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Abstract
Background. Recently, a new generation of calcium silicate-based root canal sealers has been developed. 
These new types of sealers have the ability to set in wet environment, have high alkalinity and present 
potential antimicrobial activity.

Objectives. The aim of this study was to determine the chemical composition and microstructure  
of 2 novel calcium silicate-containing root canal sealers – TotalFill® BC Sealer and GuttaFlow® Bioseal.

Material and methods. The tested sealers were prepared according to the manufacturers’ instructions. 
Sixteen cylindrical dishes (inner diameter: 4 mm; height: 3 mm) were placed on a glass Petri dish and 
packed with the materials. The Petri dish was transferred to an incubator. After the sealers set, excess mate-
rial was removed with diamond discs and polishing paste. The materials were assessed using scanning 
electron microscopy (SEM) and energy dispersive spectroscopy (EDS) X-ray microanalysis.

Results. Both TotalFill BC Sealer and GuttaFlow Bioseal contained calcium, zirconium, oxygen, carbon, sili-
con, and a trace of sodium. In the case of TotalFill BC Sealer, trace amounts of copper and technetium were 
also present, and for GuttaFlow Bioseal, iron, zinc, and a trace of magnesium and hafnium were noted. No 
bismuth was found. Both of the assessed sealers contained fine particles embedded in the matrix; however, 
GuttaFlow Bioseal also had larger particles with a diameter of 2–10 μm.

Conclusions. TotalFill BC Sealer represents a  higher degree of  purity in comparison with GuttaFlow  
Bioseal. The clinical implications of heavy metals present in GuttaFlow Bioseal need to be investigated. Both 
materials have a fine particle structure, which is desirable for root canal sealers.
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Introduction
Root canal obturation is traditionally performed using  

gutta-percha in conjunction with a root canal sealer. The 
use of a sealer is necessary to fill the space between the 
core material and the dentin wall as well as the voids 
within the core material, and it also serves as a lubricating 
agent, thus helping to obtain a fluid-tight seal.1,2 Without 
a sealer, canal fillings exhibit greater leakage.3,4

Nowadays, various types of root canal sealers are avail-
able, including materials based on resin, zinc oxide with 
eugenol, siloxane, and calcium hydroxide.5 Recently, di- 
and tricalcium silicate-based root canal sealers have re-
ceived significant attention due to their favorable physico-
chemical properties.6–9 These sealers are biocompatible 
and nontoxic.10–12 Another advantage of  these materials 
is their ability to form hydroxyapatite during the setting 
process as well as their interaction with the dentin (infil-
tration of the mineral content of bioceramic-based sealer 
into the intertubular dentin) and forming the so-called 
mineral infiltration zone.12,13

One of  the newer calcium silicate-based root canal 
sealers that has appeared on the European market is  
TotalFill® BC Sealer (FKG Dentaire, La Chaux-de-Fonds, 
Switzerland). In Canada, it has been available for several 
years as iRoot® BC Sealer (Innovative Bioceramix, Inc., 
Vancouver, Canada), and in the USA as EndoSequence® 
BC Sealer (Brasseler USA, Savannah, USA).13 According 
to the manufacturer, it is composed of dicalcium silicate, 
tricalcium silicate, calcium hydroxide, monobasic cal-
cium phosphate, zirconium oxide, tantalum oxide, filler, 
and thickening agents. TotalFill BC Sealer is premixed 
and is a ready-to-use calcium-silicate based material. This 
type of root canal sealer absorbs humidity during setting 
(dentinal fluid) and sets by itself in the root canal without 
previous mixing. TotalFill BC Sealer has demonstrated 
cytocompatibility,14,15 bond strength and dentin penetra-
bility.14–16

Another new root canal sealer containing calcium sili-
cate is GuttaFlow® Bioseal (Coltène/Whaledent, Altstät-
ten, Switzerland), also known as GuttaFlow 3. This mate-
rial is composed of  gutta-percha, polydimethylsiloxane, 
zirconium oxide, platinum, and bioactive ceramic glass. 
GuttaFlow Bioseal was developed to improve GuttaFlow 
(Coltène/Whaledent) bioactivity, promoting the regene-
ration of  the periapical tissues. It shows good physico-
chemical properties.16–18

In the researchers’ previous study, the chemical com-
position of MTA-FILLAPEX available on the market for 
many years and 2 novel calcium silicate-based root canal 
sealers (BioRootTM RSC and Well-RootTM ST) were evalu-
ated.19 The aim of the present study was to determine the 
chemical elements in 2 other new calcium silicate-con-
taining root canal sealers: TotalFill BC Sealer and Gut-
taFlow Bioseal. As in the previous study, the assessment 
took account of the content of heavy metals.

Material and methods
Two root canal sealers, TotalFill BC Sealer and Gut-

taFlow Bioseal, were used as the experimental mate-
rials. GuttaFlow Bioseal was prepared in accordance 
with the manufacturer’s instructions; TotalFill BC 
Sealer was not mixed, as it is a  premixed root canal 
sealer, designed to set in a  humid environment. Six-
teen cylindrical dishes with an inner diameter of 4 mm 
and a height of 3 mm were placed on a glass Petri dish 
and filled with the materials. The Petri dish was cover-
ed with damp gauze and transported to a  laboratory 
thermostat (37°C; 95% relative humidity). After the 
sealers set, excess material was trimmed to the surface 
level of the dishes using diamond discs and polish ing 
paste, and characterized with scanning electron mi-
croscopy (SEM) (FE-SEM SU-70; Hitachi, Ltd., Tokyo,  
Japan) and energy dispersive spectroscopy (EDS) X-ray 
microanalysis using NORANTM System 7  UltraDry 
X-ray Detector (Thermo Fisher Scientific, Grand Is-
land, USA). The samples were coated with the gold-
palladium alloy for electrical conductivity. The metals 
used to sputter coat the specimens were excluded from 
the percentage found.

Statistical analysis

The data was evaluated for normality using the Shap-
iro–Wilk test. As the data did not follow normal distri-
bution, the Mann–Whitney U test was used. The level 
of significance was set at p = 0.05.

Results
The backscatter scanning electron micrographs 

at  ×1000 and EDS profiles for the selected areas 
of  identical sizes of  the tested materials (~0.01 mm2) 
are shown in Fig. 1 and 2. The collected EDS data is 
given in Table 1. The EDS microanalysis of  the root 
canal sealers revealed high content of  calcium, sili-
con, oxygen, zirconium, carbon, and a trace of sodium. 
Statistical analysis showed more calcium and oxy-
gen in TotalFill BC Sealer than in GuttaFlow Bioseal 
(p  <  0.0002), whereas GuttaFlow Bioseal contained 
more silicon, carbon and zirconium than TotalFill BC 
Sealer (p < 0.0002). In the case of TotalFill BC Sealer, 
trace amounts of  copper and technetium were also 
present, and for GuttaFlow Bioseal, iron, zinc, and 
a trace of magnesium and hafnium were noted.

TotalFill BC Sealer showed relatively homogenous ag-
gregates of very small, round particles embedded in the 
matrix. The EDS analysis showed that these particles were 
mainly composed of calcium, silicon, carbon, oxygen, and 
zirconium; the cementation phase was composed of cal-
cium, silicon, oxygen, and carbon (Fig. 3).
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Fig. 1. TotalFill BC Sealer: backscatter scanning electron micrographs at ×1000 magnification (A); EDS X-ray microanalysis (B)  
EDS – energy dispersive spectroscopy. 

Fig. 2. GuttaFlow Bioseal: backscatter scanning electron micrographs at ×1000 magnification (A); EDS X-ray microanalysis (B)

Fig. 3. TotalFill BC Sealer: backscatter scanning electron micrographs at ×2500 magnification (A); EDS X-ray microanalysis of particles and cementation phase (B1–B5)
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GuttaFlow Bioseal showed multiple aggregates of nano-
particles. The EDS analysis showed that these very small, 
round particles were mainly composed of  silicon, calci-
um, zirconium, and oxygen. Among these nanoparticles, 
larger roundish particles were present. The particles with 
a diameter of about 5–10 µm contained calcium, silicon 
and phosphorus; the smaller particles (approx. 2–3 μm) 
were rich in calcium, silicon, zirconium, and oxygen. The 
point analysis also showed aluminum (Fig. 4).

Neither TotalFill BC Sealer nor GuttaFlow Bioseal con-
tained bismuth.

Discussion
The present study tested 2 calcium silicate-based root 

canal sealers recently introduced on the market. As pre-
dicted, EDS showed the presence of calcium, silicon and 

Fig. 4. GuttaFlow Bioseal: backscatter scanning electron micrographs at ×2500 magnification (A); EDS X-ray microanalysis of particles and cementation phase (B1–B7)

Table 1. Percentage (wt%) of elements in the tested root canal sealers

Element
Root canal sealer

TotalFill BC Sealer GuttaFlow Bioseal

C 4.21 ±0.51 9.16 ±0.74

O 40.7 ±3.31 21.41 ±1.811

Na trace trace

Mg – trace

Si 1.67 ±0.88 26.89 ±3.52

Ca 45.1 ±3.72 2.09 ±0.74

Fe – 1.02 ±0.31

Zn – 4.31 ±1.0

Zr 7.3 ±0.72 32.26 ±4.73

Hf – trace

Cu trace –

Tc trace –

Data is presented as mean ± standard deviation (SD).
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oxygen in the composition of both TotalFill BC Sealer and 
GuttaFlow Bioseal. This observation suggests that these 
sealers would probably favor bioactivity and would be ex-
pected to interact with the dentin. Such bioactivity has 
been demonstrated by other root canal sealers containing 
calcium silicates in a similar amount.6,20,21

The analysis of  the chemical composition of  TotalFill 
BC Sealer also showed the presence of  traces of copper 
and technetium. Although they can adversely affect hu-
man health, the very small amount of them in the tested 
sealer is clinically insignificant.21,22 In GuttaFlow Bioseal, 
zinc, magnesium, iron, and aluminum were also found. 
While the relatively small amount of magnesium and alu-
minum does not raise concerns, the relatively high con-
tent of iron (1.02 wt%) and zinc (4.31 wt%) requires test-
ing the toxicity of these heavy metals.

Several reports have shown that calcium silicate-based 
root canal sealers have an  unfavorable effect on tooth 
color, which is of clinical relevance in anterior teeth.13,23 
Causal are heavy metal compounds such as bismuth ox-
ide, used as a radiopacifier.23 However, increasing the con-
centration of  bismuth oxide to increase radiopacity has 
no significant effect on the level of  discoloration.24 The 
present study showed that neither TotalFill BC Sealer nor 
GuttaFlow Bioseal contained bismuth. However, Gut-
taFlow Bioseal contains iron (1.02 wt%), which has the 
potential of  staining the tooth. For this very reason, the 
chemical composition of  conventional mineral trioxide 
aggregate (gray MTA) was changed many years ago (iron 
was eliminated) and an  improved formulation was later 
introduced as white MTA.13,25

The EDS analysis showed that both TotalFill BC Sealer 
and GuttaFlow Bioseal are rich in zirconium and oxygen. 
Zirconium oxide is an alternative radiopacifier, which has 
been recently manufactured and used to limit the content 
of heavy metals and substitute bismuth oxide in calcium sil-
icate-based materials. Zirconium oxide has become popu-
lar due to adequate radiopacity and lack of  interference 
with the hydration of calcium silicate-based mate rials. This 
oxide, in comparison with bismuth oxide, is more biocom-
patible and does not cause tooth discoloration.22,25

The SEM analysis confirmed that both TotalFill BC and 
GuttaFlow Bioseal consisted of  very small particles, al-
though in the case of GuttaFlow Bioseal, particles of a dia-
meter of approx. 10 μm were also observed. In an earlier 
study on other calcium silicate-based root canal sealers, 
the size of the particles was also evaluated.19 BioRoot RCS 
was composed of particles of a diameter of 5–30 μm and 
MTA-FILLAPEX was rich in elongated particles – approx. 
10–15 μm in length – and roundish particles – approx. 
2–3 μm in diameter.19 In the research by Hoikkala et al., 
the SEM examination of GuttaFlow Bioseal revealed bio-
active glass-ceramic particles with pointed edges, em-
bedded in a  polydimethylsiloxane matrix. The particle 
size of  this ceramic varied in the range of  20–40  μm.26 
Some authors suggest that the particle size is important,  

because it determines many properties of the material.23,25 
Smaller particles may better penetrate dentinal tubules, 
which is confirmed by the research by Akcay et al.27 The 
authors tested dentinal tubule penetration of 4 different 
sealers: iRootTM SP (nowadays TotalFill BC Sealer), Gut-
taFlow Bioseal, AH PlusTM, and MTA-FILLAPEX. The 
iRoot SP sealer exhibited a  significantly higher dentinal 
tubule penetration than other sealers, which can be at-
tributed to its very small particle diameter (<2 μm). Small 
particles also hydrate faster than larger particles due to 
their higher surface-to-volume ratio and provide a  low 
film thickness of  the root canal sealer, which is suitable 
for this dental material and may improve the clinical per-
formance of root canal filling.24,28

Conclusions
TotalFill BC Sealer represents a higher degree of purity 

in comparison with GuttaFlow Bioseal. The clinical impli-
cations of metals contained in GuttaFlow Bioseal need to 
be investigated. Both materials have a fine particle struc-
ture that is desirable for root canal sealers.
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