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Objectives  The oval canals may be associated with inadequate debridement, which 
can affect the quality of the root canal filling, thus the treatment outcome. The aim of 
the present work was to compare the quality of oval canals fillings using EndoSequence 
BC sealer with the single-cone technique or cold lateral compaction. 
Materials and Methods  Thirty-eight human single-rooted premolars with oval 
canals were instrumented to 1 mm from the apical foramen with hand nickel–titanium 
files, followed by circumferential filing with Hedstrom files. Teeth were paired into two 
groups based on their micro-computed tomography (CT) morphological parameters. 
Both groups were filled using EndoSequence BC sealer. The first used a single cone and 
the other with the cold lateral compaction technique. The voids volume was evaluated 
by micro-CT and the percentage was calculated for the total length and for the apical 
5 mm of each canal. The Mann–Whitney U test was used to assess whether the surface 
area and obturation length differed significantly between the groups and to compare 
the percentage of voids for each technique. 
Results  Both techniques resulted in less than 16% voids, with no statistically 
significant difference between them for the total canal length and for the apical 5 mm 
( p  > 0.05). 
Conclusions  The quality of the obturation performed with the single-cone technique 
was similar to that achieved with lateral compaction using EndoSequence BC sealer in 
oval canals. 
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            Introduction 
 The main goals of root canal obturation are to maintain the 
disinfection achieved through chemomechanical prepara-
tion and to prevent percolation of periradicular exudate or 
oral fluids into the root canal system, ensuring a biolog-
ically favorable environment conducive to tissue repair.   1

Inadequate root canal fillings are strongly correlated with 
short-term and long-term endodontic treatment fail-
ures.   2   Moreover, voids may serve as breeding sites for the 
proliferation of microorganisms that resisted the chemom-
echanical preparation or were able to reach the root canal 
system secondarily.   3   Therefore, the quality of endodontic 
obturation is crucial to maintain treatment success. 
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After ISO standardization of endodontic instruments in 
the 1960s, clinicians started to perform obturations using a 
gutta-percha single cone technique, silver or titanium made 
cones in combination with traditional sealers. However, soon 
thereafter, evidence that this technique was not satisfactory 
for oval canals emerged. The larger amount of sealer required 
to fill oval canals resulted in a large area of shrinkage, with 
subsequent formation of voids between the filling material 
and the root canal wall.4 Consequently, fluid leakage and 
sealer degradation were frequent.5 For this reason, the term 
“single-cone technique” was associated with poor quality 
obturations for many years.

In the last decade, with the advent of bioceramic seal-
ers with low contraction rates6,7 and the introduction of 
single-file systems combined with matching gutta-percha 
points, the former practice of obturating canals with a single 
cone has resumed. With these new sealers, the role of the 
gutta-percha point is solely to act as a vehicle and to allow 
potential retreatment, since material is not a sealer per se, 
but rather, the filling material. Simplicity of use, speed of 
treatment, and lighter pressure on the root canal walls are 
the main advantages of this technique.

EndoSequence BC sealer (Brasseler USA; Savannah, GA; 
also marketed as TotalFill BC Sealer in other countries) has 
stood out among these new sealers. A recent study evaluated 
the clinical outcomes of non-surgical root canal treatment 
with EndoSequence BC sealer, reporting a success rate of 
90.9%.8 The favorable properties of this material include anti-
bacterial action,9 biocompatibility,10 adequate seal,11 and adhe-
sion to dentin.12 An earlier study revealed that EndoSequence 
BC sealer undergoes slight expansion, whereas traditional 
sealers such as AH Plus and Pulp Canal Sealer undergo 
shrinkage.7 As a calcium phosphate silicate-based sealer, 
EndoSequence BC sealer forms hydroxyapatite in the pres-
ence of water, which leads to a direct bond between sealer and  
dentin.13 The manufacturer of EndoSequence BC sealer rec-
ommend the single-cone technique using an EndoSequence 
BC point, which is made from gutta-percha impregnated and 
coated with bioceramic nanoparticles. According to the man-
ufacturer, this technique results in a root canal filling free of 
gaps, and that facilitates retreatment, when necessary.

Obturation of oval root canals has always been challenging 
in comparison with root canals with a circular cross-section. 
The irregular shape of oval canals is associated with inadequate 
debridement, which can negatively affect the quality of the root 
canal filling.14 For this reason, concerns regarding the obtu-
ration of oval root canals with the single-cone technique are 
still valid, even when using bioceramic sealers. Thus, the aim 
of this study was to compare the quality of obturations of oval 
root canals using EndoSequence BC sealer with the single-cone 
technique or cold lateral compaction. Micro-CT images were 
used to evaluate the volume of voids in the obturations.

Materials and Methods
Sample Selection and Initial Micro-CT Analysis
The teeth used in the present study were obtained from the 
Institutional Tooth Bank, and the Ethics Committee approved 

the study protocol. According to the sample size calculation, 
17 teeth per group would be sufficient to show a 5% discrep-
ancy in the percentage of voids, with statistical power of 80%.

Initially, 210 maxillary and mandibular premolars extracted  
for reasons unrelated to this study were selected. Only teeth 
with completely formed apices, apical patency, no evidence 
of external resorption, and with a single straight canal were 
selected. Further selection was based on radiographs taken 
with buccolingual and mesiodistal directions. Teeth with 
constricted or calcified canals, internal resorption, prior end-
odontic treatment, or evidence of presenting two canals were 
excluded. A total of 96 teeth fulfilled these criteria. Selected 
teeth were stored at 37°C at 100% humidity until the next steps.

After achieving coronal access with high-speed water- 
cooled diamond burs, the crowns were separated from the 
roots at the cementum–dentin junction. The teeth were dec-
oronated to achieve a similar root length for all specimens 
and create a plateau to keep them in a perpendicular posi-
tion during micro-CT scanning. Roots were then scanned 
in a SkyScan 1174 v2 micro-CT scanner (Bruker-MicroCT, 
Kontich, Belgium) using a 50 kV X-ray unit operating under 
an 800 mA current. The scanning parameters included a 
rotation step of 1.0, a 180°rotation, and 17-µm pixel size. 
Images of each root specimen were reconstructed using the 
NRecon v.1.6.9 software (Bruker-MicroCT), which generated 
axial and transversal sections of the root's internal struc-
ture. Next, each root canal had its length measured from 
the top of the micro-CT image until the bottom using the 
CTAn software (Bruker-MicroCT). The measure was divided 
by three, determining the coronal, middle and apical thirds 
of the canal. Then, the major and minor horizontal diame-
ters were obtained from the last apical slice of each third.  
If a root canal displayed oval cross-section (diameter ratio  
> 1.5:1)15 in two out of the three thirds, it was classified as 
oval. Following the micro-CT exam, 38 roots with oval canals 
were selected for this study.

Root Canal Preparation and Obturation
The length of the root canal was obtained by inserting a 
15 K-type file (Dentsply/Maillefer; Ballaigues, Switzerland) 
into the canal until its tip was visible at the apical foramen 
under a stereomicroscope with 10 X magnification (Leica 
LED3000 NVI; Leica Microsystems Heerbrugg, St. Gallen, 
Switzerland). The total length of the canal was measured with 
a digital pachymeter and designated as the patency length.

All root canals were instrumented by the alternating rota-
tion movements technique.16 The working length (WL) was 
established 1 mm short of the apical foramen. The sequence 
of the root canal preparation included the following steps, 
in sequence: Gates-Glidden burs II, III, and IV were used 
to prepare the coronal two-thirds of the root canals in the 
radiograph tooth length subtracted of 5, 7, and 9 mm, respec-
tively; exploration with a 15 K-file type instrument and radi-
ography for canal length measurement; apical preparation 
until a K 50 file (Dentsply/Maillefer); 1-mm step-back with 
increments up to 4 mm short of the WL was performed; and 
circumferential filing with the aid of a size 50 Hedström 
file (three short filing motions were applied per root face). 
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Abundant and frequent irrigation with 2.5% NaOCl was per-
formed throughout the preparation (1 mL after each file 
change). Apical foramen patency was verified in all canals 
using a 15 K-type file (Dentsply/Maillefer). After the prepa-
ration was completed, the smear layer was removed with 
2 mL of 17% ethylenediaminetetraacetic acid for 1 minute, 
followed by 2 mL of 2.5% NaOCl for 1 minute. Finally, canals 
were dried with size FM paper points (Dentsply / Maillefer).

Teeth were matched into two groups according to the 
micro-CT morphological parameters obtained prior to 
instrumentation: volume, surface area, structure model 
index (SMI), and root length17 (►Fig. 1). One group was filled 
using EndoSequence BC sealer with the single-cone tech-
nique (BC-SC, n = 19) and the other by cold lateral compac-
tion (BC-LC, n = 19).

Single-Cone Technique
For group BC-SC, a small amount (1–2 reference markings 
of the EndoSequence BC sealer syringe) of EndoSequence BC 
sealer was gently dispensed into the canal to fill the coronal 
third. The sealer was carefully spread onto the canal walls 
up to the WL using a size 15 K-type file (Dentsply/Maillefer). 
Then, a size 50.02 EndoSequence gutta-percha cone coated 
with a small amount of sealer was slowly inserted into the 
canal up to the WL. Following that, the gutta-percha cone 
was cut at the level of the cementodentinal junction with a 
heated carrier, and gentle vertical pressure was applied with 
compactors (1.1 mm diameter, Dentsply/Maillefer). This pro-
cedure was repeated twice to compact the gutta-percha into 
the coronal portion of the root canal.

Cold Lateral Compaction
For the BC–LC group, the EndoSequence BC sealer and a 
size 50.02 EndoSequence gutta-percha cone were inserted into 
the canal in the same manner as for group BC-SC. Following 
that, size FF accessory gutta-percha cones (Dentsply/Maillefer) 
were inserted into the canal until the spreader could not pen-
etrate beyond the coronal third of the canal. Then, the gut-
ta-percha cones were cut and compacted as for group BC-SC.

In both groups, the excess sealer was removed from the 
access cavity with a moist cotton pellet. A single operator 
performed all root canal obturations with both techniques. 

The fit of the gutta-percha master cone was verified radio-
graphically. No additional radiographs were taken to prevent 
operator bias during visual analysis. The obturated roots 
were stored at 100% moisture and 37°C for 10 days until the 
final setting.13

Microtomographic Analysis of the Obturations
After all canals were obturated, the roots were once again 
scanned by micro-CT using the same parameters described 
previously. All sections were reconstructed with the NRecon 
software (Bruker-MicroCT). The length of the root canal obtu-
rations was measured in millimeters using the CTAn v.1.14.4 
software (Bruker-MicroCT). Images were converted to NRRD 
file format using the Image J 1.50d software (National Institutes 
of Health, Bethesda, Maryland, United States). Subsequently, 
the images were captured using the 3D Slicer v1.5.1.2 soft-
ware (www.slicer.org, MIT Artificial Intelligence Laboratory, 
Brigham & Women's Hospital Surgical Planning Laboratory, 
and Harvard Medical School, Massachusetts, United States). 
Voids were quantified by subtraction of the models before 
and after root canal obturation was completed. The volume of 
the voids was measured using the Image J software (National 
Institutes of Health). Finally, three-dimensional models were 
generated with the CTAn v.1.14.4 software (Bruker-MicroCT) 
and visualized in the CTVol v.2.3.1 software (Bruker-MicroCT) 
(►Fig. 2). After that, the percentage of voids in relation to the 

Fig. 1  Examples of tooth pairing.

Fig. 2  Micro-computed tomography analysis of voids: EndoSequence 
BC sealer with the single cone technique (BC-SC) and BC sealer with 
the cold lateral compaction (BC-LC).
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volume of the prepared canal was calculated for each tooth at 
the evaluated levels. 

   Statistical Analysis 
 Data normality was assessed using the Shapiro–Wilk test. 
The Mann–Whitney U test was used to assess whether the 
surface area, root length, and obturation length differed sig-
nificantly between the two groups and to compare the per-
centage of voids for each technique, considering the volume 
of the prepared canal (volume of the obturation mass plus 
the volume of the voids). The independent  t -test was used 
to compare the initial canal volume and the model index 
(SMI). This analysis was performed for two segments of the 
canal: 10 mm (hereafter referred to as the total canal length) 
and apical 5 mm. Statistical analyses were performed using 
the SPSS software, version 17.0 (SPSS Inc.; Chicago, Illinois, 
United States), at a significance level of 5%. 

    Results 
 The micro-CT morphological parameters obtained before 
instrumentation did not differ between groups ( p  > 0.05). 
The obturation length was similar for the two groups ( p  > 
0.05). The means were 15.77 and 15.97 mm, for BC-SC and 
BC-LC groups, respectively, demonstrating that this variable 
was controlled in the present study. No statistically signifi-
cant difference was found in the percentage of voids in the 
obturations performed with either technique, consider-
ing the levels evaluated ( p  > 0.05). Analyzing the total canal 
length, the mean volume of voids was 1.36 mm 3  (median, 
1.30 mm 3 ; range, 0.03–3.11 mm 3 ) and 1.28 mm 3  (median, 
0.84 mm 3 ; range, 0–3.98 mm 3 ) for BC-SC and BC-LC, respec-
tively. Conversely, for the apical portion the means were 
0.43 mm 3  (median, 0.29 mm 3 ; range, 0.01–1.19 mm 3 ) and 
0.21 mm 3  (median, 0.07 mm 3 ; range, 0–0.70 mm 3 ) for BC-SC 
and BC-LC, respectively. Both techniques presented less than 
16% of voids. In all specimens where voids were detected, the 
volume was greater in the coronal part of the canal (   ► Table 1 , 
 ► Figs. 2  and  3 ). Voids were not detected in some canals from 
the BC-LC group (3 in the full canal length and 6 in the apical 
5 mm).       

 Discussion 
 Over 30 years ago, the clinical outcomes of the single-cone 
technique were compared with cold lateral compaction, with 
results favoring the latter technique. At that time, the success 

rate of the single-cone technique was 88.4%, while lateral 
compaction had a success rate of 91.8%.   18   However, most 
sealers used at that time were zinc oxide and eugenol-based. 
Therefore, the solubility and contraction of those sealers are 
likely to have negatively affected the outcomes of obturations 
performed with the single-cone technique, which requires a 
greater amount of sealer.   19

 The present study used a three-dimensional microto-
mographic analysis to evaluate the quality of filling of oval 
canals with the single-cone technique or the cold lateral com-
paction using EndoSequence BC sealer. The decision to use 
EndoSequence BC sealer instead of other bioceramic sealers 
was based on recent evidence of favorable results when this 
material was used with a single cone (success rate of 90.9% after 
follow-up for at least 1 year).  8   This recent study contrasts with 
Seltzer's (1988)18 and demonstrates the positive impact of this 
new sealer on the success rate of the single-cone technique. 

 In the present study, no differences were found between 
the two obturation techniques regarding the quality of the 
obturation. Thus, our results favor the single-cone tech-
nique due to its greater simplicity, ease, quickness, and 
reproducibility compared with lateral compaction.  19   Some 
properties of the EndoSequence BC sealer may explain why 
the single-cone technique resulted in obturations with the 
same quality as those performed by lateral compaction: this 
sealer's good adhesiveness to the dentin walls   20   and flow-
ability   21   have been previously reported. Furthermore, the 
formation of hydroxyapatite when using this sealer may be 
responsible for its chemical bond to dentin.   22

 Table 1      Percentage of voids in relation to the volume of the prepared canal, in each group 

 Group  Segment n   Mean ± SD  Median  Range 

 BC-SC  Full canal  19  15.20 ± 8.54  16.55  0.53–31.37 

 Apical 5 mm  19  13.11 ± 10.75  11.55  0.39–32.10 

 BC-LC  Full canal  19  15.24 ± 12.21  13.27  0–38.68 

 Apical 5 mm  19  8.44 ± 10.21  3.69  0–31.11 

 Abbreviation: SD, standard deviation. 

     Fig. 3  Box plot representing the percentage of voids in each group, 
for each segment evaluated (total canal length or apical 5 mm). 
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Although the physicochemical properties of EndoSequence 
BC sealer have been fully investigated,23 no previous studies 
had evaluated the filling ability of this material with the 
intent of comparing the results of the technique proposed 
by the manufacturer (single-cone technique) with cold lat-
eral compaction. The latter is considered the conventional 
technique against which all other techniques should be 
compared.24 Nonetheless, during cold lateral compaction, 
the repeated introduction of spreaders into the canal exerts 
mechanical stress onto the root canal walls, increasing the 
risk of fracture.25,26 For this reason, the use of cold lateral 
compaction has recently been questioned.

The findings from the present study are in agreement 
with several studies using traditional sealers, which also 
reported favorable results for the single-cone technique 
in terms of its filling ability. This was observed not only 
in circular canals27-29 but also in oval canals.4,11 The results 
from these studies are comparable to studies evaluat-
ing other obturation techniques, such as the continuous 
wave of compaction,28 cold lateral compaction,27,29 and  
Thermafil.29

Compared with an earlier study,11 the present study found 
a greater percentage of voids in the apical portion of the canal 
when obturation was performed with a single cone. While 
the present study observed 13% of voids in the apical portion 
of the canal, the previous one observed only 0.02%. Although 
both of these studies were conducted in premolars with oval 
canals and used the same evaluation method (micro-CT), 
differences regarding sample size, tooth selection and par-
ing, apical preparation diameters, the methodology for voids 
assessment, and time to complete the sealer setting could 
justify this discrepancy.

In the present study, the volume of voids was greater in 
the coronal portion of the canal, which is probably due to the 
tendency to the canals toward a rounder shape closer to the 
apex, and to the fit of the cone in this portion.30 Still, none 
of the obturation techniques was capable of filling the root 
canal space completely in all specimens, which corroborates 
previous studies involving micro-CT analyses in oval root 
canals.11,31

Oval canals are regarded as the best model to evaluate the 
filling ability of different obturation techniques.32 Voids are 
more common in this type of canal than in circular canals, 
not only due to the limitations of the obturation techniques 
but also due to the presence of unprepared areas, especially 
in buccal and lingual recesses.33-35 The risk of treatment fail-
ure may be higher when the filling material is unable to trap 
the bacteria left in these areas.36,37 Hence, the development 
of new materials and techniques to fill oval canal recesses 
should be encouraged.

One must be cautious when extrapolating the present 
findings into the clinical reality, considering the limitations 
inherent to ex vivo studies and the fact that the obturation 
quality was evaluated at a specific moment in time. For this 
reason, it is impossible to speculate whether the quality of 
these obturations will be maintained over time.

Conclusions
The quality of the fillings produced by the single-cone 
technique was similar to the cold lateral compaction using 
EndoSequence BC sealer in oval canals. Other current obtu-
ration techniques combined with other bioceramic sealers 
should be further compared.
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