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ABSTRACT This study analyzed the quality of obturation and physical properties of MTA
Fillapex and AH Plus sealer. A sample of 30 human maxillary central incisors were instru-
mented with Protaper until a F5 (50/05) file. Both sealers were mixed with Rhodamine-B dye to
allow visualization on a confocal laser-scanning microscope (CLSM). Next, the canals were filled
using the single cone technique. After setting, all samples were sectioned at 2, 4, and 6 mm from
the apex. CLSM was used to analyze the gaps and sealer penetration into the dentinal tubules.
All samples were scanned 10 mm below the dentin surface and images were recorded at 1003

magnification using the fluorescent mode. Additionally, the solubility, flowability and setting
time of the sealers were evaluated. All the measured quantities of the examined materials were
evaluated for significant differences by means of statistical analysis. The CLSM analysis of the
MTA Fillapex showed the highest percentage of gaps at all sections (P 5 0.0001). Physical tests
revealed adequate properties for both sealers except for a higher solubility of the MTA Fillapex
(P 5 0.0001). The MTA Fillapex presented flowability and intratubular penetration similar to
the AH Plus. Nevertheless, the MTA Fillapex sealer presented a higher solubility and consider-
able quantity of gaps between the sealer/dentin interface in relation to the AH Plus sealer. Clini-
cians must take into consideration, the quality of endodontic sealers as it is essential in the
outcome of the root canal filling. Microsc. Res. Tech. 77:1031–1036, 2014. VC 2014 Wiley Periodicals, Inc.

INTRODUCTION

Some of the objectives of root canal obturation are to
adequately fill the root canal system; entomb remaining
bacteria; and favor periapical healing (Hargreaves
et al., 2011). Endodontic sealers present an important
role in achieving these objectives. They fill the spaces
that cannot be reached by the gutta-percha and provide
a bonding effect between the materials and dentin sur-
face (Gatewood, 2007). In addition, an adequate pene-
tration of the sealer inside the dentinal tubules and its
adaptation to the dentinal walls can prevent leakage,
avoiding the entrance of inflammatory exudate, bacte-
ria, saliva, and chemical fluids to the interior of the
canal (Ersahan and Aydin, 2013). Certain important
factors may interfere with the sealer adhesion, such as
the root canal instrumentation and cleaning, the filling
technique, and the type of sealer (Ricucci et al., 2009).

In endodontics, different types of sealers are regularly
used and their physical/chemical and biological proper-
ties should meet the criteria described by Grossman
(1988) which include: an excellent seal when set, dimen-
sional stability, a slow setting time to ensure sufficient
working time, insolubility to tissue fluids, adequate
adhesion with the canal walls, and biocompatibility.
These factors have a direct influence on the quality of
the final obturation. The American National Standards
Institute/American Dental Association (ANSI/ADA)
specification for endodontic sealers recommend that

sealers should present a solubility lower than 3%, flow
with �20 mm of disc diameter, and a setting time that
does not exceed 10% of the time specified by the manu-
facturer (ANSI/ADA’s specifications 57).

In recent years, the MTA Fillapex has been intro-
duced and its physical–chemical and biological proper-
ties have been recently studied. Nevertheless, the
results of these studies addressing these properties are
controversial. Some authors reported higher values of
solubility for MTA Fillapex (Borges et al., 2012; Faria-
Junior et al., 2013; Viapiana et al., 2013), while others
reported lower values (Vitti et al., 2013; Zhou et al.,
2013). The biocompatibilty test has also been found to
be variable (Zmener et al., 2012; Tavares et al., 2013).
However, to date there is a lack of studies that evaluate
the filling quality of MTA fillapex.

Thus, the aim of this study was to evaluate the qual-
ity of adaptation to the dentinal walls, sealer penetra-
tion, and physical properties of the MTA Fillapex sealer.
The epoxy resin AH Plus sealer was used for comparison
based on its good properties and adaptability to the root

*Correspondence to: Pablo Andr�es Amoroso Silva; Faculdade de Odontologia
de Bauru – USP, Al. Oct�avio Pinheiro Brisolla, 9-75, CEP 17012-901, Bauru, S~ao
Paulo, Brazil. E-mail: pabloamoroso@usp.br

Received 12 May 2014; accepted in revised form 19 August 2014

REVIEW EDITOR: Prof. Alberto Diaspro

DOI 10.1002/jemt.22432
Published online 10 September 2014 in Wiley Online Library (wileyonlinelibrary.
com).

VVC 2014 WILEY PERIODICALS, INC.

MICROSCOPY RESEARCH AND TECHNIQUE 77:1031–1036 (2014)



canal walls (De-Deus et al., 2011; Marciano et al., 2011).
The hypothesis tested is that there is no difference in
the filling quality and physical properties of a MTA Fil-
lapex sealer and an epoxy resin based sealer (AH Plus).

MATERIAL AND METHODS
Sample Preparation

Thirty human maxillary central incisors with
straight root canals were selected (ECP 130/2011).
Next, the crowns were removed using a diamond saw
at 200 rpm (Isomet, Buehler, Lake Bluff, IL, USA)
leaving 15 mm of root length. The working length was
established with a #10-K file at 1 mm from the apical
foramen. Root canal shaping was performed using the
ProTaper system (Dentsply, Maillefer, Ballaigues,
Swisterland) until a F5 (50.05) instrument. A volume
of 1mL of 2.5% sodium hypochlorite (NaOCl) was used
to irrigate the canal after the use of each instrument.
After shaping, the canals were irrigated with 3 mL of
2.5% NaOCl, 17% EDTA (Biodinâmica, Ibipor~a, Par-
an�a, Brazil) for 3 minutes and washed with 3 mL of
distilled water. Finally, the canals were dried with
paper points and the specimens were randomly divided
into two groups (n 5 15) with the following sealers:

� AH Plus, Lot 1107001111, (Dentsply Maillefer, Kon-
stanz, Germany) composed of bisphenol-A epoxy
resin, bisphenol-F epoxy resin, calcium tungstate, zir-
conium oxide, silica, iron oxide pigments, dibenzyldi-
amine, aminoadamantane, tricyclodecane-diamine,
calcium tungstate, zirconium oxide, and silica silicone
oil.
� MTA Fillapex, Lot 18535 (Angelus, Londrina, Par-

an�a, Brazil) composed of salicylate resin, diluting
resin, natural resin, bismuth trioxide, nanoparticu-
lated silica, MTA, and pigments.

The sealers were mixed according to the manufac-
turer’s instructions. To allow visualization under a
confocal laser-scanning microscope all sealers were
mixed with fluorescent rhodamine-B dye (Sigma-
Aldrich, St Louis, USA) at 0.1% concentration accord-
ing to previous studies (D’Alpino et al., 2006; Marciano
et al., 2011). The sealers were inserted in the root
canals using a size 40 lentulo spiral. Then, a tapered
F5 gutta-percha cone coated with sealer was inserted
until the working length and seared off with a heated
instrument. The cervical portion of the specimens was
sealed using a provisional filling material (Coltosol,
Coltene, Altstatten, Switzerland). Next, the specimens
were stored at 37�C and 100% humidity for 7 days.

Confocal Analysis

The samples were placed in epoxy resin (Triepox;
Socorro, S~ao Paulo, Brazil) and sectioned horizontally
at 2, 4, and 6 mm from the apex using the diamond saw
at 200 rpm with continuous water cooling to prevent
frictional heat, resulting in a total of 90 slices. The pol-
ishing of the samples was performed using a Politriz
machine (Arotec, Cotia, S~ao Paulo, Brazil). The interfa-
cial adaptation (gaps) and sealer penetration into the
dentinal tubules were analyzed on an inverted Leica
TCS-SPE confocal laser-scanning microscope (CLSM)
using a 103 objective (Leica Microsystems GmbH,
Mannheim, Germany). The absorption and emission

wavelengths for the rhodamine-B were set to 540 and
590 nm. All samples were scanned 10 mm below the den-
tin surface and the images were recorded using the fluo-
rescent mode to a size of 1024 3 1024 pixels.

The quality of the sealer/dentin interface was eval-
uated by calculating the ratio of the circumference of
the canal (root canal perimeter) and then the gap-
containing regions (Marciano et al., 2011). Also, to
obtain the percentage of sealer penetration the circum-
ference of the root canal was measured and the sections
along the canal wall in which the sealer penetrated into
the dentinal tubules were outlined and measured. Both
results were expressed in terms of percentage. Both
measurements were performed twice to ensure reprodu-
cibility using the ImageJ V1.46r software (US National
Institutes of Health, Bethesda, USA).

Solubility

Three polytetrafluoroethylene rings 1.5 mm thick
with inner diameter of 20 mm were used for each
sealer. The rings were placed on a glass plate covered
with a cellophane sheet, and were filled with freshly
mixed sealers. In sequence a nylon thread was
inserted in the softened cement and another cello-
phane sheet and glass plate were placed onto the
samples filled with the sealer. The assembly was
placed in an incubator (37�C, 95% relative humidity)
for a period corresponding to three times the setting
time (72 hours). The sealers were removed from the
assembly and weighed three times each with an accu-
racy of 0.0001 g (UMark 210; Bel Engineering, Monza,
Italy). The samples were suspended by the nylon
thread and placed 2 3 2 inside a plastic vessel contain-
ing 50 mL of deionized distilled water and stored in
containers for 24 hours in an incubator (37�C, 95% rel-
ative humidity). The samples were rinsed with deion-
ized distilled water, blotted dry with absorbent paper,
placed in desiccators for 24 hours, and then reweighed.
The experiment was repeated three times for each
sealer. The weight loss of each sample (initial mass
minus final mass), expressed as the percentage of the
original mass was taken as the solubility of the sealer.

Flowability Test

A total of 0.5 mL of sealer was placed on a glass plate
(40 3 40 mm2 top surface) using a graduated dispos-
able 3-mL syringe. Three minutes after the start of
mixing, another plate with a mass of 20 6 2 g and a
load of 100 g plus was applied centrally on top of the
material. The load was removed 10 minutes after the
start of mixing and the average of the major and minor
diameters of the compressed discs was measured using
a digital calliper with a resolution of 0.01 mm (Mitu-
toyo MTI Corporation, Tokyo, Japan). If both measure-
ments were consistent to within 1 mm, the results
were recorded. If the major and minor diameter discs
were not uniformly circular or did not match within 1
mm, the test was repeated. The mean of three meas-
urements for each sealer was taken as the flowability
of the material.

Setting Time

Three stainless steel rings with an inner diameter of
10 mm and 2 mm in thickness were used for each
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sealer. The external borders of the moulds were fixed
with wax on a standard optical microscopy glass slide
(25 3 75 3 1 mm3). The sealers were mixed according
to the manufacturer’s directions and the moulds were
filled. Next, the specimens were stored in an incubator
at 37�C and 95% relative humidity. When the setting
time stated by the manufacturer approaches, a
Gilmore-type needle with a mass of (100 6 0.5) g hav-
ing a flat end (2.0 6 0.1) mm in diameter was carefully
lowered vertically onto the horizontal surface of the
sealer. The needle tip was cleaned and the movement
was repeated until indentations ceased to be visible.
The time from the start of mixing to this point was
recorded. The arithmetic mean of three repetitions for
each sealer was recorded and considered as the final
setting time.

Statistical Analysis

For adaptation (gaps) and sealer penetration (SP)
between groups, a nonparametric Mann-Whitney test
was applied because of the absence of normal distribu-
tion confirmed in a preliminary analysis (Shapiro-
Wilks test). To compare gaps and SP of the same group
sections the Dunn’s Multiple comparison test was
applied. Physical properties were analyzed by a Stu-
dent t test. For all tests, the Prisma 5.0 software
(GraphPad Software, La Jolla, USA) was used and the
statistical significance was established (P < 0.05).

RESULTS
Gaps on the Sealer/Dentin Interface and

Percentage of Sealer Penetration into Dentinal
Tubules

The median and ranges (min–max) from the micro-
scopic analysis are shown in Figure 1. The CLSM anal-
ysis of the interfacial region showed higher percentage
of gaps at all levels in the MTA Fillapex group. The
range of gaps between the filling material and dentinal
walls was between 29% and 54% of the root canal
perimeter, and when compared to the AH Plus, it was
significantly different (P 5 0.0001). Sealer penetration

into the dentinal tubules was statistically similar for
both sealers at the 2 mm (P 5 0.16), 4 mm (P 5 0.15),
and 6 mm (P 5 0.96) levels, with a lower percentage of
penetration at the 2 mm level and the highest at the
6 mm level. The comparison between the sections in
the same group showed no statistical differences for
gaps (P < 0.05), and lower penetration at 2 mm for
AH Plus (P 5 0.0006) and MTA Fillapex (P 5 0.0001)
when compared to the 4 and 6 mm sections (Fig. 2).
Representative images of the sealer penetration and
interfacial adaptation and are shown in Figures 2 and
3, respectively.

Physical Properties

AH Plus showed a significant low percentage of solu-
bility (0.20 6 0.01) while MTA Fillapex showed the
highest (14.22 6 1.41) (P 5 0.0001), which was above
the ANSI/ADA requirements. The MTA Fillapex also
presented higher values of flowability (41.33 6 0.76)
mm and a lower setting time of (300 6 3.00) minutes,
in comparison to the AH Plus flowability (34.4 6 4.3)
mm and setting time (1337 6 15.28) minutes. For the
setting time, the difference between these sealers was
significant (P 5 0.0001).

DISCUSSION

In our study the null hypothesis was rejected as the
MTA Fillapex presented a higher percentage of gaps on
the sealer/dentin interface and had significant differen-
ces on some physical properties when compared to the
AH Plus. This last sealer had been used for comparison
with other new sealers because of the low gap percent-
age and other properties as reported in previous studies
(De-Deus et al., 2011; Marciano et al., 2011). During the
obturation process the sealer penetrates into the denti-
nal tubules giving rise to a mechanical interlocking
between the sealer and dentin (Haragushiku et al.,
2010). However, as the setting process of the resin
occurs, the shrinkage-related stress increases gradually
and the sealer detaches at the sealer/dentine interface
forming gaps (Bergmans et al., 2005). The adhesion

Fig. 1. Box plot illustrating the median, minimum–maximum val-
ues and variance of (A) gaps and (B) sealer penetration segments per-
centiles in the evaluated sections. Different uppercase and lowercase
letters in each column indicate statistically significant differences

(P < 0.05) for the two filling materials (AH Plus–MTA Fillapex)
respectively. Also different symbols indicate significant differences
between the same group (P < 0.05).
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failures observed in this study revealed a lower percent-
age of gap containing regions for the AH Plus (< 5%), in
accordance to a previous study (De-Deus et al., 2011).
On the other hand, a significant higher disadaptation of
the MTA Fillapex from the canal walls ranging from
29% to 54% of the canal perimeter is observed. These
adaptation failures throughout the obturated canal
could increase the potential microbial invasion and
recolonization, as bacteria have the ability to enter into
the sealer/dentin interface of obturated canals both as

biofilm and in planktonic form (Estrela et al., 2009;
Roth et al. 2012).

MTA Fillapex contains resinous components (salicy-
late, diluting and natural resin). Orstavik et al. (2001),
reported that sealers containing salicylate in its com-
position showed initial volumetric shrinkage during
the setting reaction, increasing the contraction factor.
On the other hand, epoxy resin sealers are considered
to have a low contraction factor and some degree
of expansion during the setting reaction. Currently,

Fig. 2. Representative confocal images of sealer penetration on dentinal tubules of the AH Plus. At 2
mm (A) from the apex, no evident penetration can be observed. Contrary, figure (B) shows a higher pene-
tration of sealer around the root canal section (6 mm). Bars represent 100 lm. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com.]

Fig. 3. Representative confocal images of root canal sections (6 mm) filled with the single cone tech-
nique using (A) MTA Fillapex and (B) AH Plus. Adaptation failures on the sealer/dentin interface can be
observed (arrows). Bars represent 100 lm. [Color figure can be viewed in the online issue, which is avail-
able at wileyonlinelibrary.com.]

1034 P.A. AMOROSO-SILVA ET AL.

Microscopy Research and Technique

http://wileyonlinelibrary.com
http://wileyonlinelibrary.com


there is scarce literature on the adaptability of the
MTA Fillapex to the root canal walls. One study eval-
uated the adhesion of the MTA Fillapex under various
moisture conditions and showed that the dentin surfa-
ces were almost completely devoid of sealer under dry
and wet conditions (Nagas et al., 2012).

Nowadays the Atomic force microscope (AFM) is con-
sidered a gold standard for the evaluation of dental
surfaces and marginal gaps of various dental materials
and implants (Cresti Itri et al., 2013; Sharma Cross
et al., 2010). However, in our study, CLSM was used
because it allows visualization of the sealer penetra-
tion in the canal circumference of each section using
fluorescence that allowed the formation of high-
contrast points to show the sealer distribution within
the dentinal tubules. Additionally the samples are not
affected by tip shape convolution because of physical
probe contact with the sample as it occurs in AFM.
Another advantage when using CLSM is that the sam-
ples can be visualized in various depths and it can dif-
ferentiate the genuine interfacial failures avoiding
artificial gaps that could be produced after high-
vacuum desiccation when scanning electron micros-
copy is used (Ordinola-Zapata et al., 2009). Moreover,
there is no need of special sample processing that can
be destructive and produce artifacts. CLSM also per-
mits multiple labeling of different components using
different dyes (Kok Rosa et al., 2014).

With regards to the sealer penetration into the den-
tinal tubules, the CLSM analysis showed similar pene-
tration of both sealers, although it was not continuous
throughout the root canal walls. This penetration of
the sealer can be influenced by the number of dentinal
tubules which decreases from the coronal to the apical
portion of the root (Carrigan et al., 1984), as observed
in the results of our study, where the major penetra-
tion was seen at the 6 mm level and decreased at the
4 and 2 mm levels, respectively (Fig. 2). The sealer
penetration into the tubules has the advantage of
enhancing the mechanical retention to the dentinal
walls (Kokkas et al., 2004; Ordinola-Zapata et al.,
2009), and serves as a blocking agent that may prevent
bacterial repopulation, or inactivate them inside the
tubules. The sealers containing MTA may possess anti-
bacterial activity before setting (Morgental et al.,
2011). Additionally, in an in vitro study, the MTA Filla-
pex had a major bacterial biofilm reduction than the
AH Plus sealer (Faria-Junior et al., 2013).

It is known that an inflammatory reaction can be
initiated by the disaggregation of the material to the
periapical region. For that reason the solubility of a
sealer must be minimal to avoid leakage that can lead
to cytotoxicity. In a previous study, the MTA Fillapex
showed severe cytotoxicity when cells were exposed to
fresh elute of the sealer and stayed cytotoxic over
4 weeks (Silva et al., 2013). The authors explained that
this toxicity might be related to the components of the
sealer (salicylate resin, diluting resin, and silica).
Viapiana et al. (2013) also explained that the high sol-
ubility of the MTA Fillapex may probably be related to
the additives that are incorporated in the composition
of the sealer that destabilizes its matrix. Furthermore,
if the filling is exposed to oral fluids, a high solubility
of a sealer may influence the gap formation (Orstavik,
1983).

In our study, the MTA Fillapex presented high solu-
bility after 24 hours (14.22%), more than recom-
mended by the ANSI/ADA specifications. Other
studies revealed similar percentages of solubility of
the MTA Fillapex, 14.89% (Borges et al., 2012) and
14.94% (Viapiana et al., 2013). In contrast, our results
reported significantly less solubility for the AH Plus
(0.20%) after 24 hours (P 5 0.0001), in agreement with
a previous study (Versiani et al., 2006). It is worth
mentioning that solubility tests are carried out after
the setting of the sealers in a controlled ambience.
These characteristics do not occur in clinical conditions
in where some degree of humidity inside the root canal
may exist, and fresh mixed sealer is used during the
obturation procedure. Thus, solubility in a clinical sit-
uation is probably higher (Bortoluzzi et al., 2009).

According to the ANSI/ADA’s specification No. 57 for
the flowability test, a disc of at least 20 mm diameter
must be obtained. In this study, the MTA Fillapex
showed higher flowability values (41.33 mm) than the
AH Plus (34.4 mm) but without statistically significant
differences (P 5 0.056) between them. Factors such as
the composition, particle size, shear rate, temperature,
and time from mixing are mainly associated to the
flowability characteristics of endodontic sealers. A sat-
isfactory flowability improves sealer penetration into
root canal irregularities, dentinal tubules and
increases the mechanical interlocking between the
sealer and dentin (Haragushiku et al., 2010) whereas,
a higher flow can lead to dimensional changes (con-
traction) (Benatti et al., 1978). Another disadvantage
of using an endodontic sealer with excessive flowabil-
ity is the risk of apical extrusion, leading to an inflam-
mation reaction of the periapical tissues caused by the
cytotoxicity of the sealers.

Finally, the setting time of a sealer is an important
factor from the clinical point of view. According to our
results, the MTA Fillapex presented 5 hours of setting
time. Vitti et al. (2013), found similar setting times of
4.55 hours while other studies reported lower values of
45 minutes (Zhou et al., 2013), and 66 minutes (Viapi-
ana et al., 2013). AH Plus showed similar setting times
as previously reported (Baldi et al., 2012). A slow set-
ting time allows for corrections during the obturation,
but also if the sealer is not completely set, it may inter-
fere with the restorative procedures, such as the intra-
canal postpreparation and placement, and may permit
dislodgment of the apical gutta-percha. If the canal is
also exposed after root canal treatment and the sealer
is unset or partially set, coronal or apical penetration
of fluids, bacteria or bacterial byproducts through the
gaps or voids may occur (Allan et al., 2001).

The MTA Fillapex showed flowability and intratubu-
lar penetration similar to the AH Plus. Nevertheless,
the MTA Fillapex sealer presented a higher solubility
and considerable quantity of gaps between the sealer/
dentin interface in relation to the AH Plus sealer. The
setting time of the MTA Fillapex was significant lower
in comparison to the AH Plus. Clinicians must take in
consideration the quality of endodontic sealers since it
is essential in the outcome of the root canal filling.
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