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Introduction

The primary reason for an endodontic failure
is the persistence or regrowth of bacteria within the
root canal system which requires retreatment [1],
the success of retreatment depends on the efficient
removal of the entire root filling material from the root

canal system [2].

Different techniques and materials allow
removal of the entire root canal filling material: Hand or
mechanical (rotatory or reciprocation) instrumentation
used commonly on the primary endodontic treatment.
While, rotary files, ultrasonic tips, heated pluggers,
lasers were designed explicitly

Gutta-percha
challenging, and the difficulty is related to the quality
of the previous treatment, time elapsed since primary
therapy and anatomical complexity of the canal

and Nd: YAG
for retreatments.

system [3], [4].

Incomplete removal of the filling materials
may influence treatment outcomes as the presence
of root canal obturation materials may prevent the
contact of the irrigation solutions with persistent

microorganisms [5].

Abstract

BACKGROUND: The complete removal of root filling material is one of the main goals of non-surgical endodontic
retreatment. Thus, the development of new techniques and instruments aiming to promote this task presents clinical
significance.

AIM: The purpose of the study was to assess the amount of residual root canal filling materials (gutta-percha/sealer)
after using two different endodontic retreatment systems and ultrasonic tip.

METHODS: Forty-five mandibular premolar teeth were mechanically instrumented and obturated. Retreatment
was performed using two different Endostar RE (Group 2), Rogin retreatment system (Group 3), and ultrasonic tip
(Group 1). Roots were separated buccolingually into two halves. A digital camera connected to the stereomicroscope
captured images to each half. Image-J software was used to evaluate and measure the areas with remaining filling
material in each third (cervical, middle, and apical).

RESULTS: Data analysis revealed significant differences between the groups in the coronal, middle, and apical
thirds (p < 0.05). The ultrasonic retreatment tips (G1) were significantly more efficient in removing the gutta-percha
and sealers compared to the Rogin (G3) and Endostar (G2) retreatment endodontic kits.

CONCLUSIONS: All the file systems left some filling material in the canals. Ultrasonic retreatment tip had
maximum efficacy for the removal of filling materials in comparison with the retreatment file systems under
investigation.

Use of hand files for the retreatment procedure
of the root canals with well-condensed root filling
material with or without solvent is tiresome and time
consuming [6]. Therefore, it is important to find the
proper rotary file system for easy and effective removal
of remnants from the root canal system [7]. One major
advantage of using rotary instruments for gutta-percha
removal is their fast action [8].

Several companies produce Ni-Ti rotary
systems for root canal retreatment as Rogin retreatment
Ni-Ti rotary instrumentation system which consists of
three files and the Endostar RE Retreatment Rotary
Ni-Ti instrumentation system which consists of four files
(81, [, [10].

The aim of the present study was to compare
the gutta-percha removal efficacy of ultrasonic tip
(G1), Endostar RE retreatment (G2), and Rogin (G3)
retreatment Ni—Ti rotary instrumentation system
retreatment files from the root canals. The null
hypothesis was that there would be no statistically
significant difference in gutta-percha removal efficacy
between ultrasonic tip, Endostar RE retreatment, and
Rogin retreatment Ni—Ti rotary instrumentation system
retreatment files from the root canals.

removal can be
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Materials and Methods

Sample size

In the current study, a total sample of six
subjects per group vyields 19% power to detect
differences among the means versus the alternative
of equal means using an F test with a 0.05000
significance level. The size of the variation in the
means is represented by their standard deviation which
is 0.82. The common standard deviation within a group
is assumed to be 1.00 [11]. Thus, the sample size is set
to 15 sample per group with a total of 45 sample for all
the groups (Table 1). The sample size was calculated
using G* power program (Version 3.1.9.2/2014).

Table 1: Sample classification and group sample size

Classification Criteria Ultrasonic Endostar Rogin retreatment
tip (G1) RE (G2) (G3)
Area of reaming material 15 15 15

per root section

Selection and preparation of teeth

Forty-five recently extracted single-rooted
mandibular premolars due to prosthodontics or periodontal
disease were collected from oral and maxillofacial surgery
clinic. Periodontal scaler was used to mechanically
clean the root surface from soft tissues and calculus.
Radiographs from different angulations (buccolingual
and mesiodistal) were done to ensure that the samples
comprised mature apices with no calcification, root
fracture, cracks, and/or internal resorption.

The exclusion criteria were as follows: Teeth
with preexisting fractures or cracks, teeth with root
caries, previously endodontically treated teeth, teeth with
intracanal calcification, teeth with external resorption,
teeth with internal resorption, carious teeth, teeth with
an open apex, and teeth with previous restorations.

Samples were immersed in sodium hypochlorite
solution for not more than 30 min and cleaned from soft-
tissue attachments then washed and immersed in saline
solution at room temperature to prevent dehydration till
the time of use. Preparation of the access cavities was
completed using high-speed diamond burs and copious
amount of water coolant. For the working length (WL)
determination, flattening of the crowns was performed
to provide a reference point.

After cleaning and shaping procedures, the
specimens were randomly distributed into three groups
(using the software http://www.random.org) according
to retreatment system used.

Root canal preparation

The patency of the root canals was checked
by inserting a 15 K-file into the canals until it was
noticeable at the apical foramen. Canals that did not
permit the insertion of 15 K-file to the apex or those

with apex wider than 20 K-file were excluded from
the study. The WL for canal preparation was created
by subtracting 1 mm from the file length. Root canals
were then prepared with ProTaper Next Ni—Ti rotary
system (Dentsply Maillefer, Ballaigues, Switzerland)
with the sequence SX (19, 0.04), X1 (17, 0.04), X2
(25, 0.06) and X3(30, 0.07) at speed of 300 rpm and
torque of 2.5 Ncm. ProTaper next instruments were
operated using the X-Smart Plus motor (Dentsply
Maillefer, Ballaigues, Switzerland) irrigation was done
using 2 ml of 2.6% NaOCI between each file, then after
completing the instrumentation procedures, 3 ml of 17%
ethylenediaminetetraacetic acid was applied for smear
layer removal for 1 min, followed by distilled water, and
then the canals were irrigated with 2 ml of 2.6% NaOCI
followed by 10 ml of distilled water as a final flush.

Root canal obturation

Canals were dried with paper points and then
obturated by modified single cone technique using
X3 gutta-percha points, ADSEAL resin sealer (META
BIOMED Co., Chungbuk, Korea) and auxiliaries
gutta-percha cones size 25 (META BIOMED Co.,
Chungbuk, Korea #DM-15-4). Roots were radiographed
in multiple angulations (buccolingual and mesiodistal) to
verify the competency of obturation, the access cavity
was sealed with cavit (3M ESPE, St. Paul, MN, USA).
All the teeth were incubated at 37°C and 100% humidity
for 4 weeks to ensure full setting of the sealer.

To mimic the thermal changes that occur in the
oral cavity, the specimens were subjected to thermal
cycling (Veriti thermal cycler) between 5 and 55°C
for with 20-60 s dwell times, with changes in light,
temperature, pressure, and humidity in an accelerated
artificial aging chamber.

Root canal retreatment
Group I: Ultrasonic retreatment tip

As the use of ultrasonic in retreatment is
actually an unfamiliar territory in endodontics, ultrasonic
endodontic retreatment tip E-7 (16 mm length and 0.6 mm
diameter at tip) (NSK, Nakanishi, Japan) was used for
the removal of root canal filling material. The root canals
were irrigated for 10 s with 2 mL of 2.6% NaOCI during
retreatment and then with saline after the use of the tip.
After instrumentation, the canals were irrigated with 2 mL
of 17% EDTA and 5 mL of distilled water.

Group II: Endostar RE Re endo retreatment
rotary Ni-Ti instrumentation system

Endostar retreatment files (Endostar, Poldent Co.,
Warsaw, Poland) were used in gentle in-and-out motion
at constant speed of 300 rpm as per the manufacturer’s
recommendation. R1 (size 30; 12% taper) (length 17 mm)
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was used 1-3 mm beyond the pulp chamber to remove
the initial bulk of obturation material, R2 (size 30; 8%
taper) (length 25 mm) was used in the coronal third, R3
(size 30; 6% taper) (length 25 mm) in the middle third, and
R4 (size 30; 4% taper) (length 25 mm) in the apical third
as specified by the manufacturer, with every instrument
change, the root canals were irrigated for 10 s with 2 mL of
2.6% NaOCI during retreatment and then with saline after
the use of each file. After instrumentation, the canals were
irrigated with 2 mL of 17% EDTA and 5 mL of distilled water.

Group Ill: Rogin retreatment Ni—Ti rotary
instrumentation system

Rogin retreatment files (Shenzhen Rogin
Medical Co., China) were used in crown-down manner
in a brushing motion at constant speed of 300 rpm
and torque of 2.5 Ncm as per the manufacturer’s
recommendation. D1 (size 25; 9% taper) (length 16 mm)
was used in the coronal third, D2 (size 25; 8% taper)
(length 18 mm) in the middle third, and D3 (size 20; 7%
taper) (length 22 mm) in the apical third as specified by
the manufacturer, with every instrument change. The root
canals were irrigated for 10 s with 2 mL of 2.6% NaOCI
during retreatment and then with saline after the use of
each file. After instrumentation, the canals were irrigated
with 2 mL of 17% EDTA and 5 mL of distilled water.

Files were wiped regularly using gauze piece
soaked in normal saline to remove obturation material
and debiris.

Stereomicroscopic evaluation of root canal
cleanliness

Longitudinal groove was created in each root
in buccolingual direction using a diamond disc (Kerr
dental, Switzerland) to a depth just before reaching
the canal space. The roots were split into two halves
using mallet and chisel. Each half was examined with
a digital camera connected to the stereomicroscope
(Olympus, SZX9, Tokyo, Japan) with 15x and images
were captured. The areas with remaining obturation
material (gutta-percha/sealer) in each root canal third
were identified, outlined, and assessed by two blinded
observers with no attempt to differentiate between
gutta-percha and sealer segment (Figure 1).

233¢248 pirels; RGB; 226K File Edit Font Results
[area [Mean  [Min [m:

1 892 173343 115 2¢

3x248 pixels; RGB; 226K
5

Figure 1: Measuring area of the remaining obturation material using
Image-J software

All images were analyzed using Image-J
software (Image-J, v1.44), to measure the area of the
remaining obturation material in each third (coronal,
middle, and apical). The ratio of the area of the remaining
filling in pixels/the area of the canal segment in pixels
was analyzed and expressed as the percentage of the
residual filling material in each canal segment.

Observer calibration

Data reliability assessment is performed using
an intraexaminer calibration which was assessed by
inter-rater reliability. Observer’s calibration was done by
two dentists. All examiners followed the same written
guideline, which was given to them before the procedure.
This was conducted by evaluating five random scans
in estimating the area. The assessment for the images
was done twice, including a 1-week interim between
evaluations. Any disagreement encountered in the
image interpretation was discussed.

Statistical analysis

Numerical data of the area percentage of the
remaining filing material were presented as mean and
standard deviation (SD) values. Data were investigated for
normality using Kolmogorov—Smimov test and were found
that it came from a population with normal distribution. One-
way analysis of variance (ANOVA) followed by Tukey’s post
hoc test was used for intergroup comparisons while one-
way repeated measures ANOVA was used for within group
comparisons for the examined parameter. Statistical analysis
was performed with IBM® SPSS® Statistics Version 26 for
Windows. The significance level was set at p < 0.05.

Results

The kappa value was calculated to estimate
the reliability of the measurements taken by the two
observers. In this study, the value of the kappa test was
completely reliable for coronal, middle, and apical thirds
evaluation, kappa = 1.0, 1.0, and 0.95, respectively.

Mean and standard deviation (SD) values for
the area percentage of the remaining filling material in
different groups are presented in Table 2 and Figure 2.

Table 2: Mean and standard deviation (SD) values for area % of
the remaining filling materials in different groups

Root Area % (Mean + SD) F-value p-value
section  Ultrasonic tip Endostar RE Rogin

(G1) (G2) retreatment (G3)
Coronal  3.647 +0.781° 10.273 + 1.863™  7.987 + 1.595™ 76.944  <0.001*

Middle — 5.453 +1.172"  14.067 +1.957"®  11.133+1.779°° 103.146 <0.001*
Apical  6.097 £ 1.847*  16.307 £5.585°  15.533+2.924° 33.700  <0.001*
Overall  5.066 + 1.678 13.549 + 4.311 11.551+3.786  74.301  <0.001*
F-value 13.463 10.875 45.338

p-value  <0.001* <0.001* <0.001*

Different upper and lowercase superscript letters indicate a statistically significant difference within the
same horizontal row and vertical column, respectively, *significant (p<0.05) ns; non-significant (p>0.05).
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Figure 2: Bar chart showing average area% of filling material in
different groups

Results showed a statistically significant difference
between different groups (p < 0.001) as regard the total
area percentage of the remaining filling material. Endostar
RE (G2) showed the highest value of the remaining filling
material (13.549 + 4.311%), followed by Rogin retreatment
(G3) (11.551 £ 3.786%), while ultrasonic Tip (G1) showed
the lowest mean value (5.066 + 1.678 %). Pairwise
comparisons showed ultrasonic tip to have significantly
less residual material value than canals cleaned with other
systems (p < 0.001). Regarding the area, percentage of
the remaining filling material at different root canal levels.
There was a significant difference between the different root
levels for all treatment options. The apical third showed the
highest area percentage of the remaining filling material
followed by the middle then the coronal level.

Pairwise comparisons showed that the value
found at the apical level to be significantly higher than
that found at the coronal level for all treatment groups
(p < 0.001), comparison between middle and apical
levels showed no significant difference for ultrasonic
and Endostar retreatment groups (Figures 2 and 3).

Discussion

Retreatment is considered a valid alternative
for extraction in case of failure of primary endodontic
treatment. The complete removal of root filling material
is difficult, and it is one of the main goals of non-surgical
endodontic retreatment procedure. Attaining this goal
can be achieved by accessing the apical foramen
as well as the action of endodontic instruments and
irrigating solutions used during instrumentation. This
procedure effectively eliminates the necrotic tissue and
remaining microorganisms [3], [5], [8], [12], [13].

The literature shows that no instrument or
technique can completely remove root canal filling
materials from the root canal system during non-surgical
root canal retreatment [1], [3], [13], [14], [15], [16], [17]
which can ultimately result in treatment failures because
of the inability to eliminate microorganism from the
root canal system [4]. Therefore, new instruments and
supplementary protocols for remaining filling material
removal have been proposed [5], [18], [19], [20].

Mandibular first premolars were considered for
this in vitro study as they are frequently extracted for
orthodontic reasons and their canals are often straight
and flattened mesiodistally. This study did not control
apical size for retreatment, and protocol was followed
according to the manufacturers’ instructions.

To the best of our knowledge, there are no
previous studies that compared gutta-percha removal of
Rogin retreatment Ni—Ti rotary instrumentation system
and Endostar RE Re endo retreatment rotary Ni—Ti
instrumentation system, which are distinctly different
in their design and number of files to be used. In this
study, 2.6% NaOCI was used as a routine irrigation
during cleaning and shaping procedures because
of its broad antibacterial effect and organic material
dissolution ability. Unlike, the high concentration of
NaOCI (5.25%) which is highly toxic and causes
degradation of the dentin matrix components thereby
affecting the mechanical properties of the teeth. Since

Root section Retreatment system

Endostar RE (G2) Ultrasonic tip (G1) Rogin retreatment (G3)
Coronal e ]
Middle v s

. l d =

Ak B L= L BA
Apical G

L ‘3 { = | L %

Figure 3: Stereomicroscopy of a specimen after retreatment for different systems and for coronal, middle, and apical thirds
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NaOCI lacks the ability to dissolve inorganic material,
the smear layer was removed using 3 ml of 17% EDTA,
then 10 ml distilled water was used immediately after
EDTA to avoid the prolonged effect of the chelating
agent on the root dentine microhardness [8], [9], [15].

The use of solvent as an aid in removing the
filing mass is somewhat controversial. A solvent can
facilitate penetration of the instrument into the filled
canal, but its use may result in the formation thin and
hard to remove layer of filling material adhered to the
dentinal walls. During the removal of filing material,
solvents were not used because the previous studies
found that the use of solvents led to more remnants
of gutta-percha and sealer on the root canal walls and
inside the dentinal tubules [4], [5], [12].

Different practices have beenemployedtoassess
the amount of the residual obturation material after the
retreatment procedures as clearing methods, radiography,
cone-beam computed topography, scanning electron
microscope, and stereomicroscope [2], [15],[17], [19]. Our
specimens were longitudinally split and the percentage
of the residual obturation material was determined from
images captured under stereomicroscope. This method
is considered more reliable than radiographic evaluation
which only provides a two-dimensional view. Furthermore,
this method can determine the amount of the remaining
filling material and minimize the subjectivity associated
with the scale-based scoring method. Recently, micro-
computed tomography has shown efficacy in assessing
the retreatment techniques in three dimensions without
specimen destruction. However, there is a limited access
to the device.

Temperature changes that occur in the oral
cavity may produce different thermal expansion
coefficients between tooth structure and filling material
that may affect the bond strength and consequently
the removal capacity during retreatment [21], [22].
The removal of filling materials during retreatment
procedures enables instruments and irrigants to reach
all areas of the root canal system, which results in
more effective intracanal cleaning and disinfection.
According to a review, no existing retreatment protocol
can completely remove root filling materials. The
mean percentage of residual material ranges from
45.4% to 0.02%. Even in the present study, complete
removal of sealer and gutta-percha using the different
compared techniques was not achieved [3], [5], [8].

Numerous devices have been used to remove
the filling material from the root canals such as stainless
steel hand files, Ni-Ti files, lasers, and ultrasonic
files. The use of conventional files to remove a well-
condensed obturating material has relatively been a
tiresome and laborious procedure for the operator and
might also lead to endodontic accidents [10], [17], [20].

To increase safety during retreatment
procedures and to produce more adequate shaping,
retreatment files have been designed with non-cutting

tips, radial lands, varying tapers and rake angles, and
changing pitch lengths. In the present study, we found
the ultrasonic retreatment tips (G1) to be significantly
more efficient in removing the gutta-percha and
sealers from the canal than other instrumentation
methods. Similar results were obtained by Rached-
Junior et al. [18] who found that the ultrasonic
retreatment instrument removed more obturation
material than other group. This could be explained
on the basis that the ultrasonic vibrations emerging
from the ultrasonic tip facilitate the dislodgement of
filling material from the root canal walls enabling the
removal of the sealer. The heat that gets generated by
the ultrasonic instrument due to friction results in an
additive effect on gutta-percha causing softening and
dislocation of gutta-percha from the root canal. The
increased amount of the debris in the apical third may
be attributed to the increased diameter along the tip
of ultrasonic tip which is more than that of the master
apical file’s diameter and so the tip may not completely
reach the apical area.

These results may be associated with the
tip vibration, which promotes acoustic transmission
resulting in the breakage and displacement of
the remaining filling material from the root canal
walls [5], [8], [16], [19], [23]. It can also promote
temperature increase [2], [15], [23] which may alter the
filling material structure facilitating its removal through
constant irrigation. In addition, the flat triangular
design of the ultrasonic tip associated with pendulum
movements allows a better adaptation to the root
canal anatomy, touching on the polar and escape
areas, facilitating the removal of the remaining filling
material, and leaving its fragments distributed along
the root canal.

Ultrasonic waves allow the tip to freely move
inside the canal which is essential for easy irrigant
penetration and provides a strong cleaning effect. The
energy is conveyed through ultrasonic waves from the
file to the irrigant produce two physical phenomena:
Acoustic stream and irrigant cavitation. The acoustic
stream is the rapid fluid movement in circular or
vortex cavitation is the distortion of shape around
the file, while the existing bubbles in the irrigant. In
addition, ultrasonic retreatment tip removes sealer and
gutta-percha debris from areas that are inaccessible
to conventional retreatment files. This could be
attributed to gutta-percha plasticization caused by
tip. The combined actions of ultrasonic vibration and
frictional heat enabled the displacement of the filling
material and gutta-percha from the walls of the root
canal [7], [8], [12].

The use of crown-down technique in the
Rogin retreatment Ni—Ti rotary instrumentation system
with early flaring of the coronal part of the preparation
improves instrument control during the preparation of
apical one-third of the canal. It was observed that rotary
instrumentation for gutta-percha removal tends to pull
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the dentinal debris into the file flutes and direct it toward
the coronal aspect of the canal [10], [13].

Rogin retreatment Ni—Ti rotary instrumentation
system has a convex triangular cross-section with three
machined cutting edges which results in decreased
cutting efficiency and smaller dentin chip space. The
apical D3 file with a larger taper of 7% and tip diameter
0.20 mm may attribute to more apical remaining
gutta-percha. In Endostar RE retreatment rotary Ni—Ti
instrumentation system, file nos. 1 and 2 have square
cross-section similar to K-files with four cutting edges
and good elasticity while No. 3 and No. 4 have S-cross-
section with cutting taper/tip diameter of 0.06/30
and 0.04/30, respectively. Residual gutta-percha
percentage may be attributed to S-cross-section design
of No. 3 and No. 4 files which provides positive rake
angle with two cutting edges distributed symmetrically,
increased pitch length, and more cross-sectional space
for enhanced cutting and allowing the debris to move
coronally.

Rogin retreatment Ni—Ti rotary instrumentation
system good performance may be attributed to
their design features. The system comprises three
instruments: D1, D2, and D3 which show progressive
lengths and tapers, enabling them to cut the gutta-percha
and the superficial dentine layer during the removal of
obturation materials. Furthermore, the flute design as
well as the rotary motion tend to pull the gutta-percha
toward the file flutes and guide it toward the orifice of the
canal. Moreover, the rotary motion produces frictional
heat which plasticizes the gutta-percha, rendering it less
resistant and easier to remove [15].

Given the results of the present study, the
complete removal of filling material during non-
surgical root canal retreatment remains a challenge
in endodontics. Thus, the development of new
techniques, instruments, or solutions aiming to promote
the complete removal of the filling materials from the
root canal system presents clinical significance. The
results obtained here suggest that supplementary
techniques are able to reduce the volume of remaining
filling materials. Ultrasonic tips may be considered a
good option. Moreover, the evaluated techniques were
not able to promote complete root canal filling material
removal from the root canal system.

Limitations

The limitations of the present study were
having a relative small sample size. Moreover, the
findings cannot be explorated to all types of teeth as
the samples used in this study relatively have straight
roots. The results of this study cannot be generalized to
multiple rooted teeth, curved canals, open apices, and
incomplete root development cases. In addition, the use

of a non-destructive method such as microcomputed
tomography, in evaluation of the residual root filling
materials, is recommended.

Conclusions

Within the parameters of this study, ultrasonic
retreatment tip file was found to be effective in the
removal of root canal filling material followed by Rogin
retreatment Ni-Ti rotary instrumentation system and
Endostar RE retreatment rotary Ni—Ti instrumentation
system. Nevertheless, we observed incomplete
removal of gutta-percha and sealers from root canals
in all experimental groups. Under the limitations of this
in vitro study, it can be concluded that the retreatment
techniques used were incapable of complete removal
of the filling materials from the root canal walls.

Clinical Relevance

Clinicians should be aware of the new
endodontic systems introduced in the dental field, their
properties, application, and their retreatment efficacy
to be able to have a proper management achieving
favorable retreatment outcomes.

Ethical Approval

The protocol was approved by the Committee
of Research Ethics, Faculty of Dentistry, October 6
University, with approval number RECO6U/7-2021 and
approval date June 3, 2021.
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