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Abstract
Introduction  The goal of this study was to compare the filling quality of C-shaped mandibular molars via 
microcomputed tomography (micro-CT) with that of sealer-based obturation technique (SBO), sealer -based 
obturation with ultrasonic vibration (SBU) and the continuous wave technique (CWT).

Methods  Thirty mandibular molars with C-shaped canals were studied and assigned into three groups according to 
the filling method used. The CWT group was a continuous wave technique with a resin-based sealer; the SBO group 
was a sealer-based obturation technique with a calcium silicate sealer; and the SBU (sealer-based ultrasonic vibration) 
group was subjected to the same method as the SBO group with the addition of ultrasonic vibration. The teeth were 
scanned via micro-CT 2 times: after preparation and after root canal filling. The total void volume, open porosity and 
closed porosity were measured. The data were analyzed via ANOVA and Tukey’s test.

Result  Compared with the other two groups, the SBU group presented a significantly smaller void volume. In the 
apical third, the SBU group presented a significantly lower mean percentage of total voids than did the CWT group. 
In the middle third, the SBU group presented a significantly smaller void volume than the other two groups did, and 
the percentage volume of voids in the CWT and SBO groups was similar. In the coronal third, no statistically significant 
differences were observed among the three obturation techniques. In all the obturation techniques, the open 
porosity was greater than the closed porosity, and the open porosity yielded results similar to those of the total voids.

Conclusion  Sealer-based obturation with ultrasonic vibration resulted in a smaller void volume in mandibular molars 
with C-shaped canals. The results of this study suggest that sealer-based obturation with ultrasonic vibration can be 
an effective treatment option for C-shaped root canals.
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in mandibular molars with C-shaped canals. Therefore, it can be an effective option 
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Introduction
The C-shaped root canal is an anatomical variation that 
involves connecting root canals with pins or web-like 
structures to form a C shape [1]. C-shaped root canals 
are common in mandibular second molars [1, 2], and 
their prevalence has been reported to range from 2.7% 
to 44.9% [3, 4], particularly high in Asian populations [1, 
5, 6]. C-shaped canals are also found in maxillary molars 
and premolars [7]. In the C- shaped root canal, the canal 
configuration changes according to the root level [6] and 
there are long and narrow areas, such as the isthmus. 
Because of these irregularities and complexities, effective 
shaping, cleaning, and obturation are difficult, potentially 
leading to reinfection within the canal [8, 9].

The continuous wave technique (CWT) involves ver-
tically pressing the gutta-percha at the apical third and 
then injecting heated gutta-percha and compressing it to 
fill the remaining part. This method is known to achieve 
good filling, especially in irregular or oval -shaped root 
canals [10–12]. However, there may be narrow areas 
in the C-shaped canal where it is difficult for the GP to 
enter [13, 14]. The sealer-based obturation technique 
(SBO) uses gutta-percha and calcium silicate sealers and 
fills unfilled areas with a sealer [15, 16]. Compared with 
CWT, SBO is considered less technique sensitive and has 
shown similar or superior filling quality [17, 18]. How-
ever, large amounts of sealer may increase porosity [19].

Ultrasonic vibration was suggested to improve the filing 
quality [20–22]. Ultrasonic vibration generates compres-
sive forces and rearranges cement particles what leads to 
escape trapped air [23]. Some studies have reported that 
ultrasonic vibration may increase void formation due to 
excessive ultrasonic energy and affect the filling quality 
[24, 25]. Therefore, an indirect method allowing ultra-
sonic vibration to be transmitted to the sealer through 
the GP cone was proposed [23].

In the C-shaped root canal, the canal configuration 
changes according to the root level [6], and various ana-
tomical complexities exist. There are difficulties in effec-
tive shaping, cleansing, and obturation. Previous studies 
examining root canal filling quality have mostly evalu-
ated premolars [23, 26–29]. Therefore, the purpose of 
this study was to compare the filling quality of sealer-
based obturation (SBO) and continuous wave technique 
(CWT) on real human teeth with C-shaped canals via 
micro-CT. In addition, we further investigated the effect 
of ultrasonic vibration on filling quality.

Materials and methods
Sample preparation
Among patients who visited the dental clinic of ewha 
womans university, teeth extracted for orthodontic or 
periodontal treatment were used in the experiment. A 
total of thirty human mandibular molars with C-shaped 

canals were included. The study was performed in accor-
dance with the Declaration of Helsinki. Informed consent 
was obtained from all participants involved in the study. 
The protocol of this study was approved by the Institu-
tional Review Board (IRB) of our institution (IRB num-
ber: EUMC 2023-03-009).

Teeth exhibiting decay, cracks, perforations, internal or 
external resorption, or those that had previously under-
gone root canal treatment were not included. The crown 
portion of each tooth was sectioned at the cemento-
enamel junction.

Once the canal orifices were founded, a #10 K-file 
(Dentsply Maillefer, Ballaigues, Switzerland) was inserted 
into each canal until it was visible at the apical fora-
men, ensuring patency. After measuring the length, the 
working length was determined by subtracting 0.5  mm. 
After filling the canal with a 2.5% sodium hypochlorite 
(NaOCl), shaping was performed using ProTaper Next 
Ni-Ti rotary system (Dentsply Sirona Endodontics, Bal-
laigues, Switzerland), and Ni-Ti was used up to F3. After 
that, the canals were irrigated with 17% ethylenediamine-
tetraacetic acid (EDTA) for 1 min, washed with distilled 
water, irrigated with 5.25% NaOCl for 5 min, and washed 
again with distilled water. The canals were then dried 
with paper points.

Root canal obturation
The total volume of the root canal was measured using 
micro CT. The teeth were categorized into three groups 
based on the total canal volume and then randomly obtu-
rated with different filling techniques. The filling method 
is as follows: the CWT group (continuous wave tech-
nique with AH Plus sealer), the SBO group (sealer-based 
obturation with EndoSeal MTA sealer), and the SBU 
group (SBO combined with ultrasonic vibration).

In the CWT group, AH plus sealer (Dentsply DeTrey, 
Konstanz, Germany), a resin-based sealer, was used. The 
gutta-percha (GP) cone coated with AH plus sealer was 
placed inside the canal, the GP cone was cut at a point 
3  mm short of working length, and backfilling was per-
formed using SuperEndo-Beta (B&L Biotech USA, Bala 
Cynwyd, PA).

In the SBO group, EndoSeal MTA sealer (Maruchi, 
Wonju, Korea), a calcium silicate-based sealer, was used. 
EndoSeal MTA sealer was injected into the root canal, 
and a GP cone was placed into the root canal and cut at 
the orifice level.

In the SBU group, EndoSeal MTA sealer was injected 
into the root canal, and a GP cone was placed into the 
root canal. After holding the GP cone with cotton plier, 
an ultrasonic tip (EMS, Nyon, Switzerland) was placed 
on the cotton plier, and 24 kHz ultrasonic vibration was 
applied for 1–2 s. The GP cone was cut at the orifice level.
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To minimize potential air entrapment during GP cone 
insertion, the cones were inserted slowly and carefully 
without additional pumping or vertical manipulation, 
ensuring consistency across all experimental samples. 
During obturation procedures, care was taken to avoid 
sealer extrusion beyond the apical foramen, and no obvi-
ous apical extrusion was observed in any specimen.

The access cavities were sealed with temporary filling 
materials (caviton, GC Dental Industrial Corp., Tokyo, 
Japan) and the teeth were stored for seven days in a saline 
solution.

Micro-CT evaluation
All the teeth in the three groups (n = 10) were scanned via 
a micro-CT system (SKYSCAN 1272, Bruker microCT, 
Kontich, Belgium) at 80 kV, 125 µA, a 1.0 mm aluminum 
filter, 180° rotation, a 0.6° rotation step and a frame aver-
age of 4, resulting in a pixel size of 12 μm. Images were 
reconstructed via Data Viewer 64 software (version 
1.5.2.4, Bruker), and CT-An software (version 1.16.1.0, 
Bruker) was applied to analyze void volumes.

Voids were defined as empty spaces within the root 
canal that were not filled with gutta-percha or sealer. 
Among them, open porosity was classified as the empty 
space between the dentin wall and the gutta-percha or 
sealer, whereas closed porosity referred to the voids that 
did not contact the dentin wall and were located within 
the sealer itself or between the gutta-percha and sealer.

Cross sectional images perpendicular to the long axis 
of the root were acquired, and the images were con-
verted to binary images via image thresholding. The 
areas of gaps and voids from the apex to the 9 mm level 
of each axial tooth slice were evaluated. To analyze the 
3-dimensional volume of voids, binary images were used. 
A region of interest was set on each cut, and the per-
centage of voids within the canal was calculated. Three-
dimensional analysis of the whole canal was performed, 
and calculations were performed at the apical (0–3 mm), 
middle (3–6 mm), and coronal (6–9 mm) levels.

Blinding was applied during outcome assessment. All 
micro-CT scans and void analyses were performed by 
a single examiner who was blinded to the experimental 
group assignments to minimize potential bias.

Statistical analysis
The data were statistically analyzed via the Kolmogorov‒
Smirnov test to determine a normal distribution, and 
then via one-way analysis of variance and Tukey tests to 
determine any significance (P < 0.05). All the statistical 
analyses were performed with SPSS software (version 25, 
SPSS Inc. Chicago, IL).

Results
Table  1 shows the average percentage of the total void 
volume according the whole canal and according the 
different root thirds. In the whole canal, the mean per-
centage volume of total voids was 6.84% ± 1.35% (CWT), 
7.00% ± 2.17% (SBO) and 4.43% ± 1.12% (SBU). Com-
pared with the other two groups, the SBU group pre-
sented a lower void volume percentage (P < 0.05). In the 
apical third, the SBU group was associated with a sig-
nificantly lower mean percentage of total voids (5.46% ± 
1.33%) compared with the CWT group (9.54% ± 1.77%) 
(P < 0.05). In the middle third, the SBU group presented 
a significantly smaller void volume than the other two 
groups (P < 0.05). The percentage volume of voids associ-
ated with the CWT and SBO groups was similar. There 
were no significant differences among the three obtura-
tion techniques regarding the coronal third (P > 0.05).

Table 2 shows the percentage volumes of closed, open, 
and total porosities in the whole canal and each root 
third. In all the obturation techniques, the open poros-
ity was greater than the closed porosity, and the open 
porosity yielded results similar to those of the total voids. 
In the apical third, the SBU group presented a signifi-
cantly lower mean percentage of open porosities (4.75% 
± 1.43%) than the CWT group (9.05% ± 1.70%) (P < 0.05).

In the middle third, the SBU group presented less voids 
than the other groups (P < 0.05) In the cervical third, 
there were no statistically significant differences among 
the three filling techniques (P > 0.05). Closed porosity 
did not differ among the three obturation techniques 
(P > 0.05). Figure  1 shows micro-CT images illustrating 
the cross sectional images of a root canal filling.

Discussion
Previous studies examining root canal filling quality have 
mostly evaluated premolars [23, 30–33]. To the best of 
our knowledge, no studies have evaluated filling quality 
via sealer-based obturation and ultrasonic vibration in 
mandibular molars with C-shaped root canals. A previ-
ous study [14] used a C-shaped canal resin model cre-
ated via 3D printing; however, it only targeted the C1 

Table 1  Percentage volume of total voids after obturation in the 
whole Canal

Percentage volume of total voids (%)
CWT SBO SBU

Whole 6.84 ± 1.35a 7.00 ± 2.17a 4.43 ± 1.12b

Apical 9.54 ± 1.77a 7.59 ± 3.50ab 5.46 ± 1.33b

Middle 8.48 ± 2.64a 7.75 ± 2.40a 4.13 ± 1.23b

Coronal 5.97 ± 1.49a 6.35 ± 2.91a 4.25 ± 1.31a

Percentage volume of total voids (%) = volume of total voids / volume of entire 
root canal volume

Values are shown as the mean ± standard deviation. Different lowercase letters 
on the same row represent significant differences (p < 0.05)

CWT continuous wave technique, SBO sealer-based obturation technique, SBU 
sealer-based obturation technique with ultrasonic activation
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configuration and hardly represented the entire C-shaped 
root canal. In this study, we evaluated obturation qual-
ity according to filling techniques for real human teeth 
with C-shaped canals. In addition, we aimed to improve 
the validity of the study by measuring the entire root 
canal volume and assigning groups based on similarity to 
eliminate important anatomic bias that could affect the 
results.

A previous study [34] investigated four epoxy resin-
based sealers and revealed no differences in the percent-
age of voids when activated by ultrasonication. Ultrasonic 

vibration effectively increased the bond strength of the 
calcium silicate-based sealers, but the bond strength of 
the epoxy resin-based sealers did not differ before and 
after ultrasonic vibration. According to the results of a 
previous study, the AH plus used in CWT appears to be 
less affected by ultrasonic vibration. Therefore, additional 
ultrasonic vibration was performed only in SBO using 
EndoSeal MTA, a calcium silicate-based sealer.

The increase in porosity at the interface between the 
sealer and the dentinal wall can promote the growth 
and movement of bacteria to the periapical region, caus-
ing periapical periodontitis [35]. Therefore, it has more 
clinical impact than closed porosity. In this study, open 
porosity and closed porosity were investigated separately. 
The results revealed that the percentage of open poros-
ity exceeded that of closed porosity, which was consistent 
with the findings of a previous study [36].

The goal of endodontic treatment is to remove bacteria 
and infected pulp via mechanical and chemical methods 
and then seal the root canal to prevent it from becom-
ing infected again [37, 38]. To achieve this goal, various 
root canal obturation techniques and materials have 
been developed [39]. SBO has become popular because 
of its simplicity, low technique sensitivity, and filling 
quality, which is comparable to that of CWT. Previous 
studies comparing void volume between the continuous 
wave technique and sealer-based obturation technique 
reported that there was no difference between groups, 
which is consistent with the results of this study [17, 19, 
29, 40].

In sealer-based obturation, the sealer fills the empty 
space between the GP cone and dentin. Ultrasonic vibra-
tion was proposed as a method to improve the filling 
quality of sealers. However, there are also reports that 
excessive ultrasonic vibration has a negative effect on 
void formation [22]. A previous study applied an indirect 
method that allows ultrasonic vibrations to pass through 
three media: an ultrasonic tip, a cotton plier, and a GP 
cone [23]. In this study, ultrasonic vibration was applied 

Table 2  Percentage volumes of closed, open, and total 
porosities in the whole Canal
(a) Whole

Percentage volume of porosity (%)
CWT SBO SBU

Closed porosity (%) 0.51 ± 0.21a 0.58 ± 0.24a 0.57 ± 0.23a

Open porosity (%) 6.33 ± 1.31a 6.42 ± 2.11a 3.86 ± 0.99b

Total porosity (%) 6.84 ± 1.35a 7.00 ± 2.17a 4.43 ± 1.12b

(b) Apical
Percentage volume of porosity (%)
CWT SBO SBU

Closed porosity (%) 0.49 ± 0.26a 0.46 ± 0.20a 0.71 ± 0.44a

Open porosity (%) 9.05 ± 1.70a 7.13 ± 3.44ab 4.75 ± 1.43b

Total porosity (%) 9.54 ± 1.77a 7.59 ± 3.50ab 5.46 ± 1.33b

(c) Middle
Percentage volume of porosity (%)
CWT SBO SBU

Closed porosity (%) 0.59 ± 0.21a 0.63 ± 0.30a 0.64 ± 0.24a

Open porosity (%) 7.88 ± 2.51a 7.12 ± 2.33a 3.49 ± 1.27b

Total porosity (%) 8.48 ± 2.64a 7.75 ± 2.40a 4.13 ± 1.23b

(d) Coronal
Percentage volume of porosity (%)
CWT SBO SBU

Closed porosity (%) 0.48 ± 0.28a 0.59 ± 0.26a 0.52 ± 0.29a

Open porosity (%) 5.49 ± 1.53a 5.76 ± 2.93a 3.73 ± 1.22a

Total porosity (%) 5.97 ± 1.49a 6.35 ± 2.91a 4.25 ± 1.31a

Values are shown as the mean ± standard deviation. Different lowercase 
letters on the same row represent significant differences in porosity volume 
depending on different filling technique (p < 0.05)

Fig. 1  Representative sections from micro-CT imaging illustrating the cross section of a root canal filling
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in the same way, and the results revealed that the per-
centage of voids was low in the SBU group.

The results of this study revealed better filling quality 
when ultrasonic vibration was applied. In previous stud-
ies comparing the filling quality among groups generated 
via the continuous wave technique, sealer-based obtura-
tion, and sealer-based obturation with ultrasonic vibra-
tion, no differences were detected among the 3 groups 
via micro-CT analysis [23]. These studies were conducted 
on maxillary premolars, which generally have relatively 
wide canals. In contrast, C-shaped canals feature nar-
row and complex canal anatomy, where ultrasonic activa-
tion is likely to have a more pronounced impact on sealer 
distribution and canal filling quality. Another study [19] 
reported better filling quality when ultrasound vibration 
was performed via the single cone technique, which is 
consistent with the results of this study. Ultrasonic vibra-
tion generates rapid compressive impulses, which reduce 
surface friction between cement particles and minimize 
voids.

One limitation of this study is the characteristics of the 
C-shaped root canals. Even in the same C-shaped root 
canal, the difficulty of root canal obturation depends on 
the anatomical complexity of the root canal. For exam-
ple, the C1 and C2 configurations, with long and narrow 
isthmuses, complicate the shaping and acquisition of 
canals. To overcome this limitation, teeth were assigned 
to each group on the basis of premeasured canal volumes 
to compensate for the anatomical variation. However, 
further research is needed to standardize the C-shaped 
canal configurations.

Conclusion
Sealer-based obturation with ultrasonic vibration 
resulted in a smaller void volume in mandibular molars 
with C-shaped canals. It can be an effective treatment 
option for C-shaped root canals on the basis of its better 
filling quality and lower technique sensitivity.
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