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Clinical Relevance

Under mechanical stresses, the luting length is important for the retention of relined
fiberglass posts luted to weakened roots with conventional or self-adhesive resin cements.

SUMMARY

This study evaluated the effects of luting
length of the post, the resin cement, and cyclic
loading on pull-out bond strength of fiberglass
posts relined with composite resin in weak-
ened roots. The canals of 80 bovine incisors

were endodontically treated and weakened
with diamond burs. The teeth were randomly
divided into eight groups (n=10) according to
the luting procedures of the relined fiberglass
post (RFP): In groups 1, 2, 3, and 4, the RFPs
were luted with RelyX ARC, and in groups 5, 6,
7, and 8 they were luted with RelyX U200. In
groups 1, 3, 5, and 7, the RFPs were luted at a
length of 5 mm, and in groups 2, 4, 6, and 8 they
were luted at a length of 10 mm. Specimens
from groups 3, 4, 7, and 8 were submitted to
cyclic loading. Specimens were subjected to a
pull-out bond strength test in a universal
testing machine. The results (MPa) were ana-
lyzed by three-way analysis of variance and
the Tukey post hoc test (a=0.05). Six human
upper anterior teeth were used to analyze the
bond interface by confocal laser scanning
microscopy (CLSM). The pull-out bond
strength of RFPs luted with RelyX U200 was
statistically higher than that of RelyX ARC.
Cyclic loading influenced the bond strength
only for the luting length of 5 mm. CLSM
analysis revealed the formation of resin ce-
ment tags for both materials. Luting length is
an important factor in retaining RFPs in
weakened roots when they are subjected to
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cyclic loading, and RelyX U200 resulted in
greater bond strengths to the root canal in
comparison with RelyX ARC.

INTRODUCTION

Fiberglass posts have a modulus of elasticity close to
that of the remaining tooth structure and distribute
the stress more evenly over the tooth in comparison
with conventional cast post-core systems, thus
reducing the risk of root fractures.1,2 Prefabricated
fiberglass posts do not always adapt perfectly to the
root canals, and with compromised frictional reten-
tion, the cement is the only thing responsible for
retention. Debonding of the post is the main reason
for the failure of teeth that are restored with
fiberglass posts.3,4 Thus, one of the techniques
proposed is to use fiberglass posts relined with
composite resin, especially for the treatment of large
root canals.5

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.6,7 Among the
many resins that are available, 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.8,9 How-
ever, many dentists still use resin cements requiring
an adhesive system.

Another factor that may influence the retention of
fiberglass posts is the length at which they are luted.
Adhesion to the root canal walls is more difficult in
the apical third as a result of the difficulty involved
in controlling moisture and the ability to effectively
cure the adhesive/resin cement.10,11 As a solution to
this problem, luting posts at shorter lengths into the
canal has been proposed to eliminate the problem of
polymerization at the apical region.12 A recent
study13 has shown promising data for fiberglass
posts luted with resin cements up to 5 mm deep into
the canal. However, little is known about the
performance of relined fiberglass posts luted with
different resin cements in different lengths of luting
after mechanical cycling, justifying additional stud-
ies to evaluate these issues.

Therefore, the aim of the study was to evaluate the
pull-out bond strength between relined fiberglass
posts and root dentin using two different luting
lengths and two different resin cements with and
without cyclic loading. The dentin-resin interface
was also assessed by confocal laser scanning micros-

copy (CLSM). This study was conducted using the
following null hypotheses: 1) the luting length, 2) the
resin cement, and 3) and the cyclic loading do not
influence the pull-out bond strength between the
relined fiberglass post and weakened root dentin.

METHODS AND MATERIALS

Eighty permanent bovine incisors, extracted at the
age of two years, with similar root sizes and lengths
were selected. The teeth were cleaned of gross debris
and stored in distilled water at 48C. The water was
changed every week, and the teeth were used within
three months. The crowns of the bovine incisors were
removed below the cemento-enamel junction with a
low-speed diamond disc, and the roots were trimmed
to a length of 16 mm. 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. A
step-back technique was performed with stainless-
steel K-files #60 to #80 and Gates Gliden drills #4 to
#5. All enlargement procedures were followed by
irrigation with a 2.5% sodium hypochlorite solution.
The prepared root canals were filled with gutta-
percha cones using the lateral condensation tech-
nique and Sealer-26 resin sealer (Dentsply, Petróp-
olis, RJ, Brazil). After the endodontic treatment, the
roots were stored at 100% relative humidity at 378C
for 48 hours, and the teeth were randomly divided in
eight groups (n=10) (Figure 1).

The gutta-percha was removed with a heated
Rhein instrument until it reached the set length of
5 mm (groups 1, 3, 5, and 7) or 10 mm (groups 2, 4, 6,
and 8). To obtain standardized weakened canals,
they were enlarged using a Largo drill #5 and high-
speed conical diamond burs #4138 (larger and
smaller diameter of 1.8 mm and 1.2 mm, respective-
ly) and #4137 (larger and smaller diameter of 2.5 mm
and 1.8 mm, respectively) (KG Sorensen, São Paulo,
SP, Brazil) with water irrigation to a predetermined
length (5 or 10 mm) that was controlled with silicone
stops. The roots were embedded in a metallic
cylinder with self-cured acrylic resin.

The fiberglass posts n.3 (Reforpost; Angelus,
Londrina, Brazil) were etched with 37% phosphoric
acid for 15 seconds, followed by silane application
(Angelus, Londrina, PR, Brazil). A layer of the bond
adhesive Scotchbond Multi-Purpose (3M ESPE, St
Paul, MN, USA) was applied and light-cured for 20
seconds. The posts were then covered with composite
resin Z350 (3M ESPE, St Paul, MN, USA) and
inserted into the root canals that were previously
lubricated with hydrosoluble gel (K-Y gel, Johnson &
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Johnson, São José dos Campos, SP, Brazil), light-
cured for 20 seconds with the curing unit Radii Cal
(SDI, Australia) with light intensity of 1000 mW/
cm2, removed from the canal, and light-cured again
for 20 seconds. The canals were rinsed for 30 seconds
to remove the hydrosoluble gel, followed by drying
with absorbing paper points. The resin cements used
in the present study and the luting procedures are
described in Table 1. In groups 1, 2, 3, and 4, the
relined fiberglass posts were luted with RelyX ARC,
and in groups 5, 6, 7, and 8 they were luted with
RelyX U200. In each relined post, a small notch was
made in the composite resin of the coronal portion
with a diamond bur to adapt the plunger of the
mechanical cycling machine to the specimen.

The same luting procedures were performed for
the two luting lengths, and the samples were stored
at 100% relative humidity at 378C for 24 hours.
Specimens from groups 3, 4, 7, and 8 were first
submitted to cyclic loading of 50 N at 458 using
1,000,000 cycles at 1 Hz in distilled water,14 followed
by the pull-out test. Specimens from groups 1, 2, 5,
and 6 were subjected only to the pull-out test.

The pull-out test was performed at a cross-head
speed of 0.5 mm/min using a universal testing
machine (EMIC, São José dos Campos, PR, Brazil)
with a 500-N cell load. The force required to dislodge
each relined post was recorded in Kgf and converted
to MPa using the following calculation:

A ¼ pðRþ rÞ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
h2 þ ðRþ rÞ2

q

where A denotes area, R indicates the larger radius
of diamond bur 4137, r indicates the smaller radius
of diamond bur #4137, and h indicates height.

Statistical analysis was performed by applying a
three-way analysis of variance followed by the Tukey
post hoc test at a 95% confidence level.

For the CLSM analysis, six human maxillary
anterior single-rooted teeth were obtained after
approval was obtained from the ethics committee
(30904114.4.0000.5336). After disinfection with 0.5%
chloramine for 48 hours, the crowns were removed
with a diamond disc, and the length of the roots was
standardized to 15 mm long. The endodontic treat-
ment, the weakening of the roots at the 10-mm
length, and the method for relining the fiberglass
post were the same as those described for bovine
teeth. Luting with RelyX ARC and RelyX U200 was
performed in three teeth for each of the resin
cements, as described in Table 1. Fluorescein
isothiocyanate–dextran (Sigma Aldrich, St Louis,
MO, USA) was incorporated into each bottle of Adper
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 Machine, Scientific Indus-
tries, New York, NY, USA) for two hours to
completely dissolve the dye. Rhodamine B (Sigma)
was added to the base resin cement paste and mixed
to obtain a paste of uniform shade (0.32 mg/mg).15

After luting and storage in water at 378C for 24
hours, 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 (Labcut 1010, Extec Corp, London,
UK) under cooling. The sections were stored in dark
containers and then observed under the CLSM. The
CLSM images (LSM 5, Zeiss, Jena, Germany) were
obtained in dual fluorescence mode using 203, 403,
and 633 objectives. An argon laser at 488 nm and
He-Ne laser at 543 nm provided excitation energies.
The sizes of the recorded images were 187 3 187 lm2

with a resolution of 1024 3 1024 pixels.

RESULTS

Analysis of variance showed that the resin cement
(p=0.0001) and cyclic loading (p=0.0001) had a

Figure 1. Schematic diagram of the
experimental groups and the sample
size according to the resin cement,
cyclic fatigue loading, and luting
length.
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significant effect on the pull-out bond strength, while
the luting length was not significant (p=0.328). The
interaction between cyclic loading and luting length
was significant (p=0.0001). However, the interaction
between resin cement and cyclic loading (p=0.123),
the interaction between the resin cement and luting
length (p=0.301), and the interaction among all
three factors (p=0.225) were not significant. Com-
parisons using the Tukey test are shown in Tables 2
and 3. The mean pull-out bond strength for RelyX
U200 (6.47 MPa) was significantly greater than that
of RelyX ARC (5.51 MPa) (p,0.05). For a luting

length of 5 mm, the pull-out bond strength of the
specimens without cyclic loading (6.98 MPa) was
statistically superior to that of the specimens with
cyclic loading (4.78 MPa) (p,0.05). For a length of 10
mm, there was no significant difference between the
specimens without (6.17 MPa) and with (6.03 MPa)
cyclic loading.

In the CLSM images, the formation of adhesive
tags and resin cement tags for RelyX ARC (Figure 2)
was observed, and resin cement tags for RelyX U200
(Figure 3) were visible. The resin cement tags in both
were visible in the cervical and middle thirds of the

Table 1: Chemical Composition and Bonding Procedures for the Luting Resin Cements Investigated in the Present Study

Resin Cement/
Manufacturer

Composition Adhesive
Strategy Curing

Dentin Pretreatment Luting Agent
Application

RelyX ARC/3M ESPE,
St Paul, MN, USA

Paste A: Bis-GMA,
TEGDMA, zirconia
silica, pigments,
amines and
photoinitiator system;
Paste B: Bis-GMA,
TEGDMA, zirconia
silica, benzoyl peroxide

Conventional dual-cure
resin cement

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 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.

The dual-cured resin
cement RelyX ARC
was mixed and placed
over the relined post,
which 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 curing light.

RelyX U200/3M ESPE,
St Paul, MN, USA

Base paste: glass
powder treated with
silane, 2-propenoic
acid, 2-methyl 1,10-(1-
[hydroxymetil]-1,2-
ethanodlyl) ester
dimethacrylate,
TEGDMA, silica-treated
silane, glass fiber,
sodium persulfate and
per-3,5,5-trimethyl
hexanoate t-butyl;
Catalyst paste: glass
powder treated with
silane, substitute
dimethacrylate, silica-
treated silane, sodium
p-toluenesulfonate, 1-
benzyl-5-phenyl-acid
barium, calcium, 1,12-
dodecane
dimethacrylate, calcium
hydroxide, and titanium
dioxide

Self-adhesive resin
cement

The root canal was
rinsed with water;
Excess water was
removed from the
canal with absorbent
paper points.

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

Abbreviations: Bis-GMA, bisphenol A glycidyl ether dimethacrylate; TEGDMA, triethylene glycol dimethacrylate.
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root canals. Hybrid layer formation was observed in
the cervical (Figure 2b), middle, and apical thirds for
RelyX ARC.

DISCUSSION

The first null hypothesis was rejected because the
pull-out bond strength for RelyX U200 was signifi-
cantly greater than that for RelyX ARC. Other
studies16,17 have also shown better results for self-
adhesive resin cements compared to conventional
resin cements.

The RelyX U200 is a self-adhesive resin cement,
which eliminates the need for an adhesive system.
The bond mechanism of this resin cement to dentin
appears to be more chemical than micromechanical
in nature. This bond is established by the specific
multifunctional phosphoric-acid methacrylates,
which are ionized at the time of mixing and react
with the hydroxyapatite in the mineralized tissues
of the tooth.18 At the beginning of the reaction, the
resin cement has a very low pH.19 During the
polymerization reaction, the acidic monomers in-
teract with the fillers in the resin cement and with
the hydroxyapatite in the tooth, neutralizing the
reaction and raising the pH. The water that is
formed in this neutralization reaction contributes
to the cement’s initial hydrophilicity, which pro-
vides improved adaptation to the tooth structure
and moisture tolerance.20 Subsequently, water is
reused by the acidic functional groups during the
cement reaction with ion-releasing basic filler
particles, resulting in a hydrophobic matrix.20

Despite the low pH, the interaction with root
dentin is superficial, and no evident hybrid layer
is observed.21

The resin cement RelyX ARC needs an adhesive
system, which is responsible for the bond to the
root dentin. In the present study, the Scotchbond
Multipurpose Plus adhesive system was used in
the sequence (etching with phosphoric acid, acti-
vator, primer, and catalyst) to make the adhesive a
dual material, allowing for self-cure polymeriza-
tion in regions not irradiated by the LED unit.22

The bond mechanism of this adhesive system to
dentin functions through the formation of a hybrid
layer.23 Because there are several operative steps
for using this system, there is greater technical
sensitivity compared to that associated with self-
adhesive resin cements. However, the bond
strength difference between the RelyX U200 and
RelyX ARC was 0.96 MPa in the present study,
and it is questionable whether this difference is
clinically significant.

The relined fiberglass post decreases the thickness
of the resin cement in the root canal and exerts
pressure on the adaptation of resin cement against
the dentinal walls.24,25 As a result of the thixotropic
behavior of RelyX U200, the application of pressure
decreases its viscosity and improves its adaptation to
the cavity walls.26 Consequently, the formation of
resin cement tags in the cervical and middle thirds of
the root canal can be observed in CLSM images. For
RelyX ARC, there was penetration of both the
adhesive and the resin cement into the dentinal
tubules, forming adhesive tags and resin cement
tags. It can be speculated that the luting pressure
generated by the relined post pushes the resin
cement and the adhesive against the walls of the
canal, favoring penetration into the dentinal tu-
bules. In addition, CLSM images demonstrated
hybrid layer formation of the green-labeled adhesive
in the cervical, middle, and apical thirds. Similar
images of the hybrid layer were obtained in another
study27 when an etch-and-rinse adhesive system was
applied in the root canal.

The null hypothesis that the luting length does
not affect the pull-out bond strength was accepted
because this factor was not significant. The luting
of the post at the 5-mm length allows the LED
light to reach the resin cement more effectively,
resulting in a greater degree of conversion and,

Table 3: Pull-out Bond Strength Means (MPa) and
Standard Deviations Between the Different
Luting Lengths Without and With Cyclic Fatigue
Loadinga

Luting Length
mm

Cyclic Fatigue
Loading

n Mean Standard
Deviation

5 Without 20 6.98 A 1.18

With 20 4.78 B 1.32

10 Without 20 6.17 A 0.88

With 20 6.03 A 0.99

a Different letters indicate statistically different means according to Tukey
test (p,0.05).

Table 2: Pull-out Bond Strength Means (MPa) and
Standard Deviations Between the Resin
Cementsa

Resin Cement n Mean Standard Deviation

RelyX U200 40 6.47 A 1.34

RelyX ARC 40 5.51 B 1.18
a Different letters indicate statistically different means according to Tukey
test (p,0.05).
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consequently, better mechanical properties of the

resin cement. Furthermore, there is better pene-

tration of the cement into the root canals at

shorter lengths, thus minimizing the formation of

bubbles or voids and better controlling the mois-
ture of the substrate.11,28

In the present study, the interaction between the
luting length and cyclic loading was significant. The
relined fiberglass posts with a length of 5 mm had
weaker bond strength after cyclic loading. Therefore,
cyclic loading accelerated the degradation of the
bond between the resin cement and the root dentin
at the 5-mm length. However, it is important to note
that there was no failure of luting during cyclic
loading, regardless of the luting length. This prob-
ably occurred because of the juxtaposition of the
relined fiberglass post to the root dentin, favoring
the formation of a thinner resin cement film.
Moreover, the fiberglass post and the composite
resin have a modulus of elasticity that is close to that
of dentin (18 to 20 GPa), so the forces applied to the
dental structure are dissipated throughout the
fiberglass post.29 For the 10-mm luting length, there
was no significant difference in the pull-out bond
strength between specimens with and without cyclic
loading, suggesting greater clinical performance of
treatments using relined fiberglass posts in weak-
ened roots with 10-mm luting lengths. It has been
demonstrated30 that sliding friction contributes
significantly to fiberglass post retention in root
canals, with sliding friction being directly propor-
tional to the contact area.

The third null hypothesis was rejected because
cyclic loading influenced the pull-out bond strength

Figure 3. CLSM image of the interface between the relined
fiberglass post and root dentin using RelyX U200. Red color: resin
cement. Rl: relined fiberglass post; De: dentin. (a) Cervical third (203);
(b) middle third (203); (c) apical third (203); (d) higher magnification
(633) of the middle third demonstrates the penetration of the resin
cement into the dentinal tubules forming resin tags (arrows).

Figure 2. CLSM image of the inter-
face between a relined fiberglass post
and root dentin using RelyX ARC
resin cement. Green color: Adper
Scotchbond Multi-Purpose Plus Ad-
hesive (activator, primer, and cata-
lyst). Red color: resin cement RelyX
ARC. Rl: relined fiberglass post; De:
dentin. (a) Cervical third (203); (b)
cervical third (403) showing the
hybrid layer formation of the green-
labeled adhesive (arrows); (c) middle
third (203); (d) apical third (203); (e)
higher magnification (633) of the
middle third showing the presence of
tags from both the adhesive system
and the resin cement. Penetration into
the dentinal tubules is identified by
the arrows.
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of relined fiberglass posts to root dentin. The
interface between the restorative material and the
tooth structure can undergo degradation over time
as a result of hydrolysis, temperature changes, and
crack propagation when the restoration is retained
mechanically.14 The hostile environment simulated
in cyclic loading can lead to catastrophic failure of
the restoration over time.31 Cyclic loading in a wet
environment is an aging method that simulates
clinical conditions, predicting the clinical behavior of
materials or restorative techniques in the oral
environment.31 For dental evaluations, the mini-
mum number of 106 cycles, which simulates one year
in service, should be applied to restorations when the
desire is to approximate the performance of a
material relative to clinically relevant service.14 As
the cyclic loading was applied directly on the relined
fiberglass post, because there was no restoration, the
load of 50 N was selected, which corresponds to
approximately half of the maximal bite force for the
anterior dentition.32,33

The pull-out bond strength test was conducted
because it is the only feasible method of evaluating
the influence of different luting lengths. Studies
indicate the pull-out test as the in vitro test that is
able to assess precisely the bond strength between
the fiberglass post and the root dentin, because this
test better distributes the stresses in the post-dentin
interface, being a reliable test.34 The use of bovine
teeth in the pull-out test is justified because of
difficulty in obtaining a large number of anterior
human teeth and because of the morphological and
histological resemblance to human teeth of bovine
teeth.35 However, a few human teeth were used for
the CLSM analysis. CLSM is a method that allows
samples to be studied without vacuum in a humid
environment, and this method allows visualizing
different components through the use of dyes. In the
present study, two dyes, rhodamine B and fluores-
cein, were used because they have different charac-
teristics.36,37 Rhodamine B is a molecule added to the
resin cement, and Fluorescein is added to the
adhesive system components (activator, primer,
and catalyst).38 The same proportion (0.1%) was
used for both dyes. Bitter and others39 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.

As a result of the limitations of in vitro studies,
randomized clinical trials are necessary to generate
better evidence on luting protocols with relined
fiberglass posts.

CONCLUSIONS

In accordance with the results obtained in this
study, it was concluded that

� The luting length is an important factor in
retaining relined fiberglass posts in weakened
roots when subjected to cyclic loading;
� The self-adhesive resin cement RelyX U200 result-

ed in greater bond strengths to the root canal in
comparison with the conventional resin cement
RelyX ARC; and
� Resin cement tags were formed in the cervical and

middle thirds of the root canals when relined
fiberglass posts were luted with RelyX ARC and
RelyX U200.
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Errata:

Operative Dentistry apologizes for the table 3 error
in the manuscript, ‘‘Relined Fiberglass Post: Effect of
Luting Length, Resin Cement, and Cyclic Loading on
the Bond to Weakened Root Dentin’’ published as an
online only article attached to volume 41 issue 6 p.
e178. The correct table is shown here:

Table 3: Pull-out Bond Strength Means (MPa) and
Standard Deviations Between the Different
Luting Lengths Without and With Cyclic Fatigue
Loadinga

Luting
Length, mm

Cyclic Fatigue
Loading

n Mean Standard
Deviation

5 Without 20 6.98 A 1.18

With 20 4.78 B 1.32

10 Without 20 6.17 A 0.88

With 20 6.03 A 0.99
a Different letters indicate statistically different means according to Tukey test
(p,0.05).
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