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ABSTRACT: Alkaline materials have shown incompatibility with methylene blue dye in leakage experiments. The
goal of the present study was to analyze the effect of different dyes on the evaluation of the apical sealing ability
of Mineral Trioxide Aggregate root-end fillings. Fifty-six extracted human canines were submitted to root canal
instrumentation and obturation. After apical resection, retrograde cavities were prepared and teeth were randomly
divided into four experimental (n = 13) and two control groups (n = 2). The following root-end filling materials
were used: groups 1 and 2 - Pro Root MTA (Dentsply), groups 3 and 4 - zinc oxide-eugenol cement (ZOE). Teeth
in groups 1 and 3 were immersed in 2% methylene blue solution, while teeth in groups 2 and 4 were immersed in
0.2% rhodamine B in a reduced pressure environment for 48 hours. Teeth were then longitudinally sectioned and
leakage was evaluated. Results were submitted to statistical analysis (ANOVA and Tukey’s test). Group 1 presented
the least leakage (p < 0.05). It was concluded that the evaluation of the sealing ability of MTA is influenced by the
dye used, since this material presented better sealing ability when evaluated with Methylene Blue, but was similar
to ZOE when evaluated with rhodamine B.

DESCRIPTORS: Dental leakage; Retrograde obturation; Mineral trioxide aggregate.

RESUMO: Tem sido demonstrada a incompatibilidade de materiais alcalinos com a solugao corante de azul de meti-
leno utilizada em testes de infiltracao marginal. O objetivo do presente estudo foi analisar a influéncia de diferentes
solucdes corantes na avaliacdo do selamento apical proporcionado pelo agregado de trioxido mineral. Cinqliienta
e seis caninos humanos extraidos tiveram seus canais radiculares instrumentados e obturados. Ap6s a seccéao
da porcao apical, cavidades retrogradas foram preparadas e os dentes divididos aleatoriamente em quatro grupos
experimentais (n = 13) e dois controles (n = 2). Foram utilizados os seguintes materiais retrobturadores: grupos 1
e 2 - Pro Root MTA (Dentsply); grupos 3 e 4 - cimento de 6xido de zinco e eugenol (OZE). Em seguida, os dentes
dos grupos 1 e 3 foram imersos em solucao de Azul de Metileno a 2% e dos grupos 2 e 4 em solucdao de Rodamina
B a 0,2% por 48 horas em ambiente com vacuo. Decorrido este periodo, os dentes foram seccionados longitudinal-
mente, e a infiltracdo marginal foi analisada. Os dados obtidos foram submetidos &4 analise estatistica (Analise de
variancia e teste de Tukey). Os resultados demonstraram que o Grupo 1 apresentou menor infiltracdo apical que os
demais (p < 0,05). Conclui-se que a avaliacao da capacidade seladora do MTA ¢ influenciada pela solucao corante,
uma vez que o mesmo apresentou melhores resultados com o Azul de Metileno e infiltracdo marginal semelhante
a do OZE quando avaliado em solucao de Rodamina B.

DESCRITORES: Infiltracédo dentaria; Obturacéo retrograda; Agregado de trioxido mineral.

INTRODUCTION

The purpose of periapical surgery is to treat
lesions that are not treatable by conventional en-
dodontic therapy. Retrograde filling is a modality of
periapical surgery®”!3 that consists in the prepara-
tion and subsequent filling of an apical cavity us-
ing a root-end filling material. This material should
present adequate physical/chemical properties,

as well as biocompatibility, and simultaneously
promote a good marginal seal.

Mineral Trioxide Aggregate (MTA), composed
of tricalcium silicate, tricalcium aluminate, and
other mineral oxides, is one among several root-
end filling materials. MTA has shown satisfactory
sealing ability as a root-end filling material!®!® and
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when used to seal lateral root perforations!®. MTA
has presented adequate biocompatibility both as
a root-end filling material'” and in the treatment
of root perforations?.

One of the methods used to evaluate the seal-
ing ability of root canal sealers and root-end filling
materials is to perform microleakage experiments
employing dye solutions. Methylene blue has been
routinely used to evaluate the sealing ability of
dental materials'>!®. However, due to its incom-
patibility with alkaline materials, its use has been
debated. This dye may suffer decoloration by alka-
line substances (such as calcium hydroxide, MTA),
thus reducing its effectiveness as a tracer®*°. Dye
solutions indicated to evaluate the sealing ability
of MTA should not be affected by alkalinity, since
this material may release calcium ions and raise
the pH.

The purpose of this study was to evaluate the
effect of different dye solutions on the evaluation
of the apical sealing ability of Mineral Trioxide Ag-
gregate.

MATERIAL AND METHODS

Fifty-six extracted human canines with intact
and straight roots were used in this study. Imme-
diately after extraction, teeth were placed in 1%
sodium hypochlorite (School of Chemistry, UNESP,
Araraquara, SP, Brazil) for 48 hours, and then
stored in saline solution (Fresenius Kabi, Campi-
nas, Brazil).

Specimens were sectioned transversally next
to the cemento-enamel junction with carborundum
discs (3M do Brasil, Sumaré, Brazil) under refrig-
eration. The working length was established with
a #1535 K-file (Dentsply Maillefer, Ballaigues, Swit-
zerland), and the foramen diameter was standard-
ized by inserting the same file 1.0 mm beyond the
apical foramen. Biomechanical instrumentation
was performed 1.0 mm short of the root length,
using K-files through #35 and saline as irrigating
solution.

Subsequently, root canals were dried and ob-
turated with a single conventional gutta percha
cone (Tanariman Ind. Ltda., Manacapuru, AM,
Brazil) adapted to the working length, and zinc
oxide cement (S.S.White Artigos Dentarios Ltda.,
Rio de Janeiro, RJ, Brazil).

Roots were then submitted to root-end resec-
tion using a #699 carbide bur (KG Sorensen, Sao
Paulo, Brazil) under slow speed. Resection was
perpendicular to the long axis of the root, 3 mm
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from the apex. Retrograde cavities, 3 mm deep,
were prepared using ultrasonic tips (S12D/90 —
Osada, Japan) and an ultrasonic device (Enac,
Osada, Japan), under continuous irrigation with
saline solution.

After cavities were prepared, roots were dried
and made impermeable with two layers of epoxy
adhesive (Araldite-Ciba-Geigy S.A., Tabodo da Ser-
ra, SP, Brazil) and two layers of nail polish (Cosbra
Cosmeéticos Ltda., Sao Paulo, Brazil), except for the
sectioned surface.

Roots were randomly divided into four experi-
mental groups with 13 specimens each, and two
control groups with 2 roots each. Root-end cavi-
ties were filled with the two materials studied [Pro
Root MTA (Tulsa Dentsply, Oklahoma, USA) or zinc
oxide cement]. Among the 4 roots in the control
groups, 2 did not receive the root-end filling (posi-
tive control) and the remaining 2 had the root-end
cavities made impermeable (negative controls).

The zinc oxide and eugenol cement was ma-
nipulated in a 1 g/0.2 ml powder/liquid ratio, ac-
cording to Bernabé? (1994). Pro Root MTA was
manipulated according to the manufacturer’s in-
structions.

Following root-end filling, specimens in ex-
perimental groups 1 and 3 were immersed in
buffered 2% methylene blue solution (School of
Chemistry, UNESP, Araraquara, SP, Brazil) in a
reduced pressure environment, while specimens in
experimental groups 2 and 4 were kept in buffered
0.2% rhodamine B solution (School of Chemis-
try, UNESP, Araraquara, SP, Brazil). All groups
were maintained in the ink solution for 48 hours
(Table 1).

After immersion in the dye solutions, roots
were washed under running water for 24 hours.
The impermeable layer was removed and roots
were longitudinally sectioned from buccal to lin-
gual with a diamond disc (KG Sorensen, Sao Paulo,

TABLE 1 - Distribution of the experimental groups ac-
cording to the materials used.

Group Root-end filler Dye solution
1 Pro Root MTA* 2% methylene blue
2 Pro Root MTA* 0.2% rhodamine B
3 zinc oxide** 2% methylene blue
4 zinc oxide** 0.2% rhodamine B

*Tulsa Dentsply, Oklahoma, USA; **S.S.White Artigos Den-
tarios Ltda., Rio de Janeiro, Brazil.
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Brazil) under refrigeration, in order to allow expo-
sure of the cavity and root-end filling.

Marginal leakage was observed with a Nikon
ProFile projector (Model 6 C, Nippon Kogatu, To-
kyo, Japan) under 20 X magnification, from the
apical wall of the retrograde cavity to the area of
greater dye penetration. Results were recorded
(mm) and submitted to statistical analysis (ANOVA
and Tukey’s test).

RESULTS

Analysis of Variance was applied to the data
obtained, and demonstrated statistically signifi-
cant differences between groups. For comparison
between pairs of groups, the Tukey’s test was ap-
plied and showed significant difference (p < 0.05)
between group 1 (MTA with methylene blue) and
the others (2, 3, and 4), which were similar when
compared with each other (p > 0.05). The mean
marginal leakage values in the experimental groups
are represented in Graph 1.

Specimens in the negative control group
showed no dye leakage in the retrograde cavity,
while specimens in the positive control group pre-
sented extensive leakage throughout the cavity
walls.

DISCUSSION

The success of root-end fillings is directly de-
pendent on the achievement of a good apical seal,
which may be accomplished by using a material
with adequate properties. Among the materials

Leakage (mm)

MTA-mb

MTA-rod ZOE-mb ZOE-rod

GRAPH 1 - Mean marginal apical leakage (mm) in the
MTA and zinc oxide-eugenol (ZOE) cements, with meth-
ylene blue (mb) or rhodamine (rod) solutions.

currently available, the zinc oxide-eugenol cement
has been utilized? in a higher powder/liquid ratio,
in order to facilitate its condensation in the retro-
grade cavity.

In this study, the best sealing ability was ob-
served in Group 1, where MTA was evaluated us-
ing methylene blue solution (p < 0.05). This find-
ing may have been influenced by the dye solution
used, since when MTA was evaluated using 0.2%
rhodamine its leakage values were similar to those
of zinc oxide-eugenol cement (evaluated with both
dye solutions).

Other studies on the sealing ability of ma-
terials!1%!¢ using methylene blue as a dye have
also demonstrated favorable results for MTA as a
root-end filling material. Greater leakage values
were observed for the zinc oxide-eugenol cement
with the two dye solutions, showing that the re-
sults were not influenced by the ink. The results
of leakage for the zinc oxide-eugenol cement were
observed in other studies, with different dye solu-
tions®19:18,

The use of methylene blue in marginal seal-
ing studies has been questioned®!?2!, due to its
incompatibility with alkaline substances, which
may induce discoloration of the dye. The Indian
ink solution has been used in studies of leakage
using clearing methods!!.

Calcium oxide is one of the components found
in MTA. When calcium oxide is mixed with water,
it results in the formation of calcium hydroxide,
with a subsequent increase in pH, as previously
demonstrated by Duarte et al.’ (2003). Thus, dis-
coloration of the surfaces marked by methylene
blue may occur!®. Accordingly, the rhodamine B
dye solution is more appropriate for evaluating the
sealing ability of MTA.

Other methods have been suggested for
evaluating the sealing ability of MTA. Weldon et
al.?® (2002) analyzed the sealing ability of MTA
and Super EBA in furcation perforations using
the fluid filtration method, with good results for
both materials. Valois, Costa!® (2004) evaluated
MTA'’s sealing ability as a root-end filling material
using the protein leakage method, with favorable
results, especially when the material was applied
in a thickness greater than 2 mm.

CONCLUSION

Based on the methodology used and on the
results obtained in this study, it may be concluded
that:
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1. Apical leakage was significantly lower for group

1 (MTA and methylene blue), when compared
with the remaining groups (p < 0.05).

2. Groups 2, 3, and 4 (MTA and rhodamine B,

and ZOE with both dyes) presented similar
leakage values (p > 0.05).
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