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Effect of obturation technique using a 
new bioceramic sealer on the presence 
of voids in flattened root canals

Abstract: The aim of this study was to evaluate the filling ability of a 
new ready-to-use calcium silicate-based sealer using thermoplastic or 
single-cone technique in flattened root canals. Twenty-four flattened 
distal canals of mandibular molars with a buccolingual diameter 4 or 
more times larger than the mesiodistal diameter were selected. The root 
canals were prepared and filled (n = 12), according to the following 
techniques: thermoplastic or single-cone technique using Bio-C Sealer. 
The teeth were scanned using Skycan 1176 micro-computed tomography 
(micro-CT) - voxel size 8.74 µm, before and after filling the root canal. 
The percentage of voids in the filled root canals was evaluated, and the 
data were statistically analyzed using the unpaired t-test (α = 0.05). The 
root canals filled using the thermoplastic technique created a smaller 
percentage of voids in the cervical/middle thirds than those filled using 
the single-cone technique (p < 0.05). There was no difference in the 
percentage of voids using either technique in the apical third (p > 0.05). 
The flattened root canals in the cervical/middle thirds were better filled 
using the ready-to-use calcium silicate-based sealer associated to the 
thermoplastic technique, compared with the single-cone technique. In 
the apical third, the techniques showed similar filling ability.

Keywords: Endodontics; Root Canal Filling Materials; Root Canal 
Obturation; X-Ray Microtomography.

Introduction

The prognosis of endodontic treatment depends on three-dimensional 
filling1,2 and sealing of the root canal system,3 to ensure prevention of 
reinfection.4 However, the quality of the filling is influenced by root canal 
morphology.1,3,4,5,6 Root canals with a large buccolingual extension are more 
difficult to fill.1,3,4,5,6 Moreover, the centric position obtained by nickel-titanium 
(NiTi) instruments leaves a considerable uninstrumented surface in flattened 
areas,7,8,9 thereby affecting the quality of root canal fillings.1,3,5 Although 
some studies have evaluated the obturation of oval canals,1,3,4,5,6 the literature 
is very scarce regarding the filling of flattened canals with a buccolingual 
diameter 4 or more times larger than the mesiodistal diameter.

Different obturation techniques have been proposed for filling 
the root canal system.3,4,10,11,12 However, none of them fill the entire 
extension of the canal.3,4,10,11,12 Thermoplastic filling techniques have been 
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developed to improve filling procedures in flattened 
areas.3,12 Tagger’s hybrid technique associates lateral 
condensation in the apical third and thermomechanical 
compaction of the filling material in the cervical and 
middle thirds of the root canal.13 Greater homogeneity 
of the filling mass as well as the filling in the apical 
third has been achieved better with the thermoplastic 
than the lateral condensation technique.14 When 
Tagger’s hybrid technique was used, a larger area of 
gutta-percha was observed in the cervical and middle 
thirds, in comparison with the lateral condensation 
and the GuttaFlow techniques.10 Tagger’s hybrid 
technique has shown filling ability similar to that 
of continuous wave condensation and Thermafil in 
oval root canals.4 However, the thermoplastic filling 
technique has shown a higher risk of filling material 
extrusion than the cold gutta-percha technique.15

The single-cone technique is frequently used for 
filling root canals,1,5,16,17 because of its simplicity and 
speed,16 and also because it is less operator-dependent.17 
This filling technique uses a gutta-percha cone with 
a diameter similar to that of the last NiTi instrument 
used in preparing root canals.1,16 The single-cone 
technique was found to be similar to Thermafil 
and System B thermoplastic techniques in straight 
canals.18 In addition, it showed marginal adaptation 
at the sealer/dentin interface similar to that of the 
thermoplastic technique in mesial root canals of 
mandibular molars.19 However, since the single-cone 
technique demands a greater amount of sealer, the 
flowability and other physicochemical properties 
of the sealer play an essential role in the success of 
endodontic treatment.16

Root canal sealers based on calcium silicates have 
been proposed, owing to their biocompatibility, 
bioactivity20 and antibacterial effect.21 New premixed 
ready-to-use calcium silicate sealers have recently been 
developed, such as Bio-C Sealer (Angelus, Londrina, 
Brazil). Bio-C Sealer has radiopacity, alkalization 
capability and higher flow than TotalFill BC Sealer 
(FKG Dentaire SA, La Chaux-de-Fonds, Switzerland) 
and AH Plus (Dentsply DeTrey, Konstanz, Germany),22 
thus allowing it to fill anatomical complexities,23 such 
as flattened root canals.

There are no studies related to the filling ability 
of premixed ready-to-use calcium silicate-based 

sealers in flattened root canals. Therefore, the aim of 
this study was to compare the percentage of voids in 
flattened root canals filled with Bio-C Sealer using 
the thermoplastic or the single-cone technique, as 
scanned by micro-computed tomography (micro-CT). 
The null hypothesis tested was that there would be 
no difference in the quantity of voids in flattened 
root canals filled with Bio-C, using either technique.

Methodology

Sample size calculation
The sample calculation was performed using 

the G* Power 3.1.7 for Windows (Heinrich Heine, 
Universität Dusseldorf, Germany). The t-test of two 
independent groups was applied with an alpha type 
error of 0.05 and beta power of 0.95. The effect size of 
1.54 was determined based on a previous study that 
used a similar methodology.3 The advisable specimen 
size was 12 per group.

Sample selection
After approval by the local ethics committee 

(under number 98683818.0.0000.5416), 24 distal canals 
of mandibular molars were selected by a digital 
radiography system (Kodak RVG 6100, Marne-la-Vallée, 
France) and micro-CT (Skyscan 1176, Bruker-microCT, 
Kontich, Belgium). Initial scanning by micro-CT 
was performed with a voxel size of 35 µm, with the 
following parameters: copper and aluminum filter, 
exposure time of 87 ms, frame averaging 3, rotation 
180º, rotation step of 0.5, 80 kV and 300 uA. The selected 
root canals had a type I configuration according 
to the Vertucci24 classification, and presented with 
flattening, in which the diameter ratio was obtained 
when the buccolingual diameter was 4 or more times 
larger than the mesiodistal diameter25 at 9 mm from 
the radiographic apex.26

Root canal preparation
Conventional access cavities were prepared, and 

the canals were explored with a size 10 K-file (Dentsply 
Maillefer, Ballaigues, Switzerland) until their tip 
became visible in the apical foramen. The working 
length (WL) was established 1.0 mm short of the 
apical foramen. The root canals were prepared with 
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the Reciproc Blue R40 file (VDW, Munich, Germany). 
The instruments were driven by an electric motor 
(VDW Silver, Munich, Germany) in the “RECIPROC 
ALL” function, according to the manufacturer’s 
instructions, up to the WL. Root canal irrigation 
during preparation was performed with 6 mL of 
2.5% sodium hypochlorite (NaOCl) (2 mL for each 
third). A 30-G NaviTip needle (Ultradent Products, 
South Jordan, USA) was coupled to a 5 mL syringe, 
and placed up to 2 mm short of the WL.

A complementary preparation was performed 
using a Flatsonic ultrasonic tip (Helse Ultrasonic, Santa 
Rosa de Viterbo, Brazil) activated by an Ultrawave XS 
(Ultradent) appliance at a power of 25% and frequency 
of 50 Hz. The ultrasonic tip was activated for 3 cycles, 
each cycle lasting 30 seconds in the direction of each 
flattened region (buccal and lingual). A total of 3 mL 
of 2.5% NaOCl was used (1.5 mL before and 1.5 mL 
after each cycle) for each ultrasound cycle. Final 
irrigation of each sample was performed with 5 mL 
2.5% NaOCl, followed by 2 mL 17% EDTA and 5 mL 
of distilled water.

Root canal filling
After root canal preparation, the specimens were 

divided into two experimental groups (n = 12) according 
to simple stratified randomization, considering the 
post-preparation volume of the root canal, in order 
to allow similar distribution between groups. The 
root canals were filled with Bio-C Sealer using the 
thermoplastic or the single-cone technique. R40 (VDW) 
gutta-percha points were selected according to tip size 
and taper, as measured by a Profilometer appliance 
(Profile Projector Nikon model 6C-2, Nikon, Tokyo, 
Japan). Prior to the canal filling stage, radiographic 
proof was obtained of adaptation of the gutta-percha 
points in the root canals. For the two filling techniques, 
Bio-C Sealer was injected into the root canal up to 
4 mm short of the WL, using plastic syringes and 
needles provided by the manufacturer.

Thermoplastic technique
The gutta-percha master point coated with sealer 

was inserted into the canal up to the WL. Lateral 
condensation was performed in the apical third with 
a size 25 finger spreader (Dentsply Maillefer) and 4 XF 

accessory gutta-percha points (Dentsply Maillefer). 
Lateral condensation was performed in the cervical 
and middle thirds with a size 30 finger spreader and 
4 FF accessory gutta-percha points. Gutta-percha 
condenser (Dentsply Maillefer) size 50 was activated 
at the beginning of the cervical third in a clockwise 
direction at 8000 rpm. When the gutta-percha began 
to plasticize, the condenser was directed to 4 mm 
short of the WL, and then slowly removed against 
one of the root canals walls.

Single-cone technique
After the root canal sealer was inserted, the gutta-

percha point coated with sealer was inserted into the 
canal up to the WL.

The procedure for the two experimental groups 
consisted of cutting and compacting the coronal excess 
of gutta-percha with a # 2 heat plugger (Golgran, São 
Caetano do Sul, Brazil). Digital radiographs were 
taken in the buccolingual and mesiodistal directions 
to determine the quality of the fillings. The root canals 
were restored with Coltosol (Vigodent, Rio de Janeiro, 
Brazil) and stored at 37ºC and 95% relative humidity 
for 1 week to allow complete setting of the sealer.

Micro-CT analysis
The samples were scanned using Skycan 

1176 micro-CT before and after preparation, and 
after filling, using the following parameters: 80 kV, 
300 uA, 0.5 rotation step, frame averaging 4, copper and 
aluminum filter, exposure time of 2000 ms and voxel 
size of 8.74 µm. The methodology is represented in 
Figure 1. The images obtained were reconstructed with 
NRecon software (v.1.6.3, Bruker-microCT). Geometric 
alignment using the “3D registration” function of 
the Data Viewer software (v.1.5.1, Bruker-microCT) 
was performed to superimpose the specimens before 
and after filling. Both the root canal volume after 
preparation and the filling material volume were 
quantified using CTAn software (v.1.14.4, Bruker-
microCT). Three dimensional models were created 
by CTVox software (v.3.2, Bruker-microCT). The gray 
scale interval for identifying each object of study 
was determined with a density histogram by using 
adaptive thresholding. To obtain the percentage of 
voids, the post-preparation volume of the canal and 
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the volume of filling material were calculated by using 
the following formula: [Percentage of voids = 100 - 
(filling material volume x 100 / canal volume)]. The 
analyses were performed in the cervical/middle and 
apical thirds of the root canals. The values considered 
were 3 mm for the apical third and 6 mm for the 

cervical/middle thirds. In the CTAn software, the 
bottom value was defined as the WL for the apical 
third. Another 3 mm was added to this value to 
ultimately define the top. As for the cervical/middle 
thirds, the top of the apical third was considered the 
bottom value, and 6 mm were added to define the top.

Figure 1. Schematic figure representing the methodology. (a) Flattened distal root canal of a mandibular molar; (b) Root canal 
preparation with Reciproc Blue R40 and Flatsonic; (c) Scanning with micro-CT - 8.74 µm; (d) Root canal filling with Bio-C Sealer 
using thermoplastic or single-cone techniques; (e) Scanning with micro-CT - 8.74 µm to evaluate the percentage of voids.
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Statistical analysis
Normal distribution of data was confirmed by the 

Shapiro-Wilk test. The unpaired t-test was used to 
compare the results between the groups. The level 
of significance was set at p < 0.05.

Results

The thermoplastic technique had a lower percentage 
of voids in the cervical/middle thirds, in comparison 
with the single-cone technique (p < 0.05). However, there 
was no difference between the techniques in regard 
to the percentage of voids in the apical third (p > 0.05) 
(Figures 2 and 3). The results are described in Table.

Discussion

Several studies have reported that canals with 
large buccolingual extensions are difficult to fill 

adequately.1,3,4,5,6 An important factor for appropriate 
filling by gutta-percha and root canal sealers is 
the root canal preparation.27 Previous studies have 
reported that the mechanical effect of ultrasonic tips 
in oval and long oval canal preparation may optimize 
their cleaning, by decreasing the uninstrumented 
surface.8,28 To this end, the present study used a 
Flatsonic ultrasonic tip to improve cleaning of the 
flattened root canals, by allowing better adaptation 
of the filling material. In addition, the current study 
used micro-CT analysis, owing to its optimal results 
in several studies that quantified the voids in root 
canal fillings.1,3,16,17,18,29,30 Our scanning procedures 
were applied using a voxel size of 8.74 µm, given 
that voxel size has been indicated as a limiting 
factor for micro-CT analyses.30 It is noteworthy 
to mention that images with smaller voxel sizes 
provide greater accuracy in detecting voids in 
endodontic fillings.17

Figure 2. Three-dimensional reconstructions of two flattened distal canals of mandibular molars filled with Bio-C Sealer using 
thermoplastic or single-cone techniques. Filling material is represented in pink and voids in black. (a) Filling material and voids; 
(b) filling material; (c) voids.
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Regarding our results of filling ability in flattened 
root canals, the null hypothesis was partially 
rejected, since the thermoplastic technique had better 
filling ability than the single-cone technique in the 
cervical/middle thirds. Flattened root canals have a 
larger buccolingual diameter in the cervical region.31 
In the current study, the root canals filled using the 
thermoplastic technique provided a homogeneous 
filling mass, as observed by Fracassi et al.14, and a 
greater extent of filling in the flattened areas. The 
single-cone technique showed a larger quantity of 
sealer around the gutta-percha cone (Figure 3). In this 
technique, the flattened areas are filled with the root 

canal sealer. However, a thin coat of sealer between 
the cones and the root canal walls is desirable16 to 
avoid solubilization of the sealer.3,16 Since gutta-percha 
is considered a dimensionally stable material,17 this 
thin film of sealer is considered more favorable in the 
case of sealers presenting solubility above the values 
recommended by the ISO 6876:2012 standard, such 
as Bio-C.22,32 Nevertheless, a great amount of sealer is 
expected when the single-cone technique is used.5,16

The suitable filling of the flattened areas when 
Bio-C Sealer and the thermoplastic technique were 
used could be attributed to the low percentage 
of voids and good flow values of Bio-C.22,32 These 
results may be related to the small size of the calcium 
silicate-based sealer particles (smaller than 2 µm).1,17 
AH Plus is an epoxy resin-based sealer considered the 
gold standard regarding physical properties33, and is 
used in different studies together with thermoplastic 
filling techniques.3,11,12,18 However, its properties are 
negatively affected by increased temperature.16,34,35,36,37 
Although an increase in temperature changed the 
physical properties of BioRoot RCS bioceramic sealer 

Table. Percentage of voids in flattened root canals filled with 
Bio-C Sealer using thermoplastic or single-cone techniques 
(means and standard deviations).

Variable Thermoplastic Single-Cone

Cervical/Middle 4.07 ± 0.59b 8.99 ± 1.56a

Apical 9.20 ± 1.52a 8.30 ± 0.96a

Different lowercase letters in same line indicate statistical difference 
between groups (p < 0.05).

Figure 3. Cross-sectional images of two flattened distal canals of mandibular molars filled with Bio-C Sealer using thermoplastic 
or single-cone techniques. Filling material (white), voids (black).

Tagger’s Hybrid

Cervical/Middle Thirds

Apical Third

Single Cone
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(Septodont, Saint-Maur-des-Fossés, France), such as 
flow, film thickness and setting time, these changes did 
not influence the percentage of voids after heating.16 
However, AH Plus showed an increase in the voids 
after heat was applied.16 Other studies have reported 
that the chemical composition of calcium silicate-based 
sealers did not change after heating.35-37 In addition, 
bioceramic sealer EndoSequence BC Sealer HiFlow 
(Brasseler USA, Savannah, USA) underwent an 
improvement in flow, viscosity, and film thickness 
after heating.38

Despite the high flowability of Bio-C Sealer, our 
results show that the percentage of voids for the single-
cone technique was 8.99% in the cervical/middle 
thirds, an outcome that may reflect negatively on 
the prognosis of endodontic treatment in clinical 
practice. On the other hand, no differences in filling 
ability were found between the thermoplastic and 
the single-cone techniques in the apical third. The 
root canals have a cross-section shape that varies 
according to the root thirds.1 In general, at the apical 
level, the canals have a rounded cross-section,39 which 
could favor adaptation of the gutta-percha master 
cone. In Tagger’s hybrid technique, the McSpadden 
condenser promotes filling in the cervical and middle 
thirds.12 Similarities have been observed between the 
thermoplasticized and cold gutta-percha techniques 

in regard to the quality of sealing and filling in the 
apical third of oval canals.3,6,40

The current research was performed to provide 
important information for obturation of flattened root 
canals. Within the limitation of this ex vivo study, none 
of the techniques promoted complete void-free root 
fillings. However, the thermoplastic technique associated 
with the calcium silicate sealer presented better filling 
of flattened areas in the cervical/middle thirds.

Conclusion

None of the techniques used with the new 
calcium silicate-based Bio-C Sealer were associated 
with void-free fillings in flattened root canals. The 
thermoplastic technique had a significantly lower 
percentage of voids than the single-cone technique 
in the cervical/middle thirds. Both techniques were 
similar in the apical third.
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