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Removal of filling material using 
rotating or reciprocating systems with 
or without solvent: microCT analysis

Abstract:  This study evaluated by the efficacy of rotary and 
reciprocating systems to remove filling material by micro-CT. Sixty 
human canines were instrumented up to F3 by ProTaper Universal 
system and filled with AH Plus/ gutta-percha. Specimens were 
submitted to 1,200 thermal cycles, scanned by microCT SkyScan 1176 
and randomly distributed in groups according to the filling material 
removal protocol (n = 10): ProTaper Universal, ProTaper Universal/
xylol, ProTaper Next, ProTaper Next/xylol, Reciproc and Reciproc/
xylol. After filling removal, specimens were analyzed by microCT to 
separately verify the presence of gutta-percha and sealer remnants. 
The data (mm3) were analyzed by two way ANOVA and Tukey ś test 
(5%). For the remaining gutta-percha, the use of xylol provided the 
highest values for Reciproc (7.60 ± 0.73), which was statistically different 
from the other groups (p < 0.05) that presented lower values and were 
statistically similar to each other (p > 0.05). For the remaining sealer, 
xylol provided the highest values (21.25 ± 6.94) different (p < 0.05) from 
the use of instruments alone (11.47 ± 9.45). ProTaper Next presented the 
lowest values (8.16 ± 1.37) for the remaining sealer, different (p < 0.05) 
from that of Reciproc (24.67 ± 6.32). The qualitative analysis revealed 
that all groups presented some remaining root filling material, with 
the highest volumes presented by Reciproc and Reciproc/xylol. In 
conclusion the rotary systems provided greater removal of filling 
material regardless of the use of xylol. The use of xylol negatively 
interfered with the action of the reciprocating system in the removal of 
the gutta-percha and sealer.

Keywords: Endodontics; Retreatment.

Introduction

The removal of filling material can be facilitated by the cross-
sectional design, kinematics of the instruments,1 and the use of 
solvents, such as xylol.2 Rotary and reciprocating instruments, whether 
associated with solvents or not, have been evaluated during endodontic 
retreatment, such as systems ProTaper retreatment (Dentsply-Sirona, 
Ballaigues, Switzerland), ProTaper Universal (Dentslpy-Sirona, Ballaigues, 
Switzerland), in order to facilitate the removal of filling material and 
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residual debris from inside the root canal.3 However, 
in vitro research has reported that these protocols 
do not completely remove the filling material from 
the canal, owing to difficulties associated with 
touching all the walls of the root canals, due to the 
mass of these systems being centralized.4

To overcome this limitation, the ProTaper 
Next rotary system (Dentsply-Sirona, Ballaigues, 
Switzerland) was developed, which uses NiTi M-wire 
alloy to manufacture instruments with turns of 
variable sizes and rectangular cross-section; its 
main feature being the eccentric kinematics that can 
allow for a greater cleaning capacity and modeling.5 
However, studies show that this system is not effective 
in the complete removal of filling material from the 
interior of the canal, in the endodontic retreatment.6-9 
It is worth mentioning that in these studies, the 
ProTaper Next system was used without association 
with any type of organic solvent.

In clinical practice, different organic solvents 
have been used as auxiliaries or main methods to 
dissolve filling material, the most commonly used 
being chloroform and xylol. Unlike chloroform, xylol 
is not considered a carcinogen and has a superior 
solvency capacity than orange oil, chloroform, and 
eucalyptol.10 The literature also reports that solvents 
can morphologically alter the dentin surface;11 their use 
can facilitate the action of instruments and decrease 
the risk of diversion and perforations.10

Considering that during endodontic retreatment, 
the action of instruments on the root canal wall is a 
primary factor for the removal of filling material and 
that xylol may favor the softening of gutta-percha, 
this study aimed to evaluate the effectiveness of 
rotary and reciprocating systems associated with or 
without xylol in the removal of the filling material, 
using micro-computed tomography (micro-CT). 
The null hypothesis was that xylol would favor the 
complete removal of filling material from inside 
the root canal.

Methodology

This study was submitted to and approved by 
the Research Ethics Committee institutional (CAAE: 
74990217.8.0000.5498). 

Preliminary micro-CT scanning
The total sample size for this study was calculated 

on the basis of a previous research study that also 
used micro-computed tomography (micro-CT) scans 
to evaluate the removal of filling material by using 
rotary systems.11

Sample selection
Roots of human maxillary canines were scanned 

to standardize the samples for internal anatomy and 
root canal volume using a SkyScan 1176 micro-CT 
scanner (Bruker-microCT, Kontich, Belgium) with 
resolution 9 µm, 90 KV e 276 µA. Sixty fully-formed 
roots with a single canal and no calcifications, free 
of pulp nodules, internal resorption, root fracture, 
and previous root canal treatment were selected.

Root canal treatment
The biomechanical preparation was performed 

using the ProTaper Universal system (Dentsply 
Maillefer, Ballaigues, Switzerland) according to the: 
SX (300 gcm torque, 350 rpm), S1 (300 gcm torque, 
350 rpm), S2 (100 gcm torque, 250 rpm), F1 (250 gcm 
torque, 300 rpm), F2 (200 gcm torque, 250 rpm) and F3 
(200 gcm torque, 250 rpm), powered by a VDW Silver 
motor (VDW, GmbH, Munchen, Germany) coupled 
in the VDW motor (VDW, Munich, Germany). The 
root canal was irrigated with 2 mL of 2.5% NaOCl at 
each instrument change and the final irrigation with 
2 mL of 17% EDTA for 5 min. Root canal filling was 
performed with AH Plus sealer (Dentsply-Maillefer, 
Ballaigues, Switzerland) and gutta-percha cones 
using the lateral condensation technique. The sealer, 
mixed according to the manufacturer’s instructions, 
was applied to the canal with a size 25 lentulo spiral 
(Dentsply Maillefer, Ballaigues, Switzerland) and 
then a main cone F3 (Dentsply Maillefer, Ballaigues, 
Switzerland) was introduced to the WL. A size 25 
finger spreader (Dentsply Maillefer, Ballaigues, 
Switzerland) was introduced vertically to create space 
for the insertion of the accessory gutta-percha cone 
(Dentsply-Maillefer, Ballaigues, Switzerland). After 
removal of the finger spreader, an accessory gutta-
percha cone coated with sealer was introduced into 
the canal immediately. This procedure was repeated 
three times for each specimen.
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Thermocycling
After three times the setting time (480 min) of 

AH Plus sealer, the specimens were submitted to 
1200 cycles of thermocycling, with the purpose to 
mimic the aging of the filling material for a period 
corresponding to 12 months12. Thermocycling was 
performed with distilled and deionized water with a 
temperature varying between 5° and 55°C, for 3 days, 
with an immersion time of 30s, at each temperature, 
with transfer time between each temperature of 2s.12

First micro-CT scanning
The specimens were subjected to the second 

scanning in a micro-CT scanner (SkyScan 1176) 
with the following parameters: resolution 9 µm, 
360° rotation, 0,7° rotation step, frames 2, 0.1 mm 
copper filter (90 KV e 276 µA), with a dentin threshold 
with a interval of 24-57, gutta-percha threshold 
between 129-213 and sealer 213-255. The images were 
reconstructed by NRecon software (Bruker-microCT, 
Kotich, Belgium), by using the modified Feldkamp 
cone beam reconstruction algorithm. The volume 
of the gutta-percha and sealer was measured using 
the CTAn software, without considering 1 mm of 
the root apex.

Experimental groups
The specimens were distributed according to the 

endodontic retreatment protocol: ProTaper Universal, 
ProTaper Universal/xylol, ProTaper Next, ProTaper 
Next/xylol, Reciproc and Reciproc/xylol. It is worth 
noting that the instruments were coupled to the 
VDW motor and used according to the system in 
each experimental group. 

ProTaper Universal group
The removal of the filling material was initially 

performed using the instruments from the ProTaper 
retreatment system (Maillefer Instruments S. A., 
Ballaigues, Switzerland): D1, D2 and D3 coupled to the 
VDW motor, being driven with traction movements 
against the walls up to the working length. The D1 
instrument was used to remove the filling material 
in the cervical third, D2 in the middle and D3 in the 
apical as recommended by the manufacturer with 
500 rpm and with a torque of 3 Ncm. To achieve a 

better enlargement of the root canal and instruments 
F4 (200 gcm torque, 250 rpm) and F5 (200 gcm torque, 
250 rpm) of the ProTaper Universal system. The root 
canal was irrigated at each instrument change, with 2 
mL of 2.5% NaOCl (Asfer, São Caetano do Sul, Brazil) 
using the NaviTip syringe (Ultradent Products Inc., 
South Jordan, USA), then aspirated and flooded with 
2 mL of 17% EDTA (Asfer, São Caetano do Sul, Brazil) 
for 5 min. In the end, the root canal was irrigated 
with 5 mL of distilled and deionized water and 
after aspiration, dried with absorbent paper cones 
(Dentsply-Sirona, Ballaigues, Switzerland).

ProTaper Universal/ xylol group
The removal of the filling material in this group 

was performed according to the description used 
for Group 1, with the addition of the xylol solvent 
(Bioquimica Industria Farmaceutica, São José do Rio 
Preto, Brazil). One drop of xylol was dispensed in 
a dappen bottle (Golgran Ind. Com. Instr. Odontol., 
São Caetano do Sul, Brazil) and, at each instrument 
change, with the aid of a pair of clinical forceps (Duflex, 
S. S. White artigos dentarios Ltda., Rio de Janeiro, 
Brazil), was delivered at the root canal entrance. The 
root canal was irrigated at each instrument change 
with 2mL of 2.5% NaOCl using the NaviTip syringe, 
then aspirated and flooded with 2 mL of 17% EDTA 
for 5 min. In the end, the root canal was irrigated 
with 5 mL of distilled and deionized water and after 
aspiration, dried with absorbent paper cones.

ProTaper Next group
The ProTaper Next system (Dentsply Sirona, 

Ballaigues, Switzerland) was used to remove the 
material, in the following sequence: X1, X2, X3, X4 
and X5. These instruments were used at 500 rpm and 
3 Ncm of torque in a continuous rotary motion6. The 
instrument was inserted with an insertion/ removal 
movement in the filling material, with an amplitude 
of approximately 3 mm and light pressure against 
the walls. The irrigation was performed at each 
instrument change, with 2 mL of 2.5% NaOCl using 
the NaviTip syringe, followed by 2 mL of 17% EDTA 
for 5 min. In the end, the root canals were irrigated 
with 5 mL of distilled and deionized water, and after 
aspiration, dried with absorbent paper cones.
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ProTaper Next/ xylol group
The sequence of removal of the filling material 

was carried out according to the description for 
group 5, adding xylol solvent. One drop of xylol was 
dispensed in a dappen bottle and, at each instrument 
change, with the aid of a pair of clinical forceps, was 
delivered at the root canal entrance. The irrigation 
was performed at each instrument change, with 2 mL 
of 2.5% NaOCl using the NaviTip syringe, followed 
by 2 mL of 17% EDTA for 5 min. In the end, the root 
canals were irrigated with 5 mL of distilled and 
deionized water, and after aspiration, dried with 
absorbent paper cones.

Reciproc group
The removal of the filling material was performed 

with the R50 instrument (VDW, Munich, Germany) 
from the Reciproc system (VDW, Munich, Germany), 
activated in reciprocating motion generated by 
a 6:1 contra-angle handpiece (Sirona, Bensheim, 
Germany) powered by an electric motor (VDW 
Silver, Munich, Germany), in Reciproc all mode, 
responsible for the reciprocating movement, an in 
the counterclockwise (cut) and clockwise direction 
(release of the instrument). The instrument was 
inserted with an insertion/removal movement in the 
filling material, with an amplitude of approximately 
3 mm and light pressure against the walls. After 
the third movement, the instrument was removed 
from the root canal, cleaned with sterile gauze and 
the root canal irrigated with 2 mL of 2.5% NaOCl. 
The procedure was repeated until the instrument 
attained the working length, so that the root canal 
could be flooded with 2 mL of 17% EDTA for 5 min. 
In the end, they were irrigated with 5 mL of distilled 
and deionized water, and after aspiration, dried with 
absorbent paper cones.

Reciproc/ xylol group
The filling material was removed as described for 

group 3. However, a drop of xylol was dispensed in 
a dappen bottle and with the aid of clinical forceps, 
was delivered at the root canal entrance. The 
instrument was inserted with an insertion/removal 
movement in the filling material, with an amplitude 
of approximately 3 mm and light pressure against 

the walls. Before the third movement, another drop 
of xylol was delivered at the root canal entrance. 
The instrument was inserted in the root canal and 
activated again until the working length, before being 
removed. The root canal was irrigated with 2 mL of 
2.5% NaOCl using the NaviTip syringe, followed by 2 
mL of 17% EDTA for 5 min. In the end, the root canal 
was irrigated with 5 mL of distilled and deionized 
water, and after aspiration, dried with absorbent 
paper cones.

It is worth mentioning that during endodontic 
retreatment, the total volume of 2.5% NaOCl was 
standardized in 10 mL for each specimen, in all 
experimental groups.

Second micro-CT scanning
After removing the material obtained from 

different experimental groups, the specimens were 
submitted to the second scan with the same parameters 
used in the first scan.

Micro-CT evaluation
For quantitative analysis the images were 

reconstructed using NRecon software (Bruker-
microCT, Kotich, Belgium), and the CTAn software 
(Bruker-microCT, Kontich, Belgium) was used to 
measure the initial and remaining volumes (mm3) 
separately of the gutta-percha and the sealer. The 
images were superimposed and the remaining was 
calculated in relation to the initial volume of gutta-
percha and sealer.

The qualitative analysis of the remaining 
gutta-percha and sealer was performed by three 
calibrated examiners, through visual inspection of 
the reconstructed micro-CT images.

Statistical analysis
The data (mm3) of the remaining gutta-percha and 

remaining sealer that adhered to the root canal wall 
were submitted to preliminary statistical tests, in order 
to verify the normality of the sample distribution. 
After confirmation of homogeneity (Levene test) and 
normality (Kolmogorov-Smirnov test), parametric 
statistical tests of analysis of variance (ANOVA) were 
used to verify the existence of differences between 
the factors analyzed, and the complementary Tukey 
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test was used to determine the difference between 
groups, with a 5% significance level (α = 0.05). Statistical 
analysis was performed using the SPSS software 
(Statistical Package for the Social Sciences; SPSS 
Inc., Chicago, USA).

Results

Quantitative analysis
For the remaining gutta-percha, there was a 

statistically significant difference (p < 0.05) between 
the instrumentation systems, the use of solvent, and 
the interaction between these two factors (p < 0.05). 
The use of xylol did not favor the removal of gutta-
percha (p > 0.05). Also, it provided the highest mean 
values when associated with the Reciproc (7.60 ± 0.73) 
(p < 0.05), as observed in Table 1.

For the remaining sealer, there was a statistically 
significant difference between the use of the xylol and 
the instrumentation systems (p < 0.05), however, there 
was no effect on the interaction between these factors 
(p > 0.05). The use of xylol provided the highest values 
(mm3) of the remaining sealer (21.25 ± 6.94), which 
were significantly different (p < 0.05) from the values 
obtained with the use of instruments alone (11.47 ± 
9.45). Thus, ProTaper Next (8.16 ± 1.37) presented the 
lowest mean value (mm3) of the remaining sealer, 
which was significantly different (p < 0.05) from 
the mean value of Reciproc (24.67 ± 6.32). ProTaper 
Universal (16.24 ± 3.11) presented intermediate values 
(mm3), and it was statistically similar (p > 0.05) to 
ProTaper Next and Reciproc (Table 2).

Qualitative analysis
The qualitative analysis allowed us to observe 

that all the root canals were completely filled. 

In general the qualitative analysis allowed us to 
observe that ProTaper Universal (Figure A) and 
ProTaper Next (Figure C) provided specimens 
with a smaller remnant of gutta-percha and/ or 
sealer adhered to the root canal wall. The ProTaper 
Universal/xylol (Figure B) and ProTaper Next/
xylol (Figure D) presented a greater amount of 
gutta-percha and sealer remaining on the root 
canal wall. Reciproc (Figure E) and Reciproc/xylol 
(Figure F) showed a greater amount of gutta-percha 
and sealer. The Reciproc/xylol (Figure F) showed 
specimens with a large amount of gutta-percha 
and sealer along the root canal, when compared to 
ProTaper Universal/xylol (Figure B) and ProTaper 
Next/xylol (Figure D).

Discussion

The null hypothesis of this study was rejected. 
The use of xylol did not favor the complete removal 
of gutta-percha and sealer from the interior of the 
root canal, during endodontic retreatment.

The use xylol as a solvent is recommended in 
clinical practice because it promotes the softening 
of gutta-percha; thus, it facilitates the penetration of 
the instrument inside the filling material, reducing 
the risk of perforations during removal of the filling 
material.13 However, the use of solvents alters the 
physical and chemical characteristics of the filling 
material and can reduce the effectiveness of the 
instrumentation.14 The gutta-percha softened by 
the solvent forms a thin film that adheres to the 
surface of the root canal wall, which is difficult to 
remove, even with the enlargement promoted by 
the instruments.14,15 This observation can explain 
the findings of the present study, in which no filling 

Table 1. Means and standard deviations of the volume (mm3) 
of the remaining gutta-percha in the root canal wall.

Solvent
Instruments system

ProTaper 
Universal

ProTaper Next Reciproc

without xylol 0,23 ± 0,12a 0,85 ± 0,50a 0,81 ± 0,39a

with xylol 2,47 ± 0,82a 0,28 ± 0,15a 7,60 ± 3,73b

*Different letters indicate a statistically significant difference 
(p < 0.05). Tukey test.

Table 2. Means and standard deviations of the volume (mm3) 
of the sealer remaining in the root canal wall after different 
instrumentation systems.

Instrumentation system Mean ± SD 

ProTaper Universal 16,24 ± 13,11a,b

ProTaper Next 8,16 ± 8,37a

Reciproc 24,67 ± 6,32b

*Different letters indicate a statistically significant difference 
(p < 0.05). Tukey’s test.
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material removal protocol was able to completely 
remove the filling material from the root canal, as 
observed in the qualitative and quantitative analysis 
in micro-CT. 

Micro-CT has been the method used to determine 
the internal anatomy of the root canal,16 the shaping 
of the root canal,17 the volume of filling material 
required, as well as the remaining filling material 
after different endodontic retreatment techniques.18 
According to Yürüker et al.,19 this is a method that 
has limitations, such as the lengthy scanning and 
analysis. However, it is a reliable method for three-
dimensional evaluation; also, depending on the 
microtomograph model and the parameters used, 
it allows for the differentiation of the volume of 
gutta-percha and sealer that adhered to the root 
canal wall. In the present study, the SkyScan 1176 
microtomograph was used with different parameters 
for dentin, gutta-percha and sealer, which enabled a 
volumetric analysis of the remainder that adhered 
to the root canal wall. Another aspect that deserved 

to be elucidated in this study is thermocycling, 
which mimicked in vitro the aging behavior of the 
filling material that occurs in clinical practice;12 
this should be recommended in future studies on 
endodontic retreatment.

Another aspect of the methodology that was 
supposed to be elucidated is the new instrumentation, 
where Rödig et al.20 reported the need to complement 
biomechanical preparation with instruments of larger 
caliber during endodontic retreatment. In this regard, 
studies21,22 have demonstrated that the enlargement 
of the root canal, promoted by instrumentation after 
unblocking, with larger caliber instruments, reduces 
the amount of remaining filling material, and still 
provides enough space for the hydraulic effect of 
the irrigating solution to be efficient, while helping 
to remove debris from the filling material.23 Thus, 
in this study, the use of larger caliber instruments, 
such as files F4 and F5 of the ProTaper Universal 
system, was recommended after using the ProTaper 
retreatment system. 

Figure. Three-dimensional illustrative images of the experimental groups. Sequence from left to right shows: filled specimen, 
remnant of gutta-percha, remnant of sealer and the overlap of the remnant of gutta-percha and sealer.
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In general, it is believed that the enlargement 
promoted by rotary (up F5 or X5) or reciprocating 
(R50) instruments provided less gutta-percha and 
sealer when they were not associated with the xylol 
solvent, with the exception of Reciproc which had 
a higher amount of gutta-percha (in the apical 
third), and sealer (in the cervical, middle and apical 
thirds), when compared to ProTaper Universal and 
ProTaper Next, which can be confirmed by means 
of quantitative three-dimensional analysis on 
micro-CT. However, it is noteworthy that, although 
the use of xylol did not significantly favor the 
removal of gutta-percha, there was a reduction in 
mean values when associated with rotary systems, 
probably due to the physical and chemical changes 
it promotes in the filling material. However, 
they can also be explained by characteristics of 
the instruments; that is, by their cross-section  
and kinematics.4,5

The ProTaper Universal rotary system consists 
of two types of instruments called modelers (SX, 
S1, and S2) and finishing (F1 a F5). In this system, 
one fact that might have favored greater removal of 
the filling material is the convex triangular cross-
section of the instruments, F3, F4, and F5, which 
present cross-sections with two different shapes 
along their helical rods: from the tip to 12 mm 
above, there is a concave triangular cross-section 
and in the rest of the stem up to D16, there is a 
convex triangular cross-section with short pitch 
(helix angle between 30 and 35°)6. According to 
Bonaccorso et al.,24 the greater the helix angle, 
the more efficient the filing (scraping) action 
of the endodontic instrument on the root canal 
wall, promoting enlargement. In this study, this 
characteristic was translated into less remnant of 
filling material (gutta-percha and sealer) adhered to 
the root canal wall. However, Crozeta et al.18 found 
a high percentage of remaining filling material 
when the ProTaper Universal system was used. This 
divergence of results is probably a consequence 
of the difference in methods employed, as these 
authors did not recommend the enlargement of the 
root canal. In the present study, in all specimens, 
the root canals were widened, according to the 
selection of the systems in which the wear caused 

by the different instruments was standardized 
around 200 µm, as suggested by Rödig et al.20

The main characteristic of the ProTaper Next 
system is the rectangular cross-section, edges with 
varying taper, eccentric kinematics, that is, with 
its decentralized mass, which according to the 
manufacturer allows for greater efficiency in modeling 
the root canal. On the other hand, Elnaghy5 speculated 
that the decentralization of the mass might reduce 
the area of contact between the instrument and the 
root canal wall, which in the present study would 
probably result in a higher percentage of remaining 
filling material (gutta-percha and sealer) adhered 
to the root canal wall. Another study compared the 
removal of filling material from the ProTaper Next 
system to other rotary systems (ProFile Vortex) and 
found that there was no significant difference, probably 
due to the characteristic of the MWire alloy of these 
instruments, as well as due to the continuous rotary 
movement.9,25 In contrast, both the qualitative and the 
quantitative analyses in the present study revealed 
less remnant of filling material (gutta-percha and 
sealer), probably due to the 200 µm enlargement 
promoted by their instruments. 

Reciproc systems different from the ProTaper 
Universal and ProTaper Next systems have two 
cutting blades and an “S” shaped cross-section, 
which promote less stress from the instrument to 
the root canal walls.26 This feature may explain the 
difficulty in removing gutta-percha apical third 
even with the enlargement made possible by the R50 
instrument. Automated balanced pressure without 
pressure of the reciprocating motion kinematics 
promotes greater apical extrusion than rotary 
instruments.27 Following this same reasoning, 
it can be assumed that the lower tension of the 
instrument to the root canal wall combined with 
its reciprocal kinematics filling material for the 
apical region, thus providing a greater amount of 
remnant than the ProTaper Universal and ProTaper 
Next systems, as can be observed in the qualitative 
analysis. However, Nevares et al.6 compared ProTaper 
Next to Reciproc, and observed similar results in 
the removal of filling material, which we did not 
observe in our study. It can be explained by the use 
of the R25 reciprocating instrument, which probably 
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should not have displaced and compacted as much 
material to the walls of the root canal as the R50 
used in our study.

In an attempt to minimize the amount of filling 
material remaining, the enlargement of the root 
canal was recommended; however, it can reduce 
the thickness of the dentin, and consequently, 
weaken the dental root. Thus, additional studies 
are needed to elucidate the dentin wear caused by 
the instruments in endodontic retreatment, as well 

as to evaluate new strategies for the total removal 
of the filling material.

Conclusions

In conclusion the rotary systems provided greater 
removal of filling material regardless of the use of 
xylol. The use of xylol negatively interfered with the 
action of the reciprocating system in the removal of 
the filling material.
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