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Washout resistance of fast-setting pozzolan cement
under various root canal irrigants
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Objectives: Fast-setting pozzolan cement (Endocem, Maruchi) was recently developed.
The aim of this study was to investigate the effects of various root canal irrigants on
the washout of Endocem in comparison to the previously marketed mineral trioxide
aggregate (ProRoot; Dentsply) in a furcal perforation model. Materials and Methods:
ProRoot and Endocem were placed into acrylic molds on moist Oasis. Each mold was
then immediately exposed to either physiologic saline, 2.5% sodium hypochlorite
(NaOCl), or 2% chlorhexidine (CHX) under gentle shaking for five minutes. Washout
testing was performed by scoring scanning electron microscope (SEM) images. Results:
Endocem exhibited higher washout resistance compared to ProRoot, especially in the
NaOCl group. Conclusions: These results suggest that Endocem can be considered a
useful repair material for furcal perforation, especially in a single-visit scenario. (Restor
Dent Endod 2013;38(4):248-252)
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Introduction

Furcal perforation may occur as the consequence of a procedural error or occasionally
as the result of a pathologic process such as dental caries and root resorption." Mineral
trioxide aggregate (MTA) is a promising material that has been widely used in furcal
perforation repair because of its excellent biocompatibility, superior sealing, and
setting ability even in the presence of blood.”* However, some shortcomings of MTA
have also been reported, including its long setting time.* If a furcal perforation is
repaired in this fashion, the clinician should apply wet cotton to the MTA and make
another appointment for further treatment to provide the MTA the time to be set.
Otherwise, “washout” of the unset MTA could occur during use of irrigation solution.

Recently, MTA-derived pozzolan cement (Endocem, Maruchi, Wonju, Korea) was
introduced in the endodontic market. Endocem sets quickly without the addition
of a chemical accelerator. Instead, it contains small particles of pozzolan cement
to increases the surface contact with the mixing liquid and provides rapid setting.
Recently, Choi et al. showed that Endocem set much quicker and was more resistant
to “washout” mediated by fetal bovine serum than the previously marketed MTA
(ProRoot, Dentsply, Tulsa, OK, USA) in a root-end filling model.” However, there is
little information about the effects of various root canal irrigants including physiologic
saline, sodium hypochlorite (NaOCl), and chlorhexidine (CHX). Therefore, the aim of
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this study was to investigate the effects of various root
canal irrigants on “washout” of the MTA-derived pozzolan
cement in a furcal perforation model.

Materials and Methods
ProRoot and Endocem were mixed according to the

manufacturers” instructions. After mixing, each material
was placed into a 1 mm x 2 mm acrylic mold on saline-
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moistened Oasis which simulated periodontal tissue
in furcation area (n = 10) (Figure 1a). Each mold was
immersed in either physiologic saline, 2.5% NaOCL, or 2%
CHX immediately with gentle shaking (Compact Rocker-
CR300, FINEPCR, Gunpo, Korea) for five minutes, and then
was stored in an incubator at 95 + 5% relative humidity
and 37°C for 24 hours. Scanning electron microscopy (SEM)
was performed using a JSM-6360 system (JEOL, Tokyo,
Japan) operated at 10 kV (Figures 2 and 3). The washout
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Figure 1. (a) Schematic of the model used for the experiment; (b) Washout scores of ProRoot (PR) and Endocem (EC).
Each point and bar represents the mean + SD. The capital letters represent significant differences between ProRoot and
Endocem for each root canal irrigant, and the lowercase letters represent significant differences between root canal irrig-
ants for each repair material. SLN, physiologic saline; NaOCl, sodium hypochlorite; CHX, chlorhexidine.

Figure 2. SEM observation indicating the washout tendency of ProRoot (a - ¢) and Endocem (d - f) in the presence
of various root canal irrigants (x30). SLN, physiologic saline (a and d); NaOCl, sodium hypochlorite (b and e); CHX,
chlorhexidine (c and f). White arrowheads indicate the areas where wash-out happened.
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Figure 3. SEM observation indicating the microstructure of ProRoot (a - c) and Endocem (d - f) in the presence of various
root canal irrigants (x2,000). SLN, physiologic saline (a and d); NaOCL, sodium hypochlorite (b and e); CHX, chlorhexidine
(c and f).

score was calibrated and evaluated according to the criteria
listed in Table 1 by three dentists who had no knowledge
of the source of the specimens.

The data were then analyzed by an independent samples
t-test to compare the two materials (p = 0.05). The
Kruskal-Wallis test was used to evaluate the effects of the
three irrigants on washout score (p = 0.05).

Table 1. Scoring system for the washout test

Score Description

0 No defect

1 Defect area less than 25% of the total area

) Defect area ranging from 25% to 50% of the
total area

3 Defect area ranging from 50% to 75% of the
total area

4 Defect area greater than 75% of the total area

The defect area was defined as the hollow area on the
material surface, not including marginal gaps around or
porosities on the surfaces.
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Results

Washout scores were assigned to investigate whether the
irrigation solutions affected the washout of ProRoot and
Endocem. As shown in Figure 1b, ProRoot showed higher
washout scores than Endocem under all irrigation solutions
(p < 0.05). Furthermore, the washout scores of ProRoot
and Endocem were significantly lower in the NaOCl-treated
group compared to the saline- and CHX-treated groups (p <
0.05). Representative SEM images used for washout scoring
are shown in Figure 2.

At the microstructure level, the crystal size of the NaOCl-
treated group was greater than that of the saline- and
CHX-treated groups in both ProRoot and Endocem samples.
Notably, little crystalline formation and an amorphous layer
were observed in the CHX-treated groups (Figure 3).

Discussion

For desirable results of furcal perforation repair, the
material should have several ideal characteristics including
biocompatibility, good sealing properties, insolubility in
tissue fluids, and dimensional stability.“° Among various
materials, MTA has been recommended for the treatment of
furcal perforations.”” Despite its many favorable properties,
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MTA has some drawbacks such as a long setting time,
which is still problematic for clinical applications. The
slow setting results in handling difficulties and washout
of the MTA newly placed in the repaired area during the
subsequent irrigation procedure.'*"*

Many researchers have attempted to develop fast-
setting MTA or its derivatives." ™™ However, most of these
trials have focused on the addition of chemical setting
accelerators, some of which proved to have detrimental
physical and biologic effects.”"® Endocem, a fast-setting
MTA-derived pozzolan type of cement, was recently
developed. Choi et al. demonstrated that Endocem had a
much shorter setting time and more washout resistance
under the presence of fetal bovine serum compared to
ProRoot.” They also suggested that the decreased setting
time might be associated with the increase in the early
strength of Endocem. Similarly, Endocem demonstrated
a lower washout score than ProRoot under all irrigation
solutions in the present study (p < 0.05).

We also observed that the washout scores of ProRoot and
Endocem were significantly different depending on the
irrigation solution used. The NaOCl-treated group showed
significantly lower washout scores compared to the saline-
and CHX-treated groups for both ProRoot and Endocem (p
< 0.05) (Figure 1b). There were some studies that showed
NaOCl decreased the setting time and microleakage of MTA.
Kogan et al. reported that different additives produced a
wide range of MTA setting times, and NaOCl gel decreased
the setting time while saline and CHX gel resulted in
an increase in setting time."” Furthermore, Uyanik et al.
reported that the sealing of furcal perforation repaired
with MTA was affected by the irrigation regimens, and
the samples irrigated with NaOCl had the lowest leakage
values."” Notably, NaOCl has an alkaline pH of 9.0 - 10.5
whereas CHX and saline have neutral pH."™ The literature
indicated that lower pH environments may affect various
physical and chemical properties of MTA negatively."*

At the microstructure level, the CHX group demonstrated
different crystal morphology than the other groups.
Evaluation of the SEM images revealed a distinct lack
of crystal structures in all groups exposed to CHX when
compared to the saline and NaOCl groups (Figure 3).
Recently, Hong et al. reported that CHX adversely affected
the physical properties and hydration behaviors of MTA
when it was in contact with MTA before initial setting.”
The authors explained that crystal structures were not
apparent on the surface of the CHX-treated samples, and
they were not the typical calcium hydroxide crystals on
energy dispersive x-ray spectroscopic analysis. These
findings may explain why the washout resistance of the
CHX-treated group was lower than that of the NaOCl-
treated group in this study.
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Conclusions

Our results indicate that Endocem exhibited superior
washout resistance compared to ProRoot, especially in the
NaOCl-treated group. Thus, within the limitation of this
study, Endocem may be considered a substitute for ProRoot
in a single-visit scenario of conventional root canal
treatment with furcal perforation repair because it is less
loosened during the setting reaction. Furthermore, NaOCl
can be considered a more suitable irrigant than physiologic
saline and CHX in a tooth with furcal perforation repaired
using Endocem in terms of washout resistance. However,
further studies regarding the biocompatibility of Endocem
with periodontal tissue should be considered.
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