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ABSTRACT
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Aim: The present study was completed to evaluate the effect
of silane on the push-out bond strength on fiber-reinforced
posts. The intention of the study was also to determine if there
was a regional relation between the adhesive system and the
push-out bond strength of the fiber post.
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Materials and methods: Fifteen single rooted human teeth
were endodontically treated and 2 mm diameter glass fiberreinforced composite posts were cemented in the root canal.
In the first group Futurabond DC without silane, in the second
group the same luting material after silane treatment of the
posts, and in the third group Clearfil DC Core System without
silane were used to lute the posts.
After complete setting of the luting agents three 2-mm-thick
slices were obtained from the cervical, middle, and apical
regions of the roots. The specimens were subjected to push-out
test in special equipment. Bond strength data were analyzed
with analysis of variance tests.
Results: The Rebilda posts cemented with Futurabond DC
without silane had the highest push-out bond strength at the
coronal region (164.71 N ± 72.12), while the posts cemented
with Clearfil without silane had the lowest value at the apical
region (94.86 N ± 34.14). Silane had no significance on the
push-out bond strength (p = 0.909); however, the root canal
dentin regions had a significant effect (p < 0.010).
Conclusion: This study did not show any significant differences
among different luting protocols. The bond strength was
significantly higher in the coronal region due to the greater
cemented surface area and the difference in dentin structure.
Clinical significance: Based on the results of the push-out tests,
the retention of the posts did not depend on the luting methods;
however, the region of the root canal played a significant role.
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INTRODUCTION
The preservation of endodontically treated teeth is of
great importance. Post and cores are used to restore
endodontically treated teeth when there is an extensive
loss of the tooth structure. The goals of post and core
treatment are to maintain coronal and apical seal of the
root canal, protect and preserve the remaining tooth
structure, provide a supportive and retentive foundation for the placement of the definitive restoration, and
to restore function and esthetics.1,2
Posts are traditionally divided into prefabricated and
casted. The casted posts require temporary restoration
of the root canal after root canal preparation and risk
reinfection of the canal due to coronal leakage. The
prefabricated posts can be luted immediately after root
canal preparation in one appointment.1,3 Fiber-reinforced
resin posts with resin cements are widely used as a
prefabricated post technology. Fiber posts have a similar
modulus of elasticity (16–40 GPa) to dentin (18.6 GPa),
allowing for uniform stress distribution and decrease in
stress concentration at the restorative interface.4,5 In vitro
and in vivo studies show that the better stress distribution
of prefabricated fiber posts compared with casted metal
posts reduces the tendency of vertical root fractures.6,7
Failure of fiber post restored teeth occurs mainly
due to debonding of the post at the post–cementation
junction.8 Many factors can affect the retention of the
post within the root canal. A few of the aforementioned
factors include the type of post, adhesive and cementation
system, operative procedures, and the configuration of
the root system.9
Among others, the type of post, adhesive and
cementation system, operative procedures, and the
configuration of the root system may affect the retention
of the post within the root canal.
In an attempt to increase the bond strength of the
post–cementation junction, silane-coupling agents are
used. Silane has functional groups that allow covalent
adhesion between the quartz fibers of the posts and
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the core resin matrix. Studies prove that silanization
improves the bond strength between the fiber posts and
the resin cements.8
Dentin is a dynamic tissue that changes with age,
due to caries and restorative procedures. The histological
structure of dentin also alters regionally from the coronal
down to the apical portion.10 These factors along with
the difficulty of reaching the apical portion of roots with
restorative materials can alter the retention of the post in
the root canal.11
The present study was completed to evaluate the
effect of silane on the push-out bond strength on fiberreinforced posts. The intention of the study was also to
determine if there was a regional relation between the
adhesive system and the push-out bond strength of the
fiber post. In regard to silane, the null hypothesis was that
silane treatment of the post would not affect the pushout bond strength. The second null hypothesis stated
that there was no regional relation in terms of push-out
bond strength.

MATERIALS AND METHODS
In this in vitro study, 15 single-rooted extracted human
teeth were used. The teeth were submerged in 6% formalin solution for 1 hour. After the formalin treatment,
all the specimens were placed in a sterile saline solution
for 3 days. The selected roots were fully developed, about
15 mm long, caries free, without fracture and resorption.
The morphology of the roots allowed the placement of
a ≥10 mm long prefabricated fiber-reinforced resin post.
The crown of each specimen was sectioned at the
cementoenamel junction (CEJ) using a diamond bur
and water cooling. The pulp tissue was exposed and
removed with nickel–titanium Donaldson files (VDW
GmbH, Munich, Germany). Thereafter, all root canals
were prepared with nickel–titanium K-files (VDW
GmbH, Munich, Germany) (#40 size at apical seal). Each
enlargement was followed by chemical irrigation with
2.5% sodium hypochlorite. The prepared roots were
dried by paper points (Shanghai Dochem Industries,
Shanghai, China) and filled with gutta-percha cones
(Shanghai Dochem Industries, Shanghai, China) using
lateral condensation technique and resin sealer (AH Plus,
Dentsply York PA, USA).
After endodontic treatment, each root canal opening
was filled with light-curing temporary filling material
(Clip F, VOCO GmbH, Cuxhaven, Germany) and stored
in sterile saline for 3 days at room temperature.
After storage period, the temporary filling material
was removed with diamond burs. The gutta-percha was
removed with Gates-Glidden files (VDW GmbH, Munich,
Germany), leaving 4 mm of the root canal filling at the

apical end. Using the 1.2 mm diameter drill, belonging to
Rebilda Post System (VOCO GmbH, Cuxhaven, Germany)
package, the roots were drilled to a depth of 10 mm with
water cooling. The root canals were enlarged using the
1.5 and 2 mm diameter drill. During instrumentation, the
root canals were irrigated with 2.5% sodium hypochlorite
solution.
Once all the root canals were enlarged, the root
canals were dried using paper points. All the roots
were prepared with the same method. The specimens
were then randomly divided into three groups of five
specimens each:
• Group I: The posts were luted using Futurabond DC
(VOCO GmbH, Cuxhaven, Germany) without treating
the posts with silane – labeled 1 to 5.
• Group II: The posts were luted using Futurabond
DC (VOCO GmbH, Cuxhaven, Germany) and silane
(Ceramic Bond, VOCO GmbH, Cuxhaven, Germany) –
labeled 6 to 10.
• Group III: The posts were luted using Clearfil DC
Core System (Kuraray Noritake Dental Inc., Sakazu,
Okayama, Japan) without treating the post with
silane – labeled 11 to 15.
In each specimen group, a 2 mm diameter glass fiberreinforced composite post (VOCO GmbH, Cuxhaven,
Germany) was cemented in the root canal. In groups I
and II, the root canal dentin walls were conditioned using
Futurabond DC – dual-cured self-etch bond (VOCO
GmbH, Cuxhaven, Germany) before cementation of the
posts. The bond was applied to the root canal for 20 seconds
using a microbrush. The post space was then dried using
paper points. Group III followed the same procedures but
used Clearfil S3 Bond Plus (Kuraray Noritake Dental Inc.,
Sakazu, Okayama, Japan) technology.
For cementation of the posts, Rebilda DC dual-cure
core build-up composite, Rebilda DC (VOCO GmbH,
Cuxhaven, Germany), was used for groups I and II. For
group III, Clearfil DC core plus dual cement (Kuraray
Noritake Dental Inc., Sakazu, Okayama, Japan) was used.
The cements were applied using an automix syringe and
mixing tips. The posts were then inserted using pressure
to the 10 mm depth. Excessive cement was disposed.
The resin cements were light cured for 60 seconds. After
cementation, each group was placed into three marked
jars of room temperature sterile saline.
Using a diamond disk and water cooling, each root
specimen from the aforementioned groups was sectioned
into three sections starting 2 mm below the CEJ: coronal,
middle, and apical. Each section was of 2 mm thickness.
The coronal section was labeled using the letter A, middle
with the letter B, and apical using the letter C (e.g., coronal
section of the first root of first group was labeled 1A, while
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apical slice of second root of third group was labeled 12C).
Each section was placed into labeled Eppendorf sample
tubes containing sterile saline.
The sections were then individually loaded on a Lloyd
1000 R materials testing machines. The machine pushed
out the post fragments from each specimen to determine
the peak force. The diameter of the push-out pin was
1 mm and the cross-head speed was 0.5 mm/minute
during the tests. The machine measured the loading force
according to movements. During the measurement, it
calculated and drew a graph in which the x-axis showed
the movement in mm and the y-axis showed the applied
force in Newton. From the graphs the computer calculated
the biggest applied force. The results were analyzed with
one-way analysis of variance test.

RESULTS
Sample 1B, 5A, 5C, 8A, 11B, 13A, 15A, and 15C were
pushed out with minimal force and minimal resistance.
The diameter of the post for samples 8C, 9C, and 10C was
smaller than the diameter of the push-out pin; therefore, it
was not able to push out the post fragments. Sample 11A
was unable to fit into the sample holder. Due to experimental errors, these specified results were omitted from
further calculations. Some other slices were fractured
during sectioning and left out from the push-out test.
The overall push-out bond strength mean values
are shown in Table 1 and Graph 1. The luting with
Futurabond DC without silane had the highest mean
push-out bond strength at the coronal region, while the
luting with Clearfil without silane had the lowest mean
value at the apical region.
Comparison of Futurabond without silane and
Futurabond with silane technologies to evaluate the
effect on retention showed that use of silane had no
significant effect (p = 0.909) on the push-out bond
strength. Evaluation of regional retention for all the
samples showed that root canal dentin region influenced
significantly (p = 0.010) the push-out bond strength.
Table 1: Descriptive statistics and push-out bond strengths (N) and
standard deviations for different surface treatments of the posts and
different luting agents
Treatment
Futurabond DC
without silane
Futurabond DC
with silane
Clearfil DC
without silane
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Region
Coronal (A)
Middle (B)
Apical (C)
Coronal (A)
Middle (B)
Apical (C)
Coronal (A)
Middle (B)
Apical (C)

Specimen (n)
4
4
4
4
5
2
2
4
4

Mean (n ± SD)
164.71 ± 72.12
137.81 ± 39.25
98.56 ± 48.52
137.48 ± 30.13
135.09 ± 59.03
121.27 ± 121.27
158.08 ± 89.88
155.22 ± 15.84
94.87 ± 34.15

Graph 1: Mean push-out bond strengths (n) and standard
deviations using different luting technologies

DISCUSSION
Our findings suggest that using a silane-coupling agent
on a glass fiber-reinforced resin post had no statistically
significant effect on the push-out bond strength between
the fiber post and resin cement. Within the limitations
of the study, the results confirmed that root canal dentin
regions had a significant effect on the push-out bond
strength.
Fiber posts are made of resin matrix surrounded by
various types of fibers. In terms of glass fiber posts, the
matrix is made up of epoxy resin, while the fibers are
made of glass.12 Epoxy polymers cannot bond chemically
with composite resin cements because of their highly
cross-linked structure.13 To increase the push-out bond
strength between the post and the resin cement, some
authors suggested using silane-coupling agents on the
post.14 A study by Perdigão et al15 confirmed our results
and showed no statistically significant effect on the pushout bond strength when using silane-coupling agents in
concurrence with Wrbas et al,16 who also concluded silane
as having no effect on push-out bond.
Silane adheres to the resin matrix of the post using
covalent bonds. It also attaches between the glass
fibers of the posts.14 Silane alone was found to have
no significant effect on the bond strength of fiber post
to resin cements. However, roughing the surface of a
post with micromechanical procedures prior to using
silane allows for the glass fibers to be in better contact
with the coupling agent.13 Studies have shown treating
the post with hydrogen peroxide prior using silane
dissolves the surface epoxy matrix and roughens the
post surface, which significantly improves the push-out
bond strength.17
The adhesive system is commonly used in coronal
enamel and dentin structures; however, their effect on
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intraradicular dentin is less understood. According to our
results, the push-out strength was the largest in the coronal
region of the root and decreased while moving apically,
which was in accordance with several other studies.11,18,19
Various root regions show different distributions and
densities of dentin tubules. The density and number of
dentinal tubules decrease from coronal to apical regions
of the roots.20 It is also observed that the diameter of
the coronal dentin tubules is larger compared with the
middle and apical regions.21 Therefore, various regions
of the root canal react differently to acid etching. Apical
root dentin is a less favorable bonding site as it has a
lower number of dentinal tubules, irregular secondary
dentin, cementum-like tissue on the root canal walls, and
numerous accessory canals.20
The mechanism of adhesive bonding to root dentin
relies heavily on resin tag formation accounting for 30%
of total bond strength.22 Since there are fewer dentinal
tubules in the apical region, there will be fewer resin tags
formed, resulting in weaker bond strength. Additionally,
better access to the coronal portion of the canal allows
for the adhesive materials and light to be applied more
thoroughly.15,21
The current study was an in vitro study and had some
limitations. The test subjects did not have the crowns
restored and neither thermal cycling nor mechanical
stressing was applied. In addition, problems with the
machinery and a small sample size may have contributed
to the results obtained.

CONCLUSION
While the results of this study showed that silanecoupling agent had no significant effect on the push-out
bond strength, further investigation with a larger sample
size needs to be undertaken before a firm conclusion can
be made. Within the limitations of the in vitro study, it
can be concluded that the dentin root regions affect the
push-out bond strength.

CLINICAL SIGNIFICANCE
Based on the results of the push-out tests, the retention of
the posts did not depend on the luting methods; however,
the region of the root canal played a significant role.
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