Cumhuriyet Dental Journal: 2020; 23(3)
e-ISSN 2146-2852

Doi:10.7126/cumudj.691090 Original research

THE INFLUENCE OF DIFFERENT TORQUE SETTINGS ON THE AMOUNT OF
APICALLY EXTRUDED DEBRIS DURING ROTARY INSTRUMENTATION

ABSTRACT
:?'lif—:!'-‘ *Demet Altunbas!
(® Mustafa Toyoglu?

Objectives: This in vitro study was designed to evaluate the effect of low-
and high-torque settings on the amount of apically extruded debris during
canal preparation with the ProTaper Universal (PTU) system.

Materials and Methods: Forty extracted mandibular premolars were
selected and randomly divided into two groups (n=20). Each root canal was
prepared according to the manufacturer’s instructions, using SX, S1, S2, F1, ORCID IDs of the authors:
. . ) ] D. A. 0000-0002-7532-4785
F2, and F3 at low-torque settings and high-torque settings. The apically M. T. 0000-0003-1248-6450
extruded debris was collected into preweighed Eppendorf tubes. The weight
of extruded debris was determined, and data were analyzed using the Mann-
Whitney U test at a significance level of p<0.05.

Results: No significant difference was observed between the groups ' Department of Endodontics, Faculty of
(p>0.05). The PTU system produced the higher mean extrusion value at high- Dentistry, - Sivas - Cumhuriyet - University,

) Sivas, Turkey
torque settings. 2 Private Dental Clinic, Izmir, Turkey.

Conclusions: Under the conditions of this study, as no difference among the
different torque settings in terms of the amount of extruded debris were
noted, it is possible to suggest that clinicians should choose the most

appropriate settings for each case in clinical practice.
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Effect of Torque Settings on Apical Extrusion

INTRODUCTION

Dentin chips, pulp tissue, microorganisms, and
irrigants may be extruded into the periapical
tissues during root canal instrumentation. The
apical  extrusion may cause  periapical
inflammation and postoperative pain.}? Several
factors, such as type of the file, instrumentation
technique and kinematic, apical preparation size,
end-point of the instrumentation, canal or apical
foramen size, canal curvature, irrigation solutions
and techniques, and type of needle tip that may
affect the amount of apically extruded intracanal
materials, have been investigated in many studies
which have shown that all conditions result in
apical extrusion.>® However, the amount of
debris and irrigant extruded apically may differ
according to these factors, and minimizing the
apical extrusion can reduce the incidence of
postoperative pain.

Torque is another changeable parameter
during the instrumentation of root canals with
rotary nickel-titanium (NiTi) instruments and is
especially important to reduce the incidence of
instrument locking, deformation, and separation.
High torque may cause the instrument to lock and,
consequently, cause deformation and separation.*
Different torque settings are recommended for
different type and size instruments by the
manufacturers because each instrument has a
specific ideal torque. Low-torque values are
usually recommended for the smallest and less
tapered instruments, but the largest and more
tapered ones can be used with high-torque values.
Theoretically, the instrument becomes more active
when used with high-torque values. However, the
cutting efficiency of the instrument would be
reduced with low-torque, and progression of the
instrument in the canal would be more difficult.'?

Several studies have investigated debris
extrusion with different NiTi file systems.*16 The
ProTaper Universal (PTU; Dentsply Maillefer,
Ballaigues, Switzerland) is one of the most widely
used rotary systems, and it is characterized by its
convex, triangular cross-sectional design, positive
rake angle, and progressive taper. Some studies
have shown that instrumentation with the PTU
system resulted in significantly more debris
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extrusion than with other NiTi file systems.1416.17
These file systems can be used in a wide range of
torque settings during instrumentation, according
to the manufacturer.’®® To the best of our
knowledge, no published studies have investigated
the effect of different torque settings on apical
extrusion of debris after root canal preparation
using PTU system. Therefore, the purpose of the
present study was to compare the amount of
debris extruded apically after instrumentation of
root canals using the PTU system at low- or high-
torque settings. The null hypothesis tested was
that there is no significant difference between the
low- and high-torque settings groups in terms of
apically extruded debris.

MATERIALS AND METHODS

The research design was approved by the Clinical
Research Ethics Committee of Sivas Cumhuriyet
University in Sivas, Turkey (2016-01/07).
Extracted,  straight,  single-rooted  human
mandibular premolars with a single canal were
used. Roots with resorption, fractures, or open
apices were excluded. The radiographs from the
buccolingual and mesiodistal angles were taken to
evaluate the root canal anatomy. Soft tissue and
calculus were removed from the external root
surfaces with hand instrumentation, and all teeth
were stored in sterile saline until used. The teeth
were decoronated with a diamond disc to obtain
17 mm root canal length. Apical patency was
assessed with a size 10 K-file (Dentsply
Maillefer). Working length for each canal was
established by subtracting 1 mm from the length
where a size 10 K-file was visible at the major
foramen. Teeth in which a size 15 K-file
(Dentsply Maillefer) did not easily access the
working length and did not extrude beyond the
minor foramen were included in the study. 2
groups of 20 teeth each were finally formed in
order to have 0.80 power (1 - beta), beta of 0.20,
and an alpha error probability of 0.05. The
selected teeth, according to these criteria, were
randomly distributed into low- and high- torque
setting groups by flipping of a coin.

The experimental model, similar to that
described in a study®, was used to evaluate debris
extrusion. The covers of the Eppendorf tubes were
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separated, and an electronic balance (Precisa XB tubes were placed into vials, which were coated
220A; Precisa Inst.,, Dietikon, Switzerland), with an aluminum foil to avert the operator from
having an accuracy of 0.0001 g, was used to seeing extrusion.

measure the weights of the empty tubes. Three
successive measurements were obtained for each
tube, and the average value was recorded. Holes
were created on the covers of the Eppendorf
tubes, and each root was fixed through the cover
by using hand pressure. A 27-gauge needle was
inserted into the cover to balance the internal and
external pressures, and then each cover with the
root and needle was attached to the tubes. The

In all groups, instrumentation was performed
with the PTU system by using a torque-controlled
electric motor (X-Smart; Dentsply, Maillefer) at
300 rpm. The lowest and highest torque values for
each instrument (Table 1), determined according
to the manufacturer’s recommendation, were used
for the root canal preparations.'®

Table 1. Lowest and highest torque settings recommended by the manufacturer for each ProTaper Universal file

SX Sl S2 F1 F2 F3
Lowest torque settings (Ncm) 3 2 1 15 2 2
Highest torque settings (Ncm) 4 3 1.5 2 3 3
However, the 1.5 Ncm torque proposed by the evaporation before weighing the tubes which
manufacturer for the F1 and S2 instruments was included the dry debris. The weight of each tube
not included in the settings of the X-Smart motor. was measured three times consecutively, and the
Therefore, torque was adjusted to 1.6 Ncm (to average value was recorded. The weight of
avoid falling below the recommended minimum extruded debris was calculated by subtracting the
torque value of F1 instrument) for the F1 weight of the empty tube from the final weight.
instrument in the low-torque group and to 1.4 All the initial and final weights of the eppendorf
Ncm (to avoid exceeding the recommended tubes were measured by a second operator.

maximum torque value of S2 instrument) for the
S2 instrument in the high-torque group. The
instrumentation sequence was SX (2/3 of the
working length), S1-2 (full working length), and
F1-3 (full working length). After the use of each
instrument, apical patency was confirmed to avoid
an apical blockage. Instruments were used to
prepare only four canals. A single operator
performed all instrumentation to avoid variation

Statistical analysis was performed with IBM
SPSS Statistics version 22.0 (IBM SPSS
Statistics, Inc.,, Armonk, NY, USA). The
normality of the data was assessed by the
Kolmogorov-Smirnov test and the amount of
extruded debris was analyzed statistically by using
the Mann-Whitney U test. The level of
significance was set at p<0.05.

and eliminate bias. The root canals were irrigated RESULTS

using a VATEA peristaltic pump (ReDent-Nova, Debris extrusion was recorded in both groups. The
Ra’anana, Israel) to obtain a 2 mL/min flow rate mean values and standard deviations of the
of the irrigation solution. After each instrument amount of apically extruded debris are shown in
change, 2 mL of bidistilled water were used as an Figure 1. The quantity of debris extrusion was
irrigant, and each canal was irrigated with a total 0.00027 + 0.000156 g for the high-torque group
volume of 13 mL irrigant during preparation. and 0.00022 + 0.000144 g for the low-torque

group. The mean debris extrusion value of the
PTU instruments in the high-torque group was
higher than in the low-torque group, but no
significant difference was found between the
groups (p=0.227).

After the preparation was performed, the
roots were washed with 1 mL of bidistilled water
into the tubes to collect the debris adherent to the
root surface. The tubes were placed in an
incubator at 37°C for 15 days for irrigant
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Figure 1. The quantity of apically extruded debris for each group
(error bars correspond to the standard deviation). Statistically no
significant difference between the groups was observed (p=0.227).

DISCUSSION

Fracture of rotary instruments can occur due to
flexural or torsional fatigue.?* Fracture caused by
torsional fatigue occurs when the tip, or any other
part of the file is locked in the canal while the
shaft continues to rotate.?? To prevent this type
failure, different torque settings are recommended
for each instrument by the manufacturers.
Although torque has an influence on the cutting
efficiency and instrument progression in the canal,
studies have usually investigated the effect of
torque settings on the failure of rotary NiTi
instruments.?*% The effect of torque settings on
the crack formation in root dentin®®?’ and the
cleaning efficiency of the rotary instruments?
have also been investigated in some studies. To
our knowledge, the influence of different torque
settings on the apical extrusion of debris occurring
after canal instrumentation with PTU system have
not been tested and reported in the literature. In
the present study, the amount of debris extruded
apically after instrumentation of root canals using
the PTU system at low- or high-torque settings
was evaluated and the difference between the
groups was not statistically significant. Therefore,
the null hypothesis was accepted.

Low-torque group

Many studies have shown that the PTU
system is associated with more debris extrusion
than other NiTi file systems, and according to
these previous studies, larger apical tapers of the
PTU instruments (F1: 7%, F2: 8%, and F3: 9%)
may result in more aggressive preparation of the
root canals, which might explain the increased
debris production and extrusion with this
system.!617.29 Therefore, in the present study, the
effects of low- and high-torque settings of the

163

PTU system on the amount of apically extruded
debris were evaluated and apical debris extrusion
occurred during canal instrumentation with PTU
regardless of the different torque settings that
were used. Although there was no significant
difference among the low- and high-torque
settings, when the average debris extrusion values
of the different torque settings were examined,
high-torque settings resulted in more debris
extrusion than low-torque settings. The cutting
ability increases with high-torque settings?, and
the greater debris extrusion in the high-torque
group may be related to increased cutting
efficiency and debris production. In addition, the
operator noticed that the screw-in tendency of the
PTU files increased at high torque settings. The
strong screw-in tendency may cause unwanted
penetration of the instrument beyond the apical
foramen and torsional stress increase at the
moment of screw-in.*3! The motor starts to rotate
counter-clockwise at low-torque settings when
these stresses increase. This action may reduce
transportation of debris toward the apex by
preventing over-instrumentation risk due to the
screw-in tendency of the instruments.

In order to avoid variation and eliminate bias
during the assessment of apically extruded debris,
standardization of the methodology used is
necessary. In the present study, teeth were
selected taking into account their type, number of
canals, curvature and the initial foramen diameter.
Working lengths of the samples was standardized.
All instrumentation and irrigation procedures
were performed by a single operator to reduce
operator variability and a second operator who
was blinded to the group assignment performed
all the initial and final measurements of the
Eppendorf tubes. Bidistilled water was used for
the irrigation of root canal to avoid potentially
misleading results from the crystallization of
sodium hypochlorite.®? The method proposed by
Myers and Montgomery?® was used to evaluate
debris extrusion. This testing model did not
include a material such as floral foam in the
simulation of the resistance of periapical tissues.
The usage of floral foam may affect the results
due to absorption of some debris and irrigant
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when used as a physical barrier. For this reason,
no attempt was made to simulate periapical
resistance in this study. Thus, the results cannot be
directly extrapolated to the clinical environment.
It has also been reported that, the differences in
dentin microhardness of human teeth used might
affect the results of the studies. In teeth with lower
hardness, residues may be more easily extruded
into the periapical tissues.*

CONCLUSIONS

Under the conditions of this study, the PTU
system was associated with apical debris extrusion
at both torque settings and as no differences
among the different torque settings were noted, it
is possible to suggest that clinicians should choose
the most appropriate settings for each case in
clinical practice.
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Farkly Tork Ayarlarinin Rotary Enstriimantasyon

Strasinda Apikalden Tasan Debris Miktarina Etkisi
0z
Amag: Bu in vitro ¢alisma, ProTaper Universal (PTU)
sistemle kok kanal preparasyonu swrasinda diisiik ve
yiiksek tork ayarlarmmin  apikalden tagan debris
miktarmma etkilerini degerlendirmek igin planlandi.
Gere¢ ve Yontemler: 40 adet cekilmis mandibular
premolar dis secildi ve rastgele iki gruba ayrild
(n=20). Her bir kok kanalr iireticinin dnerilerine gore
diistik ve yiiksek tork ayarlarinda SX, S1, S2, Fl1, F2 ve
F3 kullanlarak prepare edildi. Apikalden tasan debris
onceden tartilmis Eppendorf tiiplerine toplandi. Tasan
debris agirligi belirlendi ve veriler Mann-Whitney U-
testi kullamilarak 0,05 anlamhlik diizeyinde analiz
edildi. Bulgular: fark
gozlenmedi (p>0,05). PTU sistem yiiksek tork
ayarlarinda daha yiiksek ortalama ekstriizyon degeri

ortaya koydu. Soenu¢: Bu ¢alismanin kosullari altinda,

Gruplar arasinda anlaml

farkly tork ayarlari arasinda tagan debris miktart

yoniinden  herhangi  bir fark olmadigi igin,
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klinisyenlerin Kklinik uygulamada her vaka igin en
uygun
miimkiindiir. Anahtar Kelimeler: Endodonti, kok kanal
preparasyonu, tork.

ayarlart  se¢meleri  gerektigini  onermek
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