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Abstract

Objective: To examine the torque force generated on periodontal tissues by three dif-

ferent Ni-Ti endodontic file systems during root canal preparation in freshly extracted teeth.

Methods: Sixty single root teeth with an apical diameter corresponding to the size 15K-
tile were included to this study. Three experimental groups (n=20) were arranged. After estab-
lishing the working length teeth were placed on a digital torque-meter via self-curring poly-
methylmetacrylate adaptor. Thereafter, the following Ni-Ti file systems were tested: WaveOne
Primary File (WO), WaveOne Gold Primary file (WOG) and size 25 OneShape (OS). In all gro-
ups, canals were prepared with the manufacturers’ recommendations. The values measured

with the torque meter were recorded.

Results: There was no statistical difference at WO-WOG groups comparisons (p>0.05).
However, there were statistical differences at WO-OS and WOG-OS groups comparisons
(p<0.016). The minimum torque value was at OS Group (2.0 Ncm) while maximum torque

value was at WO Group (5 Ncm).

Conclusion: The results of this study showed that torque forces generated with recip-
roc files were significantly higher than that of Ni-Ti rotary file. Further we can speculate that
eliminating inflammation-related tooth mobility through phase I periodontal therapy before
endodontic treatment can reduce the risk of damage caused by rotational forces during endo-

dontic treatment.

Key words: Endodontics, periodontium, root canal preparation, trauma, torque.
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Ozet

Amag: Yeni ¢ekilmis dislerde kok kanal hazirlig sirasinda ti¢ farkli Ni-Ti endodontik
ege sistemi tarafindan periodontal dokularda olusan tork kuvvetinin incelenmesidir.

Yontem: #15 K-tipi egeye karsilik gelen apikal ¢apa sahip altmis tek koklii dis tig ayr
deney grubuna (n = 20) ayrilmistir. Calisma uzunlugu olusturulduktan sonra disler, polime-
tilmetakrilat adaptor ile dijital bir torkmetre tizerine yerlestirildi. Daha sonra disler WaveOne
Primary File (WO), WaveOne Gold Primary file (WOG) ve size #25 OneShape (OS) olmak
tizere ti¢ farkli Ni-Ti ege sistemi ile sekillendirildi. Tiim gruplarda kanallar tireticilerin 6neri-

lerine gore sekillendirildi. Torkmetre ile dlgiilen degerler kaydedildi.

Bulgular: WO-WOG grup ile karsilagtirildiginda istatistiksel olarak anlaml fark bu-
lunmadi (p> 0.05). Bununla birlikte, WO — OS ve WOG - OS grup karsilastirmasinda istatis-
tiksel anlaml fark bulundu (p <0,016). Minimum tork degeri OS grubunda (2.0 Ncm) iken,

maksimum tork degeri WO grubunda (5 Ncm) goriildii.

Sonug: Bu ¢alismanin sonuglari, reciproc egeler ile iiretilen tork kuvvetlerinin, doner
aletlere gore daha yiiksek oldugunu gostermistir. Ayrica, endodontik tedaviden 6nce perio-
dontal inflamasyon kaynakli dis hareketliliginin faz I periodontal tedavi ile ortadan kaldiril-
masimin endodontik tedavi sirasinda rotasyonel kuvvetlerin neden oldugu hasar riskini azal-
tabilecegi diisiincesindeyiz.

Anahtar kelimeler: Endodonti, kok kanal preparasyonu, periodonsiyum, travma tork

Introduction

The periodontium supports teeth during function and maintains its structural integrity
via stimulation by external forces. There is a homeostatic and constant equilibrium between
functional forces and periodontal structures. The periodontal ligament is one of those struc-
tures that transmit external forces to the bone and resist occlusal forces. In patients with severe
or untreated periodontitis, periodontal tissue destruction makes periodontium vulnerable to

external forces (1).
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During function; an approximate force of 1N applied at the crown is enough for the
movement of a tooth in the dentoalveolar socket and this movement ranges from 0.05 to 0.10
mm at central incisors (2). In case of higher force, (5N) the tooth moves by 0.10 to 0.20mm and
this results in reversible damage. Forces higher than 5N may lead to irreversible damage to
healthy periodontium. However, if the periodontium has already been reduced, even a force

of 5N may cause irreversible damage (2, 3).

Periodontal ligament fibers have been anatomically arranged to meet occlusal forces
best along the long-axis of the tooth (4). The risk of damage to the periodontium is greater with
lateral and torque forces. Studies showed that rotational torque forces cause two times more
apical stress at central incisors (5, 6). Para-functional habits, bite anomalies orthodontic/endo-
dontic therapy, tooth extractions are some of these conditions which cause torque forces on

teeth and supporting tissues.

In modern endodontics, rotary Ni-Ti endodontic file systems are widely used for the
advantage of reducing chair-side time, minimizing iatrogenic damage and risk of complica-
tion, and providing improved root canal shaping (7-9). Torque forces in these systems preser-
ves rotation speed of the file against resistance that occurs during the preparation of root canal
surface and provides efficient shaping. Recent reviews have emphasized that torque genera-
tion in Ni-Ti instruments is multifactorial, influenced by alloy type, taper, cross-sectional geo-
metry, and motion kinematics (10). Abnormal torque values increase the risk of fracture and
deformation of the file (11). Rotary instruments have different cutting tips and this variability

may have effects on the torque force produced.

In recent years, Ni-Ti file systems which complete root canal preparation with only 1
instrument has been introduced. WaveOne (Dentsply Maillefer, Ballaigues, Switzerland)
(WO) and recently introduced WaveOne Gold (Dentsply Maillefer, Ballaigues, Switzerland)
(WOQG) are single-file systems working in reciprocating motion while OneShape (Micro-Mega,
Besancon Cedex, France) (OS) files are the ones working in a continuous rotation motion (12).
To the best of our knowledge, no study has examined the effects of rotary endodontic file sys-
tem-induced torque force on the periodontal tissues. Considering the lack of research on this
issue, we aimed to investigate the torque force generated on periodontal tissues by three dif-

ferent rotary endodontic file systems during root canal preparation in freshly extracted teeth.
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Materials And Methods

This study was carried out, between November 2018 - May 2019 at Galata University,
Faculty of Dentistry, Department of Periodontology, and Department of Endodontics. (Ethical
Approval Number: 5402245-0.50.05.04). Also the study was conducted in accordance with the
Helsinki Declaration as revised in 2013. The teeth used in this study were maxillary central,
lateral, and canine teeth which were scheduled for extraction due to severe periodontal dest-
ruction. Extracted teeth were placed in sterile saline solutions and measurements were perfor-
med on the prefabricated experimental setup in 2 hours following extraction. The inclusion
criteria comprised maxillary incisors and canine teeth having root canal diameters that corres-
pond to a #15 K-type file (M-Access, Dentsply Maillefer, Ballaigues, Switzerland) which stop-
ped at the apical foramen and root canal working length of less than 25 mm. Periapical radi-
ographs were taken in the bucco-lingual and mesio-distal directions to ensure that the tooth
has single root canal. Teeth with internal or external resorption, caries, and calcified canals and
root canal curvature of more than 10° were excluded from the study.(13) The working length
(WL) was established by using a #15 K-type file ® that was inserted into the canal until the file
tip became visible at the apical foramen. Teeth that
had the root canals with an initial apical size equi-
valent to size #10 K-file and working length less
than 25 mm were used in the study. Based on the
criteria above, 60 teeth were selected and divided
into three experimental groups with 20 teeth each:
WO; WOG and OS files. Teeth were randomly as-
signed to one of the three groups consisting of 7
central incisors, 7 lateral incisors and 6 canines by
drawing from a pool of lots. The group which
completed the designated tooth number was exclu-

ded from randomization. The teeth were placed on

a previously calibrated torque meter giving a s Torque Meter
torque value in newton per centimeter (Ncm) with

the aid of an adapter constructed of self-polymeri-

zing polymethylmethacrylate. (Figure 1). Figure 1. Digital Torque Meter
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Root canal preparation protocol

All the root canal preparations were done by using a single file in each tooth at the
three groups. The highest torque value reached during the preparation procedure was also

recorded.

WO and WOCG files: The root canals were instrumented with the setting "WaveOne All"
mode of the X-Smart Plus endomotor (Dentsply Maillefer, Ballaigues, Switzerland). The pre-
paration was performed with in-and-out pecking motion at an amplitude of 3 mm until the
WL was reached. The canal was then irrigated with 5% sodium hypchlorite (NaOCl) solution

and the patency was checked with a #10 K-file.

OS file: #25 One Shape file with a taper of 0.06 was used in continuous rotation until
the WL was reached taking into consideration the instructions of the manufacturer. The endo-
motor operated at rotation speed- 350 rpm and torque 2.5N cm. The canal was then irrigated
with 5% NaOCl and patency were checked with a #10 K-file. Each instrument was used for

one canal.
Statistical Analysis

Statistical tests were performed using statistical software (IBM SPSS Statistics for Win-
dows, Version 21.0 (IBM Corp., Armonk, NY, USA)). The median 25-75 percentiles were cal-
culated for canal length and torque values, and the tooth was taken as the unit of analysis. p

<0.05 was considered to be statistically significant.

The primary outcome variable-torque value could not be used to determine the sample
size and the power of the study since, no precise information was available on torque value.
Therefore, the current estimates were based on a pilot study which included 10 teeth in each
experimental group. It was determined that a sample size of 16 teeth in each group would
allow for a type II error level of b = 0.20 (80% power) and a type I error level of a = 0.05 (5%
probability). Taken into consideration the possible dropouts, 20 teeth were included in each
group. Since no sample size calculation could be performed a priori, a retrospective power

analysis was calculated.

The Shapiro-Wilk test was used to test for normality of data. Intergroup comparisons
in terms of root canal length and torque values were performed using the Kruskal-Wallis non-

parametric test. Bonferroni adjusted Mann Whitney-U test was used to find out which of the
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two groups showed a significant difference. For the Bonferroni correction, a=0.05/3 =0.016 was

considered to be statistically significant.
Results

The mean root canal length and torque values for each file are presented in Table 1.
There was no statistically significant difference between the groups in terms of root canal
length values (p>0.05) but a statistically significant difference existed between the groups in

relation to the torque values

(p<0.05). Post hoc pair sample

p=0.002*

test revealed that there was no

significant difference between

resiprocal  files  (p>0.016).

“
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However, a significant diffe-
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rence was observed between

OS file and WO/WOG file gro-
ups (p<0.016) (Figure 2). The

minimum and maximum ey i
p=0.012*

I [
WAVE ONE WAVE ONE GOLD ONE SHAPE
*:if p<0.016 statistically significant
Mann Whitney-U test with Bonferroni Adjustment

torque values for the study

groups are given in Table 2. o
Figure 2. Intergroup comparison in terms of torque values

While the maximum torque va-
* Statistically significant difference between groups (Bonfer-

lue was observed in the WO roni-adjusted Mann-Whitney U test).

file group; OS file group had Data are presented as box and whisker plots. The median

the minimum torque value. No value is indicated by the line within the box plot. The box
extends from the 25th to the 75th percentiles. Whiskers
extend to show the highest and lowest values.

correlation was found between
root canal length and torque

values (p>0.05).

Table 1. Distribution of root canal length and Torque values among the groups

Groups
WO WOG 0S p value
Root Canal Length (mm) 23 (21.6-23) 22.5 (21.4-23) 22 (21-23) 0.410

Torque Value (Ncm) — 3.00 (2.73-34) 290 (2.65-343)  2.55 (2.25-2.90) 0.006*
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Kruskall-Wallis H test
Values given as median (%25-%75) percentiles
* Statistical significance with a confidence of 95 % (p value <0.05)

Table 2. Minimum and maximum torque values (Ncm) during root canal preparation

Minimum Maximum
WO 2.2 5.0
WOG 24 4.5
oS 2.0 3.3

Discussion

The principal fibers of the periodontal ligament are arranged so that they best tolerate
occlusal forces along the long axis of the tooth. The change in the direction of the occlusal
forces causes a change in the distribution of the stress and occlusal load on periodontium and
this may have different outcomes (i.e., lateral (horizontal) and torque (rotational) forces have
the potential to injure the periodontium). Studies have shown that rotational torque forces
generate 2 times more stress on the periodontal tissues compared to forces from different di-
rections (5, 6).

With the introduction of rotary instruments to endodontics, torque forces generated by
the cutting edges of the rotary files gained increasing importance. There are numerous studies
on the effects of these torque forces both on the deformation of the rotary file itself and on the
occurrence of stress-related adversities such as cracks and fractures generated in the root canal
(14). There is no study that has yet examined the effects of these rotational forces on the sup-
porting tissues of the tooth. Therefore, we aimed to investigate the force exerted on periodon-
tal tissues by 3 different rotary Ni-Ti endodontic file system during root canal instrumentation
in a specially developed experimental set-up. The results of our study showed that torque

forces induced with both types of reciproc files were significantly higher than that of rotary

file.

In our study, we used freshly extracted teeth instead of simulated canals in resin blocks
because we think that it best represents the real conditions from the point of the structure of

the instrumented material. Since one must not forget that great differences exist between the
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two structures regarding physical properties. Heat generated during instrumentation could

soften the resin material in resin blocks (15).

Recently, Jamleh et al. evaluated the amount of vertical force in the apical and coronal
directions induced with WO and WOG systems during the canal shaping of extracted teeth.
The authors concluded that WOG system had significantly lower apically and coronally direc-
ted peak force values compared with the WO system (11). The findings of our study are incon-

sistent with the findings of this study.

The cross-section, taper, NiTi alloy properties and motion kinematics may affect the
amount of vertical force(i.e. torque values) (16). Although both WO and WOG file systems
work with reciprocating motion, they differ from each other in terms of taper and cross-section
design. Moreover, recent studies demonstrate that rotational speed settings can significantly
alter torque values and fracture resistance during instrumentation, underscoring the clinical
relevance of motor parameters (17). WO file has a modified convex triangular cross-section
with 8% taper while WOG file has a parallelogram-shaped off-centered cross-section with %7
taper.(18) On the other hand, OS file system works with continuous rotary motion and has
variable cross-section design with 6% taper (19). The lower taper design of the OS files may
have been responsible for the lower torque values in this study. In the endodontic treatment
of a tooth with reduced periodontium which is more vulnerable against external forces, the

latter may serve as an option.

One plausible explanation for the observed differences in torque values between file
systems lies in their taper designs. Instruments with larger tapers inherently possess greater
stiffness and cross-sectional mass, which increases their contact area with dentin and thus ele-
vates frictional resistance, requiring higher torque to maintain rotation. This concept is sup-
ported by Faus-Llacer et al. (20), who demonstrated that increased taper and apical diameter
lead to decreased cyclic fatigue resistance, implicitly indicating greater internal stresses at hig-
her taper levels. Moreover, in retreatment settings, Kim et al. (21) found that NiTi systems with
greater taper may generate higher torque and are more susceptible to buckling, suggesting
that taper not only influences cutting mechanics but also structural stability under load. In the
context of our results, the file systems with steeper tapers likely encountered more resistance
in dentin walls, contributing to their higher torque readings. Conversely, lower taper instru-

ments would engage less frictional surface area, reducing the load required to rotate, which
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could explain why in our study the system with smaller taper consistently showed lower
torque values. Clinically, this implies that when shaping teeth with compromised periodon-
tium, selecting instruments with reduced taper may mitigate excessive torque-induced stress

on root surfaces

Additionally, operator-dependent variables such as the amplitude of reciprocating
pecking motions have been shown to influence torque and stress distribution, suggesting that

clinical technique is also a determinant of mechanical load on the periodontium (22).
Limitations of the Study

Our study has some limitations that should be considered. First, an existing periodon-
tal ligament could not be simulated in the body of the experimental set-up. In other words,
rigid fixation of the tooth to the adapter just resembling an ankylosed tooth was accomplished
by using self-polymerized acrylic resin. Second, the presence of external forces from gingival
tibers (dento-gingival, circular, transseptal, intra-papillary), root surface area—related differen-
ces between teeth due to their rigid attachment on the experimental set-up and variations in
apico-coronal orientation of periodontal ligament fibers could not be modeled. Along with the
listed factors above, the rigid model is far from distinguishing adversities such as the reduction

of resistance to strength caused by reduced periodontium.

Despite all the shortcomings of, this model is important in terms of giving a general
idea about the resultant rotational forces generated on the external root surface by endodontic
Ni-Ti files during root canal therapy of single rooted teeth. However, a more advanced engi-

neering model is needed that highlights the effects of these forces on periodontium.
Conclusion

The results of this study showed that torque forces generated with reciproc files were
significantly higher than that of rotary file. However, a definite conclusion cannot be drawn
such that files which work in reciprocating motion should be preferred over those working in
continuous rotation motion in clinical practice. Since, there is a need for a more advanced en-
gineering model incorporating components mimicking periodontal structures that meet

torque forces in order to examine the behavior of periodontal tissues against such forces.
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