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Relined fiberglass post: an ex vivo
study of the resin cement thickness and
dentin-resin interface

Abstract: The aim of this study was to evaluate the thickness of
resin cements in the root thirds when using conventional fiberglass
posts (CP) and relined fiberglass posts (RP) in weakened roots and to
evaluate the morphological characteristics of the dentin-resin interface.
Forty human maxillary anterior teeth had the crown sectioned below
the cemento-enamel junction. The canals were endodontically treated
and weakened with diamond burs. Teeth were divided into four
groups (n =10): Group 1 - CP + RelyX ARC; Group 2 - CP + RelyX U200;
Group 3 - RP + RelyX ARC; and Group 4 - RP + RelyX U200. Prior to
luting, 0.1% Fluorescein and 0.1% Rhodamine B dyes were added to an
adhesive and resin cement, respectively. Slices were obtained from the
apical, middle, and cervical thirds of the root. Confocal laser scanning
microscopy images were recorded in four areas (buccal, lingual,
mesial, distal) of each third. In each area, four equidistant measures
of the resin cement were made and the mean value was calculated.
The interface morphology was observed. The data were submitted
to three-way ANOVA and Tukey’s test (o = 0.05). The interaction
between fiberglass posts, resin cement, and root thirds was significant
(p < 0.0001). The resin cement thicknesses were significantly lower for
RP in comparison with CP, except in the apical third. There was no
significant difference between the resin cements for RP. There was
formation of resin cement tags and adhesive tags along the root for RP.
RP favored the formation of thin and uniform resin cement films and
resin tags in weakened roots.

Keywords: Cementation; Resin Cements; Tooth Root.

Introduction

The use of fiberglass posts for the restoration of endodontically treated
teeth is now widespread. There are many advantages to using fiberglass
posts compared to metal posts, especially the lower concentration of
tensions at the root, which reduces the risk of root fracture.? However,
adhesion loss is a common failure reported with fiberglass posts, and it
usually occurs along the adhesive interface between the root dentin and
resin cement.>*

The adhesion to root dentin is hampered by poor visibility, anatomical
features, and a high cavity configuration factor.’ Fiberglass post
retention is influenced by several factors, such as the type and
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shape of the post, the cement, contamination with
other chemicals,® the instrumentation techniques
and irrigant solutions,” and the thickness of the
resin cement.® There is evidence in the literature
regarding the effect of the resin cement thickness
on the polymerization shrinkage stress.” A higher
polymerization shrinkage occurring in the resin
cement layer can result in increased stress on the
dentin-fiberglass post interface, contributing to
the formation of structural discontinuities, such
as bubbles, cracks, or spaces, and leading to a
decreased retention of the fiberglass post.

Fiberglass posts are not always perfectly adapted to
the root canals. Thus, one of the techniques proposed
for the treatment of large canals is to use a fiberglass
post relined with composite resin.!* The relined
fiberglass post allows for a good adaptation in the root
canal, enabling the formation of a thin and uniform
layer of resin cement and providing a favorable
frictional retention.?

Among the factors that determine the degree of
post retention, the selection of the luting agent has
been widely studied, and resin cements have shown
positive results with respect to their mechanical
properties and adhesive capacities’>’® and are the
preferred material to lute the posts.* The self-adhesive
resin cements RelyX U100 and RelyX U200 have been
shown to have greater bond strength values to root
dentin compared with other materials.'>® They are
also less technique-sensitive to luting procedures when
compared with regular resin cements.” However,
resin cements that require an adhesive system are
another possibility for luting fiberglass posts.’®

Considering the relevance of the resin cement
thickness and the type of resin cement on fiberglass
post retention, the aim of this study was to evaluate
the thickness of resin cements in the different root
thirds when using relined fiberglass posts (RP) and
conventional fiberglass posts (CP) in weakened
roots. We also aimed to evaluate the morphological
characteristics of the dentin-resin interface through
confocal laser scanning microscopy (CLSM). This
study was conducted under the null hypothesis that
there is no difference in the resin cement thickness
among the following variables: a) relined fiberglass
posts (RP) and conventional fiberglass posts (CP);
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b) self-adhesive resin cement and conventional resin
cement; and c) cervical, medium, and apical thirds
of the root.

Methodology

Forty human maxillary anterior teeth were obtained
from adult patients after approval from the Ethics
Committee of the Pontificia Universidade Catolica do Rio
Grande do Sul (CAAE 30904114.4.0000.5336). The roots
had similar length and similar shape and no curvature
in the apical third. After disinfection with 0.5%
chloramine for 48 h, the crowns were removed with a
diamond disc (Extec Corp., London, UK) and mounted
in a low speed laboratory cutting machine (Labcut
1010, Extec Corp., London, UK) under cooling. The
length of the roots was standardized to 15 mm long.

A step-back preparation technique was used
for the endodontic treatment. The teeth were
instrumented at a working length of 1 mm from the
apex to a #55 master apical file (Dentsply/Maillefer,
Ballaiques, Switzerland). A step-back technique was
performed with stainless-steel K-files #60 to #80
(Dentsply/Maillefer, Ballaiques, Switzerland) and
Gates Gliden drills #4 to #5 (Dentsply/Maillefer,
Ballaiques, Switzerland). All enlargement procedures
were followed by irrigation with a 2.5% sodium
hypochlorite solution (CSM Chemical Products,
Chapeco, Brazil). The prepared root canals were
filled with gutta-percha cones (Dentsply, Petrépolis,
Brazil) using the lateral condensation technique
and Sealer-26 resin sealer (Dentsply, Petrépolis, R],
Brazil). After the endodontic treatment, the roots were
stored in 100% relative humidity at 37°C for 48 h. An
endodontist performed the endodontic procedures.

To obtain standardized weakened canals,
the coronal gutta-percha was removed with a heated
Rhein instrument (Golgran, Sao Paulo, Brazil) until it
reached a length of 10 mm. The canals were enlarged to
alength of 10 mm, which was controlled with silicone
stops using a Largo drill #5 (Dentsply/Maillefer,
Ballaiques, Switzerland) and high-speed diamond
burs #4138 and #4137 (KG Sorensen, Sao Paulo, Brazil)
with water irrigation.® The roots were embedded in
a metallic split cylinder with self-cured acrylic resin
(Jet Classico, Sao Paulo, Brazil) for stabilization during
the luting procedure.
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The roots were randomly divided into four groups
(n=10) according to the fiberglass post and resin cement:
Group 1 (CP ARC) - conventional fiberglass posts no.3 -
Reforpost (Angelus, Londrina, PR, Brazil) + RelyX ARC
(3M, St. Paul, USA); Group 2 (CP U200) - conventional
fiberglass post + RelyX U200 (3M, St. Paul, MN, USA);
Group 3 (RP ARC) - relined fiberglass post + RelyX
ARGC; and Group 4 (RP U200) - relined fiberglass
post + RelyX U200.

All fiberglass posts were etched with 37%
phosphoric acid for 15 s, followed by silane application
(Angelus, Londrina, Brazil). For groups 3 and 4,
the bond adhesive Scotchbond Multi-Purpose
(3M, St. Paul, USA) was applied and light cured for
20 s with a light-emitting-diode curing unit (Radii
Cal, SDI, Bayswater, Australia) with light intensity
of 1.000 mW/cm?. The posts were then covered with
composite resin Z350 (3M, St. Paul, USA) and inserted
into root canals that were previously lubricated with
hydrosoluble gel (K-Y gel, Johnson & Johnson, Sao José
dos Campos, Brazil), light cured for 20 s, removed
from the canal, and light cured again for 20 s. The
luting procedures are described in Table 1.

For the CLSM analysis, 0.1% fluorescein was
incorporated into each bottle of Scotchbond Multi-
Purpose Plus adhesive system (Activator, Primer and
Catalyst) (40 mg/mL). The dye was mixed directly
into the supplied bottle using a mixing device (Vortex

Table 1. Bonding procedures applied in the experimental groups.

Groups Dentin pre-treatment

The canal walls were etched with 35% phosphoric
acid for 15 s, rinsed for 15 s, and gently air-dried.
Excess water was removed from the canal with
absorbent paper points. The Scotchbond Multipurpose

GT - CPARC Plus Activator was applied into the root canal with a
microbrush of compatible size and air-dried for 5 s.
Afterward, the Scotchbond Multipurpose Plus Primer,

followed by Catalyst, were applied and air-dried.

G2 _ CP U200 The root canal was rinsed v‘vifh water. Excess wofer‘ was
removed from the canal with absorbent paper points.

G3 - RP ARC The same as described for G1.

G4 - RP U200 The same as described for G2.

Machine, Scientific Industries, New York, USA) for
2 h to completely dissolve the dye. 0.1% Rhodamine B
was added to the base resin cement paste and mixed
to obtain a paste of uniform shade (0.32 mg/mL)."”
After luting and storage in water at 37°C for 24 h,
1 mm-thick slices were cut from the apical, middle,
and cervical thirds of the root using a diamond disc
mounted in a low speed laboratory cutting machine
under cooling. The cervical third was obtained 1 mm
below the CE]J, the middle third was obtained 4 mm
below the CE], and the apical third was obtained 8 mm
below the CE]. The CLSM images (LSM 5, Zeiss, Jena,
Germany) were obtained in dual fluorescence mode
using a 20X objective to measure the resin cement
thickness and a 63X objective to observe the resin
tags. An argon laser at 488 nm and He-Ne laser at
543 nm provided excitation energies. The sizes of the
recorded images were 187 x 187 pm? with a resolution
of 1024 x 1024 pixels.

The images were recorded in four areas (buccal,
lingual, mesial, and distal) of each third (apical,
middle, cervical) at 20x and analyzed using Image
J software S 1.35 (NIH, Bethesda, EUA). The spatial
calibration tool was employed to calibrate the program.
The measure of the resin cement thickness was made
in the four areas (buccal, lingual, mesial, and distal)
of each third. In each area, four equidistant measures
of the resin cement were made and the mean value

Luting agent application

The dual-cured resin cement RelyX ARC was mixed and
inserted inside the root canal with a syringe (Centrix,
DFL, Rio de Janeiro, Brazil). The fiberglass post was
inserted into the root canal with light pressure. The

excess luting material was removed and light cured for
40 s on the occlusal surface with a Radii Cal curing

light (SDI, Bayswater, Vic, Australia).

The mixing tip with endo tip was attached on Rely U200
Automix syringe. Application of RelyX U200 Automix
cement directly into the root canal. The fiberglass
post was inserted, excess cement was removed, and
the remaining cement cured for 40 s on the occlusal
surface with a Radii curing light.

The same as described for G1.

The same as described for G2.

CP: conventional fiberglass post; ARC: RelyX ARC; U200: RelyX U200; RP: relined fiberglass post.
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was calculated. The measure was performed from
the RP toward the dentin.

Statistical analysis was performed by applying
a three-way analysis of variance (fiberglass posts,
resin cements, root thirds) followed by the Tukey
post-hoc test at a 95% confidence level.

Results

The interaction between fiberglass posts, resin
cement, and root thirds was significant (p < 0.0001).
The resin cement thickness means (um) obtained in
the four groups are shown in Table 2.

The resin cement thickness decreased from
the apical third to the cervical third when RP was
used, regardless of the resin cement (Figures 1A-C).
Conversely, the resin cement thickness decreased
from the cervical third to the apical third when CP
was used (Figures 2A-C). There was a significant
difference between the thirds for both fiberglass
posts, regardless of the resin cement (p < 0.05).

The resin cement thickness between RP and CP
was significantly different in the cervical and middle
thirds, with the thickness being significantly smaller
with the use of RP (p < 0.05). However, there was no
significant difference in the apical third, regardless of
the resin cement evaluated (p > 0.05). For the RF, there
was no significant difference between the resin cement
thicknesses at all thirds (p > 0.05). A good adaptation
of the RP was evident on all images analyzed, and the
formation of resin cement tags and adhesive tags in
the cervical, middle, and apical thirds was observed
when luted with RelyX ARC (Figure 3A). When the RP
was luted with RelyX U200, resin cement tags in the
cervical and middle thirds were evident (Figure 3B).
For the CP, the thicker resin cement was observed

in the cervical third when luted with RelyX U200,
with complete absence of resin cement penetration
in the dentinal tubules. However, evaluating the
resin cements in the same root third, there was no
significant difference between RelyX U200 and RelyX
ARC in the middle and apical thirds (p > 0.05), with a
significant difference between the resin cements only
occurring for the CP in the cervical third (p < 0.05).
Comparing the images, more bubbles inside the resin
cements were observed for the CP.

Discussion

This study evaluated the thickness of the resin
cements RelyX U200 and RelyX ARC in the cervical,
middle, and apical thirds when RP and CP were luted
in weakened roots. The thickness of the resin cements
was significantly lower in the RP groups than in the
CP groups in the cervical and middle thirds of the
canal, which rejects the first null hypothesis. This
finding was expected because the RP adapts better to
the canal compared to the CP once there is less space
for the resin cement film. A similar result was found
in another study.® However, there was no difference in
the resin cement thickness between RP and CP in the
apical third of the root. This finding suggests that the
apical third is not molded by the RP as efficiently as
in the cervical and middle thirds, or that the diameter
of the fiberglass post is sufficient to adapt to the apical
third because this region has less available space.

The methodology used in the present study to obtain
weakened root canals has the advantage of being simple,
and it allows the standardization of the procedure in
all roots. However, this in vitro simulation does not
represent the real clinical situation of weakened roots
due to caries and excessive instrumentation. In weakened

Table 2. Resin cement thickness means (um) and standard-deviations at cervical, middle and apical thirds using relined fiberglass
posts (RP) or conventional fiberglass posts (CP) luted with RelyX U200 (U200) or RelyX ARC (ARC).

RP U200
Thirds n=10 n=10
Cervical 49.85+9.00¢
Middle 85.36 £ 5.00%
Apical 125.09 £10.00%

CP U200

484.51 £ 30.00%
320.82 £22.00%
129.81 £17.004

RP ARC CP ARC
n=10 n=10
40.58 £ 5.00¢ 401.61 £28.00°%
83.42 £ 5.00% 303.40 £ 15.00 #

129.65 £ 9.00% 127.34 £11.004

*Means followed by different capital letters in lines and by different lowercase letters in columns present significant differences according Tukey’s

test (a0 = 0.05).
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roots, a misfit of the pre-fabricated fiberglass post
to the root canal walls can be observed. This misfit
happens even using the highest caliber fiberglass post,
generating lines of thick cement as observed in this
study. The evaluation of the root thirds when using CP
showed the greatest thickness in the cervical and middle
thirds, regardless of the resin cement. In addition, more
bubbles were observed in both resin cements for CP
in comparison with RP. According to Grandini et al."’
a thicker resin cement layer predisposes to blistering,
which represents areas of weakness within the material,
damaging the bond strength.

The effect of the resin cement thickness on the
bond strength of the fiberglass post to the root canal

Apical third

Middle third

was studied by D’Arcangelo et al.*® They found that
when the resin cement thickness was too thick, the
bond strength was significantly reduced. Similar
studies®*? have reported that the resin cement
thickness significantly affects the adhesion because
an overly thick layer of resin cement is related to
greater frequency of adhesion loss between the
fiberglass post and the root canal. In addition, the
stress of polymerization developed in a thin layer
is lower in comparison with a thicker layer.” Several
studies have recommended using a thin layer of
resin cement to increase the bond strength due to a
better micromechanical retention,®??2 which can be
obtained with RP as shown in this study.

Cervical third

Figure 1. CLSM images (20x) of the interface between relined fiberglass post and root dentin using RelyX ARC (1A, 1B, 1C). Green
color: Adper Scotchbond Multi-Purpose Plus Adhesive (activator, primer and catalyst). Red color: resin cement RelyX ARC. The resin
cement thickness decreases from the apical third to the cervical third. De: Dentin; RP: Relined fiberglass post.

Cervical third Middle third

Apical third

Figure 2. CLSM images (20x) of the interface between conventional fiberglass post and root dentin using RelyX U200 (2A, 2B, 2C).
Red color: resin cement RelyX U200. The resin cement thickness decreases from the cervical third to the apical third. De: Dentin;
CP: Conventional fiberglass post. Bubbles into the resin cements are identified by the arrows.
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Middle third =

Middle third

Figure 3. CLSM images (63x) of the interface between the relined fiberglass post and root dentin using RelyX ARC (3A) and RelyX
U200 (3B). Green color: Adper Scotchbond Multi-Purpose Plus Adhesive (activator, primer and catalyst). Red color: resin cement.
RP: relined fiberglass post; De: dentin. (3A) The presence of tags from both the adhesive system and the resin cement (arrows) are
observed. (3B) The image demonstrates the penetration of the RelyX U200 resin cement into the dentinal tubules forming resin

tags (arrow).

Most studies have used SEM to evaluate the hybrid
layer and the surrounding structures.?** However,
technical artifacts can occur during the specimen
preparation.”*” CLSM is a method that allows samples
to be studied without vacuum in a humid environment.
Previous study revealed comparable results convening
hybrid layer thickness and penetration into dentinal
tubules for SEM and CLSM analyses.” CLSM allows
for visualizing different components through the use
of dyes. In the present study, two dyes, Rhodamine B
and Fluorescein, were used because they have different
characteristics.”** Rhodamine B is a molecule added
to the resin cement, and Fluorescein is added to the
adhesive system components (activator, primer, and
catalyst).** The same proportion (0.1%) was used for both
dyes. Bitter et al.*! showed that Fluorescein inserted
into the adhesive showed up without diffusing into the
red caused by Rhodamine B in resin cements, marking
a clear distinction between the dyes. The effect of
the dyes on the polymerization of the materials was
studied by D’Alpino et al.*> Although fluorescent dyes
have the potential to reduce the monomer conversion
and the bond strength of the materials to the substrate,
the concentration of 0.1%, as was used in the present
study, do not influence the polymerization.*

The Scotchbond Multipurpose Plus adhesive
system was applied before the luting with RelyX ARC.
The technique consists of etching the root canal with
37% phosphoric acid, followed by application of the

6 Braz. Oral Res. 2016;30(1):e77

activator, primer, and catalyst to make the adhesive a
dual material, allowing for self-cure polymerization
in regions not irradiated by the LED unit." Because
there are several operative steps for using this adhesive
system, there is a greater technical sensitivity. To
facilitate the luting procedure, manufacturers have
developed self-adhesive resin cements, which do not
require the prior application of an adhesive system.

The null hypothesis that conventional resin
cements and self-adhesive resin cements do not
influence the thickness of the resin cement was
partially rejected. The thickness of RelyX U200 was
higher than RelyX ARC only for CP in the cervical
third. The cervical third is the largest region of
the root canal to be filled by the resin cement. It is
possible that the resin cement RelyX U200, which
has a higher viscosity than RelyX ARC, could more
adequately fill the cervical third, providing a greater
thickness of resin cement. In the RP groups, there
was no significant difference in the three thirds for
the two resin cements. The RP adapts to the root
canal and exerts pressure on the resin cement against
the canal walls, favoring the penetration of the resin
cements into the substrate. Although there was no
significant difference for the thickness of the resin
cements in most root thirds analyzed, a trend for
lower values for RelyX ARC was observed, except
for the apical third for RP. This finding is probably
related to the adhesive system that is applied, which
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forms a film thickness that decreases the space to
be filled by the resin cement RelyX ARC.

The third null hypothesis was rejected because
there was a significant difference between the thirds
of the root canal for both fiberglass posts. For RP, the
resin cement thickness decreased from apical third to
the cervical third, and the opposite occurred for CP.
This finding suggests that the RP has better ability to
mold the root canal in the cervical third compared
to the middle and apical thirds.

One of the most interesting findings of this study
was that resin cement tags were observed in the
cervical and middle thirds when RP was luted with
RelyX U200. Due to the thixotropic behavior of
RelyX U200, the application of pressure decreases its
viscosity and improves its adaptation to the cavity
walls,*® allowing resin tag formation. In addition,
this improved adaptation can decrease air bubbles
inside the resin cement and optimize the physical
interactions with the dental substrate through Van der
Waals forces, hydrogen bonds, and charge transfers.*
This favors the micromechanical retention within the
dentinal tubules by the resin cement tags. For RelyX
ARGC, the penetration of both the adhesive and the
resin cement into the dentinal tubules for RP was
observed forming adhesive tags and resin cement
tags. Because polymerization takes place only when
the resin cement comes in contact with the adhesive
inside the canal, the luting pressure generated by the
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