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Introduction
Post-endodontic restoration significantly impacts the 
prognosis of the treated tooth. An adequate restoration can 
prevent fractures and support the longevity of the tooth, 
thereby enhancing treatment outcomes.1 Previous studies 
have indicated that the primary reasons for the extraction 
of endodontically treated teeth include periodontal 
disease, endodontic failure, and non-restorable damage 
due to fractures or caries.2,3 Choosing an appropriate 
restoration is essential for compensating for the loss 
of coronal tooth structure and ensuring the success of 
post-endodontic restorations.1 Adequate restoration 
following endodontic treatment is essential, especially 
when there is insufficient remaining tooth structure; 
commonly accepted methods include using fiber posts to 
enhance retention and support for the final restoration. 
Fiber posts provide several advantages over traditional 
metal posts, including improved aesthetics, better stress 
distribution, and compatibility with tooth structure.4,5 
The bond strength of fiber posts to root dentin is a critical 
determinant of clinical success. Insufficient adhesion 
may lead to post-debonding, microleakage, secondary 
caries, and eventual restoration failure.6 Debonding at the 
cement–dentin interface has been reported as one of the 

most common failure modes of fiber post restorations, 
followed by post fracture and root fracture.7 Therefore, 
optimizing the bonding interface between the fiber post, 
resin cement, and root dentin is essential to enhance the 
longevity of post-endodontic restorations.8 However, the 
effectiveness of fiber posts depends on various factors 
that influence their bond strength to dentin. These factors 
include the quality of adhesion between the post and the 
root canal wall, the type of material selected for the post, 
and the adhesive system used during luting.6 Additionally, 
the choice of endodontic sealers and restorative materials 
can significantly affect the bond strength of fiber posts.7,8 
Research indicates that the type of root canal sealer used, 
particularly the differences between resin-based and 
bioceramic sealers, can markedly impact post retention.9,10

During post space preparation, a smear layer develops 
due to dentin preparation, potentially acting as a barrier 
to effective bonding. This layer, consisting of debris and 
denatured collagen fibers, obstructs adhesive penetration, 
thereby compromising the bond strength of fiber 
posts.11,12 Therefore, effectively removing the smear layer 
before cementing a fiber post is crucial, as it can enhance 
bond strength by enabling deeper penetration of adhesive 
materials into the dentinal tubules.13,14 Chemicals 
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Abstract
Introduction: This study evaluated the effects of bioceramic and resin-based root canal sealers 
and different irrigation protocols on the push-out bond strength (PBS) of fiber posts.
Methods: Fifty-four freshly extracted mandibular canines were instrumented and irrigated with 
NaOCl and EDTA. The specimens were first divided into two groups based on the sealer used: 
a bioceramic sealer (Bioserra) or a resin-based sealer (AH Plus) (n = 27 per group). Each group 
was then randomly subdivided into three subgroups (n = 9) based on the irrigation solution used 
for smear layer removal during post space preparation: distilled water, 17% EDTA, or 0.2% 
chitosan. Fiber posts were cemented with self-adhesive resin cement. Sections (1.5-mm thick) 
from the coronal third were subjected to a push-out bond strength test. Data was analyzed using 
two-way ANOVA and post hoc Bonferroni tests (α = 0.05).
Results: Both the type of sealer and the irrigation protocol significantly influenced PBS values 
(P < 0.05). The highest PBS was observed in the bioceramic sealer + chitosan group (16.08 ± 0.48 
MPa), whereas the lowest value was recorded in the bioceramic sealer + distilled water group 
(11.20 ± 0.58 MPa).
Conclusion: Root canal sealer type and irrigation protocol during post space preparation 
significantly affected the bond strength of fiber posts. Chitosan irrigation demonstrated superior 
performance, suggesting its potential to improve post retention.
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such as ethylenediaminetetraacetic acid (EDTA) and 
chitosan have been investigated for their effectiveness in 
smear layer removal. EDTA, a known chelating agent, 
selectively removes hydroxyapatite and non-collagenous 
components from dentin, which may improve bond 
strength.4,13 Chitosan, a biopolymer derived from chitin, 
has shown the potential to enhance the surface quality 
of dentin and aid better adhesion due to its beneficial 
chemical properties.7,14 

Push-out bond strength (PBS) testing is widely used 
to evaluate intracanal post adhesion because it provides 
a more homogeneous distribution of stress along the 
bonded interface compared with conventional shear or 
tensile tests. Furthermore, the push-out method allows 
assessment of bond strength at specific root levels and 
is considered a reliable and reproducible technique for 
simulating clinical dislodgement forces.15,16 

Although the existing literature notes the efficacy of 
various irrigation solutions for smear layer removal, a gap 
remains in research specifically exploring the effect of the 
interaction between endodontic sealers and post space 
irrigation solutions on the adhesion of fiber posts.17,18 
Understanding these interactions is critical for optimizing 
treatment strategies in endodontics, ultimately aiming to 
enhance bonding efficiency and clinical outcomes. Thus, 
this study aims to elucidate the impacts of bioceramic and 
resin-based sealers on the PBS of fiber posts, specifically 
assessing the efficacy of EDTA and chitosan in smear 
layer removal during post space preparation. Our null 
hypotheses were: (I) There is no effect of sealer type in 
the PBS of fiber posts cemented with the following canal 
treatment with bioceramic and resin-based sealers; and 
(II) The use of distilled water, EDTA, and chitosan does 
not affect the PBS of fiber posts.

Methods 
This study was approved by the Ordu University Clinical 
Research Ethics Committee (Number: 2025/178). The 
sample size calculation was based on a previous study 
evaluating the PBS of bioceramic sealers under similar in 
vitro conditions.19 Using the mean and standard deviation 
values reported in that study, the effect size was calculated. 
Power analysis was performed using G*Power software 
(Version 3.1.9.7, Heinrich Heine University, Düsseldorf, 
Germany) with a significance level of α = 0.05 and a power 
of 80% (1–β = 0.80), which indicated that a minimum of 9 
discs per subgroup was required for the PBS test.

Fifty-four freshly extracted, single-rooted, caries- and 
resorption-free, fully developed mandibular canines were 
used. The presence of a single canal was confirmed using 
three-angle radiographs. The teeth were stored in 1% 
thymol solution until used and cleaned of debris with a 
periodontal curette. All procedures were performed by 
a single operator to ensure standardization. The teeth 
were decoronated below the cementoenamel junction 
using a water-cooled diamond separator, and root lengths 
were standardized to 12 mm. The working length was 
determined at 1 mm shorter than the length at which a 
#15 K-file (Dentsply Sirona, Ballaigues, Switzerland) was 

visible at the apex. Root canal preparation was performed 
at the working length using the crown-down technique 
with a Reciproc Blue R25 (VDW, Munich, Germany) file 
in reciprocation mode using a VDW Gold endodontic 
motor (VDW, Munich, Germany). Irrigation was 
performed with 5 mL of 17% EDTA followed by 5 mL of 
2.5% NaOCl for 1 minute each.

After chemomechanical preparation, the teeth were 
randomly divided into two main groups (n = 27):

Group 1: Bioceramic root canal sealer group. The root 
canals were filled using Bioserra (Bioserra Dentac, Öncü, 
İstanbul, Türkiye) and gutta-percha with the cold lateral 
compaction technique.

Group 2: Resin-based root canal sealer group. The 
root canals were filled using AH Plus (Dentsply DeTrey, 
Konstanz, Germany) and gutta-percha with the cold 
lateral compaction technique.

Cold lateral compaction was preferred to standardize 
the obturation technique across groups and eliminate 
the potential influence of the obturation technique as 
a confounding variable. After trimming excess gutta-
percha, vertical condensation was performed. Root canal 
orifices were sealed with cotton pellets and restored using 
Orafil-G (Prevest DenPro Ltd., Jammu, India). 

Bioserra is a hydraulic material that undergoes a 
hydration reaction and is capable of reaching its initial 
set within a few hours in the presence of moisture. In 
contrast, epoxy resin-based materials such as AH Plus 
exhibit longer polymerization times, with complete setting 
reported within 24 hours at 37°C. Therefore, although 
shorter setting periods may be sufficient for bioceramic 
sealers, selecting a 24-hour setting time in experimental 
studies ensures complete setting of both calcium silicate- 
and resin-based sealers and allows for standardized and 
reliable comparison between groups. Thus, the specimens 
were stored at 37°C and 100% humidity for 24 hours to 
allow complete setting of the sealers.20,21 

The filling material was removed using a standardized 
technique. The coronal 3 mm of filling material was 
removed using Gates-Glidden burs #4 (Dentsply Maillefer, 
Ballaigues, Switzerland). The final post space preparation 
was completed using a blue post drill (Reforpost; Angelus, 
Londrina, PR, Brazil), and a total of 8 mm of filling 
material was removed.

Each main group was then subdivided into three 
subgroups (n = 9) according to the final irrigation 
protocol:
Group 1A: 15 mL of distilled water for 3 minutes
Group 1B: 15 mL of 17% EDTA for 3 minutes
Group 1C: 15 mL of 0.2% chitosan for 3 minutes
Group 2A: 15 mL of distilled water for 3 minutes
Group 2B: 15 mL of 17% EDTA for 3 minutes
Group 2C: 15 mL of 0.2% chitosan for 3 minutes

Following EDTA or chitosan irrigation, a final rinse 
with distilled water was performed to remove residual 
irrigant and minimize potential interference with resin 
cement polymerization. To prepare the 0.2% chitosan 
solution, 0.2 g of chitosan was dissolved in 100 mL of 
1% acetic acid. Irrigation procedures were performed 
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using an irrigation needle (Kerr Hawe Irrigation Probe, 
KerrHawe SA, Biggio, Switzerland). After final irrigation, 
canals were dried with paper points. The post spaces were 
filled with a self-adhesive resin cement (RelyX U200, 3M 
ESPE, St. Paul, MN, USA) using automix tips according 
to the manufacturer’s instructions. Fiber posts (1.5 mm 
in diameter; Reforpost, Angelus, Londrina, PR, Brazil) 
were inserted with mild pressure and polymerized using 
a light-emitting diode curing unit (Elipar S10, 3M ESPE, 
Neuss, Germany). All the specimens were stored at 37°C 
and 100% humidity for 24 hours. Then, the specimens 
were embedded in acrylic blocks (Meliodent, Bayer 
Dental, Leverkusen, Germany) and sectioned using a low-
speed saw (Mecatome T180, Presi Metallography, Eybens, 
France). Three 1.5-mm-thick slices were obtained from 
the coronal third of each root. The second slice was 
selected for the push-out test.

Push-out testing was performed using a universal 
testing machine (Autograph AGS-X, Shimadzu Co., 
Kyoto, Japan). Load was applied in an apicocoronal 
direction using a 1-mm diameter plunger at a crosshead 
speed of 0.5 mm/min until post dislodgement occurred. 
The maximum load at failure was recorded in Newtons 
(N) and converted to megapascals (MPa) by dividing by 
the bonding area (mm²). Although root canals exhibit a 
tapered anatomy, 1.5-mm-thick slices were obtained from 
the coronal third, where canal taper is relatively limited. 
In such thin sections, the difference between apical and 
coronal radii is minimal; therefore, the bonding area was 
approximated using the cylindrical formula to standardize 
calculations and ensure methodological consistency with 
similar push-out bond strength studies.15,16 Therefore, the 
bonding area was calculated using the cylindrical formula 
π (r₁ + r₂)*h, where h is the slice thickness, r₁ is the apical 
radius, r₂ is the coronal radius, and π = 3.14.

Debonded surfaces were examined under a 
stereomicroscope (Leica SP1600; Leica Microsystems, 
Wetzlar, Germany) at × 25 magnification. Failure modes 
were classified as:
1.	 Adhesive (failure at the dentin–cement or post–

cement interface)
2.	 Mixed (a combination of adhesive and cohesive 

failure)
3.	 Cohesive (failure within the resin cement)

Statistical analysis was performed using IBM SPSS 
Statistics v20.0 (IBM Corp., Armonk, NY, USA). Data 
normality and homogeneity were confirmed (Levene’s 
test, P = 0.173). PBS values were analyzed using two-way 
ANOVA to evaluate the effects of sealer type, irrigation 
solution, and their interaction. Pairwise comparisons 
were conducted using post hoc Bonferroni tests (α = 0.05).

Results
According to the two-way ANOVA results, irrigation 
solution, sealer type, and the interaction between these 
factors significantly affected the PBS values (P < 0.001) 
(Table 1).

The mean ± standard deviation (SD) values and the 
results of post hoc Bonferroni comparisons are presented 

in Table 2. The highest PBS value was observed in 
group 1C (Bioserra + chitosan) (16.08 ± 0.48 MPa), 
whereas the lowest PBS value was observed in group 1A 
(Bioserra + distilled Water) (11.20 ± 0.58 MPa).

Within each sealer group, EDTA and chitosan irrigation 
resulted in significantly higher PBS values compared with 
distilled water (P < 0.05). Chitosan showed significantly 
higher bond strength than EDTA in both sealer groups 
(P < 0.05).

Regarding comparisons between sealer types under 
the same irrigation protocol, AH Plus demonstrated 
significantly higher PBS values than Bioserra in the 
distilled water group, whereas Bioserra exhibited 
significantly higher values in the EDTA and chitosan 
groups (P < 0.05) (Table 2).

Intergroup comparisons are summarized in Table 2, 
where different uppercase letters indicate significant 
differences between sealer types within the same 
irrigation protocol, and different lowercase letters indicate 
significant differences among irrigation solutions within 
the same sealer group (P < 0.05). The distribution of 
failure modes is presented in Table 3. The most common 
failure mode was mixed (51.85%), followed by adhesive 
failure (35.19%) and cohesive failure (12.96%).

Discussion
The present study showed that both the type of root canal 
sealer used during canal obturation and the irrigation 
solution employed during post space preparation 
significantly influenced the PBS of fiber posts. Therefore, 
the null hypotheses were rejected. The highest PBS values 
were observed in the group where chitosan was utilized 
during post space preparation following obturation with a 
bioceramic sealer. In contrast, the lowest PBS values were 
observed in the group where distilled water was used. 
Furthermore, groups irrigated with chitosan exhibited 
greater PBS values than those treated with EDTA. The 
lowest PBS values were consistently observed in the 
groups where distilled water was the chosen irrigation 
solution for both sealer types.

An important consideration is the clinical relevance of 
the coronal third, as restoration efforts predominantly 
address the coronal third of the teeth, which endures 
significant occlusal and functional forces during routine 
mastication. Previous literature indicates that the coronal 
third typically exhibits distinct mechanical properties 
compared to apical regions, underscoring the need to 
assess bond strength behaviors distinctly.16,22 Additionally, 
studies have highlighted that the adhesive performance 

Table 1. Two-way ANOVA results of PBS values

Source SS df MS F P

Sealer Type (A) 1.602 1 1.602 562.628 0.000

Irrigation Solution (B) 177.343 2 88.672 31148.269 0.000

A X B 2.843 2 1.422 499.383 0.000

Error .137 48 0.003

Total 10140.410 54

*P < 0.05 indicates a significant difference.
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and failure loads within the coronal third differ from 
those observed in the middle or apical thirds.15,22,23 The 
coronal third often exhibits superior bond strengths.16,22 
This situation can be attributed to the greater thickness 
of dentin in the coronal third and the presence of more 
favorable bonding interfaces compared to the apical 
and middle thirds, thereby enhancing the likelihood of 
successful bonding in clinical applications. Middle and 
apical thirds were not analyzed in this study due to their 
distinct dentin structure and bonding characteristics, 
which could introduce variability less relevant to the 
clinical evaluation of coronal restorations.16,23 

Thus, the selective examination of the coronal third 
for PBS not only aligns with clinical necessities but 
also enhances the understanding of specific adhesive 
properties relevant to restorative dentistry.19,24 Therefore, 
by concentrating exclusively on the coronal third, the study 
aims to yield results that have high clinical applicability 
and relevance, allowing for better interpretation in terms 
of restoration longevity and efficacy.16,23 Thus, samples 
taken from the coronal third of the root were used for the 
PBS test in the present study.

The varying effects of bioceramic sealers on the bond 
strength of fiber posts may stem from differences in their 
physicochemical characteristics and their interaction 
with root dentin. Fiber post retention largely depends 
on effective adhesion between resin cement and the 
intraradicular dentin surface.7 Residual root canal sealer 
on dentinal walls may therefore influence the bonding 
performance of fiber posts.25 Bioceramic sealers have 
been reported to exhibit superior biocompatibility and 
bioactive properties, potentially promoting chemical 
interaction with dentin.26 In contrast, epoxy resin-
based sealers primarily provide mechanical interlocking 
due to their resin matrix but lack bioactivity that may 
enhance chemical bonding.27 These differences in sealer 
composition may alter the interfacial characteristics 
between dentin, resin cement, and fiber posts, thereby 
affecting push-out bond strength values. Despite the use 
of post space preparation procedures, complete removal 
of root canal sealer remnants from dentinal walls is 
unlikely.28 Residual sealers may alter dentin surface energy, 
wettability, and micromechanical retention, thereby 
influencing the adhesion of resin cement and ultimately 

affecting fiber post retention.7,28 Epoxy resin-based sealer 
remnants may demonstrate partial chemical compatibility 
with resin-based luting cements due to their resin matrix, 
potentially allowing limited micromechanical interlocking 
or interfacial adaptation.29 However, once polymerized, 
epoxy residues may also function as a weak intermediate 
layer and compromise bonding if inadequately removed.30 

In contrast, bioceramic sealer remnants are hydrophilic 
and calcium silicate-based. However, they exhibit 
bioactivity and chemical interaction with dentin; they lack 
methacrylate components necessary for copolymerization 
with resin cements, which may negatively influence 
adhesive performance.26

Chelating agents such as EDTA primarily interact 
with calcium ions and are therefore more effective in 
modifying or partially dissolving calcium silicate-based 
(bioceramic) remnants.31 Nevertheless, their effect is not 
limited exclusively to bioceramic materials. By removing 
the smear layer and altering dentin permeability and 
surface morphology, chelating agents may also indirectly 
influence the bonding environment of resin-based sealers 
and resin cement.32

Irrigation solutions play a crucial role in determining 
the bond strength of fiber posts after root canal obturation. 
They directly influence the removal of the smear layer and 
debris that form during root canal preparation.11,12 EDTA 
is widely recognized for its ability to effectively remove 
the smear layer, thereby enhancing bonding. The use of 
EDTA has been shown to lead to significant alterations 
in the dentin surface, as it removes the smear layer and 
exposes the dentinal tubules, enhancing the overall 
cleanliness and disinfection of the root canal.33-35

Studies demonstrate that appropriate concentration 
and exposure time are crucial to maximize the positive 
effects while minimizing adverse impacts on dentin 
integrity.25,36 The optimal protocol is often cited as 17% 
EDTA applied for a few minutes to ensure efficient 
removal of debris without severely compromising 
dentin microhardness.26 Many studies have shown that a 
duration of 3 minutes is frequently optimal for achieving 
sufficient smear layer removal without significant erosive 
effects on dentin.25-27 Dorileo et al.37 showed that applying 
chitosan results in favorable bonding, even compared to 
EDTA. This situation suggests that chitosan might not 
only sufficiently clear the smear layer but also provide 
additional benefits, such as enhancing dentin collagen 

Table 2. The means, standard deviations (SD), and post hoc Bonferroni test 
results of PBS values of test groups

Groups
PBS

Sealer type Irrigation solution

Bioserra

DW 11.20 (0.58)Aa

EDTA 13.97 (0.29)Bb

Chitosan 16.08 (0.48)Bc

AH Plus

DW 11.50 (0.46)Ba

EDTA 13.23 (0.22)Ab

Chitosan 15.50 (0.88)Ac

* Post hoc Bonferroni tests of PBS values are presented as superscripts, and 
significant differences are indicated with different letters (P < 0.05). While 
the superscript with upper case letters indicates the comparisons of different 
sealer material groups irrigated with solutions

Table 3. Type of failure modes in groups

Groups
Adhesive Cohesive Mixed Total

Sealer type
Irrigation 
solution

Bioserra

DW 4 (44.44%) 1 (11.11%) 4 (44.44%) 9

EDTA 3 (33.3%) 1 (11.11%) 5 (55.6%) 9

Chitosan 2 (22.22%) 1 (11.11%) 6 (66.67%) 9

AH Plus

DW 4 (44.44%) 1 (11.11%) 4 (44.44%) 9

EDTA 4 (44.44%) 1 (11.11%) 4 (44.44%) 9

Chitosan 2 (22.22%) 2 (22.22%) 5 (55.56%) 9

Total 19 (35.19%) 7 (12.96%) 28 (51.85%) 54
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integrity and supporting interfacial adhesion due to its 
chemical composition. In addition, Penumaka et al.38 
reported that chitosan could enhance the removal efficacy 
compared to EDTA alone while also being less erosive to 
dentin structures. This dual function renders chitosan a 
valuable adjunct to EDTA in endodontic irrigants. Several 
studies have indicated that a duration of approximately 
3 minutes is effective for the application of chitosan as a 
final irrigation solution to achieve optimal smear layer 
removal. In this time frame, chitosan not only facilitates 
the removal of debris but also enhances the overall 
cleansing of the dentin surface.39,40 Thus, the application 
time of EDTA and chitosan was determined as 3 minutes 
in the present study. 

Moreover, the improved PBS observed with chitosan 
may be attributed to its characteristics as a natural 
biopolymer. Chitosan aids in the creation of a cleaner 
dentin surface while maintaining the integrity of collagen 
fibers, thus facilitating greater sealer penetration into 
dentinal tubules.39 On the other hand, while EDTA 
successfully eliminates the smear layer, it does so at the 
expense of exposing collagen, which may subsequently 
lead to a weaker bond under certain conditions.41,42 

Although chitosan-treated groups demonstrated the 
highest PBS values overall, EDTA-treated samples still 
exhibited higher bond strength than the distilled water 
group. This finding highlights that effective smear layer 
removal, regardless of the chelating agent used, is essential 
for improving fiber post adhesion, whereas distilled water 
lacks sufficient surface-modifying capability. Despite 
the lower PBS values associated with groups treated 
with chitosan, the bond strengths exhibited by EDTA-
treated samples were still higher than those observed in 
the distilled water group. This finding implies that while 
distilled water is ineffective for smear layer removal, it does 
not provide the enhanced bonding environment fostered 
by more effective irrigants.43 As such, samples treated 
with distilled water after filling displayed inadequate 
bonding capacity, potentially due to the distilled water’s 
insufficient ability to effectively clean the surface or 
disrupt the adhesive layers necessary for a robust 
bond.44 According to these results, it is plausible that the 
diminished bond strength observed in distilled water groups 
stems from the inadequate removal of bioceramic sealer 
residues, leading to compromised adhesion. Moreover, the 
improved PBS observed with chitosan may be attributed 
to its characteristics as a natural biopolymer. Chitosan 
facilitates effective smear layer removal while preserving 
collagen integrity, which may enhance micromechanical 
interlocking and resin penetration into dentinal tubules.39,40 
In contrast, although EDTA effectively removes the smear 
layer, prolonged or excessive demineralization may lead to 
collagen exposure and potential structural weakening of the 
dentin substrate. 45

In the present study, chitosan-treated groups 
demonstrated higher PBS values compared to EDTA-
treated groups. This finding suggests that the more 
controlled and less aggressive chelating action of chitosan 
may create a more favorable bonding substrate for fiber 

post adhesion. 32,46

This indicates that effective smear layer removal—
regardless of the agent used—is critical for optimizing 
adhesion. Distilled water, which lacks chelating 
properties, is insufficient to modify the dentin surface 
adequately, which may explain the consistently lower 
PBS values observed in those groups. An additional 
point that should be considered when interpreting the 
findings of the present study is the potential influence 
of the solvent used for chitosan preparation. Chitosan is 
typically dissolved in diluted acetic acid, and weak organic 
acids may cause mild dentin demineralization and partial 
smear layer modification. Therefore, it could be argued 
that part of the observed effect might be associated with 
the solvent rather than the chelating action of chitosan 
itself. However, previous research comparing chitosan 
with acetic acid alone has shown that chitosan exhibits 
significantly greater smear-layer removal capacity. For 
instance, Silva et al.39 reported that 0.2% chitosan was 
more effective than 1% acetic acid in removing the smear 
layer after root canal instrumentation. This finding 
suggests that the dentin-modifying effect of the chitosan 
solution is not solely attributable to the acetic acid solvent 
but is largely related to the intrinsic chelating properties of 
chitosan. Nevertheless, future studies including a control 
group treated with acetic acid at the same concentration 
and pH as the chitosan solution would help further clarify 
the relative contribution of the solvent.

It is crucial to acknowledge the limitations of this study. 
Primarily, the evaluation of PBS values was conducted 
under conditions subjected solely to vertical forces. 
However, in clinical scenarios, post-restored teeth are 
often exposed to multiple force vectors, necessitating 
comprehensive research strategies that consider varying 
loads and directional forces.47 Another limitation of the 
present study is that only the coronal third of the root was 
evaluated. Although this region is clinically relevant due to 
its exposure to higher functional loads and its importance 
in restorative procedures, the middle and apical thirds 
were not assessed. Since dentin structure, tubule density, 
and bonding characteristics vary along the root canal, the 
push-out bond strength values obtained from the coronal 
third may not fully represent the behavior of fiber posts in 
other root regions. Future studies incorporating middle 
and apical sections would provide a more comprehensive 
understanding of regional differences in bond strength. 
Understanding the interaction of different force directions 
on bond strength could offer significant insights into 
the material performance in vivo. Additionally, studies 
examining the interactive effects of bioceramic and epoxy 
resin-based sealants alongside various irrigation solutions 
on PBS are scant in the literature. No studies were found 
that explicitly evaluated the interactions between specific 
bioceramic sealants and different irrigation solutions 
on fiber post bond strength. Future clinical studies that 
compare the results of the present study with clinical 
practices will enrich our understanding of the clinical 
relevance and applicability of these results.
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Conclusion
The present study showed that both the type of root canal 
sealer and the irrigation solution used during post space 
preparation significantly influenced the PBS of fiber posts. 
Specifically, the results indicated that using chitosan as 
an irrigation solution after filling with bioceramic sealer 
yielded superior PBS compared to distilled water and 
EDTA.

Acknowledgments
The author has no financial interests related to this study.

Authors’ Contribution
Conceptualization: Funda Fundaoğlu Küçükekenci
Data curation: Funda Fundaoğlu Küçükekenci
Formal analysis: Funda Fundaoğlu Küçükekenci
Investigation: Funda Fundaoğlu Küçükekenci
Methodology: Funda Fundaoğlu Küçükekenci
Project administration: Funda Fundaoğlu Küçükekenci
Resources: Funda Fundaoğlu Küçükekenci 
Writing—original draft: Funda Fundaoğlu Küçükekenci
Writing—review and editing: Funda Fundaoğlu Küçükekenci
Validation: Funda Fundaoğlu Küçükekenci 

Competing Interests
The author declares that she has no known competing financial 
interests or personal relationships that could have influenced the 
work reported in this paper.

Ethics Approval
This study was approved by Ordu University Clinical Research 
Ethics Committee (178/2025). 

Funding
None.

References
1.	 Moreira MA, Silveira VR, Alcantara VO, Sousa FB, Sousa BC. 

Prior restorative procedures to endodontic treatment. Cureus 
2023;15(4):e37106. doi:10.7759/cureus.37106

2.	 Touré B, Faye B, Kane AW, Lo CM, Niang B, Boucher Y. 
Analysis of reasons for extraction of endodontically treated 
teeth: a prospective study. J Endod 2011;37(11):1512-5. 
doi:10.1016/j.joen.2011.07.002

3.	 Fonzar F, Fonzar A, Buttolo P, Worthington HV, Esposito M. 
The prognosis of root canal therapy: a 10-year retrospective 
cohort study on 411 patients with 1175 endodontically treated 
teeth. Eur J Oral Implantol 2009;2(3):201-8. 

4.	 Abou-Steit SS, Ghonimy FM, Salem MA, Badra HS. Effect 
of different post space irrigation solutions on the bond 
strength of two types of post restoring anterior teeth: an in 
vitro study. Egypt Dent J 2024;70(1):451-9. doi:10.21608/
edj.2023.241253.2740

5.	 Bohrer TC, Fontana PE, Wandscher VF, Morari VH, Pillar 
R, Bello MD, et al. Endodontic sealers and post-endodontic 
waiting time affect the bond strength of the fiber posts. Rev 
Odontol UNESP 2020;49:e20200001. doi:10.1590/1807-
2577.00120

6.	 Ferrari M, Vichi A, Grandini S. Efficacy of different adhesive 
techniques on bonding to root canal walls: an SEM 
investigation. Dent Mater 2001;17(5):422-9. doi:10.1016/
s0109-5641(00)00102-0

7.	 Goracci C, Ferrari M. Current perspectives on post systems: 
a literature review. Aust Dent J 2011;56 Suppl 1:77-83. 
doi:10.1111/j.1834-7819.2010.01298.x

8.	 Naumann M, Koelpin M, Beuer F, Meyer-Lueckel H. 10-year 
survival evaluation for glass-fiber-supported postendodontic 
restoration: a prospective observational clinical study. J Endod 
2012;38(4):432-5. doi:10.1016/j.joen.2012.01.003

9.	 Ayoub F, Jassar H, El Husseini H, Salameh Z. Choice of 
endodontic fiber posts and its influence on dental malpractice: 
an in vitro evaluation. J Contemp Dent Pract 2017;18(6):452-
7. doi:10.5005/jp-journals-10024-2064

10.	 Patthanawijit L, Yanpiset K, Saikaew P, Jantarat J. Fiber post 
cemented using different adhesive strategies to root canal 
dentin obturated with calcium silicate-based sealer. BMC Oral 
Health 2024;24(1):1290. doi:10.1186/s12903-024-04963-7

11.	 El-Shaabany MH, El-Baz G, Mahfouz Omer SM. Efficacy of 
different dentin posts for the treatment of primary anterior teeth 
(an in vitro study). Dental Science Updates 2021;2(2):155-63. 
doi:10.21608/dsu.2021.58163.1059

12.	 Aboushahba ME. The effect of different post space surface 
treatments on push-out bond strength of fiber posts adhesively 
bonded to root canal dentin. Egypt Dent J 2019;65:755-61. 
doi:10.21608/edj.2019.72853

13.	 Hashim AW, Abdelrahman MH, Hassan MY. Effect of 
ultra-sonic activation on pull out bond strength of fiber 
posts cemented with self-adhesive cement. Egypt Dent J 
2022;68(2):1707-12. doi:10.21608/edj.2022.120055.1972

14.	 Kim HS, Yang SY, Choi EH, Kim KM, Kwon JS. Adhesion 
between epoxy resin-based fiber post and dental core resin 
improved by non-thermal atmospheric pressure plasma. Appl 
Sci 2020;10(7):2535. doi:10.3390/app10072535

15.	 Goracci C, Tavares AU, Fabianelli A, Monticelli F, Raffaelli O, 
Cardoso PC, et al. The adhesion between fiber posts and root 
canal walls: comparison between microtensile and push-out 
bond strength measurements. Eur J Oral Sci 2004;112(4):353-
61. doi:10.1111/j.1600-0722.2004.00146.x

16.	 Pane ES, Palamara JE, Messer HH. Critical evaluation of 
the push-out test for root canal filling materials. J Endod 
2013;39(5):669-73. doi:10.1016/j.joen.2012.12.032

17.	 Silva AM, Alencar CM, Jassé FA, Pedrinha VF, Zaniboni 
JF, Dantas AA, et al. Effect of post-space irrigation with 
acid solutions on bond strength and dentin penetrability 
using a self-adhesive cementation system. J Clin Exp Dent 
2021;13(6):e564-71. doi:10.4317/jced.58029

18.	 Macário TR, de Carvalho RF, Domingues PB, Maia B, 
Marinho CC, Barcellos A, et al. Evaluation of the cleaning 
protocol of post space on bond strength of glass fiber posts. 
Int J Odontostomatol 2021;15(2):427-33. doi:10.4067/s0718-
381x2021000200427

19.	 Garikapati S, Kalyan Satish R, Sajjan GS, Madhu Varma K, 
Kolla VB, Rajashekar CH. Comparison of push-out bond 
strength of bioceramic sealer with bioceramic coated and 
non-bioceramic coated gutta-percha: an in vitro study. Int J 
Dent Mater 2020;2(3):98-102. doi:10.37983/IJDM.2020.2305

20.	 Dentac. Bioserra Bioceramic Root Canal Sealer – Product 
Technical Data Sheet [Internet]. Available from: https://
dentac.com/dacegug/2024/03/Dentac-Bioserra.pdf. Accessed 
February 26, 2026.

21.	 Dentsply Sirona. AH Plus Root Canal Sealer. Available from: 
https://www.dentsplysirona.com/en/explore/endodontics/
brands/ah-plus.html. Accessed February 26, 2026. 

22.	 Ayna B, Ayna E, Çelenk S, Başaran EG, Yılmaz BD, Tacir İH, et 
al. Comparison of the clinical efficacy of two different types of 
post systems which were restored with composite restorations. 
World J Clin Cases 2018;6(3):27-34. doi:10.12998/wjcc.
v6.i3.27

23.	 Oliveira LV, Maia TS, Zancopé K, de Souza Menezes M, 
Soares CJ, Moura CCG. Can intra-radicular cleaning protocols 
increase the retention of fiberglass posts? A systematic 
review. Braz Oral Res 2018;32:e16. doi:10.1590/1807-
3107bor-2018.vol32.0016

24.	 Başaran G, Göncü Başaran E, Ayna E, Değer Y, Ayna B, 
Tuncer MC. Microtensile bond strength of root canal dentin 
treated with adhesive and fiber-reinforced post systems. Braz 
Oral Res 2019;33:e027. doi:10.1590/1807-3107bor-2019.
vol33.0027

25.	 Bohrer TC, Fontana PE, Wandscher VF, Morari VHC, Dos 
Santos SS, Valandro LF, et al. Endodontic sealers affect the 

htt﻿ps://doi.org/10.7759/cureus.37106
https://doi.org/10.1016/j.joen.2011.07.002
https://doi.org/10.21608/edj.2023.241253.2740
https://doi.org/10.21608/edj.2023.241253.2740
https://doi.org/10.1590/1807-2577.00120
https://doi.org/10.1590/1807-2577.00120
https://doi.org/10.1016/s0109-5641(00)00102-0
https://doi.org/10.1016/s0109-5641(00)00102-0
https://doi.org/10.1111/j.1834-7819.2010.01298.x
https://doi.org/10.1016/j.joen.2012.01.003
https://doi.org/10.5005/jp-journals-10024-2064
https://doi.org/10.1186/s12903-024-04963-7
https://doi.org/10.21608/dsu.2021.58163.1059
https://doi.org/10.21608/edj.2019.72853
htt﻿ps://doi.org/10.21608/edj.2022.120055.1972
https://doi.org/10.3390/app10072535
https://doi.org/10.1111/j.1600-0722.2004.00146.x
https://doi.org/10.1016/j.joen.2012.12.032
https://doi.org/10.4317/jced.58029
htt﻿ps://doi.org/10.4067/s0718-381x2021000200427
htt﻿ps://doi.org/10.4067/s0718-381x2021000200427
https://doi.org/10.37983/IJDM.2020.2305
https://dentac.com/dacegug/2024/03/Dentac-Bioserra.pdf
https://dentac.com/dacegug/2024/03/Dentac-Bioserra.pdf
https://www.dentsplysirona.com/en/explore/endodontics/brands/ah-plus.html
https://www.dentsplysirona.com/en/explore/endodontics/brands/ah-plus.html
https://doi.org/10.12998/wjcc.v6.i3.27
https://doi.org/10.12998/wjcc.v6.i3.27
https://doi.org/10.1590/1807-3107bor-2018.vol32.0016
https://doi.org/10.1590/1807-3107bor-2018.vol32.0016
https://doi.org/10.1590/1807-3107bor-2019.vol33.0027
https://doi.org/10.1590/1807-3107bor-2019.vol33.0027


Küçükekenci

J Dent Res Dent Clin Dent Prospects 2026;20(1)42

bond strength of fiber posts and the degree of conversion 
of two resin cements. J Adhes Dent 2018;20(2):165-72. 
doi:10.3290/j.jad.a40301

26.	 Shokouhinejad N, Gorjestani H, Nasseh AA, Hoseini A, 
Mohammadi M, Shamshiri AR. Push-out bond strength of 
gutta-percha with a new bioceramic sealer in the presence 
or absence of smear layer. Aust Endod J 2013;39(3):102-6. 
doi:10.1111/j.1747-4477.2011.00310.x

27.	 Ungor M, Onay EO, Orucoglu H. Push-out bond strengths: the 
Epiphany-Resilon endodontic obturation system compared 
with different pairings of Epiphany, Resilon, AH Plus and 
gutta-percha. Int Endod J 2006;39(8):643-7. doi:10.1111/
j.1365-2591.2006.01132.x

28.	 Serafino C, Gallina G, Cumbo E, Ferrari M. Surface debris of 
canal walls after post space preparation in endodontically 
treated teeth: a scanning electron microscopic study. Oral Surg 
Oral Med Oral Pathol Oral Radiol Endod 2004;97(3):381-7. 
doi:10.1016/j.tripleo.2003.10.004

29.	 Vilanova WV, Carvalho-Junior JR, Alfredo E, Sousa-Neto 
MD, Silva-Sousa YT. Effect of intracanal irrigants on the bond 
strength of epoxy resin-based and methacrylate resin-based 
sealers to root canal walls. Int Endod J 2012;45(1):42-8. 
doi:10.1111/j.1365-2591.2011.01945.x

30.	 Álvarez-Vásquez JL, Erazo-Guijarro MJ, Domínguez-Ordoñez 
GS, Ortiz-Garay ÉM. Epoxy resin-based root canal sealers: an 
integrative literature review. Dent Med Probl 2024;61(2):279-
91. doi:10.17219/dmp/156654

31.	 Donnermeyer D, Vahdat-Pajouh N, Schäfer E, Dammaschke 
T. Influence of the final irrigation solution on the push-
out bond strength of calcium silicate-based, epoxy resin-
based and silicone-based endodontic sealers. Odontology 
2019;107(2):231-6. doi:10.1007/s10266-018-0392-z

32.	 Violich DR, Chandler NP. The smear layer in endodontics - 
a review. Int Endod J 2010;43(1):2-15. doi:10.1111/j.1365-
2591.2009.01627.x

33.	 Er Ö, Kılıç K, Kılınç H, Aslan T, Sağsen B. Evaluation of the 
resin cement thicknesses and push-out bond strengths of 
circular and oval fiber posts in oval-shapes canals. J Adv 
Prosthodont 2015;7(1):15-20. doi:10.4047/jap.2015.7.1.15

34.	 Khoroushi M, Mazaheri H, Tarighi P, Samimi P, Khalighinejad 
N. Effect of antioxidants on push-out bond strength of 
hydrogen peroxide treated glass fiber posts bonded with two 
types of resin cement. Restor Dent Endod 2014;39(4):303-9. 
doi:10.5395/rde.2014.39.4.303

35.	 Altaf A, Santhosh L, Srirekha A, Panchajanya S, Jaykumar 
T. Effect of riboflavin on push-out bond strength between 
fiber post and root dentin using adhesive cement-an in vitro 
study. J Clin Res Dent. 2019;2(1):1-5. doi:10.33309/2639-
8281.020105.

36.	 Karunakaran J, Thangaraj DN, Mathew S, Kumaravadivel 
K, Thangavel B. Effect of various surface treatments on the 

push-out bond strength of fiber posts to root dentin. Cureus 
2023;15(12):e51323. doi:10.7759/cureus.51323

37.	 Dorileo MC, Guiraldo RD, Lopes MB, de Almeida Decurcio 
D, Guedes OA, Aranha AM, et al. Effect of 0.2% chitosan 
associated with different final irrigant protocols on the fiber 
post bond strength to root canal dentin of bovine teeth: an 
in-vitro study. Open Dent J 2022;16(1):e187421062205310. 
doi: 10.2174/18742106-v16-e2205310.

38.	 Penumaka R, Konagala RK, Shaik J, Ram Sunil CH, Reddy 
PL, Kiran Naik MK. Scanning electron microscopy evaluation 
of chitosan and carboxymethyl chitosan as retrograde smear 
layer removing agents. J Conserv Dent 2019;22(6):573-7. 
doi:10.4103/jcd.Jcd_50_20

39.	 Silva PV, Guedes DF, Pécora JD, da Cruz-Filho AM. 
Time-dependent effects of chitosan on dentin structures. 
Braz Dent J 2012;23(4):357-61. doi:10.1590/s0103-
64402012000400008

40.	 Del Carpio-Perochena A, Bramante CM, Duarte MA, de 
Moura MR, Aouada FA, Kishen A. Chelating and antibacterial 
properties of chitosan nanoparticles on dentin. Restor Dent 
Endod 2015;40(3):195-201. doi:10.5395/rde.2015.40.3.195

41.	 Karthi M, Maria R, Momin Z, Jain A. A comparative evaluation 
of smear layer removal by using 0.2% chitosan, 17% EDTA, 
10% citric acid as final root canal irrigation: invitro a scanning 
electron microscopic study. SVOA Dentistry 2023;4(1):9-15. 
doi:10.58624/SVOADE.2023.04.0119.

42.	 Kaya S, Adıgüzel Ö, Uysal İ, Ganidağli-Ayaz S. Effectiveness 
of three different application times of 17% EDTA and 7% 
maleic acid irrigation agents on the removal of debris and 
smear layer: a scanning electron microscope study. Int Dent 
Res 2011;1(2):48-54. doi:10.5577/intdentres.2011.vol1.no2.2

43.	 Elbackly RM, Badr AE. Effect of exposure time of EDTA on 
the endogenous release of Transforming growth factor beta1 
from dentin Scaffold. Egypt Dent J 2023;69(3):2465-73. 
doi:10.21608/edj.2023.211053.2553

44.	 Demirel A. The smear layer removal efficiency of different 
concentrations of EDTA in primary teeth: a SEM study. 
Cumhuriyet Dent J 2021;24(1):57-65. doi:10.7126/
cumudj.829414

45.	 Calt S, Serper A. Time-dependent effects of EDTA on dentin 
structures. J Endod 2002;28(1):17-9. doi:10.1097/00004770-
200201000-00004

46.	 Waz S, Moukarab DA. Efficacy of chitosan as a post space 
irrigant on bond strength of fiber posts luted with self-adhesive 
cements: an in-vitro study. Egypt Dent J 2020;66(2):1275-87. 
doi:10.21608/edj.2020.28328.1109

47.	 Hasheminia SM, Birang R, Feizianfard M, Nasouri M. 
A comparative study of the removal of smear layer by 
two endodontic irrigants and Nd:YAG laser: a scanning 
electron microscopic study. ISRN Dent 2012;2012:620951. 
doi:10.5402/2012/620951

https://doi.org/10.3290/j.jad.a40301
https://doi.org/10.1111/j.1747-4477.2011.00310.x
https://doi.org/10.1111/j.1365-2591.2006.01132.x
https://doi.org/10.1111/j.1365-2591.2006.01132.x
https://doi.org/10.1016/j.tripleo.2003.10.004
https://doi.org/10.1111/j.1365-2591.2011.01945.x
https://doi.org/10.17219/dmp/156654
https://doi.org/10.1007/s10266-018-0392-z
https://doi.org/10.1111/j.1365-2591.2009.01627.x
https://doi.org/10.1111/j.1365-2591.2009.01627.x
https://doi.org/10.4047/jap.2015.7.1.15
https://doi.org/10.5395/rde.2014.39.4.303
https://doi.org/10.33309/2639-8281.020105
https://doi.org/10.33309/2639-8281.020105
https://doi.org/10.7759/cureus.51323
https://doi.org/10.4103/jcd.Jcd_50_20
https://doi.org/10.1590/s0103-64402012000400008
https://doi.org/10.1590/s0103-64402012000400008
https://doi.org/10.5395/rde.2015.40.3.195
https://doi.org/10.58624/SVOADE.2023.04.0119
https://doi.org/10.5577/intdentres.2011.vol1.no2.2
https://doi.org/10.21608/edj.2023.211053.2553
https://doi.org/10.7126/cumudj.829414
https://doi.org/10.7126/cumudj.829414
https://doi.org/10.1097/00004770-200201000-00004
https://doi.org/10.1097/00004770-200201000-00004
https://doi.org/10.21608/edj.2020.28328.1109
https://doi.org/10.5402/2012/620951

