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INTRODUCTION

Abstract

Obijective: This study compared the marginal adaptation of mineral trioxide aggregate
(MTA) and MTA-like materials as root-end fillings after incubation in phosphate buffer
saline (PBS), a synthetic tissue fluid, for either 1 week or 2 months.

Materials and Methods: In this experimental study, seventy-two extracted human single-
rooted teeth were prepared and obturated with gutta-percha and AH26 sealer. The apical 3
mm of the roots were resected. Root-end cavities were prepared with an ultrasonic retro-
tip. The specimens were randomly divided into three groups (n=24) and filled with either
ProRoot MTA, OrthoMTA, or RetroMTA. Half of the specimens in each group were
stored in PBS for 1 week the other half for 2 months. Epoxy resin replicas from the re-
sected root-end surfaces and longitudinally sectioned roots were fabricated. The gaps at
the material/dentin interface were measured using a scanning electron microscope (SEM).
Transversal, longitudinal, and overall gap sizes were measured. The data were analyzed
using Kruskal-Wallis and Mann-Whitney tests. The significance level was set at p < 0.05.
Results: There were no significant differences between the marginal adaptation of Pro-
Root MTA, RetroMTA, and OrthoMTA in both transverse and longitudinal sections after
incubation for either 1 week or 2 months (p > 0.05). In addition, the test groups were not
significantly different regarding the overall mean gap values (p > 0.05).

Conclusion: Under the conditions of this study, there was no difference between the mar-
ginal adaptation of ProRoot MTA, OrthoMTA, and RetroMTA as root-end filling mate-
rials after exposure to PBS for either 1 week or 2 months.
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canal system and periradicular tissues [1].

The main purpose of placing root-end filling  Several materials have been used for root-end

materials during periradicular surgery is to
the communications between the root

seal
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filling in endodontic surgery [2-6]. Since the
introduction of mineral trioxide aggregate
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(MTA), it has been widely used for root-end
filling, perforation repair, pulpotomy, pulp
capping, and formation of an apical barrier in
necrotic open apices of the teeth because of
the good biocompatibility, sealing ability, and
its ability to promote hard-tissue formation [7-
12]. MTA is composed of tricalcium silicate,
dicalcium silicate, tricalcium aluminate and
tetracalcium aluminoferrite, bismuth oxide,
and other mineral oxides [13, 14]. The powder
consists of fine hydrophilic particles that form
a colloidal gel in the presence of water or
moisture, which solidifies to hard cement [13,
15]. Recently, a new type of MTA, BioMTA
(Meta Biomed Co., LTD, Seoul, Korea) has
been introduced to the market. It is manufac-
tured in both forms of OrthoMTA and Re-
troMTA for clinical applications similar to
those described for ProRoot MTA. OrthoMTA
consists of tricalcium silicate, dicalcium sili-
cate, tricalcium aluminate, tetracalcium alu-
minoferrite, free calcium oxide, and bismuth
oxide [16]. However, according to the manu-
facturer, RetroMTA is composed of calcium
carbonate, silicon dioxide, aluminum oxide
and zirconium oxide. Limited information is
available regarding BioMTA in the literature.
Chang et al. [16] showed that the components
of OrthoMTA and ProRoot MTA are similar
except for the absence of arsenic (As) and the
less amount of chromium (Cr) in OrthoMTA.
However, it has been reported that the bio-
compatibility of OrthoMTA was lower com-
pared with that of ProRoot MTA [17].

The interaction of MTA and MTA-like mate-
rials with different types of storage media
should be considered in studies on the physi-
cochemical properties of biomaterials. Several
investigations showed the formation of apatite
crystalline structures as a result of the interac-
tion between MTA and synthetic tissue fluids
such as phosphate-buffered saline solution
(PBS) [11, 18-21], which might increase the
sealing ability of the biomaterials [22]. It has
been shown that the aggregation of apatite
crystals begins within the first hours of expo-
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sure of MTA to PBS [22], which increases
substantially over time [21, 23-25].

Marginal adaptation has been considered as an
indirect indicator of the sealing capacity of a
root-end filling material [26]. Therefore, SEM
evaluation of the marginal adaptation of root-
end filling materials may provide information
on the sealing ability of these materials [26,
27]. Several investigations have shown the
superior marginal adaptation of MTA com-
pared with that of amalgam [3, 28], IRM [3,
29], and Super EBA [3, 5, 29]. However, Oli-
veira et al. [30] showed that the marginal
adaptation of ProRoot MTA, IRM, amalgam,
and SuperEBA are comparable.

To the best of our knowledge, there is limited
information regarding the effect of synthetic
tissue fluid on the marginal adaptation of
MTA as a root-end filling material. Therefore,
this study was aimed to compare the marginal
adaptation of a new type of MTA (BioMTA)
to that of ProRoot MTA exposed to PBS for 1
week and 2 months using resin replicas.

MATERIALS AND METHODS
Preparation of the specimens

In this ex-vivo study, 72 extracted single-
rooted human teeth were selected. Crowns
were removed at the cemento-enamel junction
with a high-speed diamond fissure bur (Tizka-
van, Tehran, Iran) under a continuous water
spray. The working length was determined by
subtracting 1mm from the lengths recorded
when tips of #15 K-files were visible at the
apical foramina. The root canals were then
prepared using ProTaper rotary system
(Dentsply, Maillefer, Ballaigues, Switzerland)
to an apical preparation file size F3. The root
canals were irrigated with 5.25% sodium hy-
pochlorite during canal preparation. Subse-
quently, the root canals were obturated using
laterally compacted gutta-percha (Meta Bio-
med Co., LTD, Seoul, Korea) and AH26 sea-
ler (Dentsply, De Trey, Konstanz, Germany).
After canal obturation, the teeth were stored in
100% humidity for 1 week.
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Fig 1A. The perimeter of root-end cavities was
divided into eight sections to measure the gap be-
tween dentin and root-end filling material in the
transverse section.

Then the apical 3 mm of the roots were re-
sected perpendicular to the long axis of the
teeth with a diamond fissure bur in high-speed
handpiece under water spray. Afterwards, 3-
mm deep root-end cavitie was prepared with a
diamond-coated retrotip (E32D, NSK, Japan)
attached to an ultrasonic unit (Varios 970,
NSK, Japan) set at power level 6 according to
the manufacturer’s instructions. Specimens
were then randomly divided into three groups
each of 24 and were filled with a mixture of
tooth-colored ProRoot MTA (Dentsply Tulsa
Dental, Tulsa, OK, USA), OrthoMTA (Meta
Biomed Co., LTD, Seoul, Korea), or RetroM-
TA (Meta Biomed Co., LTD, Seoul, Korea).
The root-end filling materials were prepared
according to the manufacturer’s instructions.
After the cavities were filled, the root-end ma-
terials were gently packed with appropriate
pluggers and paper points. Excessive material
was removed with a plastic instrument and
cotton pellet.

Each group was then randomly divided into
two subgroups each of 12.

In one subgroup, the roots were stored in PBS
solution (pH = 7.4) at 37°C and incubated for
1 week and in the other subgroup, for 2
months. The PBS solution was replaced every
5 days to replenish the buffering capacity of
PBS [21].
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Fig 1B. 3-mm root-end filling material was divided
into four sections in the longitudinal plane.

SEM analysis

In the present study, the marginal adaptation
of tested root-end filling materials was eva-
luated using resin replicas fabricated from the
apical surface of the resected root-ends as well
as longitudinal root sections defined as trans-
verse and longitudinal replicas, respectively
[31]. For obtaining transverse resin replicas,
impressions were taken using a polyvinylsi-
loxane material (Panasil, Kettenbach GmbH &
Co. KG, Germany). A low viscosity epoxy
resin (Epoxiran, Tehran, Iran) was mixed ac-
cording to the manufacturer’s instructions and
then delivered into the impressions. In order to
evaluate the longitudinal interface between
root-end filling materials and the walls of the
root-end cavity, the roots were ground longi-
tudinally by a diamond bur until the gutta-
percha and root-end filling materials were
completely exposed. After that, the resin repli-
cas were prepared from longitudinal sections
in the manner described for transverse repli-
cas. Then resin replicas were mounted on me-
tallic stubs, sputter-coated with gold, and ex-
amined under SEM (Vega Il XMU, Tescan,
Czech Republic). Measurement of marginal
adaptation was performed similar to that used
in a previous study [31]. The perimeter of
root-end cavities was divided into eight sec-
tions (Fig 1A).
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Fig 3. A gap is evident at the root-end filling material (M) and dentin (D) interface.
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In each section, the maximum distance be-
tween the root-end filling materials and cavity
walls was recorded. For longitudinal replicas,
the 3-mm root-end filling material was divided
into four sections (Fig 1B).

In each section, the maximum gap observed
between the root-end filling material and both
cavity walls were measured (Figs 2 and 3).
The average of eight recorded numbers in each
transverse and longitudinal section was calcu-
lated.

The overall maximum gap value was meas-
ured by calculating the average of all 16 num-
bers recorded for both transverse and longitu-
dinal replicas.

The data were analyzed using the Kruskal-
Wallis test to compare the tested materials in
each section and each interval. Mann-Whitney
test was used to compare the marginal adapta-
tion of each material for each section at two
intervals. The significance level was set at p <
0.05.

RESULTS

The mean + standard deviations (in pm) of
gaps seen in different groups are shown in the
Table 1. The results showed that there were no
significant differences among the marginal
adaptation of ProRoot MTA, RetroMTA, and
OrthoMTA in both transverse (p = 0.82) and
longitudinal (p = 0.87) sections at the 1-week
interval. Furthermore, no significant differ-
ences were found between the values of the
tested material in both transverse (p = 0.43)
and longitudinal (p = 0.45) sections at 2
months. The results showed that the root-end
materials were not significantly different re-
garding the overall mean gap values (p >
0.05).

DISCUSSION

In order to evaluate the quality of the apical
seal obtained by root-end filling material, sev-
eral methods have been used such as penetra-
tion of the dye, radioisotope, and bacteria as

Table 1. Mean Gap Values (um) for Three Tested Root-End Filling Materials

Material Interval Section Mean (£ SD) Minimum Maximum
Transverse 1.14 (+1.35) 0.00 16.81
1-week Longitudinal 0.83 (£0.97) 0.00 12.00
ProRoot MTA Overall 0.99 (+1.16) 0.00 14.40
Transverse 0.20 (+0.40) 0.00 10.25
2-month Longitudinal 0.63 (£1.11) 0.00 16.60
Overall 0.42 (+0.76) 0.00 13.43
Transverse 1.60 (x1.59) 0.00 22.7
1-week Longitudinal 1.35 (2.13) 0.00 31.64
Overall 1.48 (+1.86) 0.00 27.17
OrthoMTA
Transverse 0.30 (£0.70) 0.00 1251
2-month Longitudinal 0.99 (+1.13) 0.00 12.60
Overall 0.65 (x0.92) 0.00 12.55
Transverse 1.1 (x1.17) 0.00 26.8
1-week Longitudinal 0.50 (£0.72) 0.00 16.52
RetroMTA Overall 0.80 (x0.95) 0.00 21.66
Transverse 0.74 (£1.13) 0.00 15.96
2-month Longitudinal 0.76 (+1.00) 0.00 25.80
Overall 0.75 (+1.07) 0.00 20.88
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well as fluid filtration means, electrochemical
technique, confocal microscopy, and scanning
electron microscopy (SEM) [3]. In this study,
adaptation of ProRoot MTA, RetroMTA, and
OrthoMTA was evaluated by the resin replica
technique using SEM. SEM examination of
original tooth specimens has several shortcom-
ings. Preparation of the root before SEM ob-
servation may cause separation of the material
from root-end cavity walls as well as dehydra-
tion of the material and tooth structure result-
ing crack formation and artifacts [3, 32].
Therefore, resin replica technique has been
suggested for assessment of marginal adapta-
tion of dental material [3, 30, 32]. It has been
shown that fabricating replicas using epoxy
resin accurately reproduced details of 1 to 2
microns [33]. Accordingly, Gondim et al. [34]
showed that the details in hard tissue were not
different in images taken from both original
teeth and resin replicas. In the present study,
marginal adaptation of the tested material was
assessed by resin replicas taken from both the
surface of the resected root-ends and longitu-
dinally-sectioned roots for more accurate in-
vestigation of the material/dentin interface.
The results of this study showed that there was
no significant difference between the marginal
adaptation of ProRoot MTA, RetroMTA, and
OrthoMTA in both transverse and longitudinal
sections. It has been stated that the plane of
the root section might affect the results of
marginal adaptation studies [3].

A material may show good adaptation to cavi-
ty walls in one plane, but not in the entire spe-
cimen. However, in this study, the plane of the
root section influenced the marginal adapta-
tion of none of the three tested materials. This
finding is in accordance with the results of the
previous study [31] that showed similar mar-
ginal adaptation in transverse and longitudinal
sections of root-end cavities filled with Pro-
Root MTA.

On the other hand, Torabinejad et al. [3] and
Badr [28] showed smaller gap sizes in trans-
verse resin replicas of root-end cavities filled
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with gray ProRoot MTA compared with longi-
tudinal sections. These different results might
be because of the type of used material, which
was white ProRoot MTA in the present study
and gray ProRoot MTA in the other mentioned
studies.

In this study, specimens were exposed to PBS
for 1 week and 2 months to partially simulate
the in vivo conditions [11].

The findings of the current study showed no
difference among marginal adaptation of spe-
cimens exposed to PBS for 1 week and 2
months.

Several studies have shown that the interaction
between MTA and phosphate containing solu-
tions such as PBS and synthetic tissue fluids
resulted in the aggregation of apatite crystals
over MTA, which increased over time [18, 20,
25]. Although the results of the present study
showed lower mean gap values in 2-month
specimens of the most experimental groups,
there was no difference between the mean gap
sizes at both time periods. Previously, Reyes-
Carmona et al. [19] showed that the exposure
of 5-mm thick MTA plugs to PBS from both
apical and coronal sides for 2 months resulted
in the formation of an interfacial layer at
MTA/dentin interface with intratubular mine-
ralization at all levels of the material. Howev-
er, no interfacial layer and/or intratubular mi-
neralization formation was observed at the
cervical third of MTA plug exposed to PBS
only from the apical side. In addition, forma-
tion of the interfacial layer was shown after
immersion of 2-mm thick root sections filled
with MTA in PBS for 2 months [18, 20, 22].

In the above-mentioned studies, the surface of
the material within the root slices was larger
than the root-end fillings in the present study.
In this study, similar mean gap values in 1-
week and 2-month specimens might be attri-
buted to the small surface of the root-end fill-
ing materials exposed to PBS.

It is worth mentioning that it is not possible to
compare data from the literature, because the
methodologies of marginal adaptation assess-
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ment vary widely from one study to another.
The design of the studies, plane of root sec-
tioning, and gap measurement methods are
different in studies on marginal adaptation of
the root-end filling materials. Furthermore, in
some studies, the specimens were stored in
100% humidity and the type of storage media
have not been stated [28, 35], but in the others,
the roots were stored in water [29] or wrapped
in moist gauze and kept in 100% humidity
[36]. Exposure of root-end fillings to different
conditions before evaluation of marginal adap-
tation could influence the findings of the stu-
dies. It has been stated that exposure to blood
during the setting had a negative effect on the
marginal adaptation of MTA compared with
the material exposed to synthetic tissue fluid
[37]. However, no published studies have ex-
amined the marginal adaptation of MTA at
different time periods, thus making it impossi-
ble to compare the results of this study to
those of other studies.

CONCLUSION

Under the conditions of this ex vivo study, it
could be concluded that there was no signifi-
cant difference between the marginal adapta-
tion of ProRoot MTA, OrthoMTA, and Re-
troMTA as root-end fillings after exposure to
PBS for either 1 week or 2 months.
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