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Volume of sealer in the apical region
of teeth filled by different techniques: a
micro-CT analysis

Abstract:The volume of sealer in the apical 1 mm of teeth filled using
different techniques was evaluated by micro-commuted tomography
(micro-CT). Sixty-four maxillary central incisors were prepared using
NiTi rotary instruments. Teeth were randomly distributed into four
groups according to root canal sealers (AH Plus, Endofill, Sealapex,
and Sealer 26) and subdivided into two subgroups according to the
filling techniques (active and passive lateral condensation; n = 8 each).
Subsequently, teeth were examined using the 1174 SkyScan micro-CT
device. Images were reconstructed using the NRecon software, and
the sealer volume (mm?®) in the apical region was analyzed using the
two-way ANOVA and post-hoc Student-Newman-Keuls test (a = 0.05).
The lowest volume of sealer was observed in teeth filled with Sealapex
(0100 £ 0.009) and Endofill (0.103 £ 0.010). The highest volume was
observed in teeth filled with AH Plus (0.112 + 0.008) and Sealer 26
(0.109 £ 0.018) (p > 0.05). Regarding the filling technique, a lower sealer
volume was observed using the active lateral condensation technique
compared with that using the passive lateral condensation technique
(0.100 £ 0.010 ws. 0.111 + 0.012) (p < 0.05). Therefore, the lowest volume of
sealer was observed in teeth filled with Sealapex and Endofill using the
active lateral condensation technique.

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

Introduction

The anatomy complexity of the root canal system is a challenge and
a clinical difficulty for the endodontic therapy. The apical portion of the
canal has numerous ramifications, highlighting the need for achieving
adequate sealing to avoid recontamination.'

The efficiency of a filling material in properly sealing the root canal
is determined by its physical properties and handling characteristics.>*
No other filling material has been as successful and widely accepted
as gutta-percha, probably owing to its favorable properties such as
biocompatibility, plasticity, radiopacity, and easy insertion and removal
from the root canal.*>*”8 Despite these beneficial features, gutta-percha
shows no adhesion to dentine, resulting in gaps between the cone and
root canal walls.? In root canal treatment, the ideal result is to insert the
largest volume of gutta-percha and minimum amount of sealer inside

Braz Oral Res [online]. 2016;30(1):e27 1



Volume of sealer in the apical region of teeth filled by different techniques: a micro-CT analysis

the root canal, enabling the sealer to penetrate the
irregularities of the dentine walls and tubules.>*"

Among the filling techniques pertaining to the
root canal system, the lateral condensation (passive
or active) technique is widely used”®'? and offers the
advantage of a controlled placement of gutta-percha
into the root canal.?” The passive lateral condensation
technique does not require the application of external
pressure using finger spreaders and may allow
premature coronal filling because the coronal portion
of the accessory cone has a larger diameter'®. However,
the active lateral condensation technique requires the
use of finger spreaders that offer more space between
the main cone and the root canal walls, which allows
filling with a greater number of accessory cones
adapted to the root canal 10131

Micro-computed tomography (micro-CT) is a non-
destructive three-dimensional imaging technique that
has been adopted for use in endodontics to analyze the
interfacial quality of root fillings.”® This technology
offers a reproducible technique that can be applied
for the three-dimensional assessment of the root
canal system.”*® Some studies have reported good
results using micro-CT to evaluate the filling quality
pertaining to different techniques.””®' However, it is
important to evaluate the sealer volume in the root
fillings owing to its properties that can influence the
filling, particularly in the apical region. Therefore, the
aim of this in vitro study was to evaluate the volume
of different root canal sealers in the apical 1 mm
of the working length using lateral condensation
techniques (passive or active) through micro-CT.
The null hypothesis tested was that all the filling
techniques would be effective in endodontic treatment
using different sealers.

Methodology

Tooth selection

The experimental protocol was approved by
the local ethics committee on human research
(#20872013.0.0000.5419). Maxillary human incisors,
stored in 0.1% thymol solution at 4°C, were washed
under running water for 24 h to eliminate thymol
residues. Teeth were examined macroscopically and
radiographed in the bucco-palatal direction to select
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64 incisors with fully formed roots, a single canal
without calcifications, reabsorption or curvatures,
a pulp chamber without calcifications or caries, and
the absence of previous endodontic treatment. All
procedures were performed by a single operator.

Root canal preparation

The pulp chamber was accessed and a size 15 K-file
(Dentsply Maillefer, Baillagues, Switzerland) was
introduced into each canal until its tip was visible at the
apical foramen. The working length was established
by subtracting 1 mm from this length. Roots with a
diameter of 250 p at the working length were selected.
The coronal third of the canals was preflared using
LA Axxess burs (SybronEndo Corporation, Orange,
USA) at low speed, following the sequence 20.06, 35.06,
and 45.06. Next, the canals were prepared using K3®
rotary instruments (SybronEndo Corporation) in
the following sequence: 25/.02, 25/.04, 25/.06, 30/.02,
30/.04, 25/.06, 35/.02, 25/.06, 40/.02, 25/.06, 45/.02, 25/.06,
50/.02, 25/.06, 55/.02, 25/.06, and 60.02. The apical stop
was prepared using the last instrument. Throughout
preparation, the canals were irrigated with 2 mL of
1% sodium hypochlorite (Ciclo Farma, Serrana, Brazil)
every time the rotatory instrument was changed,
rinsed with 5 mL of 17% ethylenediaminetetraacetic
acid (EDTA) (Biodinamica, Ibipora, Brazil) for 5 min,
flushed with 5 mL of distilled water, and dried with
paper points (Dentsply Maillefer).

Teeth distribution

After preparation, the 64 roots were randomly
assigned to four groups according to the root canal
sealer: AH Plus (Dentsply Detrey GmbH, Konstanz,
Germany), Endofill (Dentsply Maillefer), Sealapex
(SybronEndo), and Sealer 26 (Dentsply Maillefer).
The roots were then distributed into two subgroups
according to the filling technique (n = 8): active and
passive lateral condensation.

Root canal fillings

The gutta-percha cone with the same size of the
master apical file (60/.02) was chosen after confirming
its diameter using a calibrating ruler. Three tests were
performed to check the gutta-percha master cone
for each root canal: visual, the cone tip reached the



full working length; tactile, tug back was felt when
the cone tip was at the apical length indicating a
tight fit in the apical end of the working length; and
radiographic, the cone tip reached the radiographic
working length.

In specimens that were filled using the passive
lateral condensation technique, the main cone was
covered with sealer and inserted into the root canal,
followed by passive placement of R7 accessory cones
(Dentsply Maillefer), which were also covered with
sealer. After radiographic confirmation, the gutta-
percha was cut using a heated Paiva plugger and
the vertical condensation technique was performed.
In teeth filled using the active lateral condensation
technique, the main cone was covered with sealer
and inserted into the root canal with the aid of a
finger spreader (Dentsply Maillefer) to create space
for the accessory cones. Subsequently, the vertical
condensation technique was performed.

After filling, excess sealer in the pulp chamber
was removed using cotton pellets and alcohol. All
specimens were sealed with non-eugenol-containing
temporary cement (Coltosol; Vigodent S/A Inddstria
e Comérecio, Rio de Janeiro, Brazil) and stored at 37°C
for a time equivalent to 3 x the setting time of sealer.

Micro-CT analysis

The specimens were scanned using a micro-CT
device (SkyScan 1174v2; Bruker-microCT, Kontich,
Belgium) with the following settings: 50 kV, 800 mA,
isotropic resolution of 16.7 pm, and projections from
360° acquisition rotation. Images of the volume of
gutta-percha and sealer in the filling mass of each
specimen were reconstructed using the NRecon v.1.6.3
software (Bruker-microCT). Axial cross-sections of
the inner structure of the samples were attained
using the 60 sections obtained from the first slice that
showed the main cone of gutta-percha; these sections
were marked as the region of interest, equating to
approximately 1 mm and referring to the apical
1 mm of the working length, which is the region
that is most difficult to fill owing to the presence of
numerous ramifications. The CTAn v.2.2.1 software
(Bruker-microCT) was used to evaluate the three-
dimensional volume of the apical 1 mm of the working
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length. Volume was calculated as binarized objects
within the volume of interest.

Three-dimensional models were reconstructed
from the source images using automatic segmentation
and surface modeling with the CTAn v.2.2.1 software.
The CTVol v.2.4 software (Bruker-microCT) was
used for the visualization and qualitative evaluation
of the root canal fillings of the specimens (Figure).
Micro-CT imaging was performed to determine the
volume of sealer in the filling and was estimated
in the apical 1 mm of the working length; this
length corresponds to the first 60 micro-CT slices
(60 slices x 16.7 pym = 1002 pm + 1 mm) that were

considered to be the region of interest during analysis.

Statistical analysis

Two-way analysis of variance was performed
with the volume of sealer and filling technique as
independent variables. Multiple comparisons were
performed using the post-hoc Student-Newman-Keuls
test at a significance level of 5%. The SPSS software
version 19 (SPSS Inc., Chicago, USA) was used for all

statistical analyses.

Results

There were significant differences in the volume
of sealer (p = 0.023), filling technique (p < 0.05), and
interactions among factors (p = 0.015). Teeth filled
with Sealapex and Endofill had a lower volume of
sealer at the apical 1 mm of the working length as
compared with those filled with AH Plus and Sealer
26 (p < 0.05) (Table).

Regarding the filling techniques, the active lateral
condensation technique required a lower volume of
sealer than the passive lateral condensation technique
(0100 £0.010 vs. 0.111 + 0.012) (p < 0.05). There was no
significant difference in the volume of sealer using
the active lateral condensation technique (p > 0.05).
In the passive technique, Sealapex had the lowest
volume of sealer, similar (p > 0.05) to Endofill. Teeth
filled with Sealer 26 had the highest volume (p < 0.05),
similar to AH Plus. The volumes of AH Plus and
Endofill were statistically similar (p > 0.05) (Table).
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Figure. Three-dimensional models reconstructed from images obtained in the apical T mm of the fillings: (A) Sealapex using
the active lateral condensation technique. (B) Sealapex using the passive lateral condensation technique. (C) Sealer 26 using the
active lateral condensation technique. (D) Sealer 26 using the passive lateral condensation technique. (E) AH Plus using the active
lateral condensation technique. (F) AH Plus using the passive lateral condensation technique. (G) Endofill using the active lateral
condensation technique. (H) Endofill using the passive lateral condensation technique.

Table. Means and standard deviations of the sealer volume
considering different techniques and root canal sealers (mm?q).

Technique
Root canal sealers
Passive Active
AH Plus 0.115 4+ 0.009 0.108 + 0.005 Aa
Abc
Endofill 0.108 + 0.008 0.099 + 0.011 Aa
Aab
Sealapex 0.101 + 0.005 Aa  0.098 + 0.012 Aa
Sealer 26 0.122 + 0.016 Bc  0.096 + 0.010 Aa

*Different letters indicate significant difference between groups

(p < 0.05). Uppercase letters, comparison between the columns for
each filling technique and lowercase letters, comparison between
lines for different groups of sealers.
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Discussion

Inroot canal treatment, sealer plays an important
role in filling the gaps between the dentine walls
and gutta-percha.? Filling techniques have been
developed to minimize the thickness of the sealer
and increase the volume of gutta-percha in the root
canal* Several authors have suggested the evaluation
of the percentage of gutta-percha as a filling quality
parameter.”*" In this study, the sealer volume was
analyzed according to its influence on filling. A thin
layer of sealer can decrease gaps that form because



of sealer dissolution, particularly in the apical region
that is more susceptible to microleakage.>™

Numerous in vitro investigations have evaluated
filling techniques by comparing different variables.
In the current study, we performed micro-CT to
analyze the volume of sealer. In addition, micro-CT
can distinguish gutta-percha and sealer based on
different colors.

The sealer film thickness and gutta-percha
component may be of particular relevance when
filling of the apical root is analyzed. Filling of the
apical root should provide a seal, particularly because
after space preparation, only the apical root filling
of 3 or 4 mm in length remains.”® Moreover, studies
have shown that numerous lateral canals are present
in the apical third. The confirmed solubility of sealers
implies the necessity to limit its presence to a thin
film."” In this study, the lowest volume of sealer in
the apical 1 mm was observed in teeth filled with
Sealapex and Endofill, suggesting a better sealing
ability. This result could be ascribed to the fact
that these sealers have a higher flow rate than the
other sealers studied.**?. The flowability of the
sealers is an important property that can determine
the extent of filling of anatomical irregularities
and spaces between the main cone and accessory
cones to improve the effectiveness of root canal
fillings.**"* Previous studies also reported good
results using Sealapex with regard to its sealing
ability,” flowability,* and viscosity.*

The better performance of Sealapex can also be
explained by the presence of calcium hydroxide
in its composition. The mechanism of action of
calcium hydroxide is achieved through the ionic
dissociation of Ca?* and OH™ ions and its effects on
biological tissues, which causes the induction of hard-
tissue deposition and also inhibits the migration of
microorganisms to the root canal.?” The addition of
calcium hydroxide in root canal sealers improves
the physicochemical properties, mainly owing to
a decrease in the sealer flow rate.*”? The hydroxyl
group has a very high pH that encourages apical
repair in filled teeth and active calcification.®

In the present study, teeth filled with Sealer
26 and AH Plus showed the highest volume of
sealer, probably owing to the higher viscosity of the
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epoxy resin-based sealer, which was confirmed in a
previous study.?® Previous reports on physicochemical
properties highlighted that the presence of epoxy
resin is responsible for increasing sealer viscosity.?

In this study, we also observed a lower volume of
sealer using the active lateral condensation technique
than that using the passive lateral condensation
technique, regardless of the sealer used, probably
because of the use of finger spreaders in the active
lateral condensation technique to create space for
inserting a higher number of gutta-percha cones into
the root canal,** thereby decreasing the volume of
gaps that occur because of sealer dissolution and the
lack of filling root canal irregularities.?**> Although
a spreader cannot reach the apical 1 mm, it exerts a
force that results in changes in the apical 1 mm. Some
authors have also found that gutta-percha occupied
a greater amount of the filling when using the lateral
condensation technique.””*® The sealers assessed in
this study had the same performance when using
the active lateral condensation technique to fill the
root canal, as previously observed.*

Some studies comparing the lateral condensation
technique with other techniques revealed that this
technique tended to seal the root canal better than
the other techniques such as the hybrid technique in
the apical third.”” Other studies reported inconsistent
findings on the quality of different root filling
techniques. De-Deus et al."” examined the percentage
of gutta-percha filled areas in oval-shaped canals of
80 mandibular incisors. Teeth were randomly divided
into four experimental groups, including the cold and
warm lateral condensation techniques (McSpadden
thermomechanical compaction, Continous Wave, and
Thermafil). The results showed a significantly greater
gutta-percha filled area for all thermoplasticized
techniques compared with the lateral condensation
technique. Ozawa et al.’® compared obturation
techniques (single-cone, lateral condensation, and
Thermafil) in irregular oval canals. The roots were
assessed in thirds of the length, which revealed that
in the middle and coronal third, Thermafil had the
lowest percentage of sealer and the highest volume
of filling material, whereas in the apical third, the
filling material was generally well adapted to the
canal wall for all techniques.
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Micro-CT is considered as the gold standard for
the analysis of instrumentation and filling. However,
this technique requires preliminary settings of various
parameters for the acquisition of reliable results. During
processing, filters are used to absorb low energy radiation
to reduce the effect of beam hardening.* Even with the
filters, thereis always a residual effect of beam hardening
that can be corrected using the NRecon v.1.6.4 software
during specimen reconstruction. Another aspect
considered for scanning of each experimental group
was the correction of the acquisition field (flat field)
to improve the quality of the obtained digital image
pertaining to the type and filter size used and to remove
any generated artifacts.” Each of these corrections was
performed to ensure the accuracy of the results.

Further research is necessary to fully demonstrate
the potencial of micro-CT to evaluate canal filling and
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