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Abstract 
Background: This study evaluated the effect of three different silanes and post-silanization treatments on the reten-
tive strength of fiber posts luted with an etch-and-rinse resin cement.
Material and Methods: One hundred intact maxillary central incisors were randomly divided into 10 groups after 
endodontic treatment and post space preparation (n=10). The fiber posts were etched using 24% hydrogen peroxide. 
Posts of the control group did not receive silane. In nine experimental groups, each of the three silanes used, Scot-
chbond Universal adhesive, Bis-Silane and Porcelain Primer, was subjected to three treatments: air-drying at 25°C, 
warm air-drying and CO2 laser heat treatment. After cementation of the treated posts using One-Step Plus/Duo-Link 
cement, the specimens were stored for one weak and then subjected to pull-out bond strength (PBS) testing. The 
data in Newton (N) were analyzed using two-way ANOVA and Tukey tests (α=0.05).
Results: PBS was significantly affected by silane type and post-silanization treatment (p<0.001). The interaction of 
the two factors was not statistically significant (p=0.15). The effect of Porcelain Primer on PBS was significantly 
higher than those of universal adhesive (p<0.001) and Bis-Silane (p=0.01), with similar results for the two latter. 
Warm air-drying and laser treatment significantly increased PBS (p<0.001). The lowest and highest PBS was obtai-
ned in the control (no silane) group (190.9±31) and laser-treated/ Porcelain Primer group (377.1±50), respectively.
Conclusions: Warm air-drying and CO2 laser heat treatment had a significantly beneficial effect on retentive streng-
th of fiber posts. Porcelain Primer was significantly more effective than universal adhesive and Bis-Silane.
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Introduction
Use of fiber-reinforced composite post (FP) has in-
creased to provide retention for the final restoration in 
endodotically treated teeth (1). This is due to esthetic 
advantages, elastic modulus similar to that of dentin and 
bonding ability to root canal dentin (2). In the adhesi-
vely cemented post, a bonded unit among post, adhe-
sive system/resin cement and root dentin is achieved 
through adequately strong bond at the post‒cement and 
cement‒dentin interfaces (2). Weak bonding at each in-
terface could result in failure of the post-retained resto-
ration (3). The presence of a relatively smooth surface 
along with highly polymerized epoxy resin covering of 
FPs prevents any mechanical interlocking or chemical 
interaction with resin cements (2,4). Therefore, various 
surface pretreatment methods have been investigated to 
overcome the unreactivity of the FRC post surface (3,4). 
Organosilanes, with an intrinsic dual reactivity, act as 
an adhesion promoter between the inorganic surface and 
polymeric resins through an organic functional group 
and three alkoxy groups (2,5). FPs can well benefit from 
the silanization for resin bonding if their glass fibers are 
exposed and available for formation of siloxane bonds 
with silane (2-4). This could be provided by appropriate 
surface pretreatment (6). Hydrogen peroxide (H2O2) is ca-
pable of partially dissolving the epoxy resin and breaking 
epoxy resin bonds (4). A 1-minute application of 24% and 
50% H2O2 exposed glass fibers for chemical bonding and 
provided spaces for penetration of the resin adhesive (7), 
increasing bond strength of the resin to the silane-treated 
undamaged FPs (3,4). Nevertheless, silanization is found 
to be a technique-sensitive step and its efficacy is affected 
by compositional variables (pH, solvent content, molecu-
le size), hydrolysis time, application method and drying 
procedure (4,8,9). Heat treatment subsequently to silaniza-
tion was demonstrated to be beneficial for improving the 
effectiveness of silane treatment (10). This approach was 
implemented using warm air drying, possibly facilitating 
solvent evaporation (10,11). Although solvent content may 
be beneficial to enhancing silane wetting, incomplete eli-
mination may compromise coupling (4).
Carbon dioxide (CO2) laser is one of the most commonly 
used lasers in dental practice. The beneficial effect of 
CO2 laser beams on the performance of silane coupling 
agent and on improving bonding of resin to ceramic was 
reported by Chen et al. This effect was attributed to sur-
face warming induced by a focused CO2 laser beam at 
low energy setting (12). 
Recently, a new category of adhesive systems was intro-
duced as universal adhesives. In Scotchbond Universal, 
methacryloxydecyl phosphate monomer and silane cou-
pling agent are combined, enabling bonding to different 
substrates such as silica-based ceramics (13). It might be 
used in lieu of silane on FPs surface due to the bonding 
ability to the exposed glass fibers. 

Therefore, this study was designed to test the null hypo-
thesis that CO2 laser treatment, compared to air- and 
warm air-drying and different silane types, has no effect 
on the retentive strength of FP cemented in the root canal.

Material and Methods
One hundred human maxillary central incisors with si-
milar size and anatomic shape and straight roots without 
cracks, were selected and stored in 0.5% chloramines-T 
solution at 4°C until use. They were used following 
informed consent from patients and approval of the re-
search protocol by the local Ethics Committee. The roots 
were sectioned to provide a uniform length of 12 mm, 
using a water-cooled diamond saw (D&Z, Berlin, Ger-
many). They were embedded in epoxy resin blocks in 
the vertical axis and were endodontically treated.
The specimens were stored in water for one week for the 
complete setting. Afterwards, a 5-mm-deep post space 
was prepared using a #2 drill from the respective post 
manufacturer by the same operator. Cleanliness of the 
root walls was confirmed by radiographs. Glass fiber 
posts (TransLuma Post ISO #100, Bisco, Schaumburg, 
IL, USA) were tried in the post space for a passive fit 
in the prepared depth without a need for relining. Post 
surfaces were etched using 24% hydrogen peroxide for 
one minute, water-rinsed and air-dried.
The FPs were divided into one control group and nine 
experimental groups (n=10), based on three silane types 
and three post-silanization treatments. No silane was 
applied in the control group. In groups 2-4, Scotch-
bond Universal adhesive (3M ESPE) was applied onto 
post surface for 20 sec and then air-thinned/dried for 10 
sec at 25°C from a distance of 10 mm in the air-dried 
group. In the warm air-dried group, air-thinning/drying 
was performed at 50 ± 5°C using a blow dryer (Gordak 
952, Guangdong, China, nozzle size of 3mm). In the 
laser-treated group, following air-thinning/drying, the 
post surface was subjected to the CO2 laser (DS-40U/
Daeshin Enterprise, Seoul, Korea, a wavelength of 10.6 
µm) heat treatment at 1 W in continuous mode from a 
distance of 30mm for 20 sec with a size tip diameter of 
1 mm. In a preliminary study, the irradiation parameters 
used were tested to confirm the temperature produced 
(50 ± 5°C) on the post surface. In the three groups, the 
temperature used was checked by a laboratory thermo-
meter (KEW 1011, Kyoritsu, Tokyo, Japan) by placing 
the electrode on the post surface. Finally, the adhesive 
was cured for 10 sec with a light-curing unit (VIP Junior, 
Bisco) at 600 mW/cm2.
In groups 5-7, two-bottle silane solution Bis-Silane (Bis-
co) was mixed and applied on the post surface according 
to manufacturer’s instructions.  
In groups 8-10, one-bottle silane Porcelain Primer (Bis-
co) was applied in two layers according to manufactu-
rer’s instructions. 
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Etch-and-rinse resin cement One-Step Plus/Duo-Link 
Universal (Bisco) was used to cement the treated posts. 
After acid etching and water rinsing, the root canals were 
blot-dried with paper points. Then One-Step Plus was 
applied according to manufacturer’s instructions. The 
mixed cement was applied into the post space and onto 
the post surface. The post was immediately seated with 
a slight vibratory motion and held under finger pressure 
for 10 sec. The excess cement was removed and light 
polymerization was carried out for 60 sec using VIP 
Junior light-curing unit at 600mW/cm2. The specimens 
were stored in distilled water at 37°C for one week.
For pull-out testing, a tensile force was applied para-
llel to the long axis of both the post and root at a cross-
head speed of 1mm/min in a universal testing machine 
(Zwick, Roell, Ulm, Germany) until the post was dislo-
dged. At that moment, the maximum load was recorded 
in Newton (N). Data in all the groups were analyzed 
with one-way ANOVA and post-hoc Tukey tests. Igno-
ring the control group, two-way ANOVA was used to 
analyze the effect of two main factors (different silanes 
and treatments). Multiple comparisons were performed 
with Tukey tests (α=0.05).
The dislodged posts were examined under a stereomi-
croscope (Carl Zeiss Inc, Oberkochen, Germany) at 
×20 to determine the failure modes as follows: adhesive 
failure at the cement‒dentin interface, adhesive failure 
at the cement‒post interface, mixed failure as a combi-
nation of adhesive failures along with cohesive failure 
within the resin cement (the separated cement). The 
representative specimens of the dislodged posts were 
observed under a scanning electron microscope (SEM, 
Tescan, Vega II, England).

Results
Pull-out bond strength (PBS) mean values and standard 
deviations (in N) for the nine study groups are presented 
in Table 1.
Considering the control group, the results of one-way 

Silane type Post-silanization treatment Pairwise comparisons

1) air-drying 2) warm
 air-drying

3) laser treatment Silane type treatment

1) Scotchbond 
Universal

252.50±37.1 300.10±37.4 290.30±43.3 1 vs. 2 p=0.44 1 vs. 2 p<0.001*

2) Bis-silane 261.20±44.5 304.00±57.7 320.90±58.6 1 vs. 3 p<0.001* 1 vs. 3 p<0.001*

3) Porcelain 
Primer

267.80±38.1 346.90±36.5 377.10±50.8 2 vs. 3 p=0.01* 2 vs. 3 p=0.54

Table 1: Mean pull-out bond strength (N) and standard deviation (SD) for nine experimental groups.

*p<0.05 is considered statistically significant.

ANOVA and post hoc Turkey tests revealed a signifi-
cantly lower PBS in the control group (no silane) com-
pared to those in the nine other groups (p≤0.01).
Two-way ANOVA indicated that PBS was influenced by 
silane type and post-silanization procedures (p<0.001). 
The interaction between the two factors was not signifi-
cant (p=0.15). The effect of air-drying was significantly 
lower than that of warm air-drying and laser treatment 
(p<0.001); the two latter did not differ (p>0.05). The effect 
of Porcelain Primer was significantly higher compared 
to those of universal adhesive (p<0.001) and Bis-Silane 
(p=0.01), with a similar result for the two latter. 
The distributions of failures are described in Table 2. The 
failure modes for the control group and air-dried groups 
were mainly adhesive at the cement‒post interface or 
mixed failure so that the dislodged posts were free of 
the cement or with some parts of the cement on the post 
surface. In the laser- and warm air-treated groups, all the 
posts were completely or partially covered with the ce-
ment, indicating adhesive failure at the cement‒dentin 
interface or mixed failure. Representative SEM images 
of the failure modes of the dislodged posts are presented 
at two magnifications of ×100 and ×500 in Fig 1.

Discussion
In the present study, the effects of various post-silani-
zation procedures on the retentive force of differently 
silanized FRC posts in the root canal were assessed 
using pull-out tests. When comparing this test with the 
push-out test, the pull-out test evaluates total debon-
ding resistance of the complete bonding surface of the 
FP in the entire length of the root canal (14), allowing 
simultaneous evaluation of the shear and tensile stres-
ses involved with more clinical relevance (15). The post 
length of 7-10 mm is commonly used for in vitro testing 
and in the clinic. However, some authors reported that 
the high retentive forces provided by adhesive cement 
in this post length resulted in root fracture before post 
debonding (15). Our preliminary tests with 8-mm post 
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Table 2: Mode of fracture of the dislodged posts after pull-out testing for the ten groups

SU: Scotchbond Universal, Bs: Bis-silane, PP: Porcelain Primer.

Fracture mode G1 
control

G2 
SU/
air

G3 SU/
warm air

G4 SU/
laser

G5 
BS/
air

G6 BS/
warm air

G7 BS/
laser

G8 
PP/
air

G9
PP/

warm 
air

G10 PP/
laser

Adhesive at 
cement-dentin

0 1 5 6 2 6 6 0 7 8

Adhesive at 
cement-post

8 5 2 2 5 1 2 7 1 0

Mixed 2 4 3 2 3 3 2 3 2 2

Fig. 1: Representative SEM images of the failure modes of the dislodged posts after pull-out 
testing at magnifications of ×100 and ×500. A and B, adhesive failure at the cement‒post 
interface, showing the exposed post surface free of the cement; arrow, exposed glass fibers. 
C and D, adhesive failure at the cement‒dentin interface, showing the post surface that is 
completely covered with cement; arrow, deep crack in the cement; pointer, exposed fiber 
at the depth of the crack. E and F, mixed failure, showing part of the exposed post surface 
along with a part of cement covering; arrow, fracture line of the cement.  
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length led to breakage of post extensions prior to post 
debonding for some specimens similar to that reported 
by Soejima et al. (14). Therefore, a 5-mm post length 
was selected. A recent systematic review on the effica-
cy of post silanization concluded that when FRC posts 
were cemented into the natural root canal, the combi-
nation of appropriate post pretreatment for exposure of 
the glass fibers plus silanization significantly improved 
the post retention.5 In this study; all the silanized post 
groups yielded higher retentive strength compared to no 
silane-treated group, regardless of post-silanization pro-
cedure. 24% H2O2 pretreatment of the posts was carried 
out prior to silanization in all the groups1`, providing 
a reactive surface to silanization (7). In all the tested 
groups, the same adhesive resin cement was used for 
post cementation, allowing us to focus on the variables 
related to silanes and post-silanization treatments. The 
obtained results indicated that the heat treatments impro-
ved the retentive strength. In addition, Porcelain Primer 
performed significantly better than universal adhesive 
and Bis-Silane. Thus the null hypothesis can be rejected. 
Post-silanization treatment (such as warm air-drying) is 
commonly performed to improve the bond strength of 
composite to ceramic through accelerating the chemical 
interaction mechanism between them (10). Elimination 
of water, alcohol and volatile by-products during com-
pletion of the silane-silica condensation and the resultant 
facilitation of covalent bond formation are responsible 
for this effect. Two-component silane was reported to 
be more sensitive to heating (16,17). A similar approach 
has been proposed to improve bonding to silanized post. 
Firstly, Monticelli et al. indicated that air drying at 38°C 
is able to increase the microtensile bond strength of resin 
to hydrogen peroxide-treated post (18). When a silane 
is applied to the post surface and then dried, a thick in-
terphase layer is formed, which might be considered as 
the weak link of the bond with a lubrication effect (9). 
Warm air-drying may facilitate elimination of the outer-
most layers consisting of small oligomers physisorbed 
to the innermost layer. The innermost layer is the only 
required cross-linked layer, providing a strong siloxane 
bond (10,18).
Consistent with our results, the beneficial effect of heat 
drying of the silanized post at 60°C on bonding to the 
resin cement was also confirmed in a recent study (19). 
However, this effect has not been previously reported 
for non-treated FP at 38°C with a two-bottle silane (20) 
and at 60°C with the different one- and two-bottle silane 
agents (21). In the above-mentioned studies, the diffe-
rences in the results were attributed to different silane 
compositions and solvent contents. Comparison of our 
finding with other conflicting results may indicate the 
important role of etching prior to silanization. Further-
more, the present study is the only study to evaluate 
the effect of silane heat treatments on the pull-out bond 

strength of fiber posts in natural root canals. Similarly, 
Samimi et al. reported that silane heat treatment, inclu-
ding warm water and warm air on etched posts, the in-
creased push-out bond strength in root dentin slices (22). 
The beneficial effect of warm air stream on solvent eva-
poration of simplified adhesives has been demonstrated. 
This resulted in the formation of high cross-linked poly-
mers at adhesive‒dentin interface (23), contributing to 
the higher PBS in warm-air and laser heat-treated groups 
of the universal adhesive.
The other finding in this study was that CO2 laser treat-
ment was as effective as warm air-drying in the bonding 
performance of fiber silanization with the resin cement. 
In Raman spectroscopy and bond strength test study, in-
creased bond between the resin and porcelain was asso-
ciated with a decrease in isolated Si-OH groups that was 
indicated following CO2 laser treatment of silane-treated 
porcelain (12).  
A universal adhesive system containing silane, i.e. Scot-
chbond Universal, might be suggested to summarize 
silane and adhesive resin steps in one step (13). In the 
current study, the bonding performance of this new ad-
hesive was similar to that of Bis-Silane; however, Por-
celain Primer was significantly the better than the two 
others. Silane agent, water, ethanol, acidic monomer 
and Bis-GMA exist in the one-bottle universal adhesive. 
The interfering effect of Bis-GMA or acidic monomers 
on chemical interaction of the silane with silica-based 
porcelain, compared to pure silane, has been recently 
reported (24). 
The better performance of prehydrolized one-bottle sila-
nes was related to a greater number of available silanol 
groups compared to two-bottle silane in which hydroly-
sis occurs after mixing silane and hydrolysis-activating 
acid in two separate bottles (8,25). However, others re-
ported that application of this freshly formed active sila-
ne might be more effective (16,26). 
Furthermore, contrary to ethanol contained in Bis-Sila-
ne, one-bottle Porcelain Primer used in this study con-
tains an acetone solvent. Previously, better bond strength 
of the acetone-based adhesive was reported due to the 
ability of acetone for slight dissolution of epoxy resin, 
roughening the post surface (27). 
In evaluation of the failure modes, the non-treated group 
and air-dried groups for the three silanes used exhibited 
adhesive failure at cement‒post interface or mixed as the 
main failure mode. Strengthening cement‒post interface 
using heat treatment led to shifting of the failure mode 
to the cement‒dentin interface as a weak link. All the 
groups tested exhibited mean pull-out bond strength va-
lues higher than 200 N, as the minimum tensile bond 
strength for clinical success (28). Following post cemen-
tation, the final restoration was placed using composite 
resin or crown and subjected to complex forces from 
different directions. Therefore, further studies involving 
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long-term mechanical and thermal cycling are necessary 
to confirm these results.
Within the limitations of the present study, the following 
could be concluded:
1) Porcelain Primer was significantly more effective in 
enhancing retentive strength of the posts cemented in 
root canals than Bis-Silane and one-bottle universal ad-
hesive containing silane.
2) Warm air-drying of silanized post considerably im-
proved the efficacy of the silanes tested. Alternatively 
CO2 laser treatment might be effective when a blow 
drier is not accessible in the dental clinic.
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