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Resumo

Introducao: O retratamento endoddntico requer a remogao de todos os materiais obturadores para a limpeza, o preparo
e a obturagdo subsequentes do canal radicular. Objetivo: Avaliar a eficdcia da Irrigagao Ultrassonica Passiva (IUP)
na remocao de material obturador residual apds a desobturagdo com sistema rotatdrio de niquel-titdnio. Material
e método: Dezoito raizes mesiais de molar inferior com istmos foram preparadas e obturadas. A obtura¢io foi
removida com o sistema rotatorio ProTaper Retratamento e limas manuais tipo K. Os espécimes foram randomizados
em dois grupos (n = 9), ambos irrigados com NaOCl a 2,5% e EDTA a 17%. No grupo Convencional, a seringa de
irrigacdo foi utilizada. No grupo da IUP, a técnica da IUP foi usada. As raizes foram seccionadas longitudinalmente
e avaliadas em estereomicroscépio. O teste t de Student foi usado para comparar os grupos e o modelo linear geral
foi usado para comparar os tergos cervical, médio e apical dentro de cada grupo, no que diz respeito a porcentagem
de material obturador residual. Resultado: Nao houve diferenga estatisticamente significante entre os grupos,
independentemente do ter¢o do canal radicular analisado (P > 0.05). No grupo da IUP, o ter¢o apical mostrou uma
porcentagem significativamente mais alta de material obturador residual quando comparado aos tergos cervical
(P =0.038) e médio (P =0.029). Conclusiao: A IUP nio foi mais eficaz do que a técnica convencional na remogao de
material obturador remanescente durante o retratamento endoddntico em canais radiculares com anatomia complexa.

Descritores: Irrigacdo; retratamento; canal radicular; ultrassom.

Abstract

Introduction: The aim of endodontic retreatment is to remove the previous root filling materials completely to
allow for the subsequent steps of cleaning, canal shaping and filling replacement. Objective: To evaluate the efficacy
of passive ultrasonic irrigation (PUI) in the removal of residual root filling material after removing the bulk of the
root filling with nickel-titanium rotary instruments. Material and method: Eighteen mesial isthmus-containing
roots of human mandibular molars were prepared and filled. The root canal filling was removed with the ProTaper
Retreatment system and K-files. The specimens were randomized into 2 groups (n = 9), both irrigated with 2.5%
NaOCl and 17% EDTA. In the conventional group, an irrigation syringe was used. In the PUI group, the PUI
technique was used. The roots were sectioned longitudinally and evaluated under stereomicroscopy. Student’s ¢ test
was used to compare groups and the general linear model was used to compare the apical, cervical, and middle root
thirds within each group, in regard to the percentages of remaining residual filling material. Result: There was no
statistically significant intergroup difference, irrespective of which root third was evaluated (P > 0.05). In the PUI
group, the apical third showed a significantly higher percentage of residual filling material, in comparison with the
cervical (P =0.038) and middle (P = 0.029) thirds. Conclusion: The PUI technique was not more effective than the
conventional irrigation technique in removing residual root filling material during endodontic retreatment in root
canals with a complex anatomy.

Descriptors: Irrigation; retreatment; dental pulp cavity; ultrasonics.

INTRODUCTION
Endodontic post-treatment disease can occur due to the residual bacteria from the root canal system are essential to ensure
persistence of bacteria in the root canal system'. When nonsurgical a favorable outcome?. However, the cleaning and disinfecting of the

retreatment is necessary, effective removal of the filling material and root canal system may be hampered by its anatomical complexity.
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Irregular spaces in the canal walls, accessory canals, oval extensions,
isthmuses, and apical deltas may harbor dentinal debris, necrotic
tissue, or microorganisms and their by-products®*.

The anatomical complexity of the root canal system and the
limitations of the techniques employed for the removal of filling
material renders endodontic retreatment challenging. Several
techniques have been used to remove sealer and gutta-percha, including
heat-bearing instruments, stainless steel hand files, nickel-titanium
(Ni-Ti) rotary instruments and ultrasonic tips, with or without the
combined use of solvents™®. Nevertheless, studies have shown that
none of these retreatment procedures can completely clean the root
canal walls®", particularly in the apical third'>.

The literature has documented the use of ultrasound as an
auxiliary tool to clean root canals through passive ultrasonic
irrigation (PUI). PUT has the potential to remove dentinal debris,
organic tissue, and calcium hydroxide from inaccessible root canal
areas'°. Recently, Grischke et al.'® evaluated the use of ultrasound
in the removal of a root canal sealer both from the surface and
from simulated irregularities of root canals. The authors found
that the ultrasonic irrigation protocol was superior to the other
techniques investigated in the removal of sealer from the root canal
surface during endodontic retreatment. Nevertheless, few studies
in the literature have reported on the efficacy of PUI in removing
remaining filling material during endodontic retreatment in teeth
with a complex root anatomy.

The aim of this study was to evaluate the efficacy of PUT in the
removal of residual root filling material after removing the bulk of
the root filling with Ni-Ti rotary instruments during endodontic
retreatment in extracted human mandibular molars with curved
root canals and an isthmus area.

MATERIAL AND METHOD

Tooth Selection

This study was reviewed and approved by the Ethical Committee
of the Santa Maria Federal University (reference number ETIC, CAAE
-0275.0.243.000-10). Eighteen mesial roots from human mandibular
molars with two canals and an isthmus, similar lengths, complete
root formation, and moderate to severe curvature verified according
to the Schneider method'” were selected. The presence of an isthmus
was verified by cone-beam computed tomography using a PaX-Uni
3D (VATECH; Yongin, Republic of Korea) machine. The voxel size
was 0.125 mm, the slice thickness was 1.5 mm, and the field of view
was 8 x 5 cm. Mesial roots with intracanal obstructions, evidence
of previous endodontic treatment or calcified canals were excluded.

Cleaning, Shaping and Root Canal Filling

Access was performed with 1014 and 4138 diamond burs (KG
Sorensen, Cotia, SP, Brazil) under water cooling. The crowns were
left intact to allow a greater amount of irrigating solution to remain
in contact with the canal walls. A size 10 K-file (Dentsply Maillefer,
Ballaigues, Switzerland) was inserted into the root canal until it
was visible at the apical foramen. The working length (WL) was
determined 1 mm short of this measurement. Canal patency was
established with a size 15 K-file.
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The root canals were prepared using the ProTaper Universal
System (Dentsply Maillefer, Ballaigues, Switzerland) according to the
manufacturer’s instructions. Initially, the cervical and middle portions
of the roots were prepared using the S1, SX, and S2 instruments.
Afterwards, S1, S2, F1, F2, and F3 files were used, in this order, up to
the WL. The instruments were driven by an electric motor (X-Smart;
Dentsply Maillefer, Ballaigues, Switzerland) at a torque of 2 N.cm
and a constant speed of 300 rpm. A size 30 K-file was inserted up to
the WL, to ensure that the apical diameter was uniform after each
preparation. The canals were irrigated with 2 mL of a 2.5% sodium
hypochlorite (NaOCI) solution between each instrument change,
using a syringe with a NaviTip irrigation needle (Ultradent; Munich,
Germany). Then, all the root canals were irrigated by PUI with 2.5%
NaOCland 17% ethylenediaminetetraacetic acid (EDTA), and were
subsequently rinsed with 2 mL of distilled water. The canals were
aspirated with Capillary Tips (Ultradent; Munich, Germany), and
dried using size 30 paper points (Dentsply Maillefer, Ballaigues,
Switzerland). Next, the canals were filled with gutta-percha and
Sealer 26 (Dentsply Maillefer, Ballaigues, Switzerland) using a cold
lateral compaction technique. The coronal access cavities were sealed
with a temporary filling material (Cavit; DeTrey Dentsply, Konstanz,
Germany). All the teeth were stored at 100% humidity and 37 °C for
a period of 30 days to allow the sealer to set completely.

Endodontic Retreatment

The filling material was removed using the ProTaper Universal Ni-Ti
rotary retreatment system (Dentsply Maillefer, Ballaigues, Switzerland)
according to the manufacturer’s instructions. The instruments
were operated with an electric motor at a torque of 4 N.cm and a
constant speed of 500 rpm. D1, D2, and D3 instruments were used
on the coronal, middle, and apical thirds of the canals, respectively,
to remove the filling material. The D3 instrument was introduced
up to the WL. No solvent was used. Retreatment was considered
complete when no gutta-percha/sealer was visible on the surface
of the instruments. Root canal refinement was accomplished using
size 20, 25, 30, and 35 K-files to the WL. The canals were irrigated
with 2 mL of 2.5% NaOCl at each instrument change.

Thereafter, the specimens were stratified by amount of remaining
filling material observed in the isthmus through radiographic
examination, and randomly allocated (Random Allocation Software,
Microsoft, Seattle, WA, USA) into 2 groups (n = 9), according to
the final irrigation protocol.

Conventional Group

Final irrigation was performed with 2 mL of 2.5% NaOCl using
a syringe with a NaviTip irrigation needle (Ultradent; Munich,
Germany) and with 17% EDTA for 3 min. Finally, each canal was
irrigated with 2 mL of 2.5% NaOCI to neutralize the action of the
EDTA.

PUI Group

Final irrigation was performed using PUT with a piezoelectric
unit (Ultrasound Ultra Sonic, Gnatus, Sdo Paulo, SP, Brazil) and a
size 15, taper 0.02 K-file, at high power®®. The file was inserted into
the root canal 1 mm short of the WL, and oscillated towards the
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isthmus area®. First, 3 activations with 2.5% NaOCl were performed.
Each activation was performed for 20 s, totaling 1 min per canal.
The solution was replenished between activations. Then, the 17%
EDTA solution was activated with ultrasound for 1 min. Finally,
each canal was irrigated with 2 mL of 2.5% NaOCI to neutralize
the action of the EDTA.

Analysis of Remaining Filling Material

The teeth were grooved longitudinally on the buccal and lingual
surfaces with a 3216 diamond bur (KG Sorensen, Cotia, SP, Brazil),
under water cooling, to facilitate vertical separation of the roots
with a chisel. Each root half having the largest amount of remaining
filling material was observed under a stereomicroscope (Zeiss,
Gottingen, Germany). Pictures were taken with a camera under
7.5 x magnification. The areas of the canal and of the remaining
filling material in the cervical, middle and apical thirds of the root
canal were measured in mm?, with Axiovision software (Zeiss,
Gottingen, Germany). The amount of remaining filling material
was expressed as a percentage of the total area of each third of the
root canal. The measurements were evaluated by a single observer
who was blinded to the group.

Statistical Analysis

A normal distribution of data was verified with the
Kolmogorov-Smirnov test. Students ¢ test was used to compare groups
in regard to the percentage of remaining filling material observed
for each third. The general linear model was used to compare root
canal thirds in regard to the amount of remaining filling material
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within each group. The Bonferroni test was performed as the post
hoc multiple comparison method. The level of significance was set
at a = 0.05. Statistical analysis was performed with SPSS Statistics
18 software (SPSS Inc., Chicago, IL, USA).

RESULT

All roots showed remaining filling material inside the canals
and isthmus. The mean amount of remaining gutta-percha/sealer in
each group is shown for each third in Table 1. The stereomicroscopic
analyses demonstrated no statistically significant differences (P > 0.05)
between the conventional group and the PUT group, irrespective of
the root canal area investigated (Figure 1). In the PUI group, the
apical third showed a significantly higher percentage of residual
filling material, as compared with the cervical (P =0.038) and middle
(P=0.029) thirds, whereas in the conventional group, no significant
difference was found among root thirds (P > 0.05).

Table 1. Percentage of the remaining filling material (mean + SD) after
the removal procedure in mesial roots of mandibular molars

PUI Group Conventional Group
Cervical 14.2 (£ 19.8)A 17.64 (£ 9.22)A
Middle 25.4824 (+ 16.4)» 34.7244 (+ 25.3)M
Apical 47.0711 (£ 23.5)4° 35.7204 (+ 28.9)*

Capital letter: comparison between groups. Lowercase letters: comparison among
thirds within the same group. Different letters indicate a statistically significant
difference (P < 0.05).

Figure 1. The images show the presence de remaining filling material in all thirds of the root canal (7.5%). (a) Conventional group. (b) PUI group.
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DISCUSSION

Persistent periapical inflammation occurs due to the presence
of residual necrotic tissues and/or bacteria within the root canal
system. Therefore, the aim of non-surgical root canal retreatment
is to remove pre-existing filling material from canals to allow
further cleaning, bacterial elimination and root canal filling
replacement?.

Several techniques have been proposed for removing root filling
material, but none have shown the ability to remove gutta-percha
and sealer completely from canal walls®**!'. The removal of
gutta-percha by using hand instruments is a slow and difficult
process, especially when the filling material is well compacted.
Thus, Ni-Ti rotary instruments are recommended for reducing
clinical time and facilitate removal®'". However, in this study, we
observed that even after using Ni-Ti rotary instruments specifically
developed for retreatment, the filling material was not completely
removed from the root canal walls, corroborating the findings
of other studies™ ',

The present study tested the ability of PUI to reduce the amount
of remaining filling material following root canal retreatment.
It was based on the assumption that PUI is able to remove pulp
tissue and dentin debris from areas of the root canal system that
are untouched by endodontic instruments'>'>. However, according
to the results, this ability of PUI did not allow a greater amount
of gutta-percha and sealer to be removed, as compared with the
control group. This result differs from that found by Grischke et al.’s.
These authors noted that the cleansing effect of PUI with NaOCl
was superior to all the other irrigation techniques in removing
root canal sealer. Nevertheless, the cleansing results achieved by
the PUI were still not satisfactory, because, even though the root
canal walls were free of sealer, the artificial grooves were still filled
with sealer remnants.

Solvents can be used during retreatment to aid in the removal
of gutta-percha and sealer®. However, no solvent was used in
the procedures employed in this study. The irrigating solution
used during PUT was NaOCl, which is totally unable to dissolve
gutta-percha®. Furthermore, recent studies have shown that
solutions used to dissolve or soften the root filling material have
failed to improve the effectiveness of PUI during retreatment**.

In the present study, the apical third presented the greatest
amount of filling material remnants, although no significant
differences were noted among thirds within the conventional group
(P>0.05). The combination of hand and rotary instruments with
PUI was unable to improve apical cleaning (P > 0.05). The action
of the PUI may have been reduced in the apical third because the

**Barreto MS, Rosa RA, Santini MF, Cavenago BC, Duarte MA, Bier CA, et al.
Efficacy of ultrasonic activation of NaOCI and orange oil in removing
filling material from mesial canals of mandibular molars with and without
isthmus. J Appl Oral Sci. 2015. In press. http://dx.doi.org/10.1590/1678-
775720150090. PMid:26200525.
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curvature in the root canals limited apical enlargement. During the
PUI procedure, it is essential that the file move freely within the
root canal, so that the solution can penetrate more easily into the

root canal system, thus yielding a more powerful cleaning effect*.

Most experimental studies comparing the efficacy of different
techniques for retreatment were conducted using single straight
root canals>*'®!!, to simplify the standardization of specimens.
Although teeth with complex anatomy represent a common
clinical situation®, investigations of non-surgical retreatment
techniques for teeth with 2 curved canals and an isthmus are rare.
Irregularities, isthmuses and recesses* hamper filling material
removal, cleaning and preparation of the root canal, by providing
arefuge for microorganisms’, and thus compromising the success
of endodontic retreatment. In the present study, the selection
of curved mesial roots of mandibular molars with isthmuses
may explain the large amount of remaining filling material, as
compared with other studies in the literature'. Most remaining
filling material was found in the isthmus, in canal wall irregularities

and in the apical third.

Different methodologies have been used to evaluate the
amount of filling material remaining after retreatment®’. In the
present study, the specimens were longitudinally split, and the
percentage of residual filling was calculated from images obtained
under stereomicroscopy. The teeth were evaluated in the apical,
middle and coronal thirds. This method has been reported as
effective in determining the amount of filling residue, and in
minimizing the subjectivity involved in a scale-based scoring
method?®. In addition, this method is more reliable than evaluation
by radiography, because radiographic analysis provides only a
2-dimensional view, and has proven less effective than the cleavage
method’. Recently, micro-computed tomography (micro-CT)
has been used to evaluate the efficacy of different retreatment
techniques®’. This methodology allows analysis of the root canal
and remaining filling material in three dimensions without
destroying the specimen. However, access to the equipment needed
for this kind of evaluation is limited. Studies using micro-CT
have shown that no technique used in endodontic retreatment
is able to completely remove filling material from the root canal
system?, corroborating our findings.

The results of this study confirm the difficulty to remove
residual filling material for adequate cleaning of root canals.
Our findings reinforce the need for further studies to increase

the success rates of endodontic retreatment.

CONCLUSION

According to the results of this study, we can conclude that
none of the irrigation protocols were able to completely remove
the residual root canal filling material from curved canals with

an isthmus area.
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