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ABSTRACT

Aim: The purpose of this study is to evaluate the effect of different
torque settings of ProTaper Next files on microcrack formation.

Materials and Method: Ninety mandibular anterior teeth were
used. Fifteen teeth served as control and 75 teeth were divided
into three groups according to the torque settings (n=25). In group
1; the root canals were instrumented using ProTaper Next files
at a rotational speed of 300rpm and 2.0 Ncm torque. In group 2;
the files were used with 3.5 Ncm torque, and in group 3; the files
were used with 5.2 Ncm torque. Teeth were horizontally sectioned
at 3, 6, and 9 mm and examined with a stereomicroscope. The
Chi-square test was performed to compare microcrack formation
between all groups.

Results: The percentage of total cracked teeth in the 2.0, 3.5,
and 5.2 Ncm groups were recorded at 24%, 28%, and 32%,
respectively, without any significant difference (p>0.05).

Conclusion: The use of ProTaper Next files with high torque
settings did not affect the amount of microcrack occurrence.
The clinicians may use the rotary systems within different torque
values suggested by manufacturers in reliance upon their clinical
experiences.
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OZET

Amag: Bu galismanin amaci, ProTaper Next edelerinin farkl tork
ayarlarinin mikrogatlak olusumuna etkisini degerlendirmektir.

Gereg ve Yontem: Doksan adet alt gene anterior dis kullanildi.
On bes dis kontrol olarak, 75 dis ise tork ayarlarina gére (n=25)
U¢ gruba ayrildi. 1. grupta; kék kanallari ProTaper Next egeleri
kullanilarak 300rpm donus hizinda ve 2.0 Ncm torkta enstrimante
edildi. 2. grupta; egeler 3.5 Ncm torkla ve grup 3'te; egeler 5.2 Ncm
tork ile kullanildi. Digler yatay olarak 3, 6 ve 9 mm’de kesildi ve
stereomikroskop ile incelendi. TUm gruplar arasinda mikrogatlak
olusumunu karsilastirmak igin Ki-kare testi yapildi.

Bulgular: Toplam kirik dis yuzdesi 2.0, 3.5 ve 5.2 Ncm
gruplarinda, anlamli bir fark olmaksizin sirasiyla %24, %28 ve
%32 olarak kaydedildi (p>0.05).

Sonug: ProTaper Next egelerinin ylksek tork ayarlarinda
kullaniimasi, mikrogatlak olusum miktarini anlamh olarak
etkilememektedir. Klinisyenler, klinik deneyimlerine dayanarak
ureticilerin 6nerdigi farkli tork degerlerinde doéner sistemleri
kullanabilirler.
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degerleri

Zonguldak Biilent Ecevit Universitesi Dis Hekimligi Fakiiltesi, Endodonti Anabilim Dali, Kozlu, Zonguldak, Tiirkiye

E-posta: ece.handemir@hotmail.com

" Asst.Prof., Zonguldak Bllent Ecevit University, Faculty of Dentistry, Department of Endodontics, Zonguldak, Tirkiye
2 Prof., Zonguldak Bilent Ecevit University, Faculty of Dentistry, Department of Endodontics, Zonguldak, Turkiye


https://orcid.org/0000-0002-7610-9622
https://orcid.org/0000-0002-2090-5304
https://orcid.org/0000-0003-3881-589X
https://orcid.org/0000-0003-2354-7108

Hazar E., Saglam B. C., Kogak M. M., Kogak S.

Cilt: 12, Sayi: 3, 2023 Sayfa: 378-382

INTRODUCTION

Instrumentation of the root canal system is a crucial
stage during root canal treatment. Effective instru-
mentation requires the complete removal of pulp tis-
sue and the infected root canal dentine. However,
root canal shaping procedures have the potential of
inducing dentinal defects like microcracks and craze
lines."? Such defects have been investigated as ma-
jor causes which propagate and lead to the forma-
tion of vertical root fractures.®*

Shaping the root canal with rotary nickel-titanium
instruments result in frictional forces related to the
resistance of dentin to cutting action, creating micro-
cracks in the radicular dentine.> Numerous studies
have reported that nickel-titanium instruments cause
cracks in root dentine."%® Although, various improve-
ments have been provided in the design and kine-
matics of nickel-titanium instruments, the issue of
the formation of dentinal defects during instrumenta-
tion still exists. Therefore, evaluation and elimination
of such a problem are required for the success of
root canal treatment.

ProTaper Next (PTN; Dentsply, Maillefer, Ballaigues,
Switzerland) is a multi-file system manufactured with
M-Wire nickel-titanium (NiTi) alloy that consists of 5
files with an off-centered rectangular cross-section
with variable tapers (X1; #17/.04, X2; #25/.06, X3;
#30/.075, X4; #40/.06, and X5; #50/.06). The files
were manufactured through a thermal alloying pro-
cess to improve file strength and flexibility.® The in-
strument demonstrates a snake-like movement as it
is advanced through the root canal.’ According to
the manufacturer’s quick reference guide, for the
optimal use of PTN instruments, torque control end-
odontic motors were recommended at 2.0 Ncm. Ad-
ditionally, the settings can be adjusted up to 5.2 Ncm
according to practitioner experience.

A comprehensive literature search reveals that there
is limited information in the literature evaluating the
efficacy of different torque settings of PTN instru-
ments on microcrack formation. Thus, the purpose
of this study was to evaluate the effect of different
torque settings of PTN instruments on dentinal mi-
crocrack formation. We hypothesized a positive cor-
relation between the increase in torque value and
the formation of dentin cracks.

MATERIALS AND METHOD

The protocol of the study was approved by the
Non-Interventional Clinic Research Ethics Commit-
tee of the Zonguldak Bulent Ecevit University (pro-
tocol date and number: 02/11/2022, 2022/19). 90
freshly extracted mandibular anterior teeth with sin-
gle straight root canals were used. Two radiographs
were taken from the buccolingual and mesiodistal
angles to examine and verify the existence of the
single straight canal for each tooth. Calculus and
soft tissue remnants on the external root surface
were mechanically cleaned. Defects or cracks on the
external root surfaces were determined with a ste-
reomicroscopic examination (Olympus SZ61, Olym-
pus, Melville, NY, USA). During the experiment, the
specimens were kept in distilled water.

The crowns were removed 1 to 2 mm above the ce-
mentoenamel junction with a diamond disk to obtain
a standardized root length. A size 10 K file was ad-
vanced in the root canal until the tip of the file was
visible through the apical foramen. The working
length was obtained by subtracting 1 mm from this
length.

The methodology was previously described by Lui
et al."" The roots were wrapped with a single layer
of aluminum foil, then the teeth were embedded in
acrylic resin (Imicryl, Konya, Turkey). After the resin
was cured, the root was removed and the aluminum
foil was peeled off. The root was covered with light-
body silicon-based impression material (Speedex,
Coltene, Switzerland) and repositioned into the res-
in. In this way, a silicon-based material was replaced
with the void formed by the foil, and the periodontal
ligament was simulated. In order to avoid dehydra-
tion the apical part of the root was uncovered and
submerged in distilled water throughout the experi-
mental procedures.

All instrumentation steps were completed by a single
experienced operator. Fifteen teeth served as con-
trol and 75 teeth were randomly divided into three
equal groups (n=25). In group 1; the root canals
were instrumented using PTN X1 and X2 files at a
rotational speed of 300 rpm and 2.0 Ncm torque. In
group 2; the files were used at a rotational speed of
300 rpm and 3.5 Ncm torque, and in group 3; the
files were used at a rotational speed of 300 rpm and
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5.2 Ncm torque. The files were used up to the work-
ing length. After the root canal instrumentations were
completed, horizontal sections were obtained at 3, 6,
and 9 mm from the apex Then, all the specimens
were evaluated with a stereomicroscope (Olympus
SZ61, Olympus, Melville, NY, US) under x25 mag-
nification to determine the presence of microcracks.
Data were analyzed using SPSS Version 19 (SPSS
Inc., Armonk, NY, USA). The results were reported
as the number and percentage of cracks in the 3
sections for each group (Fig.1). The Chi-square test
was used to compare the 3 groups in terms of micro-
crack formation, with P<0.05 considered statistically
significant.

Figure 1. Representive images for each groups. (a) control
group, (b) preparation with 2 Ncm, (c) 3.5 Ncm, (d) 5.2 Ncm
torque settings.

RESULTS

No microcrack was determined in the control group.
All the torque settings created microcracks. No dif-
ferences were found between the torque settings at
3, 6, and 9 mm sections (p>0.05) (Table 1). The per-
centage of total cracked teeth in the 2.0, 3.5, and
5.2 Ncm groups were recorded at 24%, 28%, and
32%, respectively, without any significant difference
(p>0.05).

DISCUSSION

Many factors such as instrumentation, irrigation solu-
tions, root morphology, and post-space preparation
are responsible for the formation of dentin defects.'>
214 Root canal shaping with rotary instruments re-
quires torque, which caused stress on both the teeth
and NiTi instruments.

In endodontics, torque can be described as the
force required to rotate the instrument used with en-
gine-driven motors. When shaping with NiTi files, the
file must rotate at a constant rate of rotation within
the canal, regardless of anatomical or structural con-
ditions such as the degree of root canal curvature or
calcification."™ When the torque value is increased,
instruments incline to reach working length with
less automatic reversing act, which can increase
the strain on the file and root dentin. Therefore, pro-
duced instruments should be assessed at varied
torque values to define their impact on microcrack
formation.®

In the present study, the effect of different torque
settings of PTN files on microcrack formation during
root canal instrumentation was evaluated under in
vitro conditions. In vitro studies may have some lim-
itations. As an example, there may be changes in
dentin structure and quality with age, and the exact
age of the patients whose extracted teeth were col-
lected is unknown.'® However, some variables such
as kinematics, metal alloys, tapers, and speeds of
instruments used in all groups were uniform which
may provide a standardization.

The removal of root canal dentine in narrow or curved
root canals may be difficult and may cause the stuck
of the instrument in the root canal. In such a con-
dition, excessive torque will be required for further
preparation.'” In the present study mandibular an-
terior teeth were used because of their narrow root
canal anatomy which may result in a higher locking
effect on the instrument.

Table 1. Number and percentage of cracks in the different cross-sectional slices

3mm 6mm 9mm Total cracks per group p value
2.0 Ncm torque 6/24% 6/24% 8/32% 20/26.7% 0.761
3.5 Ncm torque 5/20% 5/20% 5/20% 15/20% 1.000
5.2 Ncm torque 4/16% 5/20% 5/20% 14/18.7% 1.000
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Silicone impression material and resin were used to
simulate periodontal ligament and bone, respective-
ly, in the acrylic block prepared to mimic the clini-
cal situation as reported previously.”'®'® Since the
periodontal ligament acts as a stress absorber, the
presence of a periodontal simulation may be crucial
to reflect clinical conditions.

The instrumentation speed, force, kinematics, and
torque values are several factors that may affect
instrument failure.?® The risk of instrument fracture
increases when the instrument-typical torque limit
is exceeded. It was reported that higher torque can
cause the file to bind to dentin and result in torsion-
al failure.? However, no failure occurred under test
torque values. Gambarini suggested that a specific
torque limit should be regulated for each file size and
type." For optimal usage, a 2.0 Ncm of torque set-
ting was suggested by the manufacturer, additional-
ly higher torque values were also recommended for
experienced practitioners up to 5.2 Ncm for the PTN
system.10 In the present study three different torque
setting values, including the lowest and highest,
recommended values were selected. Our results
demonstrated that the increase in torque values did
not affect the amount of microcrack formation. This
result should be associated with the completion of
all instrumentation procedures by an experienced
operator as recommended by the manufacturer. In
contradistinction to our results, Dane et al."® report-
ed significantly fewer cracks in the low-torque val-
ue group than in the high-torque value group for the
ProTaper Universal system in mandibular premolar
teeth. In their study, Dane et al."> prepared the root
canals up to size F4 instrument size 40, 0.06 taper.
The difference between the two studies should be
associated with the size of the apical diameter of the
final instruments used. Additionally, our results were
comparable with a recent study, in which the per-
centage of dentinal defect formation was reported as
28% after preparation with PTN instruments under
2.0 Ncm torque settings.?

The cutting efficiency of instruments may adversely
affect by lower torque values. This may cause dif-
ficulty in the progression of the instrument into the
root canal, and eventually deformation and separa-
tion of the instrument because of a possible locking
as a result of tending to the force of the operator

during the instrumentation.?! Therefore, reliable use
of instruments with higher torque settings without
any deformation of file or root canal dentine may be
favorable in clinical practice.

CONCLUSIONS

The use of PTN files with high torque settings did
not affect the amount of microcrack formation. Thus,
clinicians may use the PTN system with a 5.2 Ncm
torque value in reliance upon their clinical experienc-
es. The clinicians may use the rotary systems within
torque values suggested by the manufacturers.
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