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Aim: The aim of this study was to evaluate, by micro-computed
tomography (micro-CT) analysis, the remaining filling material
during endodontic retreatment performed with Protaper
retreatment without solvent. Methods: Forty mandibular
molars were divided into two groups (n = 20) according to
the sealer used in the obturation: the bioceramic TotalFill BC
(TF) or the resin-based AH Plus (AHP). The specimens were
scanned before instrumentation, after obturation and after
filling removal. Only the mesial roots were analysed. The filling
volumes and the remaining filling material were calculated in
the entire root canal and in the cervical, middle and apical
thirds. Results: The volume of obturation and the volume of
remaining filling material in the entire root canal and in the
cervical, middle and apical thirds of the canal between the
groups were not statistically different (independent t-test,
p > 0.05). In the AHP group, there was a higher percentage
of remaining filling material in the middle third than in the
cervical third (p < 0.05). Conclusion: The filling material could
not be entirely removed from any specimen.
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Introduction

Endodontic retreatment is indicated when the treatment fails, in the presence of
pain, edema, fistula and when the periodontal ligament space is radiographically
abnormal’. Removing the filling material during retreatment is essential for ade-
quate cleaning, disinfection and shaping of the root canal system (RCS); there-
fore, this procedure plays an important role in the success of endodontic therapy?.
During root canal filling, gutta-percha is the main constituent of the obturation
material, however, because it does not adhere to dentin walls, it must be used in
conjunction with endodontic sealers, which can adhere to canal walls and provide
a more homogeneous obturation?.

The composition of bioceramic sealers includes calcium silicate, and the sealers are
biocompatible, have antimicrobial properties, are radiopaque, chemically stable and
do not shrink after setting*’. Due to their chemical composition, they form an interfa-
cial layer with tag-like structures at the cement—dentin interface, which increases the
push-out bond strength of those materials®®. However, there is no consensus about
the difficulty in removing these sealers after setting’®'. Kakoura and Pantelidou™
(2018) observed by scanning electron microscopy (SEM) no significant differences
in the percentage of the remaining filling material after retreatment of single-rotted
teeth filled with gutta-percha and BioRoot, TotalFill BC or AH26. The disadvantages
of the methods such as scanning electron microscopy, stereomicroscopy, optical
microscopy and digital radiography, that have been used to evaluate the removal of
bioceramic sealers from the RCS, include loss of sample, qualitative analysis, and
two-dimensional evaluation of images'>'e7°,

In this context, micro-computed tomography (micro-CT) is a method that has been
widely used in recent years to evaluate RCS obturation and retreatment through pre-
cise three-dimensional analysis of the root canal and the filling and remaining material
volumes without destroying the sample’™415 Ma et al.’ (2012) used micro-CT to
evaluate the removal of the bioceramic iRoot SP with or without solvent from inci-
sors filled by lateral condensation and continuous wave condensation techniques.
They found more remaining filling material in the continuous wave condensation
group and in the no-solvent groups. Recent studies, also using micro-CT, have shown
more remaining filling material in uniradicular teeth obturated with bioceramic sealer,
removed with solvent, than that of other sealers™'®. According to Agrafioti et al.”
(2015), the calcium silicate-based sealers TotalFill BC and MTA Fillapex are negotia-
ble under simple root canal anatomy, but the conventional retreatment techniques are
not able to fully remove them. All these studies used single-rooted teeth that present
lower anatomical complexity when compared with maxillary and mandibular molars,
where clinicians tend to find more difficulty during the retreatment.

Therefore, the objective of the present study was to evaluate, using micro-CT, the
removal of the bioceramic TotalFill BC from the mesial roots of mandibular molars
using the ProTaper Retreatment instrument without using gutta-percha solvent. The
hypothesis is that the bioceramic sealer is harder to remove than the resin-based
AH plus.
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Material and Methods

Specimen selection and initial preparation

This study was approved by the Research Ethics Committee of of Clementino Fraga
Filho Hospital (protocol number 02235718.0.0000.5257). A sample calculation was
performed using a test power of 0.8 and an alpha value fixed at 0.05, which resulted
in a minimum of nine samples per group to show statistical significance. Forty man-
dibular molars with complete root formation, a median length of 19.5 mm and a root
curvature angle of up to 25°, extracted for clinical reasons, were used in this study.
The teeth were stored in 0.1% thymol solution at 4°C until used. Access cavities were
created with round diamond and Endo-Z burs (Dentsply Maillefer, Ballaigues, Swit-
zerland) in a water-cooled high-speed handpiece. No file was inserted through the
mesiobuccal, mesiolingual or distal canals to prevent changes in the original anatomy
of the apical region.

Micro-CT scanning

Micro-CT images were acquired according to the methodology of Almeida et al.?
(2015); a custom-made mould of self-polymerizing resin was created for each tooth
to standardize the specimen mounting. The teeth were placed in a micro-CT scanner
(SkyScan 1173; Bruker microCT, Kontich, Belgium) on a custom aluminium attach-
ment. This attachment ensured high similarity between the images obtained before
and after canal preparation because it enabled precise specimen repositioning inside
the scanner. Scanning was performed through 360° rotation with a rotation step of
0.30 using a 1.0-mm thick aluminium filter, 70 kV power, 114 mA current, 14.8 mm
pixel size and 21.39 mm resolution.

Root canal instrumentation and obturation

Coronal third enlargement was performed with LA Axxess stainless steel burs
(SybronEndo, Orange, CA, USA), and size 10 K-files (Dentsply Maillefer) were used
during instrumentation to establish apical patency and to determine the canal lengths.
After radiographic evaluation, the working length was established T mm short of the
radiographic apex. The teeth were instrumented to the working length with K3 files
(SybronEndo) using the crown-down technique at 350 rpm with a torque control end-
odontic motor (Easy, Belo Horizonte, Brazil) using the sequence recommended by
the manufacturer as follows: #25/.08, #25/.06 and #25/.04. All files were used pas-
sively, and apical enlargement was performed using #25.06 and #30.04 files. The pulp
chamber was filled with 5.25% sodium hypochlorite (NaOCI) throughout the instru-
mentation. The canal was irrigated with 3 ml 5.25% NaOCI after each instrument.
After instrumentation, all canals were irrigated with 3 ml 17% EDTA for 3 minutes
(1T ml/min) and 3 ml 5.25% NaOC]l, and dried with FM-size paper points (SybronEndo).
Next, the teeth underwent postoperative micro-CT scanning with the parameter set-
tings described above. Upon acquisition of the initial images, the specimens were
divided into two groups based on their anatomical equivalence according to the num-
ber of canal entrances, number of canals, ramifications and isthmus.
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The teeth were divided into two groups of 20 teeth each according to the sealer and
technique used: The TotalFill (TF) group used TotalFill BC (FKG Dentaire, La Chaux-
de-Fonds, Switzerland), #30 or #35 gutta-percha cones and TotalFill BC sealer (FKG
Dentaire). The AH Plus (AHP) group used size FM or M gutta-percha cones (Dentsp-
ly-Maillefer) and AH Plus sealer (Dentsply-Maillefer). In both groups, the cone was
placed in the working length. After radiographic certification of the obturation limit,
the canals were filled with 5.25% NaOCI and underwent passive ultrasonic irrigation
(PUI) with a Delsonic 2000 (Deldent, Petah Tikva, Israel) with a #20 ultrasonic tip and
30-kHz potency for 1T minute. The canals were irrigated with 5 ml distilled water, dried
with #35 paper cones (Dentsply-Maillefer), filled with EDTA for 3 minutes (1 ml/min),
irrigated with 5 ml 5.25% NaOCl, washed again with 5 ml distilled water and dried. The
obturation technique used was the continuous heat wave. The sealer was introduced
into the canal using a #15 K-file. The gutta-percha cone was covered with sealer and
introduced to the working length. System B was used, with the medium tip inserted
into the canal 5 mm short of the working length to remove the gutta-percha from the
cervical and middle thirds. The Obtura Il system (Obtura, Fenton, MO, USA) was used
to fill the middle and cervical thirds with 4-mm increments of gutta-percha at 200°C.

After filling, the pulp chamber of all teeth was sealed with cotton and zinc oxide—based
temporary material, and stored for 7 days in an oven at 37°C and 100% moisture for
the sealers’ total setting times. Then, the dental elements underwent micro-CT image
acquisition again.

Removal of filling material

The filling material was removed using a #3 Gates Glidden bur (Dentsply-Maillefer) in
the cervical 3 mm of the canal, followed by the rotary NiTi ProTaper Universal retreat-
ment (PTUR) sequence (Dentsply-Maillefer), as per the manufacturer instructions: D1,
D2 and D3 were used in the cervical, middle and apical thirds of the canal until the
working length, respectively, without solvent. Filling material removal was considered
finished when no gutta-percha or sealer residue was observed in the instrument and
when the working length was achieved. After that, a NiTi ProTaper Next X4 (#40.06,
Dentsply-Maillefer) was used until the working length, followed by irrigation with 5 ml
NaOCl 5.25%. Then, the dental elements underwent micro-CT image acquisition again.

Micro-CT scanning measurements

Only the mesial roots of the mandibular molars were evaluated. The images were
analysed using CTAn software (Bruker microCT). NRecon software (v1.6.1.0, Bruker
microCT) was used for the image reconstruction with a 25% beam hardening cor-
rection, ring artifact correction of 2 and smoothing of 2, resulting in the acquisition
of 700 to 800 axial sections per sample. The slices of the samples after obtura-
tion were recorded with their respective slices after endodontic retreatment by the
Affine plugin of the 3D Slicer 4.4.0 program. After the images were recorded, the gray
scale range required to recognize the dentin (range 60-255) and the remaining filling
material (range 210-255) was determined on a density histogram using a threshold
method. Comparisons between acquisitions before and after root canal preparation
were made to ensure the accuracy of the segmentation. All image analysis proce-
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dures were performed using the Imaged 1.50d program (National Institutes of Health,
Bethesda, MD, USA). After the reconstruction, the images were analyzed in the CTAn
software (V. 1.16.4.1), where the selection of the region of interest (ROI), binarization
and image segmentation for analysis is made. This program provides the necessary
morphometric parameters for the proposed study, which was the volume of filling
material per third (cervical, middle and apical) and total. The DataViewer (V. 1.5.2.4)
and CTvox (V. 3.2.0.0) software were also used for visualization and qualitative analy-
sis of 2D and 3D images of the anatomy of the teeth, respectively.

The images obtained before the chemical—-mechanical preparation were used to ver-
ify the anatomical equivalence of the groups. The filling volume was determined from
the image obtained after obturation, and the total volume of remaining filling material
was obtained after retreatment. The difference between these two values was calcu-
lated and resulted in AV, which represents the volume of material removed from the
RCS. The volumes of filling and remaining material were also determined in the cervi-
cal, middle and apical thirds of the canal. The percentage of remaining filling material
was calculated based on the formula: Remaining volume x 100 = filling volume.

Statistical analysis

The volume values underwent normality analysis by the Shapiro-Wilk test, and showed
normal distribution. The independent t-test was used to compare the groups for initial
canal volume, volume of obturation, volume of remaining filling and AV. The paired
t-test was used to compare the volume of obturation and the remaining filling volume
within the same group. Analysis of variance (ANOVA) was used to compare the thirds
of the canal in terms of the obturation volume and the remaining filling volume within
the same group. An alpha value of 0.05 was established as the level of statistical sig-
nificance (SPSS v20.0, Chicago, IL, USA).

Results

Table 1 shows the volume of obturation, the volume of remaining filling material, total
AV and AV in the cervical, middle and apical thirds of the canal. There was no statisti-
cal difference between the groups for the volume of obturation, volume of remaining
filling material and AV both in the entire root canal and in the cervical, middle and

Table 1. Mean + standard deviation (mm?) of obturation volume, remaining filling volume and AV in the
cervical, middle, apical and entire root canal

AH plus Total Fill BC sealer
Obturation Remaining AV Obturation Remaining AV
Volume Filling Volume Volume Filling Volume

Cervical 5.85+2.16° 0.58 +0.46° 5.28 +£2.06" 6.39 £2.16° 0.99 +0.85° 539+2.13"

Middle 3.25+1.19° 1.06+0.77 2.18 +0.95 3.65+1.57° 1.40 £ 1.45¢f 2.25+1.70
Apical 1.36 £ 0.89° 0.80 £ 0.78¢f 0.55+0.46! 1.47 £0.75¢ 0.80 +0.88°f 0.66 +0.76!
Total 10.46 + 3.79¢ 2.44 +1.65¢ 8.01+3.01  11.51+4.01¢ 3.19+2.78¢ 8.30+3.78k

* Different letters indicate statistical difference (p<0.05)



Salim et al.

apical thirds of the canal (independent t-test, p > 0.05). In both groups, the volume of
obturation and volume of remaining filling material were significantly different in the
entire root canal and in the three thirds of the canal (paired t-test, p < 0.05). However,
the filling material was not completely removed in all specimens. In the AHP group,
the remaining filling volume in the cervical third was lower than that of the middle
third, without significant differences with the apical third (ANOVA, p < 0.05). The TF
group showed no significant differences for remaining filling volume in the three thirds
of the canal. Patency was not obtained in 35% and 25% of the samples in the AHP
group and TF group, respectively (ANOVA, p > 0.05).

Figure 1 shows the representative reconstructed micro-CT images of the root canal
obturated (Fig. 1a, f), with the remaining filling material (Fig. Tb, g) and transversal
sections of the cervical (Fig. 1c, h), middle (Fig. 1d, i) and apical (Fig. 1e, j) thirds of the
AHP and TF groups. We noted that the filling material was not completely removed
in the groups analysed. In both groups, the presence of remaining filling material was
visible in the canal walls and isthmus (Fig. 1c—e, h—j).

Figure 1. Three-dimensional images of the obturated root canal (a, f), remaining filling material (b, g) and
transversal section images of the cervical (c, h), middle (d, i) and apical (e, j) thirds of the AHP and TF groups.
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Discussion

The present study used micro-CT to evaluate the removal of filling material from the
mesial roots of mandibular molars obturated with TotalFill BC or AH Plus sealers
using PTUR without gutta-percha solvent. The initial hypothesis has to be rejected
since there was no difference between the analysed parameters of both groups.
Although the removal of filling material was significant when compared to the volume
of obturation, complete removal of filling material from the RCS was not observed in
any specimen.

The sealers used in the present study have similar physicochemical characteristics,
such as high flow, biocompatibility and radiopacity’?!, although their compositions
differ and also their adhesion mechanism to dentin. AH Plus is an epoxy resin sealer
that interacts chemically with the root dentin collagen with covalent bonds between
its epoxy rings and collagen amine groups®. Total fill BC presents chemical bonding
to mineralized tissues and therefore, the use of EDTA as an irrigating agent to remove
smear-layer prior to obturation could decrease the interaction with the dentin wall,
since EDTA removes calcium from dentin?»?, This could possibly explain the similar
results obtained with the sealers used.

Micro-CT is a method that has been widely used in recent years to evaluate RCS
anatomy, obturation and retreatment through three-dimensional analysis'®11152021 |n
the present study, micro-CT showed 23% remaining filling material in the AHP group,
whereas that in the TF group was 28%; the two groups were not statistically signifi-
cantly different. These results corroborate with other studies that also used micro-CT
to evaluate the retreatability of bioceramic sealers, albeit with different methodol-
ogies'®718 Ersev et al."” (2012) used digital radiography to analyse the removal of
AH Plus, Hybrid Root SEAL, Activ GP sealers and the EndoSequence BC bioceramic
sealer using manual and rotary (ProTaper-R) instruments, while Kim et al.’® (2015)
used the ProFile rotary instrument to evaluate, by means of MEV, the cleaning of root
canals obturated with AH Plus or EndoSequence BC sealers. Oltra et al.”® (2017) used
micro-CT to evaluate the removal of AH Plus and EndoSequence BC sealers with the
ProFile and Vortex Blue rotary instruments, with and without solvent, and observed
no difference in the percentage of remaining material in the no-solvent groups. These
authors also observed that the bioceramic sealer group had more remaining filling
material in the apical third of the canal than the AHP group. Furthermore, patency
was not established in 86% of specimens in the bioceramic group, whereas the AHP
group achieved 100% patency. In the present study, patency was not obtained in 35%
and 25% of specimens from the AHP and TF groups, respectively. This difference in
achieving patency can be related to the anatomic differences of the teeth used in
the respective studies. Oltra et al.” (2017) utilized uniradicular teeth with a final api-
cal diameter of #45.04, whereas we used the mesial canals of mandibular molars
with a lower final diameter (#30.4). The diameter and more circular anatomy of the
uniradicular teeth could have favoured more compact filling in the apical third with
sealer, making it difficult to remove. On the other hand, in molar teeth, the presence
of irregularities and re-entrances in the apical third can lead to empty spaces in the
filling mass, which can allow the passage of small-diameter files. In fact, a study that
compared root canals filled with bioceramic sealer showed that patency was estab-
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lished in 20% of the cases obturated in the working length and in only 70% of cases
obturated 2 mm before the working length®.

Ourresults are notin agreement with other studies that also evaluated the retreatability
of bioceramic sealers. Uzunoglu et al.’® (2015) used stereomicroscopy and observed
more remaining filling material in the group obturated with the bioceramic iRoot SP
sealer as compared with the resin-based AH 26 sealer. Agrafioti et al.’? (2015) used a
clinical microscope to compare the removal of AH Plus, MTA Fillapex and TotalFill BC
sealers, and found more remaining filling material in the AH Plus group. Zuolo et al.™®
(2016) used micro-CT and found more remaining filling material in teeth obturated
with EndoSequence BC sealer when compared with a zinc oxide—based sealer. Differ-
ences in the methodology and sample used may explain the divergent results.

Rotary instruments are recommended for removing filling material during root canal
retreatment because they are fast, safe and efficient. In the present study, PTUR was
selected for its proven effectiveness and safety in the extravasation of debris?. In fact,
our results demonstrate that the volume of remaining filling material was significantly
lower than the obturation volume, which agrees with other studies that used the same
instrument™71°, Furthermore, no gutta-percha solvent was used during retreatment, as
its use is still controversial in the literature. Although the use of solvent favours the pen-
etration of instruments in the obturation mass, it has been shown by MEV that the den-
tinal tubules of teeth re-treated with solvents can be obliterated by residues of gutta-per-
cha and sealer, thus making RCS cleaning difficult. Studies that evaluated the influence
of the solvent during the retreatment of teeth obturated with bioceramics have shown
that filling material removal was either easier or harder when solvent was used'"'®.

According to the literature, the present study also demonstrates that filling mate-
rial removal was not complete in any specimen analysed'®2151619 Fyrthermore, the
remaining filling material in the entire root canal and in the three thirds of the canal
was higher when compared to other studies that also used micro-CT'®"15 These
results may be explained by the anatomical complexity of the mesial canal of the
mandibular molars, with high prevalence of isthmus and ramifications, when com-
pared with the uniradicular teeth used in the other studies. Indeed, the AHP group had
a higher percentage of remaining filling material in the middle rather than the cervical
third of the canal, probably due to the presence of isthmus in that region.

Our findings based on the micro-CT reconstruction images showed the presence of
filling material in the re-entrances, isthmus and canal walls, which demonstrates not
only how challenging the retreatment of these high anatomical complexity teeth is,
but also that the routine procedures during retreatment are ineffective, regardless of
the type of filling material used. Therefore, is imperative the need for an additional
step of cleaning, as these anatomical areas cannot be reached by the routine proce-
dures that aim at disinfecting the RCS.
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