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Introduction: The purpose of this study was to evaluate
apical debris extrusion associated with different kine-
matics in curved root canals. Methods: Forty-five ex-
tracted mandibular molars with root curvature angles
ranging between 20° and 40° and curvature radii
<10 mm were randomly assigned to 3 groups
(n = 15) according to the kinematics used for root canal
preparation: reciprocating motion with the WaveOne
Gold system (Dentsply Tulsa Dental, Tulsa, OK), rotary/
reciprocating motion with the Twisted File Adaptive sys-
tem (SybronEndo, Orange, CA), and the manual tech-
nique. The debris apically extruded during preparation
was collected into preweighed Eppendorf tubes. The
tubes were then stored in an incubator at 70°C for
5 days. The extruded debris was quantified by subtract-
ing the preinstrumentation from the postinstrumenta-
tion weight of the Eppendorf tubes. The time required
for each instrumentation procedure was recorded.
Data were analyzed using 1-way analysis of variance Tu-
key post hoc tests (< = 0.05). Results: The WaveOne
Gold reciprocating single-file system was associated
with less extrusion of debris compared with hand files
(P < .05) and the Twisted File Adaptive system
(P > .05). The preparation time required by hand files
was significantly longer than that required by the other
techniques (P < .05). Conclusions: Under the condi-
tions of this study, all of the instrumentation systems
caused apical debris extrusion to some degree. The
WaveOne Gold reciprocating system was associated
with less debris extrusion in curved root canals
compared with the manual technique and the Twisted
File Adaptive system although the difference between
the WaveOne Gold and Twisted File Adaptive systems
was not significant. (J Endod 2018; M :1-4)
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Significance

Different kinematics and a reduced number of in-
struments seem to have influenced the extrusion
of debris favorably, thus supporting the concept
of single-file preparation as beneficial to use in clin-
ical practice.

During the chemome-
chanical preparation
of root canals, dentin
chips, remnants of pulp
tissue, and bacteria can
be conveyed to the apical
third of the canal and
extruded into the perira-
dicular tissues (1). This may cause postoperative pain, flare-ups, and even failure of
apical healing (2, 3), adversely affecting the clinical outcome of endodontic treatment.

The introduction of nickel-titanium (NiTi) files and the technological advances in
the thermal treatment of alloys and kinematics have revolutionized root canal treatment
(4). Although all preparation techniques produce some degree of apically extruded
debris (5), the use of motor-driven instruments has been found to lead to less debris
extrusion compared with hand file techniques (6). Reciprocating systems were de-
signed with the purpose of simplifying root canal instrumentation by reducing the num-
ber of steps and files involved. The recently introduced WaveOne Gold (WOG)
reciprocating system (Dentsply Tulsa Dental, Tulsa, OK) is a single-file system that ap-
plies a special thermal treatment to its instruments for improved physical properties
(gold alloy technology). According to the WOG manufacturer, the tip diameters, tapers,
and cross section (a parallelogram with 2 cutting edges) of the instrument were modi-
fied to provide greater file flexibility compared with that of the earlier WaveOne recip-
rocating system (Dentsply Tulsa Dental) (7). The WOG Primary file is 50% more
resistant to cyclic fatigue than the WaveOne Primary file (8). According to Adigizel
and Capar (9), WOG instruments have proved more resistant to cyclic fatigue than
WaveOne instruments and have exhibited higher resistance to torsional stress and
higher flexibility compared with Twisted File Adaptive (TFA) instruments (SybronEndo,
Orange, CA) (10).

The TFA NiTi system combines continuous rotation and reciprocating motion.
Whenever an increase in stress is detected on the file, the Elements Motor (Sybro-
nEndo) of the system modifies the motion from continuous to reciprocating when
the file is rotated up to 370° clockwise and 50° counterclockwise (11). This adaptive
technology, coupled with the twisted file design that uses an R-phase treatment to in-
crease flexibility, is designed to allow the file to adjust to intracanal torsional forces de-
pending on the amount of pressure placed on the file (11, 12).

To date, few studies have evaluated the apical extrusion of debris in curved canals
with different kinematics (13—15). Furthermore, the extrusion of apical debris in
molars can be influenced by the highly variable anatomy and degree of curvature of
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the root canals in these teeth, a feature that often increases the level of
instrumentation difficulty (16, 17).

To the best of our knowledge, no study is available evaluating the
influence of the WOG reciprocating system on the amount of apically
extruded debris in curved canals. Thus, the aim of this ex vivo study
was to compare the amount of apically extruded debris and instrumen-
tation time associated with the use of the WOG reciprocating single-file
system, the TFA rotary/reciprocating system, and hand files in the instru-
mentation of curved root canals of mandibular molars.

Materials and Methods

Sample Selection

The study protocol was approved by the Institutional Research
Ethics Committee of Federal University of Rio Grande do Sul, Porto Ale-
gre, Rio Grande do Sul, Brazil (register no. 1.413.530). Forty-five ex-
tracted human mandibular molars were collected and stored in
physiological saline solution until use. Inclusion criteria were teeth
with mature apices, without previous endodontic treatment, and with
apical patency. Radiographs of each tooth were taken to select the
root specimens, and their curvature angles were measured using an im-
age analysis program (Adobe Photoshop CS3; Adobe Systems Inc, San
Jose, CA). Angles ranging between 20° and 40° (18) and radii of
curvature <10 mm according to Schafer et al’s (19) method were
included in the study.

Root Canal Preparation

Standard access cavities were made using round diamond burs
(#1014; KG Sorensen, Barueri, SP, Brazil) at high speed and under
air-water spray cooling. After irrigation with distilled water, the cervical
third of the canal was enlarged using an LA Axxess bur #35.06 (Sybro-
nEndo) and a low-speed contra-angle handpiece. Apical patency of all
the root canals was confirmed with 2 #10 K-file (Dentsply Tulsa Dental).

The specimens were mounted on a custom attachment and
scanned in a micro—computed tomographic system (SkyScan 1174
v.2; Bruker-microCT, Kontich, Belgium) using 90 kV, 112 uA, and
12.8-um voxel size parameters. The images were 3 dimensionally re-
constructed with CTan software (version 1.4.32, Bruker-microCT).
The apical diameter of the foramen was selected, delimited using Adobe
Photoshop CS3 software (Adobe Systems Incorporated), and measured,
yielding a mean diameter value of 0.09 + 0.05 mm. The specimens
were randomly assigned (http://www.random.org) to 3 experimental
groups (7 = 15) according to the foramen diameter and angle of cur-
vature as follows:

1. The WOG group: the WOG Primary file (#25.07) was coupled to an
endodontic motor (VDW Silver, Munich, Germany) and set to oper-
ate in the “WaveOne All” mode. The file was used with a slow, in-and-
out pecking motion according to the manufacturer’s instructions.
This protocol was repeated until the working length (WL) was
reached by the WOG #25 file. The flutes of the instrument were
cleaned after 3 pecks.

2. The TFA group: the instruments were coupled to the Elements Mo-
tor; file #25.08 was used to prepare the cervical third; file #25.06
was used up to 2 mm short of the WL, and files #20.04, #25.00,
and #25.08 were used up to the WL.

3. The manual technique group: instrumentation was performed with
FlexoFile hand files (Dentsply Maillefer, Ballaigues, Switzerland) us-
ing the crown-down technique. The coronal third of each canal was
prepared using an LA Axxess bur #35.06. Manual instrumentation
started with instrument sizes 50, 45, 40, 35, 30, and 25 up to the
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WL using the balanced force movement. Apical stop preparations
were performed with file #25.02.

The WL was determined by introducing a #10 K-file (Dentsply
Tulsa Dental) into the canal until visible at the major diameter of the
apical foramen and then subtracting 1 mm from this measurement.
Patency of the canal was checked by taking a #10 K-file to the WL.
The root canals were irrigated with a total volume of 10 mL distilled wa-
ter using a syringe and a 29-G side-vented NaviTip irrigation needle (Ul-
tradent, South Jordan, UT) during canal preparation. Each instrument
was used to prepare only 1 canal, and a single operator performed all
the procedures.

Debris Assessment

The method used for the collection of apically extruded debris
during chemomechanical preparation was adapted from a previous
study (20). The Eppendorf tube stoppers were separated from the
tubes, and their initial weight was determined in a 10~ g precision
analytical balance (Sartorius, Gottingen, Germany). Three consecutive
weights were obtained for each tube, and their mean value was calcu-
lated. Each tooth was inserted into the Eppendorf tube stoppers up to
the cementoenamel junction. A 27-G needle was placed alongside the
stopper to equalize the internal and external pressures.

After instrumentation was completed, the stopper, needle, and
tooth were separated from the Eppendorf tube, and the debris adhered
to the root surface was collected by washing the root with 1 mL distilled
water while in the tube. The tubes were stored in an incubator at 70°C
for 5 days to allow the distilled water to evaporate (21). The Eppendorf
tubes containing the extruded debris were then weighed again in the
same way to obtain the final mean weights of the tubes. Each tube
was weighed in triplicate, and its mean weight value was calculated.
The amount of extruded debris was calculated by subtracting the weight
of the empty Eppendorf tube from the final weight of the assembly. An
examiner blinded to all the experimental groups performed all weight
measurements.

Preparation Time

The time elapsed during canal preparation was recorded using a
digital timer (SportLine, Elmsford, NY) and included the total active
instrumentation, instrument changes within the sequence, and irriga-
tion procedures.

Statistical Analyses

The amount of extruded debris and the preparation time periods
were statistically analyzed using SPSS software (IBM SPSS, Chicago, IL).
Analysis of variance and post hoc Tukey tests were used in the analyses.
The significance level adopted was 5%.

Results

The WOG reciprocating single-file system was associated with less
extrusion of debris compared with the hand files (P = .036) and the TFA

TRABLE 1. The Mean and Standard Deviation (SD) Values for the Amount of
Apically Extruded Debris in Each Study Group (in Milligrams)

Group Mean SD
WOG 9.69" 0.76
TFA 10.46"8 0.96
MT 10.538 0.93

MT, manual technique; TFA, Twisted File Adaptive system; WOG, WaveOne Gold system.
Values for the groups marked with different superscript letters were significantly different (P < .05).
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system (Table 1) although the difference between the WOG and TFA sys-
tems was not significant (P = .059). The time required to complete
manual instrumentation was significantly longer than that required by
the other techniques (P < .05). There was no significant difference be-
tween the WOG and TFA systems with respect to the time required for
preparation (P > .05) (Table 2).

The apical extrusion of debris during chemomechanical prepara-
tion has been reported in the literature; however, many factors affect the
amount of debris extruded such as the preparation technique; kine-
matics; and the number, design, and size of the instruments used in
each system (22). A reduction in debris extrusion is desirable to
help reduce postoperative pain after root canal treatment (5).

The majority of studies found in the literature have used single-
rooted teeth with relatively straight root canals. Nevertheless, high
anatomic variability and differences in root canal curvature have
been reported to influence the effectiveness of several NiTi engine-
driven systems (5). The use of mesial roots of mandibular molars in
this study represents an approximation of a laboratory experiment to
the actual challenge faced by clinicians (14).

The results indicate that apical extrusion of debris occurred in all
the instrumentation systems tested. However, the WOG reciprocating
single-file system produced less debris extrusion than the hand files
and TFA but with no statistically significant difference in relation to
the latter. It is well-documented that hand files extrude more debris
than reciprocating single-file or rotary systems (13, 23).

These results confirm those found by Ustiin et al (22) and De Deus
etal (13) for reciprocating systems, who attributed this advantage to the
balanced force and pressureless mechanics provided by these systems.
Moreover, the parallelogram-shaped design of the cross section of the
WOG instrument with cutting edges, alternate 1-point contact, and
improved alloy (M-Wire Gold) could also be linked to a low level of
debris extrusion (24).

In contrast, some results appear to confirm the hypothesis that
faster mechanical preparations with a reduced number of instruments
tend to force more debris through the apex. Biirklein and Schafer (25)
concluded that rotary motion was associated with less debris extrusion
compared with a reciprocating single-file system. Corroborating this
conclusion, Karatag et al (11) assessed the amount of debris extrusion
using the TFA system with different kinematics and reported that rotary
motion was associated with less debris extrusion than reciprocating
motion. On the other hand, Kogak et al (21) found no difference be-
tween the reciprocating and rotary motions.

The adaptive motion concept is based on the differential stress
endured by the file during instrumentation, which may depend on
root canal anatomy and curvature (11). Taking this into account, spe-
cial care was taken to compose groups that were as balanced as possible
in terms of angle and radius of root curvature. During the instrumenta-
tion of specimens with TFA files, there was a predominance of contin-
uous rotation, even with root angles ranging between 20° and 40° and

TRABLE 2. The Mean and Standard Deviation (SD) Values for the Preparation
Time in Each Study Group (in Seconds)

Group Mean SD
WOG 757 13
TFA 954 49
MT 1608 10

MT, manual technique; TFA, Twisted File Adaptive system; WOG, WaveOne Gold system.
Values for the groups marked with different superscript letters were significantly different (P < .05).
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curvature radii <10 mm. Nevertheless, instrumentation with TFA files
proved more difficult in reaching the WL in curved root canals
compared with the other instruments. This may be attributed to their
lower flexibility and different cross section compared with WOG
(10). These findings are confirmed by observing the greater standard
deviation values found for TFA in the preparation time assessment.

In addition to setting a limited range for root canal curvature dur-
ing specimen selection in an attempt to reduce variation, further mea-
sures were taken to ensure a reliable, nonbiased comparison of the
study groups. The apical diameter was standardized at ISO #25 to pre-
vent variation in the amount of debris extruded. When sodium hypo-
chlorite is used as an irrigating solution, sodium crystals cannot be
separated from the debris and may change the results; for this reason,
bidistilled water was used (5). Moreover, the apical foramen areas were
measured to further reduce bias. Previous studies did not standardize
the apical foramen size, which could explain the different results con-
cerning apical debris extrusion (26, 27). According to Tanalp and
Giingor (5), standardization of the apical foramen size is an important
issue and should be considered.

The instrumentation time required by the reciprocating single-file
and adaptive motion systems for root canal preparation was shorter
than that required by hand files. Therefore, different kinematics and
areduced number of instruments seem to have influenced the extrusion
of debris favorably, thus supporting the concept of single-file prepara-
tion as beneficial to use in clinical practice.

Nonetheless, although reducing the amount of debris extruded to
the periapical region is a goal sought by clinicians and manufacturers
alike, the performance increment made by each individual development
in technique or instrument design and properties may not have the ex-
pected clinical impact, particularly considering that the balance be-
tween microbial aggression and host defenses may be the
predominant factor involved (3). However, the search for improved in-
struments and protocols along with the research necessary to verify it is
a continuing endeavor that should be encouraged.

Conclusions
Under the conditions of this study, all the techniques tested caused
apical debris extrusion to some degree. The WOG reciprocating system
was associated with less debris extrusion in curved root canals
compared with the manual technique and the TFA system although
the difference between WOG and TFA was not significant.
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