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Endodontic filling removal procedure:
an ex vivo comparative study between
two rotary techniques

Abstract: In this study, we compared the ex vivo removal capacity of
two endodontic rotary techniques and determined whether there was a
significant quantitative difference in residual material when comparing
root thirds. Forty extracted molars were used. The palatal roots were
selected, and the canals were prepared using a step-back technique and
filled using a lateral condensation technique with gutta-percha points
and Endofill sealer. After two weeks of storage in a 0.9% saline solu-
tion at 37°C in an oven, the specimens were divided into 2 groups of
20, with group 1 samples subjected to Gates-Glidden drills and group 2
samples subjected to the ProTaper retreatment System. Hedstroem files
and eucalyptol solvent were used in both groups to complete the remov-
al procedure. Then, the roots thirds were radiographed and the images
were submitted to the NTH Image] program to measure the residual fill-
ing material in mm. Each root third was related to the total area of the
root canals. The data were analyzed using Student’s t test. There was a
statistically significant difference between the two techniques as more
filling material was removed by technique 2 (ProTaper) than technique 1
(Gates-Glidden drills, p < 0.05). The apical third had a greater amount of
residual filling material than the cervical and middle thirds, and the dif-
ference was statistically significant (p < 0.05). None of the selected tech-
niques removed all filling material, and the material was most difficult to
remove from the apical third. The ProTaper files removed more material
than the Gates-Glidden drills.

Descriptors: Retreatment; Gutta-Percha; Root Canal Obturation.

Introduction

One of the main goals of endodontic filling is to seal the root canal
system to prevent the penetration of liquid tissue, bacteria and/or sub-
products, thus preventing reinfection after cleaning and shaping.! Note
that the filling quality is directly related to the previous operative steps,
such as coronal and chemo-mechanical preparation. When these prepa-
rations are not adequate, they will not facilitate the tissue repair process
and result in failure of endodontic therapy.>*

Several materials and techniques have been developed to fill root ca-
nal systems; however, the gutta-percha substance continues to be the
most widely used with sealers.>*

When endodontic therapy fails, the treatment options include retreat-
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ment, endodontic surgery and extraction.>*® Retreat-
ment is preferred over surgical alternatives”® because
this approach is less invasive. The main goal of re-
treatment is to remove all filling material in the root
canal and regain access to the apical foramen,%13
thereby enabling the insertion of new endodontic
procedures®>>”!% and the subsequent restoration of
health of the periapical tissues.”!3:!*

Insufficient removal of filling material impairs
the removal of necrotic tissue or remnant bacteria
in the root canal and the reshaping and new filling,
which leads to a lasting clinical and radiographic
failure.371

The endodontic filling removal techniques vary
and include the use of hand files and/or rotary
systems, ultrasonic instrumentation and solvent
substances, such as eucalyptol, orange oil, and
chloroform, to facilitate the removal of filling mate-
rials.l—3,7,8,13,15

One of the rotary systems developed for this pur-
pose is the ProTaper D1, D2, D3 retreatment system
(Maillefer/Dentsply, Balligues, Switzerland). The
ProTaper files are made of nickel-titanium alloy and
were developed in 2001.%' These instruments have
demonstrated their efficiency, cleaning ability and
safety during removal procedures,'>'*!¢ although
no studies have noted a complete absence of residual
filling material following the removal procedure, re-
gardless of the particular tool or strategy used for
cleaning the canal.?16:17

Studies have reported on the efficacy of ProTa-
per files in removing gutta-percha,>*!> but there is
no consensus among the authors concerning the best
endodontic removal procedure. The aim of this study
was to compare the removal capacity of endodontic
filling when employing the following motor-driven
techniques: the ProTaper D1, D2, D3 retreatment
system and the Gates-Glidden drills (Maillefer/Dent-
sply, Petrépolis, Brazil) in an ex vivo study.

Methodology
Selection of specimens

This study was approved by the Ethics Com-
mittee of the Universidade Federal do Ceard - UFC
(Protocol no. 124/07). Forty freshly extracted hu-
man molars were selected for this study. The teeth
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were stored in 0.9% saline solution (Gaspar Viana,
Petropolis, Brazil) until use. The crowns were dis-
carded after the teeth were sectioned at the cemen-
toenamel junction with a carborundum disk (Den-
torium, New York, USA). The palatal roots were
selected, and they had an average length of 16 mm.
They were separated from the other roots with a
carborundum disk. The working length was fixed at
15 mm using a Flexofile K file #08 (Maillefer/Dent-
sply, Ballaigues, Switzerland).

Root canal preparation

The root canals were prepared following an
endodontic hand file technique using a Flexofile K
file. A #15 followed by a #45 (Maillefer/Dentsply,
Ballaigues, Switzerland) instrument was used to
produce the apical stop (15 mm) and, during a step-
back technique application to the middle and cervi-
cal thirds, a #50, #55 and #60 (Maillefer/Dentsply,
Ballaigues, Switzerland) order was used in steps of
14 mm, 13 mm and 12 mm, respectively. After use
of each file, the final apical file was inserted (file
#45), followed by copious irrigation with 10 mL of
1% sodium hypochlorite (Biodinamica, Ibipora, Bra-
zil). Finally, the canals were irrigated with 10 mL of
a 0.9% saline solution.

Filling material and technique

The root canals were dried with absorbent paper
points #45 (Maillefer/Dentsply, Petrépolis, Brazil)
and filled with gutta-percha points (Maillefer/Dentsp-
ly, Petrépolis, Brazil) and Endofill® sealer (Maillefer/
Dentsply, Petrépolis, Brazil) using a lateral condensa-
tion technique. The quality of the root canal obtura-
tion was confirmed by mesiodistal and buccolingual
radiographic images (Dabi Atlante, Ribeirdo Preto,
Brazil), taken with Kodak E-Speed film (Kodak,
Rochester, USA) and with settings of 10 mA, 60 kV,
focus-film distance of 10 cm, and exposure time of
0.5 seconds. Obturation quality was considered ade-
quate when there were no empty spaces. After filling,
the roots were immersed in a 0.9% saline solution
in Eppendorf tubes (Eppendorf AG, Hamburg, Ger-
many). Then, they were kept in an oven (Olidef CZ,
Ribeirao Preto, Brazil) at 37°C for two weeks and

subsequently subjected to the removal procedure.

Braz Oral Res., (Sao Paulo) 2013 Nov-Dec;27(6):478-83 479



B Endodontic filling removal procedure: an ex vivo comparative study between two rotary techniques

Endodontic filling removal procedure

The roots were randomly divided into two ex-
perimental groups (n = 20) according to the tech-
niques employed in the removal procedure. In group
1, the filling material was removed using technique
1 with Gates-Glidden drills #2 and #3 at the cervi-
cal and middle thirds, followed by Hedstroem files
#15-45 (Maillefer/Dentsply, Petrépolis, Brazil) to
reach working length.

In group 2, the filling material was removed by
the Ni-Ti rotary ProTaper Universal D1, D2 and D3
retreatment system using a contra-angle Endo-mate
(NSK Inc., Kanuma, Japan) at 350 rpm. The filling
material in the cervical root third was removed with
the D1 instrument (ISO 030) with an active tip, the
middle third with the D2 instrument (ISO 25) and
the apical third with the D3 instrument (ISO 20).
Slight apical pressure was applied, and care was tak-
en to remove the instruments frequently to remove
debris from the coils. Finally, Hedstroem files #15-
45 were used to reach the working length.

For both techniques, a drop of eucalyptol
(Biodinamica, Ibipora, Brazil) was used during the
early removal procedure and with the Hedstroem
files until the instruments could be freely moved
into the root canal and the filling material was not
perceptible to touch. The removal procedure was
considered to be completed when a sequence of files
was used to reach the working length and there was
no filling material on the stem, and the active part
of the last file was used.

Evaluation of residual endodontic material

Once the filling material had been removed, the
roots were radiographed to assess for residual ma-
terial on the root canals walls. The radiographic
images were analyzed using the NIH Image] pro-
gram (National Institute of Health, Bethesda,
USA) to measure the residual filling material in
each third of the root canal. The linear measure-
ments of the areas filled by gutta-percha and/or
sealer remaining in each root third and the total
canal area were calculated in mm, and the values
were transformed to percentages to measure the
amount of filling material that remained after the
removal procedure.
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Statistical analysis

Student’s t test was used to determine statisti-
cally significant differences between the techniques
regarding the removal capacity. First, the root thirds
in each group were compared. Then, each third of
the canals between the groups were compared. Fi-
nally, the total areas of the canals were compared to
the filling removal capacity between the two groups.

Results
The residual filling material was evaluated radio-
graphically after the removal procedure using the
following scores:
® 0, absence in all root thirds;
e 1, presence only in the apical root third;
e 2, presence only in the middle root third;
e 3, presence only at the cervical root third;
® 4, presence in the middle and apical root thirds;
e 5, presence in the apical and cervical root thirds;
® 6, presence in the cervical and middle root
thirds; and

e 7, presence in all root thirds.

After considering the site of the residual filling
material in the root canal, the following results were
obtained: in group 1, the largest amount of residual
filling material was found in the middle and apical
thirds (55%), while in group 2, most of the residual
root filling material was found in the apical portion
of the root canal (40%; Table 1).

In this study, 97.5% of the roots had residual
filling material, which was distributed among the
cervical, middle and apical root thirds. Only 1 spec-
imen in group 2 had complete removal of filling ma-
terial (2.5% of the sample).

In group 1, 30% of the cervical root third had
residual filling material compared to 35% in group
2. Residual filling material in the middle root third
was found in 75% of group 1 and 40% of group
2. Finally, residues in the apical third were found in
95% of group 1 and 75% of group 2 (Table 2). The
results of Student’s t-test indicated that there was a
statistically significant difference between the apical
and the other root thirds (p < 0.05).

The root canals of group 1 still had 31.98% of
their total area filled with residual material after the



Table 1 - Number of specimens and their scores/percent-
age based on the site of residual filling material in Group 1
and Group 2.

Score NumbeGrro:Usppe]cimens % Numbeég‘uspp;cimens 9%
0 0 0 1 5
1 2 10 8 40
2 1 5 2 10
3 0 0 1 5
4 11 55 2 10
5 2 10 2 10
6 0 0 1 5
7 4 20 3 15

Total 20 100 20 100

removal procedure compared to 18.39% in group
2. These data indicate that the Gates-Glidden drills
left 57.5% more residual filling material than the
ProTaper instruments.

Discussion

Because of the difficulties in completely removing
the endodontic filling material, various techniques
for conventional retreatment have been suggested to
ensure an effective cleaning of the root canals.® In
this study, the selected removal techniques differed
in the type of motor-driven instruments employed.
Both techniques were performed by a single opera-
tor, which is an important factor during the com-
parison.'

Solvents can also be used to dissolve the gutta-
percha points. Eucalyptol is a colorless solvent with
an aromatic odor that is less irritating than chloro-
form and without carcinogenic potential. Eucalyp-
tol was used in this study because of its efficiency
in dissolving gutta-percha points and some sealers,’
although Takahashi et al.® in 2009 and Ferreira et
al.¥ in 2006 reported that the use of solvents pro-
motes the formation of a thin layer of softened gut-
ta-percha, which sticks to roots and increases the
retreatment time.

Fariniuk et al.'' in 2011, Baratto Filho et al.?° in
2002 and Imura et al.?' in 2000 reported that it was
impossible to completely remove all filling material
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Table 2 - Percentage of residual filling material in each
root third based on the technique used to remove the filling
material.

Root third Technique 1 (%) Technique 2 (%)
Cervical 30 35
Middle 75 40
Apical 95 75

with only rotary instruments. In the present study,
the removal procedures in both groups were comple-
mented with a Hedstroem hand file.

In 2012, Li-li Xu et al.'? emphasized the impor-
tance of hand files for removing filling material.
Comparing the ProTaper, the K3 system (Sybron
Endo, Orange, USA) and hand files for the removal
of debris of dentinal tubules, the latter achieved su-
perior performance.

Different methods can be applied to display the
remaining filling material. Radiographic imaging
is considered the most efficient method, but it only
analyzes the residual material in two dimensions
(height and width), thereby preventing the display of
the debris thickness.”!%2? Digital images of longitu-
dinally sectioned roots? can be used to measure the
area of remaining filling material inside the canals
with the aid of special software>?* and the clarifica-
tion of the dental technique.**

The radiographic method was chosen for this
study because it is a viable resource, both experi-
mentally and clinically. However, in 2012, Kfir et
al.?® reported that radiographic evaluation is not
sufficient to detect the entire length of material left
inside the canal but that a microscopic evaluation is
required to accomplish this.

In this study, the quantitative evaluation of re-
sidual endodontic material was obtained by linear
measurement of the area filled by the filling material
using the NIH Image] program.

Our results demonstrate that the apical third had
the highest amount of residual endodontic material
when compared to the other thirds; the difference
was statistically significant, thus corroborating the
results by Kaled e al.® in 2011, Somma et al.'® in
2008, and Reddy et al.?® in 2011, who reported
more debris at the apical root third regardless of the
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technique. Our results are in accordance with the
report by Bramante et al.?” in 2010 that found that
the best cleaning was accomplished at the cervical
third followed by the middle and apical thirds. They
attributed this result to the dental anatomy of this
site.

Gates-Glidden drills facilitate the removal of ma-
terial during the procedure because they push the
filling material out of the root canal.?” However,
this study demonstrated the greater efficacy of Pro-
Taper instruments, which was statistically signifi-
cant. These differences are most likely attributable
to the design of the instruments, as D1, D2 and D3
are made of Ni-Ti and have three progressive tapers
and lengths that fit the portions of the cervical, mid-
dle and apical root third, respectively.?37

According to reports by Giuliani ez al.? in 2008,
Barrieshi-Nusairin'” in 2002, Somma et al.'® in
2008, Kfir et al.** in 2012, Gu et al.** in 2008, Red-
dy et al.?* in 2011 and Siotia?® in 2011, none of the
tested techniques leave root canals completely free
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