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Introduction

There have been drastic changes in the ways that endodontists instrument root canals
with the introduction of Nickel-Titanium (NiTi) endodontic files in the 1980°s. As providers
transitioned from instrumentation with stainless steel to NiTi, there were found to be fewer
procedural errors (1). NiTi rotary files have significant advantages over classic stainless steel
hand instruments. These include increased file flexibility, leading to less transportation of the
canal, production of better centered canals, superior shaping ability, efficiency, and less
instrument separation (2-6,9).

Despite the advantages, NiTi rotary files are still susceptible to instrument separation in
certain situations. The two mechanisms of instrument failure are through torsional fatigue and
cyclic fatigue (7, 8). Torsional fatigue is when the tip of the locks into the canal while the
coronal portion continues rotating, quickly causing separation of the instrument. Cyclic fatigue is
when the file is in a continuous rotational motion and is passing around a curve in a canal. This
causes alternating flexural and tensile forces on the instrument, eventually leading to separation
without preceding signs of deformation (9).

It is known that there are numerous factors that can influence the fracture resistance of a
file. Some of these factors are related to the physical properties of the file themselves such as
size, taper, type of alloy and the manufacturing process that the file undergoes (10, 11). For
example, the phase transformation of NiTi from austenitic to martensitic through heat treatment,
has allowed for significantly more flexible files. This added flexibility enables rotary files to
minimize iatrogenic complications such as ledges and perforations. There are also root canal
anatomical factors which can play a role in instrument separation, including degree and radius of
canal curvature (12, 13). Generally, cyclic fatigue and fracture resistance of files are tested while
changing variables such as the angle and radius of curvature. This curvature is usually tested on
the apical extent of the file until separation occurs. However, root canal anatomy varies greatly,
and it is not uncommon to have canal curvature located in the coronal or middle thirds of the
root.

SS White manufactures the DCTaperH NiTi variably tapered, size 25/06 rotary file. The
maximum flute diameter of 0.80mm and flexibility due to its martensitic properties, make it an
excellent option for conservative endodontic treatment. The heat treatment not only improves
flexibility but also can increase cyclic fatigue resistance and lower the risk of endodontic file
separation. The aim of this study was to determine how the location of curvature affects time to
separation (TTS) for DCTaperH NiTi rotary Files (SS White, Lakewood, New Jersey).



Materials and Methods

A power analysis, using GPower Version 3.1, evaluated the sample size required for a
one-way ANOVA between three groups. Results indicated a total sample size of sixty-six
samples (22 per group) would be needed to detect a large difference / effect size (f=.40) with
80% power and significance level of 0.05. A total of sixty-six DCTaperH NiTi rotary files, size
25/v06 in 31mm length, were utilized and split into a total of three experimental groups (n=22
each). Files were individually subjected to a rotational speed of 500 RPMs in a custom designed
jig. This jig had three preset pins to simulate a 60-degree curvature with a radius of 6mm. The
adjustable handpiece allowed for repeatable, locking adjustment of the handpiece at different
locations. The three experimental groups were distinguished based on the initial start of the
curvature: 11mm, 16mm or 21mm from the tip of the instrument (See image 1). These locations
attempted to simulate canal curvatures located at different locations along the root canal system,
such as an apical, middle, or coronal root curvature respectively. All files were tested
individually and the time to separation (TTS) was observed and recorded with a digital
stopwatch.

Statistical Analysis

All data analyzed with the IBM SPSS version 25 (IBM Corporation, Armonk NY, USA).
A value of P < 0.05 was considered significant for all tests. Data screened for normality and
homogeneity of variance using the Shapiro—Wilk statistic and Levene’s test, respectively.
Consequently, measures of central tendency and dispersion are reported as means with
associated standard deviations. To evaluate differences in time to separation (TTS) between
groups, a one-way analysis of variance (ANOVA) was used. The Tukey HSD post hoc test was
used to assess significant differences.

Results

Sixty-six DCTaperH NiTi rotary files were tested to separation with different curvature
locations on the file (See image 1). Table 1 shows the mean TTS between groups. A one-way
ANOVA was performed to evaluate the impact of file length on TTS. The average TTS for the
I1mm, 16mm and 21mm groups were 71.75 seconds, 16.26 seconds, and 2.82 seconds,
respectively. This revealed that there was a decrease in time to separation as the curve location
moved further away from the tip of the instrument. One-way ANOVA and Turkey HSD post hoc
analyses revealed that there were significant differences between each of the three groups
(P<0.001).

Image 1: Jig setup

11mm from Tip 16mm from Tip 21mm from Tip



Table 1:
Mean TTS by Group

Distance
From Tip N (Sgnc%::]r:js} Deviation
(mm})
11 22 71.75 1417
16 22 16.26 6.19
21 22 282 0.29

Figure 1. Mean TTS by Group
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Discussion

Clinicians generally divide root canal curvature location into three areas: apical, middle
and coronal thirds. This study attempted to replicate these three general locations and how this
location would influence the cyclic fatigue of the DCTaperH, 3 1mm size 25/v06 rotary files. The
above results indicated that there was association with location of curvature and time to
separation. The further the curvature was located from the tip of the instrument, the shorter the
time to separation. Our results are in agreement with a study by Alghamdi et al (14) who also
evaluated location of curvature and cyclic fatigue resistance. They tested five different types of
files in a predetermined canal angle and radius of curve. Their preset canal curves were
fabricated out of a zirconia oxide plate. The entry point to the curvature was lengthened or
shortened and instruments were run until failure. Their study concluded that instruments were
quick to separation when the curvature was also located more coronally on the file.

It has been estimated that the incidence of rotary instrument separation is around 3% (15)
and historically, cyclic fatigue has been a significant factor in these iatrogenic events (9). The
results of our study, as well those of Alghamdi et al., would support another clinical factor: canal



curvature location. This knowledge coupled with CBCT and an astute clinician, would allow
practitioners to be more aware of the stress that a file may undergo in different locations of canal
curvature.

In this benchtop study, there are limitations that must be acknowledged. First, the
procedure was performed in a room temperature environment as opposed to a body temperature
medium. There have been studies on files different from DCTaperH that have shown decreased
time to separation when performed in a room temperature environment compared to a body
temperature equivalent (16, 17). Alghamdi et al. was able to overcome this obstacle with their
access to a zirconium block submerged in body temperature solution (14). They tested 5 different
files of varying martensitic qualities and still showed that at body temperature, coronally located
canal curvature caused a decrease in time to separation. There were also a few other clinical
limitations which were encountered in our research. We rotated the files in a static position when
testing for instrument separation which is not true of a clinical setting. Rarely are files held in a
static position for significant lengths of time which may cause a decrease in time to separation as
the file undergoes continuous stress without any chance for relief.

There is also the possibility of introduction of human error with the use of a stop watch.
However, the significant differences in average time to separation would still seem to allow for a
half second reaction delay and would likely still maintain a p<0.001.

There are many clinical variables that could be manipulated in this type of study. One is
the amount of curvature that is introduced into the file itself. Our study introduced a relatively
sharp curvature which could have exacerbated the time to separation. A more gradual curve may
have allowed for longer times to separation for each group. Another variable would be the type
of file that could be used. We used a variably tapered 25/06 file that is a conservative file with a
small maximum flute diameter. It has a variety of clinical applications and could be used as a
step in a shaping protocol or as a final preparation size. It would be interesting to assess how
different sized rotary files would be affected by curvature location. These would be potential
avenues for further research to help identify if file size and curve location have an association on
time to separation.

Another interesting concept is the angle of entry of the file into the canal orifice.
Especially as conservative endodontic therapy becomes more prevalent, there are new unique
stresses that will be introduced into our rotary files. A few recent studies have shown that
increasing the angle of entry into the canal itself will also cause a decrease in fatigue resistance
(18, 19). While this does pose a different scenario than canal curvature location, it does relate to
the location of stress that is placed on a file influencing its cyclic fatigue. Both scenarios would
suggest that stress placed more coronally on the file would lead to a decrease in cyclic fatigue
resistance.

Conclusion

It is clear there are many factors involved in the cyclic fatigue properties of rotary
instruments. Some of the most common clinical variables include angle and radius of curvature.



Within the limitations of this study, the clinical variable of canal curvature location may also be
a factor in the cyclic fatigue resistance of DCTaperH 25/06 files.

The views expressed in this manuscript are those of the author and do not reflect the official
policy or position of the United States Army, Department of Defense, or the U.S. Government.
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