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Does MTA affect fiber post retention in
repaired cervical root canal perforations?

Abstract: This study evaluated the effect of mineral trioxide aggregate
(MTA) on the retention of fiber posts in repaired root canal perforations.
Ten-millimeter post spaces were prepared in 60 endodontically treated
bovine incisors. Root perforations were created in half of the root canals
in the cervical area prior to being filled with white MTA-Angelus. Fiber
posts were luted into the root canals with two self-adhesive (RelyX
Unicem or Set) or self-etching (Panavia F) resin cements. The posts were
submitted to a pull-out test, and the data were submitted to two-way
ANOVA and Tukey’s post hoc tests (a = 0.05). The fiber posts exhibited
reduced retention in MTA-repaired root canal perforations, regardless
of the type of resin cement that was used (p < 0.001). Self-adhesive resin
cements provided higher bond strength values than Panavia F, while
no difference was observed between RelyX Unicem and Set (p > 0.05).
The presence of MTA in repaired root perforations negatively affected
post retention. In addition, self-adhesive cements seemed to be the best
option to lute fiber posts within a root canal in these cases.

Keywords: Dental Cements; Dental Restoration Repair; Root Canal.

Introduction

Mineral trioxide aggregate (MTA), first reported in the early 1990s,' has been
widely used for perforation repair. MTA is a bioactive cement that presents
satisfactory biocompatibility, antibacterial effects, proper radiopacity, and
the ability to set, even in the presence of blood.'*** In addition, the setting
expansion of MTA improves the sealing of perforation margins.® Clinically,
high success rates for root perforation repairs using MTA have been reported.®”
However, the clinical success of root repair requires placement of a proper
coronal restoration to reestablish aesthetics and masticatory function.

In several cases, the tooth crown is extensively destroyed, and the use
of an intraradicular retainer is required. Fiber glass posts associated with
composite resin are often used to restore endodontically treated teeth,®%1°!!
which present long-term clinical success, similar to metal post-retained
restorations.’> Most failures of fiber post-retained restorations result
from decementation of the retainer or fracture of the post and/or core.?
Furthermore, it has been demonstrated that an initial debonding of the
luted post from the root canal increases the stress on the root and the
risk of a post and/or core fracture.®

The adhesive procedures for fixing fiber posts in root canals by using
multi-step resin cements are complex due to the difficulty of accessing the
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bonding substrate." The ability to control moisture
within the root canal and to light-cure the adhesive
are additional challenges."® Thus, self-adhesive resin
cements that do not require any pre-treatment
with substrate are becoming more popular for
cementation procedures. A recent systematic review
of in vitro studies showed that use of self-adhesive
resin cements may improve the retention of fiber
posts in root canals.’

Although the use of MTA in managing root
perforations is well established, the literature on its
effect on intracanal fiber post retention is limited.
Therefore, the objective of the present study was to
evaluate the pull-out bond strength of fiber posts
luted with different resin cements in MTA-repaired
perforated root canals. The tested hypothesis was
that the presence of MTA intervenes with fiber post
retention in the described conditions.

Methodology

Sample selection and preparation

Sixty-three bovine incisors with mature apices and
straight roots were selected for this study. Crowns were
removed, and the remaining roots were standardized
at a length of 15 mm. For root canal preparation, the
crown-down technique was used, with stainless steel
K-files and Gates Glidden drills (Dentsply Maillefer,
Ballaigues, Switzerland). The cervical and middle
thirds of the canals were preflared using #2 to #5 Gates
Glidden drills, and the apical third was prepared up
to a #50 K-file (master apical file) 1 mm short of the
apical foramen. All enlargement procedures were
carried out under irrigation with a 2.5% sodium
hypochlorite (NaOCl) solution (Biodinamica Quimica
e Farmacéutica Ltda,, Ibipord, PR, Brazil), while 17%
EDTA (Biodinamica Quimica e Farmacéutica) was
used as a final rinse for 5 minutes for the removal of
the smear layer. The prepared root canals were filled
with gutta-percha cones and a resin root canal sealer
(Sealer 26, Dentsply, Petrépolis, Brazil) with the lateral
condensation technique.

After one week, 10-mm post spaces were prepared
using drills available in the fiber post kit (Exacto
#3, Angelus, Londrina, Brazil). In half of the roots,
a perforation was artificially created in the buccal
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face, 1 mm from the cervical edge of the root. A #1
spherical bur (KG Sorensen, Barueri, Brazil) was
introduced at the buccal face with an inclination
of approximately 45° to the cervical until the root
canal was reached. Then, a #130 K-file (Dentsply
Maillefer) was introduced into the perforation
through the root canal until 10 mm of the file tip
extended beyond the outer surface of the root. This last
procedure resulted in a perforation with a diameter
of approximately 1.5 mm. Radiographs were taken
in the mesio-distal and buccal-lingual directions to
confirm the standardization of the root perforations.

Perforation sealing and fiber post
cementation

In the roots with perforations, a polyester tape
was positioned over the outer root surface to seal
the perforation and to permit condensation of the
MTA. A small cotton pellet was inserted into the
root canal apical at the perforation site to prevent
the blockage of the canal by the MTA. The white
MTA (Angelus, Londrina, Brazil) was mixed
according to the manufacturer’s instructions and
inserted into the perforation using an MTA carrier,
followed by condensation with a hand plugger. New
radiographs were taken to confirm the proper sealing
of the perforation. According to the manufacturer’s
instructions (http: www.angelus.ind.br), the initial
and final setting times of the white MTA-Angelus
were 10 and 15 minutes, respectively. Thus, the MTA
was allowed to set before fiber post cementation.

Then, the #3 fiber posts (Angelus) were luted into the
root canal of all roots using self-adhesive (RelyX Unicem
clicker - 3M ESPE, St. Paul, MN; or Set - SDI, Bayswater,
Victoria, Australia) or self-etching (Panavia F, Kuraray
Co.,, Osaka, Japan) resin cements. All luting agents were
used according to their manufacturers’ recommendations.
Table 1 describes the compositions of the luting agents.

Pull-out test

The roots were embedded in acrylic resin blocks to
facilitate the positioning of specimens on the pull-out
device coupled to a universal testing machine. The
pull-out test was performed parallel to the long axis
of both the post and the tooth at a cross-head speed
of 0.5 mm/min using a universal testing machine
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(DL 2000; EMIC, Sao José dos Pinhais, Brazil). The
force that was required to dislodge each post was
recorded in Newtons (N). The experimental design
is illustrated in Figure 1.

Scanning electron microscopy (SEM) analysis

For SEM analysis, three specimens with root
perforations sealed with MTA were split into 2 halves
and prepared according to the following protocol:
immersion in 2.5% glutaraldehyde (Merck KGaA,
D-64293 Darmstadt, Germany) in 0.1 M sodium

Table 1. Composition of the resin cements used in this study.

cacodylate buffer at pH 7.4 (Merck KGaA, Frankfurter
Str. 250, D-64293 Darmstadt, Germany) for 12 h at
4°C. After fixation, the samples were rinsed with
0.1 M sodium cacodylate buffer several times,
sequentially dehydrated in an ascending ethanol
(Labsynth Laboratory Products, Diadema, Brazil)
series (25% for 20 min, 50% for 20 min, 75% for
20 min, 90% for 30 min and 100% for 60 min),
immersed in hexamethyldisizilane (HMDS) (Merck
KGaA, D-64293 Darmstadt, Germany) for 10 min,
placed on absorbing paper inside glass plates,

Resin cement

Main components*

Base paste: methacrylate monomers containing acid groups, methacrylate monomers, silanated fillers,

RelyX Unicem (self-adhesive)

initiator components, and stabilizer.

Catalyst paste: methacrylate monomer, alkaline fillers, silanated fillers, and initiator components.

Set (self-adhesive)

Methacrylate ester phosphoric acids, urethane dimethacrylate, photoinitiator, glass of fluoride
aluminum silicate [(67%w) and (45%v)] and pyrogenic silica

Paste A: 10-methacryloyloxydecyl hydrogen phosphate (MDP), hydrophobic and hydrophilic
dimethacrylate, benzoyl peroxide, camphoroquinone, colloidal silica.

Paste B: sodium fluoride, hydrophobic and hydrophilic dimethacrylate, diethanol-r-toluidine,
T-isopropylicbenzenic sodium sulfinate, barium glass, titanium dioxide, and colloidal silica.

Panavia F (self-etching)

ED Primer — Primer A: 2-hydroxyethyl methacrylate (HEMA), MDP, NM- aminosalicylic acid,
diethanol-p-toluidine, and water

ED Primer — Primer B: NM-aminosalicylic acid, T-isopropylicbenzenic sodium sulfinate,

diethanol-p-toluidine, and water

*As provided by the manufacturers.

n =60

Resin cements (n = 10)

I N

Unicem @
# Pull-out
test
Panavia F 2.0 @

Figure 1. Experimental design.
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and left to dry in an exhaust system. Specimens
were mounted on stubs with their treated surfaces
face-up, sputter-coated with gold and examined
under SEM (EvoMal0, Carl Zeiss, Munich, Germany)
at x75, x100 and x500 magnifications. The most
representative areas of the sealed root perforations
were photographed to identify the presence of MTA
on the dentin surfaces of the root canals.

Statistical analysis

The independent variables tested in this study
were “resin cement” and the “presence of MTA.”
Data were submitted to two-way ANOVA testing
followed by Tukey’s post hoc test (a = 0.05).

Results

The results for pull-out bond strength are shown
in Table 2. ANOVA showed a significant effect for the
factors “resin cement” (p < 0.001) and “presence of
MTA” (p <0.001); however, the interaction between the
two factors was not significant (p = 0.998). Panavia F
had the lowest bond strength values, while there was
no significant difference between the other evaluated
cements. Regardless of the resin cement used, the
highest mean bond strength values were observed
in the absence of an MTA-repaired perforation.

SEM analysis revealed MTA particles over the root
canal walls near the perforation sites. These particles were
apically concentrated in the MTA-sealed areas (Figure 2).

Table 2. Means (standard deviation) of pull-out bond strengths in Newtons.

MTA-repaired perforation

% reduction of bonding

Resin cements

Pooled average

Absent Present strength
Unicem 379.9 (68.5) 303.9 (63.2) 341.0 (75.05) # 20%
Set 369.6 (111.6) 295.4 (95.8) 332.5(108.2) A 21%
Panavia F 192.0 (45.1) 118.8 (26.80) 155.4 (52.1) ® 40%
Pooled average 312.8(116.8) * 239.4 (108.8) ® . .

For the pooled averages, means followed by distinct lefters are significantly different (o = 0.05).

Figure 2. SEM micrographs obtained after the dehydration protocol showing the presence of MTA particles on the dentin surface

of the root canal (arrows).
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Discussion

[atrogenic perforations in the lateral walls of the
root canal can occur during endodontic therapy
or post-hole preparation and adversely affect the
prognosis of affected teeth.®'® Treatment of these
perforations has been successfully performed with
MTA by orthograde or surgical approaches.’*!"!8
Even within the success of the repair procedure,
however, cementation of the intraradicular postinto a
repaired canal may be required to permit placement
of a restoration, while proper post retention favors
long-term outcomes." In the present study, a lateral
perforation located in the cervical area of the root canal
was created to simulate this clinical condition and to
evaluate the effect of the presence of an MTA-repaired
perforation on the retention of fiber posts.

Several methodologies, such as push-out,
microtensile, and pull-out approaches, have been
used to evaluate the protocols of post cementation
and bond strength with respect to the dentin of a
root canal.®??'? In contrast to other methodologies,
pull-out testing allows evaluation of the bond
strength of all types of post cementation.?** Thus,
this methodology was chosen because the repaired
perforation was located only in the cervical area
of the root. The present study showed that the
presence of MTA in repaired root perforations
resulted in the lowest bond strength values,
regardless of the luting agent used. Thus, the
evaluated hypothesis was accepted.

The presence of a root perforation reduces the
area of dentin available to permit the creation of
a bonding interface with adhesive luting agents.
A previous study showed that increasing the length
of fiber post cementation into root canals improves
post retention.” In the present study, the perforation
was located in the cervical area of the root canal, the
region where the highest bond strength values are
observed.’?? In addition, the contamination of the
dentin adjacent to the perforation with MTA possibly
had a negative effect on the retention of the fiber posts.
Despite the care taken to limit placement of MTA in
the perforations, areas of the dentin surface covered
with this material apical to the sealed perforation sites
were frequently observed in SEM images (Figure 2).
Thus, reduction of the area in the cervical third of

the root canal that was available to bond the luting
agents to the dentin can explain these results.

In this study, post cementation was performed
almost immediately after the root perforations were
repaired with white MTA-Angelus, which has a
short setting time. Clinically, this procedure may be
advantageous for providing a permanent restoration
in a single visit.!”* However, the literature describes
various initial and final setting times different
from those reported by the manufacturer of the
MTA-Angelus, such as 12 and 48 min;* 9.33 and
23.33 min,” and 18.33 and 165 min.?® Thus, a high
MTA setting time may require a longer time interval
to achieve higher bond strength measurements of
adhesive systems.”” Conversely, composite resin
materials with a bonding agent placed over fresh
MTA resulted in suitable interfacial bond strengths.3*

The results of this study also revealed that
self-adhesive cements presented higher bond strength
values than self-etching cement. Adhesive procedures
during fiber post cementation represent a challenge
for clinicians, especially when etch-and-rinse adhesive
systems are used in association with resin cement.
In this study, a luting agent system that uses a
self-etching primer was chosen due to the ease
of the technique. ED Primer is less sensitive to
moisture control and does not require light activation,
which makes the procedure less technique sensitive.
Furthermore, the chemical co-initiators of the
self-etching primer increase the polymerization of
Panavia F, which is primarily important in the apical
third, where light activation is ineffective.* Despite
these advantages of Panavia F, the relatively low
acidity of ED Primer is incapable of demineralizing
the smear layer and the underlying dentin.* Thus,
low bond strength values can be expected for this
luting agent, as verified in the present study.

Self-adhesive resin cements are also unable to
demineralize the smear layer and the underlying dentin,
interacting only superficially with the dentin tissue.*
However, the acid monomers of self-adhesive resin
cements are able to chelate the calcium ions of dental
tissue, which establishes a chemical bond between the
cement and the dental substrate.® Furthermore, it has
been demonstrated that self-adhesive resin cements
present lower shrinkage stress than conventional
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resin cements.* Considering that the high C-factor
of the post space is critical for the development of
shrinkage stress, cements with lower stress values favor
maintenance of the bonding interface. These factors
may explain the high fiber post retention observed
when self-adhesive cements were used, corroborating
the findings of several other studies.?*"

Although this study was designed to simulate
a lateral root perforation at the cervical level, root
perforations may be located along different thirds
of the root canal. Thus, further research should
investigate the intracanal retention of fiber posts in
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