer phases (semiinterpenetrationg polymer network, semi-IPN), have been
promising [12, 20, 23, 24]. The monomers of the adhesive
resins and cements can diffuse into the linear polymer phase,
swell it, and by polymerization, form interdiffusion bonding
and a so-called secondary semi-IPN structure [15, 16, 17, 25,
26]. Improved bonding allows transfer of loads from the
crown-core system to the root trough the root canal post.
Good adhesion between post and cement, and cement and
dentin is one of the important factors in load transfer. Another is the load bearing capacity, i.e. resistance of the post
itself against deformation by occlusal forces with different
directions. Flexural strength of present FRC posts are ca.
1100 Mpa [11]. Although it is known that strength values
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reported in MPa are influenced by diameter of the post versus length of the span in the test design, the ultimate loadbearing capacity is in relation to the diameter of the post
[27]. The concept of using individually formed FRC posts is
based on minimizing the preparation need to the deeper parts
of the root canal, and allowing addition of higher quantity of
FRC material to the coronal root canal opening of the tooth.
Thus, the concept minimizes stress at the apical parts of the
post and enables a stiff and fracture resistant post with larger
diameter close to the core. The bonding of luting cement and
core-built-up composite resin is ensured by secondary IPN
mechanism.
When comparing the luting and curing methods of directly and indirectly made FRC posts, some important aspects need to be discussed. Firstly, it is known that unidirectional FRC is an anisotropic material, in which physical,
thermal and optical properties vary along the fiber direction
[28, 29]. At polymerization stage, also the polymerization
shrinkage vary, being low in the directions of fibers and
higher in the perpendicular direction to the fibers [30, 31].
This was assumed to cause gap formation to the dentinecement or cement-post interphase. This expectation was supported by the geometry of the root canal as a cavity where
polymerization of the composite resin occurs: a root canal is
a high C-factor (cavity configuration factor) cavity in which
the ratio of the restorations´s bonded to unbonded free surfaces causes increased polymerization stress formation to the
bonded cavity walls [32]. For instance, Class I and Class II
cavities and flat surfaces, have mean C-factors of 4.03, 1.85
and <0.20, respectively [33]. The geometry of a root canal is
similar to the geometry of a Class I cavity, although the root
canal is deeper. The C-factor of a root canal is 953 [34]. Anisotropic polymerization contraction of the unidirectional
FRC post, when it is polymerized directly in the root canal,
increases the effect of a high C-factor. Thus, it was assumed
in this study that the indirectly made polymerization of the
FRC post and the following cementation of the post would
have caused less gap formation and therefore less dye penetration than for posts made directly in the root canal. However, the results were opposite: the directly made polymerization of the FRC post with both composite cements showed
lower dye penetration and less gap formation between the
cement-dentine interface.
One explanation could be that the polymerization of the
resin in the root canal has not been complete which could
have affected less polymerization shrinkage. However, earlier it has been demonstrated that the curing depth of FRC
post material with appropriate degree of monomer conversion is 16 mm, which exceeds the deepest portion of the post
used in this study [14]. It has also been shown that scattering
of light from FRC post made of E-glass is favourable for the
curing of surrounding resins, such as luting cements [35]. In
fact, by the start of polymerization reaction of methacrylate
resins, the change of the refractive index of the resin systems
improves even more light transmittance to the resin around
the FRC post. Thus, there need to be some other explanation
for the reduced gap formation.
Polymer matrix of the FRC post used in the present study
is composed of cross-linking monomer system of bisphenolA-dimethacrylate (Bis-GMA) and linear polymers of po-
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lymethyl methacrylate (PMMA) which structurally form
semi-interpenetrating polymer networks (semi-IPN). Resiliency of semi-IPN based composites is higher and modulus
of elasticity is lower compared to polymer made of crosslinking monomers only [36, 37]. This may have influenced
the situation where the stress by the polymerization contraction remained the slightly plasticized polymer matrix of the
FRC post rather than caused high debonding stresses at the
dentine-cement-post interfaces. It is also possible, that the
lower polymerization rate of the semi-IPN resin systems
allows the materials better to adapt to the root canal and post
configuration. Once the resin system which forms semi-IPN
polymer has been initiated, the reaction time to reach the
final degree of monomer conversion is slightly longer than
with cross-linking monomer system of Bis-GMA only [38].

[9]

Clinically it is of importance to have the best possible
post-curing adaptation of the cement and post to the walls of
the root canal. This is important because the physical contact
of the post and the cement by the adaptation forms the basis
for the dentine bonding. It is also important to receive sealing against possible microbe penetration through the gaps
towards periapical region of the restored teeth.

[15]

CONCLUSION

[18]

The results of the present in vitro study suggest, that by
using an individually formed root canal post with direct cementation technique, less gap formation may be found between the cement and root canal dentine.

[19]

[10]

[11]
[12]
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