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Abstract

Background: The objective of this work was to evaluate the influence of the Scotchbond MP and Clearfil SE adhe-
sive systems on the bond strength in the push out test between the fiberglass post and the root canal.

Material and Methods: This in vitro study involved 20 human canine teeth extracted over a 12-month period. For
inclusion in the sample, upper canine teeth with fully formed apices and curvatures less than 45° were considered.
Teeth containing a calcified canal, with radiographically visible double curvature or that had undergone previous
endodontic treatment were excluded from the sample. After selection, surface prophylaxis was performed using
an ultrasound insert, followed by smoothing with a Gracey curette. Endodontic treatments were performed by a
calibrated operator, following a pre-established protocol. Next, preparation of the root canal began to receive the
Whitepost DC number 2 fiberglass post by removing 2/3 of this space. Next, the posts were prepared to be cemen-
ted, they were cleaned with 70% alcohol and conditioned with 37% phosphoric acid before receiving two layers
of silane. From that moment on, the elements were randomly divided into two groups, according to the adhesive
system, with RelyX ARC cement being used: Group SCB: Scotchbond MP and Group CFL: Clearfil SE. After
cementing the fiber posts, the test specimens were prepared for mechanical testing using the push out test on the
Universal Testing Machine (EMIC). Multiple comparisons were performed using the Tukey test. Statistical calcu-
lations were conducted adopting a significance level of 5%.

Results: The two-factor analysis of variance demonstrated that there was no statistically significant interaction be-
tween the factors studied, however the use of the SCB Group adhesive system produced higher RU values.
Conclusions: It was concluded that greater bond strength was obtained between resin cement and root dentin when
ScotchBond adhesive was used and there were no differences in RU in the different root portions.
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Introduction

Cementation of intraradicular posts plays a crucial role
in the rehabilitation of endodontically treated teeth, ena-
bling the reconstruction of the lost coronal portion. In the
current context of restorative dentistry, fiberglass posts
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emerge as a promising alternative to traditional metal
posts, offering significant advantages in terms of aesthe-
tics, in addition to biocompatibility and the ability to ad-
here to the cement and the cement to the dental tissue. In
this context, the type of dentin adhesives in the cementa-
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tion of fiberglass posts has been the subject of increasing
interest and research, aiming to improve the retention and
durability of intraradicular restorations (1-12).

Dentin adhesives play a fundamental role in the cemen-
tation of fiberglass posts, facilitating adhesion between
the restorative material and the remaining tooth structu-
re. Through a combination of adhesive agents, solvents,
and resin monomers, these materials promote the for-
mation of a stable hybrid interface between dentin and
resin, improving retention and reducing the risk of mar-
ginal infiltration and fractures. In addition, dentin adhe-
sives offer sealing and bonding properties that help pre-
vent the penetration of microorganisms and fluids into
the tooth-restoration interface, contributing to the longe-
vity and integrity of the restorative treatment (7,10,13).

Understanding the principles of adhesion and applica-
tion of dentin adhesives in the cementation of glass fiber
posts is essential to optimize clinical results and minimi-
ze complications. Proper selection of the adhesive sys-
tem, preparation of the dentin surface, and application
technique are critical factors that influence the efficacy
and durability of intraradicular post cementation. Fur-
thermore, considerations such as the anatomy of the root
canal, the presence of caries or endodontic lesions, and
the quality of the remaining tooth must be carefully eva-
luated to ensure reliable adhesion and a functional and
esthetic restoration (14-25).

The study on the adhesion of fiberglass posts is relevant
to clinical practice and the advancement of restorative
dentistry for several reasons. The research aims to eva-
luate the influence of different adhesive systems on the
bond strength in the push-out test between the fiberglass
post and the root canal. The null hypothesis established
is that there will be no influence on the bond strength in
relation to the adhesive system used, regardless of the
root region, and that the different root regions would
have the same RU values.

Material and Methods

-Materials

Sample

The study was approved by the Local Research Ethics
Committee (Appendix A), with opinion number
5,879,836 and CAAE 60615522 2 0000 5374. All pa-
tients who donated their teeth for research signed an In-
formed Consent Form (Appendix B).

The sample for this laboratory study consisted of 20 hu-
man canine teeth extracted over a 12-month period 23.
The teeth were stored in a 1% thymol solution immedia-
tely after extraction. For inclusion in the sample, upper
canine teeth with fully formed apices and curvatures less
than 45° were considered (26). Teeth containing a calci-
fied canal, with a radiographically visible double curva-
ture or submitted to previous endodontic treatment were
excluded from the sample.
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-Method

Sample preparation

The selected samples underwent surface prophylaxis.
For this purpose, a needle holder (ICE, Sao Paulo, Bra-
zil) was used to remove coarser materials on the root
surface, such as the bone plate. Then, an H3 ultrasonic
insert (Obtura Spartan, Algonquin, USA) was used to
remove tartar and, finally, a Gracey curette number 5-6
(J&J Instruments, Linden, USA) was used to smooth
the root surface. Endodontic treatments were performed
by a single, previously calibrated operator, following a
pre-established protocol.

Endodontic technique

Initially, an X-ray was taken and the teeth were acces-
sed using an Eletromatic Kavo electric motor with a 1:5
multiplier (Kavo do Brasil Ind. Com. Ltda., Joinville,
Brazil) and spherical diamond burs numbered 1012 (Ko-
met, Santo André, Brazil). Once the pulp chamber was
accessed, the 1012 bur was replaced by the 3082 bur to
create the contour shape and complete the coronal ac-
cess.

The canals were explored with manual K-files numbered
10 and 15 (Dentsply Maillefer, Ballaigues, Switzerland),
using oscillatory movements and taking the instrument 2
mm below the initial length of the tooth. Next, odonto-
metry was performed visually and with the aid of a CDR
Elite digital sensor (FONA Schick, Sao Paulo, Brazil) to
establish the instrumentation length of each sample. The
working length was set at 1 mm below the actual length
of the tooth.

The ProTaper Ultimate rotary system (Dentsply Maille-
fer, Ballaigues, Switzerland) was used to prepare the root
canal, which contains files 16.02, 20.04, 20.07, 25.08,
and 30.09. The endodontic files were used by applying
three in-and-out movements with a gentle brushing ac-
tion when removing the instrument from the canal. After
each instrument was used, the canal was irrigated with 5
mL of a 2.5% sodium hypochlorite solution (Férmula e
Acgdo, Sao Paulo, Brazil).

After the chemical-mechanical preparation, the smear
layer was removed with 17% EDTA (Férmula e Acéo,
Sao Paulo, Brazil) to proceed with the obturation. The
filling was performed using the single cone technique
using calibrated FM gutta-percha cones (Tanariman In-
dustrial Ltda., Amazonas, Brazil) and Endomethasone N
endodontic cement (Septodont, Cedex, France), which
is classified as a zinc oxide and eugenol-based cement.
Intraradicular preparation

Next, the root canals were prepared to receive the Whi-
tepost DC fiberglass post number 2 (Dentscare Ltda,
Santa Catarina, Brazil) by removing 2/3 of this space.
To remove the filling, a Gates Glidden drill (Komet Bra-
sil, Sao Paulo, Brazil) number 3 was used, followed by a
drill number 2 from the manufacturer’s own post system
(Dentscare Ltda, Santa Catarina, Brazil).
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The posts were then prepared to be cemented: they were
cleaned with 70% alcohol (Prolink Industria Quimica
Ltda, Sdo Paulo, Brazil), conditioned with 37% Condac
phosphoric acid (Dentscare Ltda, Santa Catarina, Bra-
zil) for 15 seconds, and washed in running water for 1
minute. The posts were then dried with a gentle air jet
and silanized with Prosil (Dentscare Ltda, Santa Cata-
rina, Brazil). Two layers of silane were applied with a
one-minute interval between them and a light jet of air
was used for 20 seconds after each layer.

Experimental groups

From this point on, the samples were randomly divi-
ded into two groups, according to the adhesive system:
Group SCB — Scotchbond MP (3M ESPE, Minnesota,
USA) and Group CFL — Clearfil SE (Kuraray Noritake
Dental Inc., Okayama, Japan).

In Group SCB, after silanization of the posts, a layer of
Scotchbond adhesive was used followed by photopoly-
merization with a GranValo device (Ultradent Products,
Inc., Indaiatuba, Brazil). In Group CFL, a layer of Clearfil
adhesive was applied. In both groups, the photoactivation
of the adhesive on the post was in Standard mode (1000
mW/cm?) for 20 seconds per side, totaling 80 seconds.
After preparation of the posts, the preparation of the ca-
nals was returned to perform cementation of the posts.
In the SCB Group, conditioning was performed with
37% Condac phosphoric acid (Dentscare Ltda, Santa
Catarina, Brazil) in the root canal for 15 seconds. The
canal was then washed for one minute and dried with
an endodontic suction kit (Ultradent Products, Inc., In-
daiatuba, Brazil) and absorbent paper cones (Tanariman
Industrial Ltda, Amazonas, Brazil). Next, two layers of
ScotchBond primer were applied, rubbing the microa-
pplicator against the walls (active form), waiting for a
period of one minute between them. A gentle air jet was
used before applying the Scotchbond system adhesive
layer, which was applied with the microapplicator wi-
thout rubbing the walls. In the CFL Group, phosphoric
acid was not applied since the primer is acidulated. Two
layers of Clearfil system primer were applied actively
with a one-minute interval between them and after appl-
ying a gentle air jet, the Clearfil adhesive was applied.
Both the primer and the adhesive of the systems used
were applied in the same way

Both groups had the canal adhesive photoactivated in
Standard mode for 60 seconds after removing excess
with the endodontic suction Kkit.

Post cementation

Then, the Relyx ARC cement (3M do Brasil Ltda, Sao
Paulo, Brazil) was manipulated on a glass plate and in-
serted into the root canal together with the fiberglass
post, observing the length. According to the manufac-
turer’s standards, the set was photoactivated in Standard
mode for 40 seconds on each side, totaling 200 seconds
per sample.
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Sectioning of samples

The twenty samples were sectioned perpendicularly to
the cementoenamel junction with a carborundum disk
under refrigeration to create specimens. The roots were
then fixed with sticky wax on acrylic plates and sub-
sequently sectioned perpendicularly to their long axis
using the Extec Dia Wafer Blade 4” x .012 x 2 (102
mm X 0.3 mm X 127 mm) disk that was coupled to the
metallographic trimmer - Isomet 1000, in order to obtain
samples with 2 mm thickness of the cervical, middle and
apical thirds.

The samples were immersed in distilled water and stored
in the ECB 1.3 digital bacteriological oven (Odontobras,
Ribeirao Preto, Brazil) at 37°C for 72 hours.
Mechanical test

The specimens were subjected to the push-out test in the
Universal Testing Machine (EMIC), being mounted so
that the loads were applied in the apicocervical direction
at a speed of 0.5 mm/min until the pin was dislodged. The
peak force at the point where the pin moved out of the
specimen segment will be considered as the bond strength
of the pin/root of the cementation and this force will be
recorded in KgF. The fractured specimens were measu-
red with the aid of a digital caliper (Absolute/Digimatic
Mitutoyo) to convert the results into megapascals (MPa).
The force was recorded in kilograms/force at the mo-
ment of fracture of the specimens by the program cou-
pled to the testing machine (TESC version 3.01). The
software also recorded the stress values in MPa corres-
ponding to the conversion of the values into KgF.
Statistical analysis

Prior to the analyses, the bond strength data were as-
sessed for normality using the Shapiro-Wilk test. They
were then subjected to two-way analysis of variance.
The study factors were the type of adhesive used (Clear-
fil or ScotchBond) and the root region (Cervical, Middle
or Apical). Multiple comparisons were performed using
the Tukey test. Statistical calculations were performed
using a significance level of 5% (a = 0.05) using the Sig-
maPlot 12.0 program (Systat Software Inc., San Jose,
California, USA).

Results

The two-way analysis of variance demonstrated that
there was no statistically significant interaction between
the factors studied (p=0.906). The “region” factor was
also not statistically significant (p=0.054). However, the
“adhesive” factor demonstrated differences between the
groups analyzed (p=0.003).

Table 1 shows the mean values and standard deviation
of bond strength between resin cement and root dentin
in different regions when different adhesives were used.
Analysis of the results demonstrated that the use of Scot-
chBond adhesive led to higher bond strength values be-
tween resin cement and root dentin.
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Table 1: Mean and standard deviation (MPa) of the bond strength values.

Adhesivo Apical Medium Cervical Medium
Clearfil 16,0 (13,1) 23,6 (12,4) 29,9 (23,9) 23,6 (17,6) b
ScotchBond 30,2 (12,7) 33,5 (10,3) 42,3 (15,8) 353 (13,7)a

Source: Own authorship

Figures 1 and 2 show the failure pattern when different
adhesives were used to bond the fiber post, cement and
root dentin.

adhesive materials, handling and activation method
are some of the variables that impact the cementation
process. Cited other complications (3,5). These studies

0 2 4 6 8 10 12
Adesiva M Mista B Coesiva
Fig. 1: Failure pattern of samples with Clearfil adhesive.
Source: Own authorship.
0 2 4 6 8 10 12

Adesiva B Mista M Coesiva

Fig. 2: Failure pattern of samples with ScotchBond adhesive.

Source: Own authorship

Discussion

Stated that the loss of retention of fiber posts is one of
the main causes of treatment failures (7). This can be
explained by the difficulty in obtaining stable adhesion
in intraradicular dentin compared to coronal dentin.
The endodontic technique, intraradicular preparation,
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developed the detrimental relationship between sodium
hypochlorite and EDTA solutions with the adhesive ca-
pacity of the materials. In 2018, found that irrigating
solutions affected adhesives applied in self-etching
mode more than conventional adhesives (25). In the
present study, it is highlighted that all samples used the
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same endodontic technique protocol, although we used
such solutions.

Observed that the longer the time interval between root
canal obturation and post cementation (9,14), the worse
the adhesion becomes, regardless of the portion of the
canal. The authors also observed that cements contai-
ning eugenol impaired adhesion by themselves, as did
(1,18). In the present study, we performed intraradicular
preparation and installation of the fiberglass post imme-
diately after obturation; however, we used a cement that
contains eugenol in its formulation. Zinc oxide and eu-
genol-based cements are popular in the market due to
their antimicrobial activity, low cost, ease of handling,
high radiopacity, and long setting time (26-30). In their
work (11) observed that intracanal medication, used be-
tween endodontic treatment sessions, such as calcium
hydroxide, interferes with adhesion.

Found no differences between the thirds of the root ca-
nal when examining adhesive strength (6). The current
study also found no differences. However, these results
diverge from those of (10), who observed that light trans-
mission through glass fiber posts decreased as depth in-
creased and that polymerization of the resin cement de-
creased significantly beyond a depth of 5 mm. Irradiance
along the post decreased exponentially, which led to in-
sufficient polymerization of the dual-cure resin cement
around these posts in the most apical region. As well
as the study (24), who found lower push-out values in
the apical region, regardless of the protocol used. While
(21) observed that a 5S-minute delay for photoactivation
significantly increased the bond strength of all cements
evaluated, highlighted that the type of resin cement will
have a greater impact on the result (28), since self-adhe-
sive cement presents higher bond strength values in the
cementation of fiberglass posts in deeper areas.
Compared conventional and self-etching adhesives for
cementing fiberglass posts associated with a dual resin
cement (12). They observed that conventional systems
produced the best formation of the hybrid layer, with
results comparable to those of (7). These results are in
line with the current study, which observed greater bond
strength between resin cement and root dentin when
using ScotchBond adhesive in conjunction with RelyX
ARC, but differ from the results of who demonstrated
that a self-etching adhesive resulted in a higher average
bond strength value compared to the conventional adhe-
sive system (2) and who did not observe superiority of
one of the materials (24).

RelyX ARC (conventional) and RelyX U200 (self-ad-
hesive) cement in their research and observed that Re-
lyX ARC obtained higher polymerization shrinkage and
degree of conversion values and that these values were
higher in the cervical third compared to the apical third
(23). Observed that the association of RelyX ARC ce-
ment presented greater bond strength when associated
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with the conventional adhesive technique (29). This is a
possible justification for the results of the present study,
which also obtained higher values when the conventio-
nal adhesive was used.

Not using phosphoric acid inside the root canal has ad-
vantages, but the durability of the bond needs to be pro-
ven by long-term clinical studies (16). Therefore, the use
of fiber posts is an alternative to metal posts in the resto-
ration of endodontically treated teeth. It is worth highli-
ghting the need for long-term clinical trials to reinforce
this statement.

Carried out a study with the objective of evaluating
the immediate and long-term bond strength through
the push-out test of fiberglass posts cemented with two
types of double-activation resin cements, conventional
and self-adhesive in the three root thirds (cervical, mi-
ddle, apical) (13). The posts (Reforpost No. 3, Angelus)
were cleaned with 37% phosphoric acid (30 s) and silane
(1 min). Thirty single-rooted roots were divided into two
groups (n = 15) according to the type of resin cement:
ARC dual cement (RelyX ARC - 3M ESPE) associated
with the conventional three-step adhesive system (Adper
ScotchBond Multipurpose Plus - 3M ESPE) or self-ad-
hesive cement (RelyX U200 - 3M ESPE). Cementation
was performed according to the manufacturer’s instruc-
tions. After 48 hours, the roots were sectioned transver-
sely into different thirds, obtaining cervical, middle and
apical root slices, and randomly divided into two groups,
according to the water storage period (48 hours or 180
days) for the push-out test. The analysis of the results
did not demonstrate significant interactions between the
three factors analyzed: type of cement X time X root
thirds (p=0.716). Regarding the fracture mode, there
was a higher prevalence of adhesive fractures between
cement and dentin, except for the RelyX ARC group,
tested in the first 48 hours, in the cervical third, which
presented predominantly adhesive fractures, between
the post and the cement (55%). In the RelyX U200 ce-
ment, in the samples stored for 180 days, in the midd-
le and apical third, cohesive fractures prevailed 40 and
45%, respectively. Therefore, the type of cement, water
storage and depth did not influence the bond strength
of glass fiber posts to root dentin. Evaluated the degree
of conversion (GC) and adhesion of resin cements to
glass fiber posts in different regions of the root canal.
Single-rooted teeth were sectioned at the cementoena-
mel junction (CEJ), endodontically treated and prepared
to a depth of 8 mm for fixation of glass fiber posts (Re-
lyX Fiber Post, 3M ESPE) and randomly divided into
two groups according to the resin cement: cements with
methacrylate and phosphate acid monomers Group ML
(Multilink Automix, Ivoclar Vivadent) and Group RXU
(RelyX Unicem 2 Automix, 3M ESPE). The roots were
sectioned into 2-mm-thick slices (n=3 per root), respec-
tively, at 1, 3 and 5 mm apically to the CEJ. The GC
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was evaluated by Micro-Raman Spectroscopy, the bond
strength by push-out and the fracture mode by optical
microscopy. Regardless of the type of cement, the mean
bond strength results (MPa) were significantly higher in
the coronal slices than in the apical ones (p=0.002). The
type of cement and the depth of the root canal affec-
ted the degree of conversion, however the interaction of
the factors was not significant. The GC was higher for
Multilink Automix than for RelyX Unicem 2 Automix. The
RXU group presented a greater number of adhesive frac-
tures between cement and dentin, while in the MX group
the highest incidence of adhesive fractures was between
the pin-cement. Considering the push out, GC and fracture
mode tests, cements with methacrylate and phosphate acid
monomers should be preferred for cementing glass fiber
posts when compared to cements that require acid etching.
In the present study, we did not observe a statistically signi-
ficant difference between the results of bond strength of the
coronal and apical slices. However, the adhesives studied
showed differences between the groups analyzed.

Clinical studies can provide valuable information, but it
is important to consider the importance and impact of la-
boratory studies in scientific research. Work carried out
in laboratories is essential for the creation of hypotheses
and the creation of new methods.

Conclusions

It was concluded that greater bond strength between re-
sin cement and root dentin was obtained when Scotch-
Bond adhesive was used and there were no differences
in RU in the different root portions.
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