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Evaluation of apical extrusion of debris
and centering ability in different nickel-
titanium files during curved root canal
preparation
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Abstract

Background Curved root canals lead to difficulties in cleaning, shaping and filling the root canal system. Apical
extrusion of debris and root canal transportation are important factors causing postoperative complications. In clinical
practice, commonly selected instruments include multifile NiTi systems, such as M3-Pro PLUS (M3-PRO), Orodeka Plex
2.0 (ODP), Rotate (RQOT), and Protaper Gold (PTG), as well as single-file NiTi systems, such as M3-L Platinum 2019 (M3L),
Waveone Gold (WOG), and Reciproc Blue (RCB). This study aimed to comprehensively evaluate the differences in the
apical extrusion of debris and centering ability of the above NiTi files.

Methods Seventy 3D-printed resin teeth were used (n=10). The apically extruded debris was collected in a
preweighed centrifuge tube. The resin teeth with or without root canal preparation were cut into separate cross
sections at 1 mm, 3 mm, 5 mm, and 7 mm away from the root apex, and then the root canal transportation and
centering ratio of each cross section were calculated.

Results Apical extrusion of debris was highest in RCB but lowest in OD-P (P <0.05). Root call deviation was lowest in
ROT at the 3 mm level, in PTG at the 5 mm level, and in PTG and ROT at the 7 mm level (P <0.05). The centering ratio

of NiTi files was highest in the RCB group at the 3 mm level, in the PTG group at the 5 mm level, in the ROT group at

the 7 mm level (P <0.05).

Conclusions For NiTi files with the same system, the cross-sectional design is the greatest factor affecting the
extrusion of debris, and motion mode is the second. In addition, the multifile system could reduce the degree of root
canal transportation.

Keywords Apical extrusion of debris, Canal transportation, Centering ratio, Nickel-titanium file, Root canal
preparation
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Background

Root canal therapy is an effective method for treating
pulp and periapical diseases [1]. Since 1853, the key to
root canal therapy has been eliminating the source of
infection [2]. Root canal preparation and disinfection are
the main methods used to remove the infection source
entirely [3]. Root canal preparation aims to clear the dis-
eased pulp tissue and bacterial products in the root canal
while providing sufficient space to deliver drugs, dress-
ings, and other materials into the canal. During root
canal preparation, the mechanical action of preparation
instruments and the chemical effects of irrigation fluid
play a crucial role in achieving root canal debridement
and disinfecting the root canal system [4]. During prepa-
ration, dentine debris, pulp tissue residue, bacteria and
their products may be pushed to the end of the root canal
or out of the apical foramen into the periapical tissue [5].
This is among the primary causes of postoperative pain,
such as flare-ups after root canal therapy [6]. In addition,
due to the complex anatomy of the root canal and some
limitations of preparation instruments, adverse condi-
tions, such as step formation, lateral perforation and root
canal transportation, may occur during root canal prepa-
ration [7]; as a result, the long-term curative effect and
even the preservation of natural teeth are affected.

The rate of curved root canals is very high, and approx-
imately 84% of root canals are curved [8]. Curved root
canals lead to difficulties in cleaning, shaping and filling
the root canal system. Compared to straight root canals,
the preparation of curved root canals necessitates greater
instrument performance. To improve the success rate of
root canal treatment in curved root canals, all aspects
of preparation instruments, such as the material, manu-
facturing techniques, and morphological structure, are
continually being developed and improved. In 2008, a
single-file for reciprocating motion was introduced. In
the single-file system, several problems are eliminated,
including the need to frequently replace instruments and
constantly adjust motor parameters in multifile systems,
further improving the efficiency of root canal preparation
[9]. In this study, representative instruments of multifile
NiTi systems, such as M3-Pro PLUS (M3-PRO), Orodeka
Plex 2.0 (OD-P), Rotate (ROT), and Protaper Gold (PTG),
as well as single-file NiTi systems, such as M3-L Plati-
num 2019 (M3L), Waveone Gold (WOG), and Reciproc
Blue (RCB), were selected as the experimental objects.
In research on the amount of apical extruded debris,
only Elashiry et al. [10] reported that RCB produced
more debris than that of WOG. In addition, although
some researchers studied apical debris extrusion of ROT
[11], there was no comparison with any NiTi files, such
as M3L, M3-PRO, and so on. Regarding the centering
ability, only Silva et al. [12] reported that the root canal
transportation of RCB is smaller than that of PTG at the
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apical third. In summary, no studies have comprehen-
sively evaluated the differences in the apical debris extru-
sion and centering ability of the seven NiTi files.

In investigations on the performance of NiTi instru-
ments, the isolated teeth were mostly used as research
models. Due to individual differences, it is difficult to
standardize the morphology, apical diameter and tooth
hardness of natural teeth; hence, the sample consistency
is low, and the reference value of the experimental results
is limited. However, the consistency of 3D-printed teeth
is excellent, as almost the same working length, root canal
curvature and root canal morphology are achieved, which
can effectively eliminate experimental errors. Accord-
ing to Ronald [13], the hardness of resin models was not
significantly different from that of dentin, and there were
no problems, such as resin softening or instrument sepa-
ration, during the preparation of the resin model. Gok,
Yoshio and many other scholars [14—16] have indicated
that 3D-printed teeth can gradually replace isolated teeth
and serve as new models for evaluating the performance
of root canal preparation instruments.

This study used 3D-printed resin teeth as samples to
systematically compare apical debris extrusion and cen-
tering ability among M3L, WOG, RCB, M3-PRO, OD-P,
ROT, and PTG. This is expected to provide a reference
and experimental basis for the preferred selection of
preparation instruments in root canal therapy, especially
in curved root canal therapy.

Methods

Selection and calculation of samples

The sample size was estimated by analysis of variance
(GPower 3.1.9 software) based on data from previous
studies [17]. Considering the effect size of 0.5, the test
power of 0.85, a=0.05 and 7 experimental groups, the
sample size of each group was set to at least 10 teeth after
calculation. A total of 70 3D-printed resin teeth imitating
the right maxillary canine were used in this study, and the
shape of the resin tooth is shown in Figure S1. Accord-
ing to the method proposed by Schneider [18], the root
canal curvature of resin teeth was measured to be 45°.
To standardize the operation process and unify the refer-
ence point, the crown of each resin tooth was removed
2 mm from the tip using a dental high-speed handpiece,
and the final length of all teeth was uniform at 19 mm.
The access cavity of the resin teeth were then opened by a
high-speed split drill and ball drill with an air-water spray
cooling system. The canal patency was verified by insert-
ing a #10 K file (Dentsply, Switzerland) until the tip of
the file could be seen in the apical foramen under a den-
tal stereomicroscope (Zeiss, Germany). Then, the length
of the file was recorded, and the working length was the
length of the file minus 1 mm.
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Experimental group design

Seventy 3D-printed resin teeth were divided into 7
experimental groups (n=10). Group 1: M3L Platinum
Edition 2019 (M3L, United Dental Changzhou, China);
Group 2: M3-Pro Plus (M3-Pro, United Dental Chang-
zhou, China); Group 3: Orodeka Plex 2.0 (OD-P, Oro-
deka, China); Group 4: Reciproc Blue (RCB, VDW,
Germany); Group 5: Rotate (ROT, VDW, Germany);
Group 6: Waveone Gold (WOG, Dentsply, Switzerland);
and Group 7: Protaper Gold (PTG, Dentsply, Switzer-
land). The alloy type, movement mode, cross-sectional
shape and system composition of aforementioned NiTi
files are shown in Table S1.

Root canal preparation

All root canal preparations were performed by one of
the authors. All NiTi instruments were equipped with
an X-Smart Plus motor and matched handle. Distilled
water served as the root canal irrigation solution. A new
set of corresponding NiTi files was used individually for
each resin tooth. The root canal was prepared by “peck-
ing” or “pulling’, advancing approximately 2—3 mm each
time until the apical diameter was 0.25 mm. The file was
immediately withdrawn from the root canal when the
movement of the file was resisted, and the file rotation
time in the root canal did not exceed 5 s. The surface of
the file was cleaned by a 75% alcohol cotton ball after the
file was withdrawn or replaced, and the root canal was
rinsed with 2 ml distilled water, back-filtered using #10
K, and rinsed with 1 ml distilled water again. The above
cycle was repeated until the preparation was completed.
The motion parameters of the instruments are shown in
Table S2. In addition, multifile systems were used from
top to bottom.

Collection and weighing model for apically extruded
debris

The model for the collection of apically extruded debris
was first established by Myers and Montgomery [19]. In
this study, we modified the model based on the latest
relevant articles [20, 21]. Figure S2 shows the simplified
process of this experiment. The details are as follows: (1)
A 20 ml centrifuge tube without the cap was weighed
on an electronic balance (accuracy: 10~* g). Each tube
was measured three times, and the average value was
recorded as the initial weight of the centrifuge tube. (2)
A hole was punched in the center of the centrifuge tube
lid. The resin teeth were fixed on the centrifuge tube lid
with the cemento-enamel junction as the boundary, and
a 27-gauge needle was inserted to balance the pressure.
The gap was sealed with light-curing resin. The centrifuge
tube was fixed on the glass bottle to facilitate the opera-
tor’s operation and prevent the operator from touching
the outer wall of the tube. A rubber dam was used to
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isolate the tooth from the underlying device and prevent
the operator from observing the apical foramen during
preparation. The experimental device is shown in Figure
S3. (3) The total amount of irrigant was 10 ml for either
single or multiple files, and root canal was rinsed with 2
ml distilled water every time the single file was removed
or multiple files were replaced. If the amount of irrigant
was less than 10 ml after preparation, we continued rins-
ing until 10 ml of irrigant was available. Then, the root
apex was rinsed in the tube with 1 ml distilled water to
collect debris adhering to the apical surface. In other
words, 11 ml distilled water was used in the process. (4)
Centrifuge tubes were placed in a 70 ‘C incubator for 2
weeks until completely dry and then weighed. The aver-
age value was the final weight of the tube. The weight of
the apically extruded debris is the final weight of the tube
minus the initial weight of the tube.

Centering ability

The centering ability of each file was determined by cal-
culating the root canal transportation and centering
ratio at different observation planes. Based on previous
studies [22], planes at 1 mm, 3 mm, 5 and 7 mm from
the apical foramen were used as the observation planes
in this study, and the resin teeth after root canal prepa-
ration were cut into separate cross sections at the afore-
mentioned four positions (Figure S4). Three resin teeth
without root canal preparation were also cut into sepa-
rate cross sections at the same position, and their average
value was used as the data before root canal prepara-
tion. According to the method proposed by Gambill [23]
(Figure S5), each cross section was observed under a
stereo microscope (Zeiss, Germany), and the obtained
images were measured using ZEN 2011 software (Figure
S6). The following data of each observation plane were
recorded: Al: The minimum distance between the mesial
root surface and the mesial root canal wall before root
canal preparation; A2: The minimum distance between
the mesial root surface and the mesial root canal wall
after root canal preparation; B1: The minimum distance
between the distal root surface and the distal root canal
wall before root canal preparation; B2: The minimum dis-
tance between the distal root surface and the distal root
canal wall after root canal preparation. Root canal trans-
portation = [(A1-A2) - (B1-B2)]. The closer the value is
to 0, the smaller the root canal transportation; a positive
value represents mesial movement, while a negative value
represents distal movement. The plus or minus signs
only indicate the direction of root canal transportation
and have no mathematical significance. When (A1-A2) is
less than (B1-B2), the axis center rate = (A1-A2)/(B1-B2);
when (A1-A2) is greater than (B1-B2), the axis center rate
= (B1-B2)/(A1-A2). The closer the centering ratio is to 1,
the better the centering ability.
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Table 1 Mean, standard deviation, and F-test results of the
amount of apically extruded debris in each experimental group

Groups Mean (g) Standard  F-test
deviation F P

M3-L platinum 2019 0.008390" 00001663  2719.079  0.000
M3-PRO plus 0.0096008 0.0001563
Orodeka Plex 2.0 0.006600¢  0.0001633
Reciproc blue 0.014370°  0.0001567
Rotate 0013593 0.0001376
Waveone Gold 0.008290"  0.0001663
Protaper Gold 0.008390"  0.0002685
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Fig. 1 The apical debris extrusion in each group. Groups marked by dif-
ferent letters are significantly different from each other (P<0.05), whereas
marked with the same letter are not (P>0.05)

Statistical analysis

SPSS 26.0 software was used for statistical analysis. Lev-
ene’s test was first used to verify the homogeneity of
variance of the data. Data with homogeneous variance
(P>0.05) were then statistically analyzed using one-way
ANOVA analysis and post hoc Tukey’s test with the sig-
nificance level set at 5%. Otherwise, the nonparamet-
ric Kruskal-Wallis test was applied for the data without
homogeneous variance (P<0.05). If there was a certain
difference between groups, the Bonferroni correction
method was further used for pairwise comparison with
the significance level set at 5%.

Results

Amount of apically extruded debris

The data were confirmed to meet homogeneity vari-
ance by Levene’s test (P>0.05), so one-way ANOVA
analysis and post hoc Tukey’s test were used for further
analysis. The amount of apically extruded debris was
ranked as follows: RCB>ROT>M3-PRO>M3L, WOG,
PTG>OD-P. The amount of apically extruded debris was
highest in the RCB group, and lowest in the OD-P group
(P<0.05). There was no significant difference among the
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M3L, WOG and PTG groups (P>0.05); in addition, the
other groups all showed significant differences between
each other (P<0.05) (Table 1; Fig. 1).

There are significant differences between groups
marked by different superscript letters (P<0.05). There is
no significant difference between groups marked with the
same superscript letter (P>0.05).

Centering ability

Root canal transportation of the observation plane at 1 mm
from the root apex

Levine’s test showed that the root canal transportation
of the plane at 1 mm from the root apex did not meet
the homogeneity of variance (P=0.000, P<0.05). The
nonparametric Kruskal-Wallis test indicated that there
were significant differences in root canal transporta-
tion among the different groups (H=32.189, P<0.000).
After Bonferroni correction was performed, the results
showed that there was a significant difference between
M3L and WOG (P=0.000) and between WOG and PTG
(P=0.004). In addition, there was no significant differ-
ence among the remaining groups (Fig. 2A).

Root canal transportation of the observation plane at 3 mm
from the root apex

Levine’s test confirmed that root canal transportation of
the plane at 3 mm from the root apex met the homogene-
ity of variance (P=0.456, P>0.05); furthermore, one-way
ANOVA analysis and post hoc Tukey’s test were used
(x=0.05). The root call deviation data were ranked as fol-
lows: M3L, M3-PRO>WOG, PTG, OD-P>RCB>ROT.
The root call deviation was highest in M3L and M3-PRO
but lowest in ROT. There was no significant difference
between M3L and M3-PRO, among WOG, PTG, and
OD-P (P>0.05), and the differences among the other
groups were statistically significant (P<0.05) (Table 2;
Fig. 2B).

The positive value represents mesial movement, while
the negative value means distal movement. The plus or
minus signs only indicate the direction of root canal
transportation and have no any mathematical signifi-
cance. There are significant differences between groups
marked by different superscript letters (P<0.05). There is
no significant difference between groups marked with the
same superscript letter (P>0.05).

Root canal transportation of the observation plane at 5 mm
from the root apex

The root canal transportation of the plane at 5 mm
from the root apex was verified to meet homogene-
ity of variance using Levine’s test (P=0.063, P>0.05).
The root canal transportation was ordered as follows:
OD-P>M3-PRO>M3L, RCB, ROT>WOG>PTG. The
root call deviation was notably highest in OD-P but
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Fig. 2 Root canal transportation of four observation planes. (A) Root canal transportation of plane at T mm from the root apex. (B) Root canal transporta-
tion of the plane at 3 mm from the root apex in each group. (C) Root canal transportation of the plane at 5 mm from the root apex in each group. (D) Root
canal transportation of the plane at 7 mm from the root apex in each group. Groups marked by different letters are significantly different from each other
(P<0.05), whereas marked with the same letter are not significantly different (P> 0.05). Abbreviations: IQR, interquartile range; M3-L, M3-L Platinum 2019;
M3-PRO, M3-Pro PLUS; OD-P, Orodeka Plex 2.0; RCB, Reciproc Blue; ROT, Rotate; WOG, Waveone Gold; PTG, Protaper Gold

Table 2 Mean, standard deviation, and F-test results of root
canal transportation of the observation plane at 3 mm from the
root apex in each experimental group

Table 3 Mean, standard deviation, and F-test results of root
canal transportation of the observation plane at 5 mm from the
root apex in each experimental group

Groups Mean Standard F-test Groups Mean (pixel)  Standard F-test
(pixel) deviation F P deviation F [
M3-L platinum 2019 -11.85600"  0.359529 542.354  0.000 M3-L platinum 16.58300% 0494313 4418126 0.000
M3-PRO plus -11.84600" 0297751 2019
Orodeka Plex 2.0 1065320°  0.268996 M3-PRO plus 18.53340° 0.637081
Reciproc blue 474980C 0509213 Orodeka Plex 20 41.70580°¢ 0.144895
Rotate -1.98760°  0.428302 Reciproc blue 16.62460 " 0.386281
Waveone Gold -11.21360°  0.168897 Rotate 16.52880% 0.501947
Protaper Gold -11.04900° 0513371 Waveone Gold 3.29980° 0.295201
Protaper Gold 243640 0419523

lowest in PTG. There was no significant difference among
the M3L, RCB and ROT groups (P>0.05); beyond that,
the differences among the remaining groups were statisti-
cally significant (P<0.05) (Table 3; Fig. 2C).

The positive value represents the mesial movement,
while the negative value means the distal movement. The
plus or minus signs only indicate the direction of root
canal transportation without any mathematical signifi-
cance. There are significant differences between groups
marked by different superscript letters (P<0.05). There is

no significant difference between groups marked with the
same superscript letter (P>0.05).

Root canal transportation of the observation plane at 7 mm
from the root apex

Levene’s test showed that the root canal transportation
of the plane at 7 mm from the root apex satisfied the
homogeneity of variance (P=0.113, P>0.05). The root
canal transportation was ranked in the following order:
OD-P>M3L>M3-PRO>WOG, RCB>PTG, ROT. The
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root canal transportation was clearly highest in the OD-P
group, and lowest in the PTG and ROT groups. In addi-
tion, there was no significant difference between WOG
and RCB, PTG and ROT (P>0.05), and the differences
among the other groups were statistically significant
(P<0.05) (Table 4; Fig. 2D).

The positive value represents the mesial movement,
while the negative value means the distal movement. The
plus or minus signs only indicate the direction of root
canal transportation without any mathematical signifi-
cance. There are significant differences between groups
marked by different superscript letters (P<0.05). There is
no significant difference between groups marked with the
same superscript letter (P>0.05).

Centering ratio

Centering ratio of the plane at 1 mm from the root apex
Levene’s test showed that the centering ratio of the plane
at 1 mm from the root apex did not satisfy the homo-
geneity of variance (P=0.001, P<0.05). The nonpara-
metric Kruskal-Wallis test indicated that there were
significant differences in the centering ratio between
different groups (H=33.347, P=0.000). The Bonferroni
correction further showed that there was significant
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Table 4 Mean, standard deviation, and F-test results of root
canal transportation of the observation plane at 7 mm from the
root apex in each experimental group

Groups Mean Standard F-test
(pixel) deviation F [

M3-L platinum 2019 16.05600*  0.738583 1014.762  0.000
M3-PRO plus 6.732408 0617122

Orodeka Plex 2.0 2412060 0.273250

Reciproc blue -400600°  0.908378

Rotate -2.79900 & 0442430

Waveone Gold 426460° 0356044

Protaper Gold 3.13380F 0411802

differences between M3L group and WOG group, M3L
group and M3-PRO group, and WOG group and PTG
group (P<0.05); beyond that, there was no significant dif-
ference among the other groups (Fig. 3A).

Centering ratio of the plane at 3 mm from the root apex

The centering ratio of the plane at 3 mm from the root
apex satisfied the homogeneity of variance by Levene’s
test (P=0.146, P>0.05). Therefore, one-way ANOVA
analysis and post hoc Tukey’s test were used for further
analysis («=0.05). The center rate was ranked as follows:
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Fig. 3 Centering ratio of four observation planes. (A) Centering ratio of the plane at T mm from the root apex in each group. (B) Centering ratio of the
plane at 3 mm from the root apex in each group. (C) Centering ratio of the plane at 5 mm from the root apex in each group. (D) Centering ratio of the
plane at 7 mm from the root apex in each group. Groups marked by different letters are significantly different from each other (P < 0.05), whereas marked
with the same letter are not significantly different (P>0.05). Abbreviations: IQR, interquartile range; M3-L, M3-L Platinum 2019; M3-PRO, M3-Pro PLUS;
OD-P, Orodeka Plex 2.0; RCB, Reciproc Blue; ROT, Rotate; WOG, Waveone Gold; PTG, Protaper Gold
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Table 5 Mean, standard deviation, and F-test results of centering
ratio of the observation plane at 3 mm from the root apex in
each experimental group
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Table 7 Mean, standard deviation, and F-test results of centering
ratio of the observation plane at 7 mm from the root apex in
each experimental group

Groups Mean Standard F-test Groups Mean Standard F-test
deviation F P deviation F [

M3-L platinum 2019 0677404 0.008620 427431 0.000 M3-L platinum 2019  0.65780 A 0.013103 178904 0.000
M3-PRO plus 067760 " 0.008142 M3-PRO plus 0.80140° 0.016149

Orodeka Plex 2.0 0.76260 8 0.004722 Orodeka Plex 2.0 045420 ¢ 0.005541

Reciproc blue 0.93280 ¢ 0.007190 Reciproc blue 0.82720° 0.036840

Rotate 0.88760° 0.023586 Rotate 0.87820° 0018102

Waveone Gold 0.69640 0.003507 Waveone Gold 062680 " 0.032798

Protaper Gold 0.70060 0011632 Protaper Gold 0.74720F 0.030161

Table 6 Mean, standard deviation, and F-test results of centering
ratio of the observation plane at 5 mm from the root apex in
each experimental group

Groups Mean Standard F-test
deviation F P

M3-L platinum 2019 0.46280° 0.013900 559.117  0.000
M3-PRO plus 0458608 0.016577

Orodeka Plex 2.0 033560 # 0.003715

Reciproc blue 049460 © 0009423

Rotate 0.48360 5 0.013069

Waveone Gold 0.72200° 0.018695

Protaper Gold 0.82880 ¢ 0.027326

RCB>ROT>0OD-P>WOG, PTG>M3L, M3-PRO. The
center rate was highest in the RCB group, and lowest in
the M3L and M3-PRO groups. In addition, there was no
significant difference between WOG and PTG, M3L and
M3-PRO (P>0.05), and the differences between the other
groups were statistically significant (P<0.05) (Table 5;
Fig. 3B).

There are significant differences between groups
marked by different superscript letters (P<0.05). There is
no significant difference between groups marked with the
same superscript letter (P>0.05).

Centering ratio of the plane at 5 mm from the root apex

The center rate of the plane at 5 mm from the root apex
had homogeneity of variance by Levene’s test (P=0.180,
P>0.05). The centering ratio was ordered as follows:
PTG>WOG>RCB, ROT>ROT, M3L, M3-PRO>OD-P.
The center rate was obviously highest in the PTG group,
whereas lowest in the OD-P group. There was no sig-
nificant difference between RCB and ROT, among M3L,
M3-PRO and ROT (P>0.05), and the differences between
the other groups were statistically significant (P<0.05)
(Table 6; Fig. 3C).

There are significant differences between groups
marked by different superscript letters (P<0.05). There is
no significant difference between groups marked with the
same superscript letter (p>0.05).

Centering ratio of the plane at 7 mm from the root apex

The center rate of the plane at 7 mm from the root apex
was confirmed to meet the homogeneity of variance using
Levene’s test (P=0.117, P>0.05). The centering ratio was
ranked as follows: ROT>RCB, M3-PRO>PTG>M3L,
WOG>OD-P. The centering ratio was highest in the
ROT group (the highest average value closest to 1), and
clearly lowest in the OD-P group. There was no signifi-
cant difference between RCB and M3-PRO, M3L and
WOG (P>0.05), and the differences between the other
groups were statistically significant (P<0.05) (Table 7;
Fig. 3D).

There are significant differences between groups
marked by different superscript letters (P<0.05). There is
no significant difference between groups marked with the
same superscript letter (P>0.05).

Discussion

It is well known that dentin debris, especially infected
debris in the infected root canal can be extruded by Ni-Ti
files, causing postoperative complications [5]. Hence,
the representative instruments of multifile systems, such
as M3-PRO, OD-P, ROT, PTG, and RCB, as well as the
typical instruments of single-file systems, such as M3L,
WOG, and RCB, were systematically compared in this
study. We modified the experimental model for collect-
ing the debris based on the model established by Myers
and Montgomery [24]. The centrifuge tube for collection
of debris was placed on a glass bottle, and a rubber dam
was used to isolate the device below the cemento-enamel
junction of the tooth, which is similar to the clinical situ-
ation. The principal advantage of this model is that the
operator can only observe the root canal orifice, thus the
experimental results are not affected by bservations of
the apical foramen.

Elashiry [10] et al. compared the difference in the extru-
sion of apical debris between WOG, RCB, and HyFlex
EDM, and found that the amount of apically extruded
debris was statistically similar between RCB and WOG.
Recai Zan [25] et al. found that there was no significant
difference in the amount of apically extruded debris
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between the WOG and PTG groups in isolated mandibu-
lar incisors. In this study, we found that WOG and PTG
were statistically similar, while the RCB value was higher,
which may be because the length of resin teeth used in
this study was longer than that of real teeth in other stud-
ies. According to a meta-analysis study, no significant dif-
ference was observed in the amount of apically extruded
debris between a single-file system and multifile system
[26]. Our results were consistent with this conclusion,
as no significant differences were observed between the
single-file system WOG and multifile system PTG. A
recent meta-analysis [27] demonstrates that a single-file
reciprocating system tends to cause greater debris extru-
sion than that of a single-file rotating system. Our results
also revealed that the apically extruded debris was higher
in the reciprocating system RCB than in the rotating sys-
tem M3L. Unexpectedly, there was no clear difference
in debris extrusion between reciprocating system WOG
and rotating system M3L, which may be because the
parallelogram-shaped cross section of WOG reduced the
extrusion of apical debris. Namely, the effect of the cross-
sectional shape even exceeds the effect of the movement
mode on the extrusion of apical debris.

In the present study, the extrusion of apical debris was
lowest in the OD-P group. This might be because the tip
of OD-D, a safe guide tip without a blade, provides a guid-
ing rather than cutting ability, reducing the extrusion
of dentin debris from the apical part of the root canal.
Moreover, the unique “3S”-shaped cross section and the
gradually elongated thread design of OD-P increase the
discharge space of debris during root canal preparation,
which greatly lessens the extrusion of debris through the
apical foremen. ROT is another new NiTi system from
VDW and introduces an S-shaped cross section with
higher cutting efficiency on the basis of RCB. This cross
section decreases the cutting area of dentin and there-
fore the production of dentin debris, which may explain
why the extrusion of apical debris is less in ROT than
in RCB. These findings agree with the results of several
studies, which indicates that the cross-sectional design of
the instrument is the main parameter affecting the extru-
sion of apical debris [28-30]. In earlier studies, there
was a significant difference between the hardness of the
resin block and dentin, and the heat generated during
instrument rotation may soften the resin block, thereby
increasing the amount of debris. However, with the prog-
ress of material technology, the above shortcomings have
been improved, and the hardness of resin models was not
significantly different from that of dentin. In the research
by Ronald [13] and this study, these shortcomings were
not observed. However, the 3D-printed resin teeth used
in this study could not fully mimic the physiological
structures of dentin, so it is not possible to determine
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whether different instruments cause different dentin
microcracks during root canal preparation.

In the present study, the centering ability of different
NiTi files was evaluated by calculating the root canal
transportation and centering ratio in different planes
according to the method proposed by Gambill [23]. Resin
teeth were cut into separate cross sections at 1 mm,
3 mm, 5 mm, and 7 mm from the root apex, and each
cross section was observed and then measured. The
results showed that the root canal transportation and
centering ratio of the plane at 1 mm from the root apex
did not satisfy the homogeneity of variance; moreover,
there was no significant difference in most of the data.
This may be because the area of the plane at 1 mm from
the root tip is too small, leading to a sharp increase in
mechanical error when cutting the cross section. Accord-
ing to the results of other level planes, we found that RCB
and ROT exhibit relatively superior centering ability,
which may be related to their special blue thermal pro-
cessing. The centering ability of OD-P was second to that
of RCB and ROT at 3 mm but was worst at 5 and 7 mm.
The centering ability of M3L and M3-PRO was worst at
3 mm from the root tip and only better than OD-P at
5 mm, which may be closely connected with their mate-
rial and processing technology. In addition, RCB showed
less root canal transportation than that of PTG at 3 mm,
which was consistent with the results of Silva et al. [12].
However, PTG displayed smaller root canal transpor-
tation than that of RCB at 5 and 7 mm, which may be
associated with the variable taper design of PTG used for
preparing the middle and cervical parts of the canal. For
different file systems from the same brand, the multifile
system PTG showed less root canal transportation and
better centering ability than that of the single-file system
WOG at 3 mm, 5 and 7 mm, although the difference was
not significant at the 3 mm level. In addition, there was
no significant difference in the amount of apical debris
between PTG and WOG and no significant difference
in the centering ability of the single-file system M3L and
the multifile system M3-PRO at 3 and 5 mm. This may
have occurred because M3L and M3-PRO share the
same continuous rotational motion pattern. At the level
of 7 mm, M3-PRO showed better centering ability than
M3L, while M3-PRO simultaneously produced more api-
cal debris than that of M3L. In addition, compared to
single-file RCB, the multifile system ROT showed less
canal transportation at every level, although the differ-
ence at 5 mm is not significant. However, RCB exhibited
a higher axial center ratio than that of ROT at 3 mm level.
Although ROT exhibited the second highest amount of
apically extruded debris among the seven files, its api-
cally extruded debris and centering ability were improved
compared to RCB, which may provide a good reference
for improving the NiTi file in the future.
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Taken together, the results indicated that OD-P showed
the least amount of apically extruded debris and relatively
good centering ability in the apical part of the root canal;
therefore, OD-P is most suitable for heavily infected root
canals. Given that OD-P shows the worst centering ability
in the middle and coronal parts of the root canal, other
brands of opening files and unblocking files can be used
synergistically to complete the upper-middle root canal
preparation. RCB and ROT exhibit the best centering
ability in this study and are suitable for preparing teeth
with thin canal walls to prevent lateral perforation. PTG
can be used in the upper-middle root canals to reduce the
possibility of perforation during root canal preparation
due to its minimal deviation. Although newly developed
NiTi files, such as M3L and M3-PRO, still show a slight
deficiency in centering ability compared with WOG and
PTG, there is no significant difference in the apical extru-
sion of debris among them; hence, the clinical application
prospects of M3L and M3-PRO are promising.

Conclusion

For NiTi files with the same system, the cross-sectional
design is the greatest factor affecting the apical extrusion
of debris. Moreover, compared to the single-file recipro-
cating system, the single-file rotating system tended to
produce more apical debris than single-file reciprocating
system, but the effect of motion mode was inferior to the
effect of the cross-sectional design on the extrusion of
apical debris. In terms of centering ability, compared to a
single-file system, multifile system can better reduce root
canal transportation.

Specifically, OD-P caused the least apical extrusion of
debris and can be used for heavily infected root canals.
RCB or ROT can be used for thin canal preparation to
avoid canal perforation as much as possible. Moreover,
NiTi files from different brands can be mixed to compen-
sate for the shortcomings of using single brand files, and
distinct nickel-titanium files can be used for the upper-
middle and apical parts of the root canal, respectively. All
NiTi files exhibit advantages and disadvantages, but we
can choose and combine the NiTi files flexibly to achieve
the best therapeutic outcome in clinical practice.

Abbreviations

NiTi Nickel titanium
M3-PRO M3-Pro PLUS

OD-P Orodeka Plex 2.0
ROT Rotate

PTG Protaper Gold

M3L M3-L Platinum 2019
WOG Waveone Gold

RCB Reciproc Blue
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mesial surface, B: distal surface, C: labial surface, D: palatal surface. Figure
S2. Schematic diagram for collection of apical debris. Figure S3. Sche-
matic diagram of the apical debris collection model. Figure S4. Schematic
diagram of cross sections at different distance from the root apex. Figure
S5. Schematic diagram showing the root canal transportation and center-
ing ratio measurement. The red area represents the root canal lumen
before root canal preparation, while the blue area represents the root ca-
nal lumen after root canal preparation. Figure S6. Cross-sectional images
before and after root canal preparation in different experimental groups.

Authors’ contributions

Dongsheng Yu, Jing Gao: Conceptualization, Methodology, Software.
Dongsheng Yu, Li Guo: Data curation, Writing- Original draft preparation.
Degin Yang: Supervision. Jie Liu: Software, Validation. Li Guo, Degjin Yang:
Writing- Reviewing and Editing.

Funding

The work was supported by the National Natural Science Foundation of
China (N0.31970783, N0.32270888), Program for Top talent Distinguished
Professor from Chongging Medical University (NO. [2021] 215), Program for
Youth Innovation in Future Medicine from Chongging Medical University (No.
W0060).

Data availability
All data analyzed during this study are included in this article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interest
The authors declare that they have no competing interests.

Received: 20 December 2022 / Accepted: 22 May 2023
Published online: 15 June 2023

References

1. BurnsL, Kim J,WuY, Alzwaideh R, McGowan R, Sigurdsson, Allej. Outcomes
of primary root canal therapy: an updated systematic review of longitudinal
clinical studies published between 2003 and 2020. 2022, 55(7):714-31.

2. Ordinola-Zapata R, Noblett W, Perez-Ron A, Ye Z, Vera J. Present status and
future directions of intracanal medicaments. Int Endod J 2022:613-36.

3. Ali A Bhosale A, Pawar S, Kakti A, Bichpuriya A, Agwan M. Current Trends in
Root Canal Irrigation. Cureus. 2022;14(5):e24833.

4. Cail, Tang X, Ge JJlej. Effect of irrigation on surface roughness and fatigue
resistance of controlled memory wire nickel-titanium instruments. 2017,
50(7):718-24.

5. de Carvalho G, Sponchiado Junior E, Garrido A, Lia R, Garcia LF. Marques
AlJJoe: apical transportation, centering ability, and cleaning effectiveness of
reciprocating single-file System Associated with different glide path tech-
niques. 2015, 41(12):2045-9.

6. Buldur B, Hascizmeci C, Aksoy S, Nur Aydin M, Guvendi OJEjopd. Apical extru-
sion of debris in primary molar root canals using mechanical and manual
systems. 2018, 19(1):16-20.

7. Mamede-Neto |, Borges AH, Alencar AHG, Duarte MAH, Sousa Neto MD,
Estrela C. Multidimensional analysis of Curved Root Canal Preparation using
continuous or reciprocating nickel-titanium Instruments. Open Dent J.
2018;12:32-45.


http://dx.doi.org/10.1186/s12903-023-03070-3
http://dx.doi.org/10.1186/s12903-023-03070-3

Yu et al. BMC Oral Health

20.

(2023) 23:395

Schéfer E, Diez C, Hoppe W, Tepel J. Roentgenographic investigation of fre-
quency and degree of canal curvatures in human permanent teeth. J Endod.
2002;28(3):211-6.

Avrias A, Peters O. Present status and future directions: canal shaping. Int
Endod J 2022:637-55.

Elashiry MM, Saber SE, Elashry SH. Apical extrusion of debris after canal shap-
ing with three single-file systems. Niger J Clin Pract. 2020,23(1):79-83.
Duzgun S, Topcuoglu HS, Kahraman O. Evaluation of apically extruded debris
during the canal preparation using new heat-treated nickel-titanium files in
curved canals. Aust Endod J. 2021;47(1):54-8.

Silva RV, Alcalde MP, Horta MC, Rodrigues CT, Silveira FF, Duarte MA, Nunes

E. Root canal shaping of curved canals by Reciproc Blue system and

pro taper gold: a micro-computed tomographic study. J Clin Exp Dent.
2021;13(2):e112-8.

Ordinola-Zapata R, Bramante CM, Duarte MA, Cavenago BC, Jaramillo D,
Versiani MA. Shaping ability of reciproc and TF adaptive systems in severely
curved canals of rapid microCT-based prototyping molar replicas. J Appl Oral
Sci. 2014,22(6):509-15.

Gok T, Capar ID, Akcay |, Keles A. Evaluation of different techniques for filling
simulated C-shaped canals of 3-dimensional printed Resin Teeth. J Endod
2017:50099239917305617.

Yoshio Y. Yoshiko, Masuda, Takashi, Komabayashi: comparison of apical
centring ability between incisal-shifted access and traditional lingual access
for maxillary anterior teeth. Australian Endodontic Journal 2017.

Yahata Y, Masuda Y, Komabayashi T. Comparison of apical centring ability
between incisal-shifted access and traditional lingual access for maxillary
anterior teeth. Australian Endodontic Journal 2017.

De-Deus G, Belladonna F, Marins J, Silva E, Neves A, Souza E, Machado A,
Lopes R. Versiani MJBdj: on the causality between Dentinal defects and Root
Canal Preparation: a Micro-CT Assessment. 2016, 27(6):664-9.

Schneider S. A comparison of canal preparations in straight and curved root
canals. Oral Surg Oral Med Oral Pathol. 1971;32(2):271-5.

Myers G, Montgomery S. A comparison of weights of debris extruded
apically by conventional filing and Canal Master techniques. J Endod.
1991;17(6):275-9.

Débora D, Daiana B, Bender HC, Soares GA, Poli KPM. Apically extruded debris
in filling removal of curved canals using 3 NiTi systems and hand files. Braz
Dent J. 2018;29(1):54.

Pawar A, Pawar M, Kfir A, Thakur B, Banga KS. Effect of glide path prepara-
tion on apical extrusion of debris in root canals instrumented with three

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 10 of 10

single-file systems: an ex vivo comparative study. J Conservative Dentistry
Jcd. 2017;,20(2):110-4.

Kabil E, Kati¢ M, Anic |, Bago 1JJoe. Micro-computed evaluation of Canal
Transportation and Centering ability of 5 rotary and Reciprocating Systems
with different Metallurgical Properties and Surface Treatments in Curved
Root Canals. 2021, 47(3):477-84.

Gambill J, Alder M, del Rio C. Comparison of nickel-titanium and stainless
steel hand-file instrumentation using computed tomography. J Endod.
1996;22(7):369-75.

Delai D, Boijink D, Hoppe C, Grecca A, Kopper, PJBdj. Apically extruded debris
in filling removal of curved canals using 3 NiTi systems and hand files. 2018,
29(1):54-9.

Zan R, Tunc T, Hubbezoglu |, Stimer Z. Apical extrusion of intracanal biofilm
using ProTaper Gold, WaveOne Gold,twisted file adaptive, OneShape New
Generation and K3XF. Eur Endod J. 2016;1(1):1-6.

Caviedes-Bucheli J, Castellanos F, Vasquez N, Ulate E, Munoz HR. The influ-
ence of two reciprocating single-file and two rotary-file systems on the
apical extrusion of debris and its biological relationship with symptomatic
apical periodontitis. A systematic review and meta-analysis. Int Endod J.
2016;49(3):255-70.

Ahmad MZ, Sadaf D, MacBain MM, Merdad KA. Effect of mode of rotation on
apical extrusion of debris with four different single-file endodontic instru-
mentation systems: systematic review and meta-analysis. Aust Endod J 2022.
Thakur B, Pawar A, Kfir A, Neelakantan PJTjocdp. Extrusion of debris from
primary Molar Root Canals following instrumentation with traditional and
new file Systems. 2017, 18(11):1040-4.

Karatag E, Arslan H, Kinci D, Alsancak M. i.: Quantitative evaluation of apically
extruded debris with twisted file adaptive instruments in straight root canals:
reciprocation with different angles, adaptive motion and continuous rota-
tion. Int Endod J 2016.

Dds LHB, Dds TMP, Dds ANP, Cyntia Rodrigues de Araujo, Estrela DDSM, PhD,
Dds FLMP. Andreza Maria Fabio Aranha DDS M, PhD, Dds OAG: The Influence
of Cervical Preflaring on the Amount of Apically Extruded Debris after Root
Canal Preparation Using Different Instrumentation Systems - ScienceDirect.
Journal of Endodontics 2016, 42(3):465-469.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Evaluation of apical extrusion of debris and centering ability in different nickel-titanium files during curved root canal preparation
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Selection and calculation of samples
	﻿Experimental group design
	﻿Root canal preparation
	﻿Collection and weighing model for apically extruded debris
	﻿Centering ability
	﻿Statistical analysis

	﻿Results
	﻿Amount of apically extruded debris
	﻿Root canal transportation of the observation plane at 1 mm from the root apex
	﻿Root canal transportation of the observation plane at 3 mm from the root apex
	﻿Root canal transportation of the observation plane at 5 mm from the root apex
	﻿Root canal transportation of the observation plane at 7 mm from the root apex


	﻿Centering ratio
	﻿Centering ratio of the plane at 1 mm from the root apex
	﻿Centering ratio of the plane at 3 mm from the root apex
	﻿Centering ratio of the plane at 5 mm from the root apex
	﻿Centering ratio of the plane at 7 mm from the root apex

	﻿Discussion
	﻿Conclusion
	﻿References


