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ARTICLE INFO ABSTRACT

Keywords: Purpose: Post removal may be necessary for many reasons and is inevitable after the re-application of a dental
Bond strength post. The present study investigated the bond strength between root dentin and a re-applied fibre-reinforced
Fibre post

composite (FRC) post by a pull-out test.

Materials and methods: After root canal treatments of 30 extracted human maxillary canine teeth, post spaces
were prepared (10 mm), and FRC posts (Hi-Rem Post; Overfibres, Imola, Italy) were luted with self-adhesive
resin cement. The samples were than randomly divided into test and control groups (n = 15 in each). The
FRC posts were removed in the test group, and new posts were cemented. The pull-out test (1 mm/minute speed)
was used to measure the bond strength. Failure types were determined using a stereomicroscope. Mann-Whitney
U, chi-square and Fisher-Freeman-Halton exact tests were used for statistical analysis.

Results: The bond strength values of the test (119.5 & 36.86 N) and control (115.55 + 55.44 N) groups did not
differ significantly (p >.05). In terms of the percentage of failure types, there was a significant difference only in
the test group between the mixed failure type and the other failure types (p <.05).

Conclusions: The re-application of FRC post did not seem to affect the bond strength. The distribution of failure

Post removal
Pull-out test
Re-applied post

types was similar between the control and test groups.

1. Introduction

Teeth with insufficient structure can be restored using different
dental posts, such as metals, ceramics or fibre-reinforced composites
(FRCs) (Goracci and Ferrari, 2011). The risk of vertical root fracture is
reduced with FRC posts that have a similar elastic modulus to that of
with dentin (Baba et al., 2009). As these posts are tooth coloured, they
are usually favoured over other posts for aesthetic reasons (Goracci and
Ferrari, 2011).

Debonding between dentin and the adhesive cement is the most
common failure type in restorations with FRC posts (Cagidiaco et al.,
2008). The durability of bond strength between the post surface, dentin
and adhesive cement determines the prognosis of such restorations. The
bond strength affects the force distribution along the root, decreases the
risk of root fracture and strengthens the remaining tooth structure
(Goracci and Ferrari, 2011).

Removal of a post may be necessary due to root canal re-treatment or
improvements in prosthetic design with mechanical or aesthetic reasons.
Various methods and tools have been suggested for removing different

types of posts, including ultrasonic instruments, specific removal kits
and lasers (Anderson et al., 2007; Arukaslan and Aydemir, 2019; Cho
et al.,, 2022). However, all these methods are challenging and time
consuming. Furthermore, the use of an endodontic microscope and
operator experience are critical factors in the success of these proced-
ures. Extreme care must be taken not to damage the remaining tooth
structure and the root canal (Maia et al., 2019).

Recently, a glass fibre post (Hi-Rem Post; Overfibres, Imola, Italy)
containing blue coloured soft polymer micro-fibre in the centre has been
marketed to facilitate FRC post removal. According to the literature, the
removal procedure is easy and non-invasive (Scotti et al., 2013).

In the literature, there have been studies which evaluate the influ-
ence of different factors such as surface treatment methods, the type of
cement, cement film thickness and canal irrigation solutions on the bond
strength between FRC post and dentin (Aleisa et al., 2021; Alka-
htany,2022; Cecchin et al., 2016; Durski et al., 2016; Pereira et al., 2014;
Rezaei-Soufi et al., 2019). Since, there have been no studies on a re-
applied FRC post; the aim of the current study was to evaluate the
bond strength between the root dentin and a re-applied FRC post by a
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pull-out test. The null hypotheses of the study were as follows:

(1) The bond strength would not be affected by the re-application of
the FRC post.

(2) There would be no difference in the distribution of failure types in
the control and re-applied test groups.

2. Materials and methods

Ethics committee approval was obtained from Biruni University
(Date: 02.01.2020, Protocol No: 2020/36-13). Power analysis
(G*Power; Heinrich Heine University, Germany) was used to calculate
the sample size based on a previous study (Topcuoglu et al., 2018). The
power calculation (power of 80 %, significance level of 0.05 and effect
size of 0.85) revealed that 12 samples were required in each group. In
the present study, there were 15 samples in each group.

Maxillary human canine non-carious single-rooted teeth with a
completed apex were used in the present study. The teeth were
immersed in a 0.12 % chloramine solution for approximately 4 months
until the experiment. All teeth were decoronated using a diamond disc 1
mm above the cementoenamel junction to obtain standardized roots of
15 mm in length.

2.1. Root canal treatment

The root canals’ preparation was performed with an endomotor (X-
Smart Plus; Dentsply Maillefer, Switzerland) and ProTaper Next nickel-
titanium files (Dentsply Maillefer, Switzerland) up to the size of X3 (300
rpm, 2 N/cm, size 30, 0.06 taper). At biomechanical preparation, 2 ml of
2.5 % NaOCI was applied to the root canals between each file. 17 %
EDTA was used for the final irrigation, and saline solution was then
administered to neutralize all the residues. The cold lateral condensation
method with root canal sealer (AH Plus; Dentsply Maillefer,
Switzerland) and gutta percha was used for obturation. The samples
were stored in a humid medium for 1 week after restored with a tem-
porary material.

2.2. FRC post insertion

The post space was prepared using a specific drill according to the
manufacturer’s advice (depth of 10 mm) (Durski et al., 2016; Pereira
et al., 2014). Canal flushing was then performed with 1 % NaOCI and
saline solution. Post size #2 (Hi Rem endodontic post; Overfibres, Imola,
Italy) was used in all samples. After cleaning post spaces with 70 %
ethanol (60 s), they were washed with distilled water and air dried. The
same manufacturer’s self-adhesive resin cement (Overcem SA;Over-
fibres, Imola, Italy) was used for the cementation. The FRC post was
inserted in the post space by finger pressure and the remaining cement
was cured for 40 s at a light intensity of 600 nmW/cm? (XL 3000; 3 M
ESPE, St. Paul, MN, USA) after the removal of excess resin cement.
Samples were kept in sterile saline for 1 week and then divided into two
groups randomly: control (n = 15) and test (n = 15). The control group
was directly subjected to the pull-out test. In the other group, the test
was performed after reapplication.

2.3. FRC post removal

In the test group, the macro-fibre in the centre of the post was
removed using a 25/0.04 ProFile drill (Dentsply Maillefer, Switzerland)
after cutting the outside part of the FRC post. The post was then ground
out using a Largo drill (Dentsply Maillefer, Switzerland). An ultrasonic
tip (SonicFlex Endo; KaVo, Biberach, Germany) was used to remove
other debris and remaining cement. The removal process was easy due
to the macro-fibre core in the centre of the post, and there was no post
fracture during removal process. The FRC posts were then re-applied in
the same manner as in the first application.
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2.4. Pull-out testing

After completion of the fibre post application, each sample was
embedded in an acrylic resin block (Imicryl;Konya, Turkey).

The pull-out tests were performed by an MTS 322 universal testing
machine (MTS System Corporation, USA;crosshead speed of 1 mm/min;
Fig. 1). The maximum failure load was recorded in Newton (N).

The dislodged posts were visually inspected with a stereomicroscope
(Olympus, Tokyo, Japan) at 10 x magnification to evaluate the failure
type. Three failure types were defined: adhesive, cohesive and mixed.
Adhesive referred to fracture between the cement layer and root canal
dentin (adhesive C-D) or between the cement layer and post (adhesive C-
P), cohesive referred to fracture within the dentin or post, and mixed
referred to a combination of cohesive and adhesive fracture (Rezaei-
Soufi et al., 2019).

2.5. Statistical analysis

IBM SPSS Statistics 22 software (Chicago, IL, USA) was used for
statistical analysis. Since the Kolmogorov-Smirnov normality test was
indicated a non-normal distribution, the Mann-Whitney U test was used
to compare the bond strength values. For the comparison of the failure
types, the Fisher-Freeman-Halton exact test and chi-square tests were
used. The significance level was 0.05.

3. Results

The results of the Mann-Whitney U test were presented on Table 1.
The mean bond strength values of the two groups did not differ signif-
icantly (p = 0.419, p >.05). The Fisher-Freeman-Halton exact and chi-
square test results are presented in Table 2. Although the percentage
of failure types did not show a statistically significant difference be-
tween both groups, there was a statistical difference between only the
mixed type (60 %) and the other failure types within the test group (p =
0.016, p <.05) (Table 2). Adhesive failure was higher in the control
group, mixed and cohesive failure were higher in the test group. For the
cohesive failure type, one post fracture occurred in the test group, the
rests occurred in the dentin surface.

4. Discussion

Debonding between radicular dentin and the post is the most com-
mon failure of post-core restorations (Aleisa et al., 2021; Scotti et al.,
2013). Besides that, periapical lesions or fibre post fracture require
removal of the post (Maia et al., 2022; Scotti et al., 2013). Numerous in
vitro studies have investigated the effects of several factors on the bond
strength of FRC posts to root dentin (Aleisa et al., 2021; Macedo et al.,
2013; Macedo et al., 2010; Sarraf et al., 2019). However, there are no
studies on the effect of re-application of FRC post. Therefore, the pur-
pose of the present study was to determine the effect of re-application of
FRC posts on bond strength and failure types. The bond strength values
were not reduced with the re-application of the FRC post (test
group:119.55 N; control group:115.55 N), and distribution of failure
types showed no difference between the two groups. Thus, null hy-
potheses were accepted.

Since FRC post removal is difficult and may cause complications (Liu
et al.,, 2021; Maia et al.,2022), a fibre post (Hi-Rem), including a soft
blue polymer macro-fibre that can be removed in a more quickly and
safer mode, has been marketed (“Manufacturer’s instructions of the
post™). Scotti et al. (2013) compared the removal of Hi-Rem Prosthetic
Posts (Overfibres, Imola, Italy) and D.T. Light-Posts (RTD, France). They
concluded that the removal time was significantly reduced with the use
of Hi-Rem post and that the operator’s experience did not affect it. This
was confirmed by the present study, as the removal procedure was
practical and quick.

Self-adhesive resin cements were developed for overcoming the
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Fig. 1. Pull-out test design.

Table 1
Mean bond strength values (N).

Mean + SD P

Control (n = 12)
Test (n = 12)

115.55 + 55.44%
119.5 + 36.86%

0.419

Mann Whitney U Test.

complexity and technique sensitivity of multistep systems. These ce-
ments require just a single-step procedure and no pre-treatment on
application sites (Durski et al., 2016; Macedo et al., 2013). The resin
cement used should be compatible with the post surface to improve
bond strength, and the same manufacturer’s products may have better
chemical affinity (Nova et al., 2013). Therefore, in the current study, we
used a self-adhesive resin cement from the manufacturer of the FRC post.

According to the literature, a higher pull- out bond strength can be
achieved using self-adhesive resin cements (Aleisa et al.,2013; Amaral
et al., 2009; Dal Piva et al., 2016; Nova et al., 2013; Pereira et al.,2014).
In a study by Sarraf et al. (2019), 201.46 N pull-out force was detected
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Table 2
The percentage of failure types.
Failure type Control (n = 12) Test (n = 12)
n (%) n (%) 'p
Adhesive C-P 4 (%26.7)* 2 (%13.3)? 0.550
Adhesive C-D 3 (%20)* 1 (%6.7)*
Cohesive 2 (%13.3)? 3 (%20)?
Mix 6 (%40)° 9 (%60)™
’p 0.506 0.016

! Fisher Freeman Halton Exact Test.

2 One sample chi-square test. (Adhesive C-P: Adhesive fracture between the
cement layer and root canal dentin, Adhesive C-D: Adhesive fracture between
the cement layer and post). *Different superscript letters define the statistical
differences.

with self-adhesive resin cement. They applied primer to the canal walls
before cementation, which was different from our control group. Ac-
cording to the manufacturer’s instructions (“Manufacturer’s instructions
of the primer”), this primer accelerates the polymerization of the cement
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and provides etching. This may have led to an increase in the bond
strength. Dal Piva et al. (2016) investigated the effect of the alveolar
bone level and different cements on the bond strength of FRC posts. They
concluded that neither the alveolar bone level or type of cement affected
the bond strength. The mean pull-out force in their study was higher
than that in the current study. The possible reasons were the tooth type
(bovine teeth), longer post cavity (12 mm), application of acid and
silane to the post surfaces before cementation (Dal Piva et al., 2016).
Contrary to these results, some studies have reported lower bond
strength values when using these cements. The discord in the findings
can be explained by the low etching and hybridization capacity of the
cement (Goracci et al., 2005; Zicari et al., 2008).

Previous research suggested that clinical success of dental posts de-
pends primarily on the frictional retention on root canal walls. There-
fore, the hybridization procedure or adhesive bonding are less effective
on bond strength or dislodgement forces (Pirani et al., 2005). In the
present study, the same bond strength values of the groups can be
explained by this sufficient frictional retention.

Many test methods, such as micro-tensile, push-out and pull-out
tests, have been used to evaluate the bond strength between root
canal dentin and dental post (Cecchin et al., 2016; Dal Piva et al., 2016).
The micro-tensile test may lead to a high rate of premature failures. The
rate of such failures is reduced in the push-out test, as this technique
includes sliced samples which allow to examine the bond strength in
different portion of the root canal. The pull-out test makes it possible to
investigate the bond strength between dentin and the FRC post in the
entire root canal. It also eliminates possible errors that may occur during
preparation of the samples (Ebert et al., 2011). In the present study, the
pull-out test was selected due to these advantages. On the other hand,
this method does not exactly simulate intra-oral conditions. Thus, it
would be better to contain low intermittent mechanical forces that come
from many directions (Pereira et al., 2014).

Previous studies reported a high adhesive failure rate of the post
cement interface (Nova et al., 2013; Shafiei, Saadat and Jowkar, 2018).
FRC posts have a highly cross-linked polymer matrix that makes it un-
able to reactivate the material and also cause a decrease in bond strength
between the post and dentin (Nova et al., 2013; Shafiei et al., 2018). In
the current study, the failure types of the groups did not show a statis-
tically significant difference (Fig. 2). Dentin-cement interface was the
only area that could be affected by the experimental design of the pre-
sent study. Therefore, the distribution of the fracture types confirmed
the result of bond strength.
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The single brand combination of fibre post and luting cement and the
in vitro conditions are the limitations of the present study. There are
limited data available on the cement used, which may be the cause of
low bond strength forces. In addition, as the entire procedure was per-
formed without the aid of a microscope, remnants of root canal filling
material could have affected the adhesion of the FRC posts (Pereira
et al., 2014). Furthermore, the use of human extracted teeth may result
in a decrease in bond strength and non-standardization of specimens.
The possible reasons were differences in elasticity and mineral-organic
phase of the dentin and also the deposition of sclerotic and tertiary
dentin (Aleisa et al., 2021; Nova et al., 2013). In present study, the root
canal lengths were prepared to ensure standardization of the samples,
and the teeth used were maxillary canines. The use of different types of
teeth or different root lengths could lead to different results. Therefore,
further studies are necessary to examine the bond strength of different
types of dental posts, the clinical efficiency of these posts and the effect
of microscope use.

5. Conclusions
Within the limitations in the current study;

(1) The re-application of FRC post did not seem to affect the bond
strength.

(2) The distribution of failure types showed no difference between
the control and re-applied test groups.

(3) The use of the FRC post containing soft polymer micro-fibre offers
an easy and safe removal procedure.
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