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ABSTRACT

The coronal leakage of bacteria and other irritants to the radicular canal system is one of the main
factors that may result in clinical failure and affect the long term success of adhesive cementation
and endodontic treatment. Thus the aim this study was demonstrated in vitro the degree of
marginal microleakage of two cementing agents. 60 bovine incisors endodontically treated. The
specimens were randomly divided into two groups: Group 1 — dual-cured resin cement and group 2
- resin-modified glass ionomer cement. Booth groups were divided into three subgroups with 10
teeth each, according to the placement technique to be used: A - applying it with a spatula over the
pin; B - lentulo bur; C - Centrix syringe. The teeth were thermocycled for 1000 cycles between 5
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and 55T and a dwelling time of 30 seconds. All groups were immersed in a solution of Rodhamine
B at 2% at room temperature for 24 hours. The dye microleakage analysis was performed by three
calibrated examiners. After 24 hours, the teeth were longitudinally sectioned and the microleakage
scores were given by a blind operator. Data were submitted to Kruskal-Wallis test (p<0.05). No
difference was observed in microleakage values between the insertion techniques for both
cements analyzed. The two cements used, as well as the three techniques of insertion techniques
generated similar values of coronal microleakage.

Keywords: Resin cements; glass ionomer cements; fiberglass posts; microleakage.

1. INTRODUCTION

The restoration of endodontically treated teeth is
a major challenge for Restorative Dentistry.
When the remaining coronal structure does not
promote adequate support and retention for
restoration, using intraradicular posts [1,2] is an
effective option to improve the retention of the
restorative material and the dissipation of
masticatory forces [3].

For a long time, endodontically treated teeth
were restored using cast metallic posts. Despite
its high retention and the thin cement film it
forms, such pins have a high elastic modulus and
may lead to root fractures [4,5]. Unlike those, the
fiber posts do not have to be inserted into a
length equal or greater than the depth of the
clinical crown, which reduces the chance of root
fracture [6].

In order to improve the bond between the glass
fiber pins and the walls of the channel, there is a
wide variety of cementing agents. By selecting
the cementing agent, some properties should be
considered, such as high tensile strength, low or
no solubility, biocompatibility, adhesive qualities,
chemical stability over time, suitable thickness of
film (< 25 pm), elastic modulus similar to dentin,
radiopacity, easy handling and cost. Any
cementing agent may be successfully used, as
long as the clinician knows the virtues and
problems of each type for a proper selection [7].

The cementing agents most widely used are
resinous and glass ionomer. Posts cemented
with resin cements offer better resistance to
displacement, reinforce the weakened structure
of the radicular canal [8] and promote lower
marginal microleakage [9]. However, they also
have some disadvantages, such as technical
sensitivity and polymerization shrinkage [10,11].
The adhesion of resin cements is mainly
hampered by unfavorable configuration of the
radicular canal, related to a high C factor (cavity

configuration factor), which can be up to 40 times
higher compared to direct restorations [12]. The
C factor is the ratio between the adhered and
non-adhered areas: When the number of not
attached areas is small, the polymerization
shrinkage can be greater than the bond strength
leading to the formation of cracks in the dentin-
cement interface [13]. Thus, the union of glass
fiber posts cemented with resinous agents can
be unpredictable.

Conventional glass-ionomer cement (GIC) or
resin-modified cement (RMGIC) can be the
indicated alternative for cementing fiber posts
[14]. Both cements show bonding to dentin by
means of micromechanical mechanisms and
chemical bonding. The hygroscopic expansion
that occurs after gelation of these
materials partially offsets the contraction,
reducing stress and providing increased bond
between the cement and the dentin at the end of
gelation [15]. The RMGIC aims to maintain the
benefits of GIC and minimize its major
disadvantages: They are less sensitive to
moisture, have greater dimensional stability
and greater connection to the tooth structure
than the GIC [16]. They also release fluoride,
they are readily prepared and also more
resistant to compression than zinc phosphate
cement [17].

Besides the cementing agent, the marginal
sealing among the radiculart walls, pin and
cementing agent has been focused by several
studies, because its failure could compromise
marginal integrity and durability of the dental
clinical procedure [18,19]. Thus, it is important to
observe the ways of applying the resin cement, a
factor that can affect the seal among pin, cement
and root dentin and cause marginal leakage
along the adhesive interface [20]. The most
common ways to take the cementing agent to the
interior of radicular canal is with the aid of a
lentulo drill with Centrix syringe or applying
cement at the pin surface [21].



Thus, the aim of this in vitro study was to
gualitatively compare the level of microleakage
among the walls of the radicular canal,
cementing agent and pin, by using insertion
techniques of a resin and glass ionomer cement.

2. MATERIALS AND METHODS
2.1 Tooth Preparation

Sixty bovine incisors were selected [22]. The
inclusion criteria for each tooth were: having a
minimum length of 14 mm; no curves andcracks
on the surface. This length is to obtain an apical
sealing of 4 mm and root length with 10 mm [20].
After the teeth were selected, they were kept in
saline solution at room temperature. The crown
of each tooth was separated from the root
through a perpendicular section along the long
axis of the tooth at the cement enamel junction
by means of a jdandy disk mounted on
the micromotor assembly under abundant
refrigeration conditions. With the removal of the
coronary portion, direct access to the radicular
canal was obtained. The biomechanical
preparation of the radicular canal was done by
manual technique, and by using Kerr &
Hedstroem files (Dentsply-Maillefer, Ballaigues,
Switzerland). As irrigation agents, sodium
hypochlorite solution at 5% and EDTA at 17%
were used. After preparation, the canal was
stopped by means of lateral condensation with
gutta-percha and cement filler Sealer 26
(Dentsply Industria e Comércio Ltda, Petrépolis,
Rio de Janeiro, Brazil).

2.2 Cementation of Prefabricated Dowels

Twenty-four hours after stopping the canals, the
radicular canal was prepared with Largo burs # 2
and 3 (Dentsply-Maillefer, Tulsa, USA) and the
drill regarding the number of the pin used (White
Post DC#3, FGM, Joinville, SC, Brazil). The
conductor was prepared with a depth of 10 mm,
and a remaining 4 mm apical sealant with gutta-
percha [23].

Post spaces were prepared immediately after
filling to a depth of 10 mm, using a heated
instrument (GP heater; DentsplyMaillefer,
Ballaigues, Switzerland) to remove gutta-percha;
post preparations were completed with a bur
5(GS Brasil, Sdo Paulo, Brazil), 1.5 mm in
diameter, forthe cylindrical fibreglass posts, with
conical apical endsand circumferential
mechanical retainers (ReforpostNo.3; Angelus,
Londrina, Brazil).
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The length of each dowel measured 10 mm
inside the radicular canal and a was cut at 3 mm
above the cement enamel junction. The jutting
portion of the dowel was sectioned with a
diamond instrument #1014 (KG Sorensen, Cotia,
Sdo Paulo, Brazil) prior to the cementation
procedure. The dowels were randomly divided
into two groups depending on the cementing
agent: G1 — Allcem dual-cured resin cement
(FGM, Joinville, Brazil); G2 - RelyX Luting resin-
modified glass ionomer cement (3M ESPE,
Seefeld, FB, Germany). Both groups were
divided into three subgroups, according to the
placement technique to be used: A - applying it
with a spatula over the pin; B - lentulo bur; C -
Centrix syringe. The excess of cement was
removed with a disposable brush. The cement
was photo activated for 40 seconds (LED
Freelight 2/3M ESPE) directly on the root cervical
face. The intensity of the light apparatus was
measured immediately prior to its use for each
specimen with the aid of a radiometer (SDI,
Sao Paulo, SP, Brazil). All the cementation
procedures were undertaken by the same
operator. Immediately afterwards, the teeth were
temporarily restored with composite resin Opallis
A2(FGM, Joinville, Brazil), with the aid of a pre
fabricated metal matrix with 3 mm height by the
incremental technique, with no adhesive
procedure and were photo activated for 40
seconds. The adhesive system was not used to
simulate a temporary restoration. Thirty minutes
after the cementation procedure, the roots were
kept in saline solution at 37T for seven days. In
order to simulate intra-oral conditions, the teeth
were thermocycled for 1000 cycles between 5
and 55 and a dwelling time of 30 seconds [24].

2.3 Marginal Microleakage Tests

All the roots had their apexes sealed with sticky
wax and were externally waterproofed with a
layer of fluid resin (Araldite/Brascola, Joiville,
Brazil) and two layers of regular nail enamel blue
(Colorama, S&o Paulo, Brazil) up to 1 mm from
the edge of the restoration. Immediately after
this, they were immersed in a solution of
Rodhamine B at 2% at room temperature for 24
hours. After the dye was removed, the teeth were
sectioned with parallel sectioning along their long
axis, and their halves were analyzed by
qualitative and quantitative methods.

2.4 Analysis of Marginal Microleakage

The qualitative analysis of leakage of the dye
was undertaken by means of three gauged



testers. For the assessment, the portion of the
root with a highest degree of infiltration was
selected. The penetration of the dye throughout
the tooth-cement-dowel interface was measured
by means of a scoring method (Table 1 and
Fig. 1). The microleakage was analyzed in the
cervical third, the middle third and the apical third
of each root. After sectioning of all the roots, a
picture of each root was taken with a digital
camera, Canon Rebel XT, on a tripod, with a 3 X
optical zoom, 100 macro lens, to decrease the
distance between lens/object. All the images
were taken under the same lighting conditions
and with a ruler in mm close to the apical portion
of the roots. These images were transferred to a
digital archive and the leakages were measured
using the Image Tool® program. This software
enables magnifying an image by 2X, 4X, and 8X.
After magnifying an image by 4 X, pixels (units or
points that make up an image) become too
obvious and thus jeopardize the quality of the
image. Hence, magnifying images by 8X is
limited to situations where there may be doubts
regarding the dye markings and when gauging
the program. The gauging of the program was
undertaken to determine equivalence between a
given amount of pixels and a given distance, thus
enabling the conversion of a stroke seen on a
screen into a definite metric unit. For this, images
were zoomed in to the maximum level and
marked with lines with the help of the software.
One line was equivalent to the space between
two lines in the ruler, that is, one millimeter.
Thus, all measures that were taken were given in
millimeters. For this procedure, the portion of the
root with the highest degree of infiltration was
selected.

Table 1. Description of scores

Score Description

0 Absence of microleakage

1 Microleakage not reaching the
middle third

2 Microleakage beyond the middle
third

3 Microleakage of the dye throughout
the root

3. RESULTS

The values of the scores that were obtained
(Tables 2 and 3 and Fig. 2) were subjected to the
Kruskal-Wallis statistical analysis test (p<0.05). It
was possible to determine that there were no
statistical differences between the cement
placement techniques under analysis.
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Fig. 1. lllustration of micro-infiltration scores
The values of scores were subjected to statistical
analysis by Kruskal-Wallis test (p<0.05). Software

used was Bioestat 5.3

Table 2. Values of the scores that were
obtained - Allcem / RelyX Luting

Allcem
Score 0 1 2 3 Total
G1 3 6 1 0 10
G2 1 5 1 3 10
G3 1 6 1 2 10
RelyX luting
G1 0 10 0 0 10
G2 0 8 2 0 10
G3 0 7 3 0 10

Marginal microleakage measures obtained via
Image Tool® were statistically analyzed by
ANOVA test (one-way), with a 95% degree of
confidence (Table 2). Such values are detailed in
Table 3. It was possible to find out that there had
been no statistically significant differences
among the manners of placement of the
cementing agents.

4. DISCUSSION

The good performance of cores and pins
cemented with adhesive agents depends on a
number of factors, including the preparation of
the radicular canal and the method of application
of the adhesive system and cementing agent
[10]. This study evaluated the influence of
insertion techniques of cementing agents in
marginal microleakage of resin and glass
ionomer cements. The injection of cementing
material is an effective way to minimize the
number of bubbles in the mass of the material. In
2004, Garrido et al. [25] reported that the
application of the cementing agent with lentulo
drill allows a favorable distribution of the cement
throughout the prepared space in the canal,
facilitating the formation of a uniform continuous
layer of cement. However, this technique should
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Table 3. Microleakage means values (mm) and standar  d deviation
Lentulo L Centrix L Manual L Lentulo A Centrix A Manual A
1(x0)a 1.3 (#0.46)a 1.2 (#0.4)a 0.8(+0.6) 1.4(x0.92) 1.6(+1.01)

Equal letters indicate that the values do not differ statistically from one another. The letter "L" refers to the RelyX
Luting / 3M ESPE cement and the letter "A" refers to Allcem / FGM cement

LENTULO PINO-L CENTRIX- LENTULO PINO-A CENTRIX -

L L

Fig. 2. Graphic illustration of microleakage scores (Letter

A A

L represents RelyX luting

cement and letter A the Allcem cement)

drill allows a favorable distribution of the cement
throughout the prepared space in the canal,
facilitating the formation of a uniform continuous
layer of cement. However, this technique should
be avoided when using dual-cured resin cement,
as it induces partial polymerization of the
material before the proper seating of the pin. This
can be explained by the fact that the heat
generated by the lentulo drill can accelerate the
polymerization reaction of the cementing agent
[26]. Yet some studies have reported the best
performance of pins cemented with dual
cementing agents inserted with letulo drill in
comparison to other techniques [27,28].

In this study there was no significant difference
between the results of marginal microleakage
of Allcem cement for the three application
techniques that were used. These results can be
explained by the fact that the dye leakage,
initiated at the third cervical through restoration-
radicular dentin interface, is not influenced by the
application technique of the cementing agent in
this region. The cervical area enables easy
access and presents a greater number of
dentinal tubules, promoting the sealing of the
region, regardless of the cement insertion
technique [29]. Fonseca et al. [27] evaluated the
retention of pins cemented with dual
polymerization cementing agent, by varying the
application technique of cementing agent in the

channel. The cement was inserted using only a
lentulo drill, exclusively applying the agent at the
pin surface or by combining both methods. The
authors concluded that the best mechanical
performance was obtained when the agent was
taken to the radicular canal by means of lentulo
drill and by the combination of both methods. In
2008, D'Arcangelo et al. [28] also found similar
results when evaluating the adhesive strength
through push-out test (compression). They used
three types of fiber posts cemented with dual-
cured cement and self-adhesive system using
three cement application techniques: using
lentulo spiral, applying the cement at the pin
surface and injecting the material with a specific
syringe. They concluded that the best results
with push-out test were obtained when the
cementing agent was taken to channel with a
lentulo drill or specific syringe. Only one system
(ENA Post) showed similar bond strength values
regardless of the application method of the
cementing agent.

The glass ionomer cement has been used as an
alternative to pin fixation. This indication takes
place because of its biocompatibility [30], ability
to release fluoride ions and because of its good
thermal expansion coefficient [31]. However,
when comparing the cementing agents used,
there were no statistically significant differences
between them, for any of the application forms.



Different results were found by Bonfante et al.
[32], when the bond strength of glass ionomer
and resin cementing agents were evaluated. The
authors found the lower resistance values for
glass ionomer cement because of its lower
tensile strength. Perhaps the good performance
of the glass ionomer cement found in this work is
due to the frictional retention provided by the
hygroscopic expansion that occurs after the
cement maturation, which also helps the
adhesive bonding at the cement-dentin interface
[15].

The correlation between clinical success and in
vitro study of the microleakage test was done by
Torabinejad et al. [33], when they reported that
in vitro tests experiments have produced
misleading results by simulating in vivo
conditions to a limited extent. The exact amount
of infiltration is unknown, and is not even known
how much infiltration is considered significant,
being advisable the use materials and
techniques that promote the most effective
sealing. The major difficulty in in vitro studies, as
in this study, is the need for reproduction in the
laboratory of clinical conditions to which these
materials are submitted. One of these conditions
is related to intraoral thermal changes which
occur and produce changes in volume, allowing
the ingress of bacteria and other elements in the
tooth/restoration interface [34]. It can be
observed in the specific literature that most
studies seek to carry out thermal cycling, where
the specimen alternately go through solutions
containing dyes, saliva or water at different
temperatures in an attempt to reproduce the
variations that occur clinically, as conducted in
this study [35,36]. Another factor of great
importance when conducting a microleakage
study is the penetration capacity of the dye used.
To put leakage studies in context Oliver and
Abbott [37] conducted a study with the aim to
determine if there was a correlation between
apical dye penetration and clinical performance
of root fillings. They tested the length of apical
dye penetration using a vacuum technique in
vitro in 116 human roots that had been root-filled
at least 6 months prior to extraction. Endodontic
treatment was classified as clinically successful
or unsuccessful and results for these groups
were compared using an analysis of variance
and the Student's t-test. Positive and negative
controls were also used to test the experimental
system. The dye penetrated significantly further
in unsuccessful cases although the raw data
suggested little  difference. Overall, dye
penetrated in 99.5% of the specimens, which
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indicates that the presence of dye in a canal is a
poor indicator as to whether a technique or
material will succeed clinically. However, the
extent of dye penetration may be related to
the clinical outcome. The authors concluded
that clinically placed root canal fillings do not
provide an apical seal that prevents fluid
penetration and therefore the outcome of
treatment cannot be predicted based on the
results of apical dye leakage studies. As early as
1993 Wu and Wesselink [38] already reviewed
the shortcomings of various tests that had been
reported in the literature. In 2016, Saffarpour
et al. [39] evaluated the marginal microleakage of
Class V restorations using chloramine chewing
and thermal cycling as in the present study. They
verified that this dye was effective for the
evaluation of marginal microleakage.

According to the obtained results, the three
insertion techniques were efficient in terms of
marginal microleakage for both cementing
agents used. However, some authors [27,33]
note that the data from laboratory studies should
be interpreted with caution, because it is
impossible to reproduce in the laboratory the
actual conditions of the mouth. More studies
should be conducted with other variables to try to
simulate the conditions of the oral environment.

5. CONCLUSIONS

Regarding the results obtained it was concluded
that:

« Al groups presented marginal
microleakage regardless of the technique
used;

e« The three techniques had statistically
similar performance relative to the degree
of marginal microleakage found,
regardless of the type of cementing agent
used.
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