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IN VITRO EVALUATION OF APICAL MICROLEAKAGE
USING DIFFERENT ROOT-END FILLING MATERIALS
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  he objective of this study was to evaluate the apical leakage of retrograde cavities filled with Portland Cement (Concrebrás
S/A-MG-Brazil), ProRoot MTATM (Dentsply International, Johnson City, TN, USA) and Sealapex (Kerr Corporation, Orange,
California, USA) with addition of zinc oxide (Odahcam Herpo Produtos Dentários Ltda, Rio de Janeiro, RJ, Brazil).  Forty-two
extracted single-rooted human teeth were decoronated and used for this study. The root canals were instrumented at 1.0mm
short of the apical foramen using the step-back technique to an apical ISO size 60. The roots were obturated with gutta-percha
points and sealer Sealapex (Kerr Corporation-USA) and then 3mm of each root apex was sectioned at a 90° angle. Ultrasonic
retrograde preparation was performed with a diamond tip to 3mm depth and the roots were randomly divided into 3 groups
according to the filling material: G1-Portland, G2-ProRoot MTA, G3- Sealapex zinc oxide-added cement.  The root surfaces were
covered with nail varnish up to 2mm from the apical foramen, immersed in simulated tissue fluid for 30 days, and then immersed
in 0.2% Rhodamine B solution for 24 hours for evaluation of marginal leakage. The results showed mean leakage of 0.75, 0.35
and 0.35 for groups 1, 2 and 3, respectively; however, Kruskal-Wallis test revealed that there was no statistically significant
difference among the results (p>0.05).
Uniterms: Dental leakage; Root canal filling materials; Retrograde obturation.

    objetivo deste trabalho foi avaliar o selamento marginal de cavidades retroapicais obturadas com os cimentos Portland
(Concrebrás S/A-MG-Brasil), MTATM (Dentsply International, Johnson City, TN, EUA) e SealapexTM (Kerr Corporation, Orange,
California, EUA) acrescido de óxido de zinco (Odahcam Herpo Produtos Dentários Ltda, Rio de Janeiro, RJ, Brasil).   Foram
utilizados 42 dentes unirradiculados humanos extraídos que, após a remoção de suas coroas, tiveram seus canais preparados
a 1mm aquém do ápice radicular até o instrumento nº 60. Os canais foram obturados com cones de guta-percha e cimento
SealapexTM e, em seguida, foi realizado o seccionamento de 3mm do ápice radicular em ângulo de 90º em relação ao longo eixo
do dente. Foram preparadas cavidades retroapicais com ponta diamantada em ultrasom, a uma profundidade de 3mm, e as raízes
foram divididas aleatoriamente em 3 grupos de acordo com o material retrobturador: G1- Portland, G2 - MTA, G3 – Sealapex
acrescido de óxido de zinco. As raízes foram impermeabilizadas externamente e imersas em fluido tissular simulado por 30 dias.
Em cada grupo, 2 dentes serviram como controle positivo (não impermeabilização) e negativo (total impermeabilização). Os
espécimes foram imersos em corante Rhodamina B 0,2% por 24 horas para avaliação da infiltração marginal.  Os cimentos
Portland, SealapexTM + óxido de zinco e MTA apresentaram média de infiltração de 0,75; 0,35 e 0,35mm respectivamente, não
havendo diferenças estatísticas significantes entre eles (p>0,05).
Unitermos: Infiltração dentária; Materiais restauradores do canal radicular; Obturação retrógrada.
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INTRODUCTION

One of goals of root canal obturation is to obtain hermetic
sealing of the root canal system, favoring the process of
apical and periapical repair after endodontic therapy.
Inadequate filling can result in fluid movements into the
filling defects, inducing a periapical chronic inflammatory
reaction and compromising the treatment success. Other
factors lead to failures sometimes not resolvable through
the intracanal therapy, such as drilling accidents and root
resorptions. Therefore, in some situations, surgical
complementation is necessary in order to obtain apical repair.
Therefore, several surgical techniques were proposed,
including them apicoectomy followed by retrograde filling.

Many materials have been proposed for utilization in
retrograde fillings as amalgam2,4,11,12,16,17,20,21,23, calcium
hydroxide based cements5,13,14, zinc oxide and eugenol2,4,13

,14,17,21,22,23,27, Mineral Trioxide Aggregate1,2,4,7,10,11,

12,13,14,20,21,22,23,25, resins13, and Portland cement7,11. This new
proliferation of materials raised doubts about their use,
mainly because until now an ideal material that presents
adequate physical-chemical and biological properties, such
as easy manipulation, dimensional stability, non toxicity,
radiopacity, non resorbability, not being affected by the
presence of humidity and able to stimulate the repair of
apical tissue3, has not been achieved in the literature. The
Mineral Trioxide Aggregate (MTA) has been shown to be
better than other retrograde filling materials with regard to
citotoxicity14, sealing25, marginal adaptation22 and induction
of periodontal ligament repair12. Besides, Portland cement
has been shown to have similar biological properties
compared with MTA and calcium hydroxide10.

The objective of this study was to evaluate the apical
leakage of root-end preparations filled with Portland cement
(Concrebrás S/A, Montes Claros, MG, Brazil), SealapexTM

(Kerr Corporation, Orange, California, USA) with addition
of zinc oxide (Odahcam – Herpo Produtos Dentários LTDA,
Rio de Janeiro, RJ, Brazil) and Mineral Trioxide Aggregate
ProRoot MTAtm (Dentsply International, Johnson City, TN,
USA).

MATERIAL AND METHODS

In this study, forty-two single-rooted human teeth
extracted for several reasons and selected according to their
external and internal anatomy were used. The teeth were
maintained in 10% formalin solution for 24 hours and
transferred to saline solution at the time of use. Them, they
were cleaned and their crowns cut off close to the
cementoenamel junction with a carborundum disc at low
speed under water coolant. A K-File #10 (Maillefer-Swiss
Company) was inserted into the root canal to locate and
unblock the apical foramen.

Each root canal was cleaned with 1% NaOCl and shaped
to a #60 K-file at the working length, using the step-back
technique. Then, the root canals were dried with absorbent
points (Tanari- LTDA- Brazil) and obturated with gutta-

percha (Tanari- LTDA- Brazil) and Sealapex (Kerr
Corporation-USA) root canal sealer using lateral
condensation technique. The roots were X-rayed to verify
the complete filling of the root canal.

The tip of each root was resected perpendicular to its
long axis 3mm from the apex with diamond bur #1090 ( KG
Sorensen, São Paulo, SP, Brazil) using a high speed hand
piece with water coolant using a proper apparatus (supports
developed by the Department of Restorative Dentistry,
UNESP, São José dos Campos, SP, Brazil). Then apical
cavities with the depth of 3mm were prepared ultrasonically
(NAC Plus Adiel Comercial, Ribeirão Preto, SP, Brazil) by a
DF 608 diamond tip (Multisonic S Gnatus, Satelec system nº
S12.900 – Gnatus, Ribeirão Preto, SP, Brazil).

The root surfaces were covered with two layers of nail
varnish ( Risqué,Taboão da Serra, SP, Brazil) up to 2mm from
the apical foramen and then divided into 3 groups with 14
specimens each, according to retrograde filling material
used:

Group 1: Portland cement (Concrebrás, Montes Claros,
MG, Brazil).

Group 2: Mineral Trioxide Aggregate – ProRoottm MTA
(Dentsply International, Johnson City, TN, USA).

Group 3: Sealapextm (Kerr Corporation, Orange, California,
USA) with zinc oxide added. (Odahcam-Herpo Produtos
Dentários LTDA, Rio de Janeiro, RJ, Brazil).

Portland cement was mixed by adding distilled water to
the powder at the same proportion recommended by the
manufacturer of ProRoot MTA. The Sealapex was prepared
by mixing equal parts of the base paste, catalyst and zinc
oxide until a homogenous color was obtained. The zinc oxide
was then added until uniformity was obtained using 1:1:1
proportion of base paste, part catalyst and zinc oxide. All
materials were inserted into the apical cavity with spatula
#1 adapted with an amalgam condenser, and the excesses
removed with sterile gauze.

The roots were externally covered with a layer of
approximately 2mm of sticky wax except for the apical section.
In each group, two specimens were used as positive and
negative internal controls.  For the positive control, the
external root surface of a specimen was not covered with
any varnish or wax. For the negative internal control, the
external surface was completely covered, including the apical
section.

The roots were immersed in simulated tissue fluid
(chloride of sodium-100mM of chloride of potassium-4mM;
chloride of calcium-1mM; sulfide of magnesium-1mM),
buffered and with pH adjusted at 7.4, maintained at 37ºC
and 100% relative humidity for 30 days. During this period,
the  tissue fluid was changed weekly using sterile vats and
a laminar-flow chamber (Veco of Brazil - Marconi laboratory
equipments – Brazil). After this period, the roots were
removed from the simulated tissue fluid, rinsed with saline
solution and immersed in 0.2% Rhodamine B dye.

The dye was applied in a vacuum environment of 20mm
Hg maintained by a vacuum pump model CAL BF – 1725
(Dia Pump Fanen Ltda, São Paulo, SP, Brazil) connected to a
dehumidifier. The samples were kept in the vacuum for one
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hour and then were maintained in the dye at 370C and 100%
relative humidity for 24 hours. After the time elapsed for
remaining in the dye, the roots were washed in running
water, dried and the external layers of varnish and wax were
removed. The roots were then split up to the middle, in
buccolingual direction, obtaining two halves with the path
of the root canal especially evident in the apical third. The
samples were mounted individually on glass microscope
slides and evaluated on a stereomicroscope (Tecnival Carl
Zeiss - JENA - Germany) with micrometric measurement
ocular for evaluation of the linear dye penetration at the
tooth-materials interface.

Statistical analysis of the data was accomplished using
non-parametric Kruskal-Wallis test (p<0.05)

RESULTS

The mean dye penetration values (mm) are shown in
Table 1.

The results were analyzed by non-parametric Kruskal-
Wallis test at a significance level of 5%. (p>0.05). Although
the extent of dye penetration was similar in apical cavities
obturated with MTA and Sealapex + ZnO (0.350 ± 0.189 and
0.350 ± 0.584, respectively) and highest in Portland group
(0.750 ± 0.897), there were no statistically significant
differences between groups (p>0.05).

DISCUSSION

The results of the present study showed that the three
experimental materials presented similar marginal sealing
ability.

The Mineral Trioxide Aggregate (MTA) was developed
by Torabinejad, et al.20,1999, who  verified low leakage in
retrograde cavities filled with this material.  Since then,
several studies have shown its excellent capacity of marginal
sealing when compared with other materials (Abedi and
Ingle1, 1995; Torabinejad, et al.21, 1995; Bates, et al.4, 1996;
Yatsushiro, et al.25, 1998; Torabinejad and Chivian20, 1999;
Wucherpfennig26, 1999; Aqrabawi2, 2000). The main
components of MTA are tricalcium silicate, tricalcium
aluminate, tricalcium oxide and silicate oxide. The powder is
composed of small hydrophilic particles and the hydration
of the powder results in a colloidal gel that solidifies in the
mineralized structure of the tooth (Torabinejad, et al.22,1993),

leading to a marginally satisfactory adaptation due to the
possible expansion of this material in a humid environment.

The studies of Abedi, et al.1,1995; Holland, et al. 9,1998; ;
Wucherpfennig26,1999; Estrela, et al.7, 2000; Keiser, et
al.12,2000; Holland, et al.10,11, 2001 were done in order to
evaluate the biological compatibility of MTA to the periapical
tissues when compared to other retrograde-filling materials.
In these studies it was verified that MTA presented lower
toxicity than Super-EBA, amalgam and IRM, materials
traditionally used for retrograde filling (Keiser, et al.14, 2000;
Abedi, et al.1,1995), as well as providing a favorable treatment
for the periapical tissues with new cement formation around
them (Zhu, et al.27 , 2000; Abedi and Ingle1, 1995).

The results obtained in the present study did not show
statistically significance difference.

Portland cement has shown very similar antimicrobial
properties to MTA (Estrela, et al.7, 2000). Besides Estrela, et
al.7, 2000 and Funteas, et al.8, 2003 verified that the
components of these two cements are similar, except for the
presence of bismuth, used to improve radiopacity of MTA.

Holland, et al.10,11, 2001, observed a very similar behavior
between Portland cement and MTA, both inducing
mineralized tissue deposition in dogs’ pulps11 and in the
connective tissue of mice10.

However, we cannot compare these results with others
in the literature since we are dealing with a recent material
for endodontic use and many doubts still exist regarding
their composition and behavior.  It was also verified that
Portland cement was similar to MTA with regards to
manipulation, time of work, consistence and appearance of
the material (Estrela, et al.7 2000).

The cement Sealapex plus zinc oxide also presented
similar leakage as the other materials. For utilization in root
canal filling, it required addition of zinc oxide to allow
adequate consistency for insertion into the cavity. Tanomaru
Filho, et al.19 1998, observed in vitro better retrograde sealing
with Sealapex and Sealer 26 compared with zinc oxide and
eugenol. This material showed good antimicrobial activity
(Tanomaru, et al18 2003) and better tissue tolerance in mouse
with the Sealapex without zinc oxide ( Valera, et al.24 ).

Leonardo, et al.15,1997, studied the evolution of the apical
and periapical repair processes after endodontic treatment
with calcium-hydroxide based cements, and Sealapex was
the cement that allowed larger mineralized tissue deposition
at the periapical level, being also the only cement capable of
accomplishing complete sealing. Also Holland, et al.9,1998,
verified in vital pulpectomies in dogs that Sealapex presented

Portland MTA Sealapex+ ZnO
n=12 n=12 n=12

Min. Leakage 0.100 0.000 0.200

Max. Leakage 3.500 0.700 2.000
Mean ± SD 0.750±0897 0.350±0.189 0.350±0584

TABLE 1- Mean dye penetration values
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excellent results, with biological closing of the apex.
Tanomaru Filho, et al.17,1998 included Sealapex in a study of
periapical repair in teeth with periapical chronic periodontitis,
and the results of histopathological repair were significantly
better compared to zinc oxide and eugenol-based cements.

It should be emphasized that the exact clinical importance
of leakage studies is still unknown, requiring the use of
materials that promote minimal in vitro leakage in association
with the biological properties.

CONCLUSION

The results of this study showed that all materials tested
were unable to avid dye penetration. Despite the differences
between the mean leakage of Portland cement compared
with MTA and Sealapex zinc oxide-added cement, all groups
were equally ineffective to avoid dye penetration.
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