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Apical microleakage of different root
canal sealers after use of maleic acid
and EDTA as final irrigants

Abstract: This study aimed to compare the effects of ethylenediamine-
tetraacetic acid (EDTA) and maleic acid (MA) on the sealing ability of
various root canal sealers. Eighty root canals were instrumented and irri-
gated with either EDTA or MA. They were divided into eight experimen-
tal groups and obturated as follows: Group 1: MA + Hybrid Root SEAL/
gutta-percha. Group 2: EDTA + Hybrid Root SEAL/gutta-percha. Group
3: MA + iRoot SP/gutta-percha. Group 4: EDTA + iRoot SP/gutta-percha.
Group 5: MA + EndoREZ/EndoREZ points. Group 6: EDTA + EndoREZ/
EndoREZ points. Group 7: MA + AH Plus/gutta-percha. Group 8: EDTA +
AH Plus/gutta-percha. Another ten roots were used as negative and pos-
itive controls. The microleakage of each sample was measured at 2-min
intervals for 8 min using the fluid filtration method. Data were statistical-
ly analyzed with one-way ANOVA, post-hoc Tukey, and paired-samples
t tests. The minimum microleakage values were obtained from the teeth
obturated with AH Plus and EndoREZ selaers (p < 0.001). The samples
with Hybrid Root SEAL showed the maximum leakage (p < 0.001). There
were significant differences between the groups irrigated with MA or
EDTA in terms of microleakage (p < 0.05). Use of MA resulted in higher
microleakage values compared with those using EDTA. The type of final
irrigation solution seems to influence the postobturation apical seal. Use
of AH Plus and EndoREZ sealers showed better sealing ability compared
with IRoot SP and Hybrid Root SEAL.
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Introduction

It has been suggested that complete removal of the smear layer from
root canal walls enhances sealer penetration into the dentinal tubules.!
Therefore, irrigation procedures are thought to influence the adhesion of
sealers to root dentin.?® Any failure in adhesion may result in microleak-
age between the root canal materials and the root dentin.

Ethylenediaminetetraacetic acid (EDTA) is a commonly used irrigation
material that removes the smear layer from root dentin walls. However, it
was found ineffective in eliminating the smear layer from the apical third
of the root canals.* In recent years, maleic acid (MA) has been shown to
be more effective than EDTA in removing the smear layer,” which may
contribute to better adhesion of root canal sealers to root dentin, thus
decreasing microleakage.
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Hybrid Root SEAL is a dual-cure, self-etching
resin cement containing 4-methacryloyloxyethyl tri-
mellitate anhydride (4-META). The major mechanism
of its bonding properties is formation of hybridized
dentin.® The manufacturer suggests that Hybrid Root
SEAL be used with either Resilon or gutta-percha
core material.

IRoot SP is an aluminum-free, hydrophilic, cal-
cium silicate-based root canal sealer that is available
in premixed, ready-to-use injectable form. The mate-
rial needs water to set and harden. The manufacturer
claims that iRoot SP shows improved sealing ability
with or without use of any core material.

EndoREZ is a first-generation, nonetching root
canal obturation system consisting of resin-coated
gutta-percha cones and urethane dimethacrylate-
based sealer. The system contains nonacidic, hydro-
philic resin monomers to enhance sealer penetration
into dentinal tubules after smear layer removal.’

AH Plus is a widely used epoxy resin-based root
canal sealer that has been shown to have higher bond
strength to root dentin and lower volumetric shrink-
age during polymerization compared with methac-
rylate resin-based selaers.?’

Many studies have evaluated the sealing perfor-
mance of different sealers.’®12 However, there are
no data about the effect of MA on their sealing abil-
ity. Thus, the aim of this study was twofold: first, to
compare the effects of MA and EDTA on the seal-
ing ability of various sealers; second, to compare the
apical sealing performance of Hybrid Root SEAL,
iRoot SP, EndoREZ, and AH Plus using the fluid fil-
tration method.

Methodology

Ninety freshly extracted, single-rooted man-
dibular premolars with similar dimensions were
selected. All teeth were free of caries, cracks, and
immature apices, and they were stored in distilled
water until use. Then they were decoronated at the
cementoenamel junction with a high-speed bur
and water spray, leaving a standard root length of
13 mm. Following access cavity preparation, the
working lengths of 85 roots were determined by
subtracting 0.5 mm from the apical foramen. Then
the root canals were instrumented with ProTaper
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rotary files (Dentsply-Maillefer, Ballaigues, Swit-
zerland) to a master apical size of 30 (F3). During
instrumentation, the root canals were irrigated
with 2mL of 2.5% NaOCl solution (Rehber Chem-
istry, Istanbul, Turkey) using a 30-gauge needle.

Eighty roots were divided into eight experimen-
tal groups containing 10 roots each. The roots in the
groups 1, 3,5 and 7 received a final irrigation with 2
mL of 7% MA (Ankara University Faculty of Science,
Ankara, Turkey) for 2 min. The roots in groups 2, 4,
6, and 8 received a final irrigation with 2 mL of 18%
EDTA (Ultradent, South Jordan, USA) for 2 min. All
the root canals were then washed with 2 mL distilled
water and dried with paper points. The root canals
were obturated as follows:

Group 1 (MA + Hybrid Root SEAL/gutta-per-
cha): The roots were obturated with Hybrid Root
SEAL (Sun Medical, Tokyo, Japan) and gutta-
percha points using the cold lateral condensa-
tion (CLC) technique. According to the manufac-
turer’s instructions, three drops of liquid and 1
scoop of powder were mixed with a spatula and
placed in the root canal using a paper point. A
#30/ 0.04 tapered master gutta-percha point was
lightly coated with the sealer and placed in the
root canal to the working length. Lateral compac-
tion was performed using fine accessory gutta-
percha points and appropriate finger spreaders.
The excess material was removed with a heated
instrument and condensed vertically. The coro-
nal surfaces of the root canal fillings were light-
cured for 20 s.

Group 2 (EDTA + Hybrid Root SEAL/gutta-per-
cha): The roots were obturated with Hybrid Root
SEAL and #30/0.04 tapered gutta-percha points using
CLC following the same protocol as in group 1. The
coronal surfaces were light-cured for 20 s.

Group 3 (MA +iRoot SP sealer/gutta-percha): The
roots were filled with iRoot SP (Innovative BioCrea-
mix Inc, Vancouver, Canada) which was premixed in
an injectable form and #30/0.04 tapered gutta percha
cones using CLC as described above.

Group 4 (EDTA + iRoot SP sealer/gutta-percha):
The roots were filled as in group 3.

Group 5 (MA + EndoREZ sealer/ EndoREZ points):
The roots were obturated with EndoREZ sealer



(Ultradent, South Jordan, USA) and #30/0.04 tapered
EndoREZ points using CLC in the same manner as
group 1. EndoREZ sealer was prepared according
to the manufacturer’s instructions. The roots were
light-cured from the coronal side for 20 sec.

Group 6 (EDTA + EndoREZ sealer/EndoREZ
points): The roots were filled with EndoREZ sealer
and #30/0.04 tapered EndoREZ points as in group 5
and light-cured for 20 sec.

Group 7 (MA + AH Plus sealer/gutta-percha): The
roots were obturated with AH Plus sealer (Dentsply,
Konstanz, Germany) and #30/0.04 tapered gutta-
percha points using CLC.

Group 8 (EDTA + AH Plus sealer/gutta-percha):
The roots were obturated as in group 7.

Five instrumented roots, not obturated, served
as positive controls. Another five roots, which were
nonprepared and unfilled, were completely cov-
ered with two layers of nail varnish, which served
as negative controls.

Access cavities of the obturated roots were
sealed with temporary filling material (3M ESPE,
Seefeld, Germany). The specimens were stored at
37 °C and 100% humidity for 1 week to allow the
sealers to set completely.

Fluid Filtration Test

A fluid filtration study design previously
reported by Pashley and Depew" was used. After
we removed the temporary fillings, the apical 3
mm of the roots was inserted and attached to a
silicone tube having a 3-mm internal diameter
and cyanoacrylate adhesive. The tube was con-
nected to a fluid filtration apparatus as described
by Derkson et al."* and modified by Wu et al.” for
endodontic studies. The pressure reservoir was
connected to a 25-uL micropipette (Fisher Scien-
tific, Philadelphia, USA) with polyethylene tub-
ing (Fisher Scientific, Pittsburgh, USA).

Then the micropipette was connected to a
microsyringe (Gilmont Instruments Inc., New
York, USA) and the silicone tube with the attached
root. The tubing, pipette, and syringe were filled
with distilled water under a pressure of 202 kPA
using O, gas. The sealing ability of the samples
were measured by following the progress of the

Ulusoy OI, Nayir Y, Celik K, Yaman SD

tiny air bubble traveling within the micropipette.
Fluid movements were measured and recorded at
2-min intervals for 8 min and averaged. The val-
ues were expressed as L/min/cm H,O. The data
were statistically analyzed by using one-way
analysis of variance (ANOVA), post-hoc Tukey,
and paired-samples t tests. The statistical analy-
sis was performed with SPSS 15.0 (SPSS Inc., Chi-
cago, USA) for Windows. A p value of < 0.05 was
considered significant.

Results

Positive controls showed rapid air bubble move-
ment as expected. The varnish-coated negative
controls exhibited no measurable bubble move-
ment. The mean, standard error, minimum, and
maximum values of microleakage for the experi-
mental groups are shown in Tables 1 and 2. There
were statistically significant differences between
the groups obturated with different sealers (p <
0.001). The minimum microleakage values were
obtained from the teeth obturated with AH Plus
sealer/gutta-percha points and EndoREZ selaer/
EndoREZ points. The teeth obturated with Hybrid
Root SEAL/gutta-percha points showed the maxi-
mum leakage (p < 0.001). There were significant
differences between the groups irrigated with
MA or EDTA in terms of microleakage (p < 0.05).
Use of MA resulted in higher microleakage val-
ues compared with those of EDTA.

Table 1. Means and standard deviations of the microleakage values

Sealers MA EDTA p'
Mean = SD Mean += SD

Hybrid Root 0.000853 0.000678 0.037

SEAL (0.000122) © (0.000164)e

iRoot SP 0.000591 0.000489 0.177
(0.000190) ® (0.000254)>

EndoREZ 0.000401 0.000313 0.047
(0.000106) © (0.000195)°

AH Plus 0.000367 0.000346 0.435
(0.00046) « (0.000082)°

p* < 0.001 < 0.001

Different letters indicate significant differences between the groups
* One-way ANOVA

1 Paired-sample t test

SD: Standard deviation

MA: Maleic acid

EDTA: Ethylenediaminetetraacetic acid
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Table 2. Mean, standard error, minimum, and maximum microleakage values of the groups

Groups N Mean
Group 1: 10 0.000853
Maleic acid + brid Root SEAL/Gutta-percha

Group 2: 10 0.000678
EDTA + Hybrid Root SEAL/Gutta-percha

Group 3: 10 0.000591
Maleic acid + iRoot Sp sealer/Gutta-

percha

Group 4: 10 0.000489
EDTA + iRoot Sp sealer/Gutta-percha

Group 5: 10 0.000401
Maleic acid + EndoREZsealer/EndoREZ

points

Group 6: 10 0.000313
EDTA + EndoREZsealer/EndoREZ points

Group 7: 10 0.000367
Maleic acid + us sealer/Gutta-percha

Group 8: 10 0.000346
EDTA+

AH Plus sealer/Gutta-percha

Discussion

It is generally accepted that complete removal of
the smear layer from root canal walls induces pen-
etration of the root canal sealers into the root dentin,
thereby decreasing microleakage.'" In a recent study,
MA was found to be superior to EDTA in removing
the smear layer from the apical third of root canals.®
Ballal et al.'” also concluded that postobturation api-
cal seal was improved after final irrigation with 7%
MA compared with 17% EDTA, using the dye leakage
method. However, the current study revealed that
the irrigation protocol using MA resulted in more
microleakage than with EDTA. This contradiction
might be attributed to the diversity of microleak-
age measurement methods and the type of sealers
used. In addition, successful removal of the smear
layer may not always result in an improved apical
seal.’® There exists literature suggesting that there
is no correlation between smear layer, leakage, and
bonding strength of the sealers.!**2

Several methods have been used to evaluate the
sealing ability of root canal filling materials.'>**
Linear dye microleakage is a commonly used tech-
nique to assess leakage in root canals. However, it
has some limitations such as the need for sample
sectioning and possible prevention of dye penetra-
tion due to the air inside the root canal.?*% The fluid
filtration method used in the current study has been
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Standard error Minimum Maximum
0.000039 0.000715 0.001093
0.000052 0.000338 0.000825
0.000060 0.000278 0.000944
0.000080 0.000040 0.000815
0.000034 0.000229 0.000527
0.000062 0.000010 0.000596
0.000015 0.000298 0.000467
0.000026 0.000248 0.000477

reported to be more reliable and advantageous than
that of dye penetration, as it provides quantitative
and volumetric data without destroying the samples."

In the present study, the minimum leakage was
observed in the samples filled with EndoREZ sealer/
EndoREZ points and AH Plus sealer/gutta-per-
cha points. The highest microleakage results were
obtained from the roots filled with Hybrid Root
SEAL/gutta percha. Similar to our results, another
methacrylate resin-based obturation system (Resi-
lon/Epiphany), including its special core and sealer,
showed similar microleakage values with AH Plus
and gutta-percha.” The lower microleakage results
obtained from the EndoREZ system may be related
to the use of special gutta-percha cones coated with
resin, which allowed a more successful adaptation
between the core material and sealer. On the contrary,
use of traditional gutta-percha cones in the Hybrid
Root SEAL group may have prevented the adhesive
bonding between the core material and sealer. Simi-
larly, Onay et al.*reported greater microleakage with
EDTA+Hybrid Root SEAL/gutta-percha than with
EDTA+AH?26/gutta-percha by using a computerized
fluid filtration method.

It has been suggested that the systems-aiming
“monoblock” improves the fracture resistance of roots
by providing a hermetic seal inside the root canal.”
The studies comparing push-out bond strength and



fracture resistance of EndoREZ and Hybrid Root SEAL
indicated the superiority of Hybrid Root SEAL.%%
However, the high microleakage values obtained
from Hybrid Root SEAL in the present study suggest
its relative inability to form monoblock.

The apical region of human teeth represents irreg-
ular and variable structure, which may influence
the dentin-bonding ability of obturation materials,
including adhesives.** Hybrid Root SEAL is a self-
adhesive, methacrylate resin-based sealer, and the
success of bonding depends largely on the success-
ful removal of the smear layer in the apical third.”® In
the current study, the use of MA and EDTA as final
irrigants might have been insufficient to achieve
complete smear layer removal. Although EDTA is
a widely used irrigant for eliminating the smear
layer, use of stronger acid solutions such as phos-
phoric acid might be more appropriate to improve
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