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Comparison of sealing ability of
different obturation techniques in type II root canals
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This study evaluated the sealing ability of obturation technique in type II root canal through the comparison of the presence of voids
between the single-cone technique using calcium silicate-based sealer and continuous wave compaction technique using resin-based
sealer. This study used 30 extracted human maxillary single-rooted premolars that were instrumented with rotary nickel-titanium
instrument and randomly assigned to two groups. The root canals were obturated with either single-cone technique using calcium
silicate-based sealer or with continuous wave compaction technique using resin-based sealer. The presence of voids in the samples in
mesio-distal directions were evaluated using radiographs. There were more voids in the total volume and coronal third of the roots
in the single-cone technique group than in the continuous wave compaction technique group. However, there was no significant
difference in the percentage volume of voids in the middle and apical thirds of the roots between the two groups. Additionally, there
was no significant difference between two groups with respect to external voids. Within limitation of this study, single-cone technique
with calcium silicate-based sealer should be used very carefully in type II root canals.
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INTRODUCTION

[3-5]. Gutta-percha is usually used with sealers to achieve
a fluid-tight seal. Root canal sealers fill the spaces between

The objective of root canal treatment is to clean and

the gutta-percha cones, as well as between the gutta-

shape the pulp space, and completely obturate it with an

percha and root canal walls [6]. Therefore, the root canal

appropriate filling material [1]. Appropriate root canal ob-

obturation technique and sealing ability of the root canal

turation prevents residual bacteria and their toxins from

sealer are important factors determining the success of the

affecting the periapical tissue [2]. One of the major causes

root canal treatment.

of endodontic failure is microleakage, which may occur

Continuous wave (CW) compaction technique is one of

between the gutta-percha and sealer. In many studies, in-

the most widely used root canal obturation techniques.

adequately obturated teeth showed a higher possibility of

However, this approach may fail to prevent microleakage

periapical lesion than those with adequate root canal filling

within the root canal system in some cases [7]. When the
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gutta-percha is heated, it expands and contracts, possibly
leading to formation of voids and gaps in the filling material [8]. Furthermore, this technique could generate some

MATERIALS AND METHODS
Sample preparation

amount of pressure on the radicular dentin, causing vertical root cracks or fractures. To overcome these drawbacks,

The research protocol of this study was approved by the

various root canal filling techniques, materials, and sealers

Institutional Review Board of Chosun University Dental

have been developed and introduced in the dental market.

Hospital (CUDHIRB-1503-009). This study included 35

Recently, single-cone (SC) technique with newly devel-

extracted human maxillary single-rooted premolars with-

oped calcium silicate-based sealer has been revived [9].

out caries, root resorption, restorations, immature apices,

SC technique with conventional sealers is considered less

or fractures. Preliminary periapical radiographs in mesio-

effective in sealing root canals as compared to the CW

distal directions were recorded to evaluate the anatomy of

compaction technique [10]. The newly developed calcium

the roots of the teeth. After radiographic examination, all

silicate-based sealers have reported good sealing ability

samples with Weine’s type II root canal configuration were

and high biocompatibilty.

included, while three teeth with other root canal types and

An endodontic sealer in the form of pre-mixed injectable

two with severely calcified canals were excluded.

paste was developed for clinical convenience. Endoseal

The remaining 30 teeth were decoronated using a dia-

MTA sealer (Maruchi, Wonju, Korea) is a calcium silicate-

mond bur (TR13; Mani, Utsunomiya, Japan), and each root

based sealer and a pure mineral trioxide aggregate (MTA)

was adjusted to 12 mm length. A size 10 manual K-file

product with no resin added. It has good sealing capability

(Dentsply Maillefer, Ballaigues, Switzerland) was then in-

with excellent flow, making it ideal for use in root canal

serted into the root canal until the file tip was just visible at

obturation. The use of SC technique with Endoseal MTA

the apex. The working length was set by subtracting 1 mm

sealer has been recommended by the manufacturer and

from this length.

some clinicians. However, presence of a number of voids

All samples were shaped using Protaper Universal rotary

in irregular shaped canals has been reported with the SC

instruments (Dentsply Maillefer) driven by a VDW mo-

technique [11,12]. Moreover, the sealing ability to fill an

tor (VDW GmbH, München, Germany) according to the

oval or irregular canal space with SC technique clearly de-

manufacturers’ instructions. The teeth were shaped using

pends on the root canal form [9]. The SC technique with

serial files from S1 to F2 with the crown-down technique.

the use of this sealer has been recommended because of

Final apical enlargement was performed using a size 30 or

its flowability, biocompatibility, and dimensional stability.

35 manual K-file. During root canal preparation, irriga-

Additionally, bioceramic sealers can be used for filling root

tion was performed with 2 mL 1.5% sodium hypochlorite

canals with or without the gutta-percha cones [13,14].

(NaOCl) delivered from a 3 mL syringe with a 27-gauge

Until now, there are only few studies investigating the

endodontic side-vented needle. Endo Activator (Dentsply

sealing ability of SC technique with calcium silicate-based

Maillefer) was used for 1 minute with NaOCl solution, and

sealers with respect to voids for various root canal con-

1 mL of 10% ethylenediaminetetraacetic acid (EDTA) was

figurations, such as Weine’s type II root canals. Thus, the

used for final irrigation. Following this, the root canals of

aim of this study was to evaluate the sealing ability in type

each sample were dried with sterile paper points (B&L Bio-

II root canals by comparing the presence of voids between

tech Inc., Fairfax, VA, USA).

SC technique using calcium silicate-based sealer and CW
compaction technique using resin-based sealer.

Root canal obturation
All samples were divided randomly into two experimental groups (n=15, each). Root canal sealers were prepared
according to the manufacturer’s recommendations.
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Group 1 (SC group) used SC technique with Endoseal

were calculated. Furthermore, the voids were classified as

MTA sealer. A master gutta-percha cone (B&L Biotech Inc.)

external voids (along the canal walls) and internal voids

that corresponded to the final instrumentation size was

(inside the filling materials) (Fig. 1).

selected. Endoseal MTA sealer was injected into the root
canal, and the master gutta-percha cone was inserted into

Statistical analysis

the root canal with a gentle pumping motion. For better
penetration of the sealer into the root canal, ultrasonic vi-

The difference in mean volume of the obturating materi-

bration was used in an indirect fashion. Any excess gutta-

als between the groups was compared using the student’s

percha and sealer was removed using a heat carrier (Duo

t-test. Statistical analysis was performed using SPSS (version

Alpha II; B&L Biotech Inc.).

18.0.0; SPSS Inc., Chicago, IL, USA). The differences were

Group 2 (CW group) used CW compaction technique

considered significant if the p -value was less than 0.01.

with Duo Alpha II and Duo Beta (B&L Biotech Inc.) with
AH Plus sealer (Dentsply Maillefer). The tip of the heat
carrier was prepared to fit 3 to 4 mm short of the work-

RESULTS

ing length. A master gutta-percha cone corresponding to

The mean volume (percentage±standard deviation) of

the final apical instrument size was adjusted until a tug-

the root canal filling materials (gutta-percha and sealer)

back sensation was achieved. Its tip was then covered with

and voids (external and internal) are summarized in Table

the AH Plus sealer and inserted into the root canal with

1. No specimen was free of voids, and occurrence of voids

a gentle pumping motion. The heat plugger was inserted

was unpredictable in all samples.

through the master cone with slight pressure up to the

The CW group showed smaller sized voids than the SC

point 3 to 4 mm short of the working length. The power

group in the total volume of the root canal. In the coronal

was turned off and the plugger was pushed apically for 10

third, the SC group showed more voids as compared to the

seconds. An additional one second of heat application was

CW group (Fig. 2). However, no significant difference in

done, and the plugger was extracted carefully. After re-

the percentage volume of voids was found in the middle

moving the excess gutta-percha, thermoplasticized gutta-

and apical thirds. There was no significant difference found

percha injection was performed with Duo Beta in the mid-

between the two groups with respect to external voids.

dle and coronal thirds of the root canal. The top portion of

The SC group had more internal voids than the CW group

the gutta-percha in the coronal thirds was condensed with

in the coronal third and total volume of the root canal.

the hand plugger.

Presence of external or internal voids showed no certain

After the root canal obturation procedure, all samples
were stored at 37°
C at 100% humidity for 5 days to ensure
setting of the sealer.

Radiographic image analysis
Radiographs of the samples in mesio-distal directions
were recorded to evaluate the presence of voids. Each
radiographic image was evaluated using ImageJ 1.50i
(National Institutes of Health, Bethesda, MD, USA). Each
sample was divided into three regions, starting from the
apical end of the root: level of 0 to 4 mm (apical), 4 to 8
mm (middle), and 8 to 12 mm (coronal). For each region,
the mean volume of the obturating materials and voids

A

B

Fig. 1. Classification of voids. The arrow indicates external void (A)
and internal void (B).
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tendency. In the CW group, percentage of voids increased
from the coronal thirds to the apical thirds, but decreased

DISCUSSION

in the middle thirds and increased in the apical thirds in the

Radiography is the only way to evaluate the complete-

SC group. In both groups, the ratio of external voids was

ness of the root canal fillings in clinical situations. More-

highest in the apical third.

over, only bucco-lingual projection or some degree of
eccentric projection can be performed. However, a wellobturated radiograph in the bucco-lingual projection
can disclose defects such as voids that are also visible
in the mesio-distal projection [15]. In fact, these defects

Table 1. Mean volume of the voids in the radiographs for the different regions
Region
Coronal third
SC
CW
Middle third
SC
CW
Apical third
SC
CW
Total
SC
CW

Total voids

External voids

Internal voids

7.07±5.06a
0.81±1.10a

1.01±5.06
0.04±1.10

6.06±4.97a
0.77±0.15a

4.32±3.55
5.65±4.64

0.61±3.55
0.72±4.64

3.71±3.27
4.93±3.88

9.21±5.15
9.88±5.93

4.17±5.15
4.16±5.93

5.04±3.64
5.72±4.70

6.65±3.42a
3.60±1.64a

1.31±3.42
0.82±1.64

5.34±3.21a
2.78±1.42a

were also detected by other methods such as the dyepenetration test, and hence it is difficult to evaluate the
success or failure of the root canal treatment only through
radiographic analysis in the bucco-lingual direction. Con-

Values are presented as percentage±standard deviation.
SC, single-cone technique; CW, continuous wave compaction technique.
a
Indicate statistically significant difference between groups (p <0.01).

ventional bucco-lingual projection may be of limited value
when evaluating the quality of the root canal filling [16]. A
large number of root canal fillings considered to be of good
quality may actually be insufficiently sealed [15]. In this
study, comparison of root canal fillings between two different techniques was performed by radiographic analysis
in the mesio-distal direction for more detailed information.
Root canal filling material should prevent the penetration
of microorganisms and toxins; however, there are chances
of survival of microorganisms even after root canal treatment [17]. Residual bacteria can re-grow in the unfilled
spaces, such as voids. Frequently, there are voids in the

A

B
Fig. 2. Representative radiographic images of pre- and post-experiment in the two groups. (A) Single-cone technique (SC group) with Endoseal
MTA sealer (Maruchi). (B) Continuous wave compaction technique (CW group) with AH Plus sealer (Dentsply Maillefer).
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root canal filling materials known as internal voids, and

silicate sealer. The SC technique with Endoseal MTA sealer

could be considered less clinically relevant because bacte-

might be more efficient in small round canals than in large

ria, if present, are confined in an unfavorable environment.

oval-shaped canals.

On the other hand, voids along the canal walls, known as

Anatomical variations, such as lateral canals, are most

external voids, could be a cause of re-infection, because

common in the apical thirds. Therefore, voids in the apical

they are in contact with potentially infected canal walls

thirds may be more susceptible to re-infection. The pres-

[18]. In this study, the percentage volume of external voids

ence of a gap between the filling material and lateral canal

that could affect the success and failure of the endodontic

could be a factor in the root canal treatment failure [18].

treatment showed no significant difference between the

Gandolfi et al. [21] reported that use of the MTA Flow seal-

two groups.

er showed lesser voids in the apical third than that of AH

Celikten et al. [19] reported that the number of voids

Plus sealer, whereas similar voids were seen in the middle

showed no significant difference in samples filled by the

and coronal thirds. In this study, however, no significant

lateral compaction and Thermafil techniques, whereas void

difference in the percentage volume of voids between the

volumes were slightly higher in the SC technique group.

CW and SC group was found in the apical thirds.

They also reported that the bioceramic sealers (Endo-

Improper and excessive pressure during root canal filling

Sequence BC sealer and Smartpaste bio) produced similar

with CW compaction technique can lead to vertical root

voids, which were the smallest in the apical thirds of root

fracture and tooth loss [22,23]. SC technique may be less

canals among all the sealers tested [19]. However, Moinza-

damaging to the tooth than lateral compaction and vertical

deh et al. [20] reported that SC technique using calcium

condensation methods. Capar et al. [24] reported that the

silicate cement produced lesser porosity than the lateral

incidence of fractures using SC technique was lesser than

compaction method. In this study, the SC group showed

that with conventional techniques, such as cold lateral and

more voids in the total volume and coronal thirds of the

warm vertical compaction. Additionally, the SC technique

root canals than the CW group. No significant difference in

was much faster to perform in clinical situations because of

the percentage volume of external voids was found in the

lesser procedures involved.

root canal regions, but the internal voids were significantly
larger in the SC group.

Conventional radiographic analysis has a limitation of
producing a two-dimensional image. In fact, internal voids

The two samples did not show complex root canal anat-

assessed in radiography could probably be external voids.

omy such as inter-canal connections. Total voids of the two

Recently, micro-computed tomography (micro-CT) was

specimens were measured very small (0.89% and 0.68%, re-

able to evaluate the filling materials, voids, and tooth struc-

spectively). It was considered easier to achieve dense filling

tures with higher accuracy [25]. Therefore, further studies

in round single-rooted canals without anatomic complexi-

using micro-CT will be required to compare sealing ability

ty. Therefore, in a single-rooted canal, both filling methods

of SC technique with calcium silicate-based sealers.

were expected to give excellent results. However, in oval

The SC group showed more voids as compared to the

and broad root canals, it is hard to achieve perfect filling

CW group in the total volume and coronal thirds of the root

with SC technique. In this study, the SC group had more

canal. Within limitation of this study, SC technique with

voids than the CW group in the coronal thirds. It is postu-

calcium silicate-based sealer should be used very carefully

lated that the wider root canal space, which does not allow

in type II root canals.

a snug fit of the single cone, has higher potential for creation of voids. In other words, the more space left unfilled
by the master cone, more the voids created. Therefore, the
snug fit of the master cone along the prepared root canal
space could be an important factor for successful root ca-
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