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ABSTRACT
Objective: The bioactivities of TotalFill BC and the MTA Fillapex sealers were evaluated.
Methods: Sixty horizontal root sections were enlarged to size 5 Gates Glidden and randomly divided into
six groups (n=10 in each group). In Groups 1–3, sections were filled with TFBCS, while sections in groups 4–6
were filled with MTAFS. Specimens from groups 1 and 4 were soaked in simulated body fluid (SBF) for one
day, those from groups 2 and 5 for one week, and those from groups 3 and 6 for two months. All specimens
were processed for scanning electron microscope (SEM) examination. Apatite precipitation on sealer and
sealer–dentine interfaces was quantified using image analysis software (ImageJ). Energy dispersive X-ray
(EDX) was used to analyse calcium (Ca) and phosphate (P) contents of surface precipitation on which calculation of the calcium phosphate (Ca/P) ratio was based.
Results: TFBCS samples, regardless of the duration of SBF soaking, yielded a significantly higher surface area
of precipitation compared to MTAFS (P<0.05); such precipitation increased over time, and the differences
among the three time-points were also statistically significant. Following one day of SBF soaking, MTAFS
samples showed only limited precipitation that started to appear after one week. EDX showed that Ca content and the Ca/P ratio of surface deposits on TFBCS samples increased over time with no difference between
one week and two months of SBF soaking. The Ca content and Ca/P ratio of surface deposits on MTAFS were
significantly lower than that of TFBCS samples regardless of the SBF soaking time.
Conclusion: Ageing TotalFill BC sealer in SPF can induce considerable apatite formation. In addition, the
TotalFill BC sealer surface showed high Ca2+ ion release as reflected by the formation of apatite with a high
Ca/P ratio. These bioactivity features increased over time. In comparison, the MTAFS appears to have lower
and delayed bioactivity.
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INTRODUCTION
Currently available endodontic
bioceramic materials are dimen• In simulated body fluid TotalFill BC bioceramic sealsionally stable and highly hydroer induced surface apatite which could result in
philic, and their setting is mainly
higher biological sealing.
dependent on the physiological
• These surface apatite of TotalFill BC sealer with high
moisture of the root canal and
dentinal tubules. Such benefits
Ca content and elevated Ca/P ratio could directly
hold bioceramic sealers as one of
stimulate the deposition of new bone in the perithe best endodontic sealing maapical lesions if the sealer slightly extruded beyond
terials that has been developed
the apex.
to date (1–3). EndoSequence BC
• MTA Fillapex sealer showed lower and delayed ap(Brasseler, Savannah, GA, USA) is
atite formation ability, and this may be attributed
a premixed calcium silicate-based
to its high resin content and lower calcium silicate
sealer, which was launched in
content.
2009 and is available outside
North America under the name
of “TotalFill BC Sealer”(1, 4, 5).
TotalFill BC contains both tricalcium and dicalcium silicate, calcium hydroxide, colloidal silica,
monobasic calcium phosphate, and zirconium oxide (6). Zirconium oxide acts as a radio-pacifier
that can substitute for bismuth oxide, used in mineral trioxide aggregate (7). Mineral trioxide
aggregate (MTA) was approved for endodontic use by the United States Food and Drug Administration in 1998, and MTA is considered by some authors as a classic bioceramic material with
the addition of some heavy metals (1, 8, 9). MTA was shown to promote favourable tissue reacHIGHLIGHTS
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tion (10, 11) and provides a biological seal by forming a hydroxyapatite layer (12). Nevertheless, poor handling of MTA
has precluded its use as a stand-alone sealer that does not
require additional chemicals to provide sufficient flow (13).
Accordingly, some ingredients, such as resin and thickening
agents, were added to MTA to produce MTA-based sealers,
such as MTA Fillapex from Angelus Solucões Odontológicas,
Londrina, PR, Brazil (14).
Bioceramic materials are often classified according to their
interactions with the surrounding living tissues as either bioactive or bioinert materials (15). Bioactive materials include
calcium silicate, calcium phosphate, and glass. Bioactive bioceramics can undergo interactions with the surrounding tissue
and are capable of forming hydroxyapatite or carbonated apatite on their surfaces (16). In addition, when a bioactive sealer
is compacted against dentine, a dentine–sealer interface layer
forms in the presence of phosphate. Accordingly, studies that
evaluate the bioactivity of different types of sealers are essential as bioactivity is considered the keystone for important
functional properties, such as the sealing ability, osteoconductivity, and biocompatibility.
MATERIALS AND METHODS
Sixty recently extracted single-rooted human teeth were
collected. The use of the extracted teeth and the protocol of
the study were approved by the institutional research ethics
board. All teeth were checked for the absence of internal
resorption, cracks, and any other defects that could affect
the outcome of this study. After removing the crowns, the
middle portion of each root was sectioned transversely using a diamond saw to obtain 2.00±0.05 mm-thick root sections. The lumen of each section was enlarged with size 2–5
Gates Glidden to obtain a standardised diameter of 1.3 mm.
The specimens were immersed in 5.25% NaOCl, followed by
soaking in 17% EDTA for 1 min and then washed with distilled water and dried with absorbent paper points. The root
sections were randomly divided into six groups- ten root sections each as follows:
Groups 1, 2, and 3: Root sections were filled with TFBCS (Lot
number 4003SP-V 09/2016). Group 4, 5, and 6: Root sections
were filled with MTAFS (Lot number 35867, 35760, 35267-V
05/2017).
Sealers were injected into the prepared root canal spaces
using minimal pressure. Sealers were left to set for 24 hours
at a relative humidity of 100% to allow the initial setting of
the materials. Specimens were soaked in 3 ml of Ca and Mgfree physiological-like buffered (pH 7.4) solution (Dulbecco’s
Phosphate Buffered Saline-BE17-512, Lonza Walkersville
Inc, MD, USA) (DPBS) and hold within sterile tightly sealed
plastic tubes. The root sections were stored for three different durations as follows: for 1 day (Groups 1 and 4), for 1
week (Groups 2 and 5), and for 2 months (Groups 3 and 6)
All specimens were incubated at 37 oC and the solution were
renewed weekly.
Evaluation of bioactivity
After each endpoint, the root sections were removed from
the solution and dried. Specimens were mounted on metallic
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stubs and gold-sputtered, and examined by the scanning electron microscopy (SEM) connected to energy dispersive X-ray
analysis (EDX) (JEOL–JFC1100E Tokyo, Japan). Specimens were
examined to identify the formation of precipitates on six randomly selected areas on the cement surface and at the sealer-dentine interfaces at (100-1000x) magnification. The percentage of the surface area covered by spherical or globular
particles of apatite precipitation was calculated relative to the
total surface area using the digital image analysis software
ImageJ. EDX was utilized to determine the calcium and phosphate content of surface precipitations (X-ray electron beam
penetration of EDX is about 2.98 µm), then the calcium phosphate ratio (Ca/P) was calculated from the atomic ratio data
obtained.
Statistical analysis
Quantitative data were presented as Mean±SD. The outcome measures data were analysed by the non-parametric
Mann-Whitney test to compare paired independent samples.
The repeated-measures ANOVA was used for multiple compared groups and repeated time points. Significance level was
set at p-value<0.05.
RESULTS
SEM analysis
SEM image analysis of surface precipitation and percentage
of apatite globules covering the surface showed a statistically significant difference between TFBCS and MTAFS treated samples at each time period (Table 1). After one day of
immersion in DPBS, TFBCS samples showed an amorphous
outer surface and obvious bioactivity (Fig. 1a, b). Sealer dentine junction stared to be covered by precipitates. After one
week, the bioactivity of TotalFill BC was noticeable (Fig. 2a,
b). A dense homogeneous structure with porosities was observed covering the surface. Sealer expansion was observed
in some samples (Fig. 2a). After 2 months, TotalFill BC surfaces showed significant precipitates on the surface creating a
coating of micro to nanospherulites. Rounded-globular Carich crystals varying in size were observed (Fig. 3a, b). There
was a statistically significant difference between the threetime points.
Samples of MTAFS aged for one day showed an amorphous
irregular surface that was almost free from visible deposits as
well as the sealer-dentine interface (Fig. 1d, e). Ingredients of
titanium oxide traces were scattered throughout the sealer
surface. After one week of immersion, samples showed limited precipitate of isolated islands of rounded globules. Many
thin bright cloud-like deposits were also observed, minimal
TABLE 1. Comparison between percentages of globular precipitation surface area in the two groups at three-time points
		
TotalFill BC
MTA Fillapex

1 Day

1 Week

2 Months

41.79%Ca±6.14
4.04%Cb±1.49

65.02%Ba±5.68
12.37%Bb±2.91

90.70%Aa±3.34
34.92%Ab±6.03

Mean values with different capital superscript letters in the same raw are statistic
significantly different. Mean values with different small letters in the same column are statistic significantly different. (P<0.05)
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Figure 1. Morphology and elemental composition of surface precipitates on TotalFill BC sealer (a, b and c) and MTA Fillapex sealer (d, e, and f)
after 1 day of immersion in simulated body fluid (SPF)
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Figure 2. Morphology and elemental composition of surface precipitates on TotalFill BC sealer (a, b and c) and MTA Fillapex sealer (d, e, and f)
after I week of immersion in SPF
precipitations at the sealer-dentine interface and gaps were
observed (Fig. 2d, e). After 2 months, surfaces were partially
covered with deposits and occasionally with prismatic or nee-

dle-like crystals, likewise little precipitates were observed at
the dentine–material interface (Fig. 3d, e). There was a statistically significant difference between the three-time points.
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EDX analysis
After one day of immersion of TFBCS specimens, EDX revealed
a low level of Si, and significantly higher Ca peaks levels of
the surface deposits than MTAFS (Fig. 1c). Whereas after two
months, Ca levels remained high, and Si reflexes were no longer detectable (Fig. 3c). As shown in Table 2, Ca/P ratios in
specimens immersed in PBS were 1.58 1.69, and 1.64 for one
day, one week, and two months respectively. There was an increase in Ca/P ratios with increasing immersion time (Table 2).
Samples of MTAFS aged in (DPBS) for one day showed scattered aggregates with low Ca levels, high Si peakes, and traces of Ti peaks (Fig. 1f ). After one week, EDX analysis revealed
increasing in Ca reflexes, while the Si level was decreased with
time (Fig. 2f ). MTA Fillapex samples aged for two months presented high Ca reflexes with a low Si level. Ca/P ratio were 1.50,
1.46, and 1.43 for samples immersed for one day, one week,
and two months respectively. Regardless of any variable, results showed that the atomic ratio of Ca content of the surface precipitations in the TFBCS group was 21±2.7 which was
higher than that of MTAFS 15.5±3.5 and that difference was
statistically significant (P<0.05) (Table 2).
DISCUSSION
Bioactivity is the ability to form apatite of calcium phosphate
deposits after soaking in simulated body fluids; such ability presents the ground for the biocompatibility of inorganic
biomaterials. Bioactive materials create an environment that
can enhance osteogenesis, mostly through bonding to living
bone tissue using the apatite layer formed on its surface once
introduced into the living body (17-20). Moreover, deposition
a

b

TABLE 2. Ca atomic ratio and Ca/P ratio in surface apatite precipitations in the two groups at three-time points
		
Ca content at %
TotalFill BC
MTA Fillapex
Ca/P ratio
TotalFill BC
MTA Fillapex

1 Day

1 Week

2 Months

18.27Ba±1.7
10.91Bb±1.2

22.71Aa±2.3
18.22Ab±1.5

22.04Aa±1.7
17.49Ab±1.0

1.58Ba±0.08
1.50Ab±0.11

1.69Aa±0.06
1.46Ab±0.05

1.64Aa±0.08
1.43Ab±0.08

Ca: calcium, At%: atomic Wight percentage, Ca/P: calcium phosphate ratio. Mean
values with different capital superscript letters in the same raw are statistically
significantly different. Mean values with different small letters in the same column are statistically significantly different. (P<0.05)

of calcium phosphates at the interface and inside the dentinal
tubules improve the sealing ability of root canal filling materials (21-23). The present study aimed to evaluate the bioactivity
of a bioceramic sealer (TFBCS) in comparison to a sealer that
contains MTA (MTAFS).
Following only one day of immersion in DBPS, TotalFill BC filled
samples showed an amorphous outer surface and obvious
bioactivity. Such an initial layer of deposits seems to serve as
nucleation sites for further precipitation, a response that was
observed by other researchers using dicalcium silicate cement
(24). In contrast, Gandolfi et al. (25) used Hank’s balanced salt
solution (HBSS) and found that depositions were not detected except after 7 days, suggesting that the process was slower, dependent on the lower phosphate concentration of this
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Figure 3. Morphology and elemental composition of surface precipitates on TotalFill BC sealer (a, b and c) and MTA Fillapex sealer (d, e, and f)
after 2 months of immersion in SPF
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medium. In our study, only after one week of immersion, the
bioactivity of TotalFill BC was noticeable, Previous studies have
shown a similar reaction (25). After 2 months of immersion in
DBPS, the TotalFill BC surfaces became entirely covered by
spherical apatite agglomerates. At higher magnification, the
agglomerate consisted of tiny ball-like particles. The sealer-dentine interface was entirely covered with deposits. This
finding comes in constant with Shokouhinejad et al. (26), who
showed that after 2 months, heavy precipitates of spherical
particles were observed.
We observed different responses over immersion time with
MTAFS. Samples aged in DPBS for 1 day showed an amorphous
irregular outer surface agreeing with previous observations
(27). Whereas, limited surface precipitate and islands of globular precipitations were observed following one week of immersion. MTAFS showed a high gap within the sealer-dentine
interface with little deposits, this observation comes in agreement with the finding of Silva et al. (28). This may be attributed
to the polymer ingredients in MTAFS, which make it susceptible
to polymerisation shrinkage (4). Samples aged for two months
presented surfaces partially covered with deposits and occasionally prismatic or needle-like crystals, Such incomplete coverage with deposits may be attributed to the resinous and bismuth oxide component of MTAFS, which affect MTA bioactivity
through inhibiting the hydration reaction (29-31).
It is recognized that the more the Ca content of a biomaterial,
the higher the chance of the dentine uptake of Ca. This reaction, in turn, can increase acid resistance and physical strength
of dentine and lead to early considerable precipitation of apatite (25, 32). As well, it was observed that precipitates with a
high Ca/P ratio mainly include the hydroxyapatite (33, 34). The
Ca/P ratio could act as an indicator of the precipitation phase.
The formation of carbonated apatite correlates with increased
Ca/P ratios (26, 35), therefore, calcium carbonate formation
can be presumed when the Ca/P ratio exceeded 1.67 (19).
Analysis of EDX examination showed also variable response
between TotalFill BC and MTA Fillapex treated samples. Following one day of immersion, TFBCS deposits revealed high
Ca peaks levels, with a low level of silica. There seems to be a
synergistic effect between Si as an effective apatite nucleator
and Ca as an apatite precipitation accelerator, leading to fast
apatite precipitation (36). When HAN et al. (37) examined MTA
in Ca- and Mg-free SBF for one day, the Ca/P ratio was only
1.42. After one week, EDX analysis showed precipitate, rich in
Ca with a high atomic ratio 22.7. Ca/P ratio showed the highest value. After two months of immersion, TotalFill BC samples
developed high Ca and P peaks. Gandolfi et al., (38) examined
calcium silicate material (Tech Biosealer root end ) and found
that the Ca/P atomic ratio was 2.07 after 28 days. In contrast,
Han and Okiji, (39) who compared the Endosequence BC
sealer with Biodentine and White ProRoot MTA showed that
Endosequence BC sealer - with 90 days of soaking- has the
lowest Ca ions and Ca/P ratio was only about 1.3.
For MTAFS treated samples, EDX analysis of aggregate composition after 1 day of soaking showed low Ca levels, with high
silica peaks. EDX revealed traces of titanium peaks on sealer
surfaces, possibly due to the deep X-ray penetration under the
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deposits since the electron beam penetration at 20-keV acceleration was 2.98 μm. A low Ca/P ratio of about 1.49 was also
observed. Whereas one week of immersion showed a significant increase in Ca reflexes to 18.2, silica levels significantly
decreased with time, and the Ca/P ratio remained at the same
level of around 1.45. Precipitations on MTAFS, after 2 months,
showed the same level of Ca reflexes, while the Ca/P ratio
slightly decreased to 1.43. The study by Viapiana et al. (27)
supports our findings, by their demonstration of the effect of
MTAFS, which exhibited low Ca ion compared with calcium silicate sealer (experimental sealer based on Portland cement).
While Marciano et al., (14) found that the MTAFS did not release calcium hydroxide. MTAFS produced precipitates with a
lower Ca/P ratio compared to TotalFill BC. This may be a result
of the lower Ca-releasing ability of MTAFS (40). It is possible
that if MTAFS contains less resin by volume and more calcium silicate ingredients, it would have shown more bioactive
properties.
The obvious variability in outcome among bioactivity studies
could be explained by differences in experimental designs and
lack of technique standardisation. For example, in some studies, soaking solutions were refreshed daily (41, 42), or every
three days (43-45), or even every seven days (19, 39) or soaked
for 21 days without refreshing (46). Finally, the detection of apatite crystals in in-vitro models for the bioactivity assessment
is still questionable, and the role of environmental factors,
such as temperature, pH, carbon dioxide partial pressure, and
agitation, has often been overlooked as reported by several
authors (47, 48).
CONCLUSION
Compared with MTAFS, the TFBCS induced higher and earlier apatite formation which increased over time. Such features could be reflected in better biological sealing ability. In
addition, the surface apatite of TFBCS sealer showed higher
Ca content and elevated Ca/P ratio which can stimulate new
bone tissue deposition. MTAFS sealer showed lower and delayed apatite formation ability.
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