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Abstract

Aim: This study was designed to determine the lifespan of One Curve (OC) heat-treated nickel-titanium (NiTi)
rotary files operating understatic and dynamic fatigue conditions using intracanal lubricants such as oil or sodium
hypochlorite (NaOCl).

Materials and Methods: The OC files were tested using an artificial zirconia canal. They were tested in air without
any intracanal lubricant under static (Group 1) and dynamic (Group 4) modes, and after filling the canal with either
oil (Group 2 and Group 5 under static and dynamic modes respectively) or 1% NaOCI (Group 3 and Group 6 under
static and dynamic modes respectively). One Curve files were rotated freely in the canal at a speed of 350 rpm
(continuous clockwise) under static mode until file failure occurred through fracture. In case of dynamic testing, the
instruments were rotated at the same conditions in the canal, but with an additional back and forth movement until
fracturing. The number of cycles to fracture (NCF) was recorded and statistically analyzed using One Way ANOVA
and Bonferroni tests.

Results: Testing of the file in air demonstrated the lowest fatigue resistance, where the static test mode (NCF: 560 +
8.25) was the worse than the dynamic mode (NCF: 636.81£14.49). On the other hand, the instruments tested under
both static and dynamic modes in oil as an intracanal lubricant showed improved lifespan in terms of NCF
(1193.894£7.96 and 1351.39 + 7.06) compared to the same modes in NaOCI lubrication (878.89 + 8.59 and
1093.82+39.08). Regardless of intracanal lubricant, the dynamic groups produced better results than the static ones.
In terms of fractured length, significant differences were identified between the groups except between Group 2 and
Group 6.

Conclusions: Type of intracanal lubricant demonstrated a more influential effect on the file lifespan than the mode
of cyclic fatigue (CF) test. The dynamic CF test utilizing oil intracanal lubricant resulted the best improvement in
the file lifespan.
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1. Introduction

For mechanical root canal preparation, the nickel-titanium (NiTi) rotary files have become an essential tool mainly
due to their super flexible property. However, they may undergo premature failure (1) during the treatment. The CF
is reported as the primary cause of the failures of NiTi files. It occurs as a consequence of continuous rotation where
repeated tensile and compressive stresses accumulate at the point of maximum flexure of the rotary instrument
rotating files in a curved canal (2, 3). Cyclic fatigue resistance (CFR)is defined by the number of cycles that an
instrument can bear endure under a particular loading condition until the fracture occurs determines its CF
resistance, which and this can be evaluated either by static or dynamic tests. In the former, the endodontic files
rotate continuously in either clockwise or anticlockwise at a fixed length in the canal without axial movement,
while in the dynamic mode, the rotary files are moved back and forth (pecking motion) inside the root canal(4-6).

Different test modes for CFR are presented schematically in Figure 1.
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Figure 1. Static and dynamic testing conditions used for CFR of endodontic files

It has been identified that chemical composition of NiTi alloys, instrument design and geometry, surface treatments,
rotational speed, torque, the root canal shape, sterilization cycles, and the number of clinical uses all influence the
number of cycles to fracture (NCF) of NiTi rotary files(7, 8). In addition, the experimental test design with an
artificial canal, whether static or dynamic, recorded to have an impact on the CF resistance of the endodontic rotary
files(9, 10).

It is generally agreed that the dynamic motion of the rotary file is a good simulation to the clinical situation where
the highest flexure point varies along the file length throughout the test similar to the stress encountered by a rotary
file under clinical condition. Therefore, NiTi instruments lifespan can be extended under dynamic test mode.
Consequently, the dynamic test was regarded to provide more clinically relevant information than the static one. On
the other hand, the static test can give useful data about the effect of different design properties of the files or pre-
treatment (surface or heat treatment) of the alloy on CF (11), which might be more interesting to develop and
optimize a new endodontic files. Nevertheless, dynamic tests possess many shortcomings. For instance, relying on
the used canal to bend the instrument, metallurgical properties of the endodontic instrument is altered by the
tensional fatigue in addition to CF(12). Indeed, in dynamic test design, the CF instrument fractures and torsional
fatigue cannot be clearly distinguished. Moreover, a standardization of the file axial movement with no lateral
motion promoting torsional loads is challenging. A lateral movement of a rotary file during rotation could also
result in another bending point located at the beginning of the root canal deforming dynamic test outcome (11).
Cyclic fatigue test is mainly performed in an artificial canal with known curvatures (length, angle and radius of

curvature), filled with a lubricant to decrease the friction between the instrument and the artificial canal walls and to
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minimize the heat generation (13-15).Since the fatigue behaviour of NiTi rotary files has been greatly affected by
the environmental conditions, CF testing has been proposed to be conducted in a similar environment close to the
clinical condition such as NaOCI be used as a lubricant(16). Moreover, to some extent, the involvement of different
lubricating agent during testing procedures may be attributed to the variation in the results (17, 18). Many studies
used oil (13, 14), water (15, 19), glycerin (14, 20), or NaOCI(17).

One Curve (OC) (Micro-Mega, Besancon, France) is a more recent addition in NiTi instrument system for the root
canal utilizing a single file. The manufacture of OC files is carried out by heat treatment using C-Wire technology.
The OC files could be pre-bent to preserve the curvature and shape of the root canal, in addition to the control
memory. Two different cross-section zones have been noticed in these files; the first part has a design with three
different cutting edges, while the second (coronal) one presents a pattern with two cutting edges (21).

Testing of fatigue behaviour of rotary files has attracted the attention of many researchers and further studies are
required to fully understand the fatigue failure under different test modes and environmental conditions. Therefore,
the aim of this research was to analyze the effect of CF test designs on the lifespan of OC files. The null hypothesis
asserts that the CF test modes and intracanal lubricants do not significantly influence the lifespan of OC endodontic
rotary files.

2. Materials and Methods

2.1. File samples

Thirty-six OC heat-treated nickel-titanium (NiT1) rotary endodontic files (OC; Micro Mega, Besancon, France) with
a tip size of 25 and a 0.06 tapering were collected and investigated under 20x magnification to make sure that they
were defect-free. According to the modes of CF test and the intracanal lubricants, the files were divided into six
groups with six samples in each (n = 6) as presented in Table 1.

Table 1.Experimental groups for CFR of endodontic files

Group Name Test mode Test environment
Group 1 Static in air

Group 2 Static in oil

Group 3 Static in NaOCl

Group 4 Dynamic in air

Group 5 Dynamic in oil

Group 6 Dynamic in NaOCl

2.2. Cyclic fatigue testing

Files were tested for CF resistance using an artificial canal. Inside a block of zirconia, the artificial canal was
created with 6.06 mm radius, 0.6 mm apical diameter and 45 ° curvature angles. The curvature of the canal was
specified within a range between 2.5 mm 5.5 mm from the canal tip(22). To permit a good observation of the
instruments and to avoid instrument slipping out of the canal during testing a glass slab was used to cover the

artificial canal. The experimental set-up for the CF tests is presented in Figure 2.
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Figure 2. Experimental set-up for cyclic fatigue testing of rotary endodontic files

The files were tested in both static and dynamic modes where the artificial canal was filled with either artificial
white oil (Iranoil, Tehran, Iran) or 1% NaOCI which prepared from a stock solution of 2% NaOCI (Chloraxid,
Cerkamed Medical Company, Stalowa Wola, Poland).

In the static mode of the CF test, each file was positioned in a contra-angle endodontic handpiece (X-smart,
Dentsply Maillefer, Ballaigues, Switzerland) at a speed of 350 rpm and at room temperature (25 °C). Following the
manufacturer's recommendation, the OC files were rotated at a clockwise continuous rotation. The files rotated till
the fracture. The time needed to fracture a file was measured by a 1/100 s chronometer. To calculate the NCF, the
time required to fracture was multiplied by the number of rotations per minute. In the dynamic mode of test group, a
similar protocol was used as in the static mode of test, except the back and forth axial movement of the rotated file
inside the artificial canal. The axial movements’ amplitude was 3 mm, with approximately 2 sec for every file
displacement. The lengths of the fractured fragments of each file were measured with the aids of a digital caliper
(Mitutoyo, Kawasaki, Japan).

2.3. Statistical analysis

Since, the data were normally distributed according to the Shapiro—Wilks test, One Way ANOVA and Bonferroni
test were performed to define any statistically significant differences between the groups applying version 22.0 of
SPSS software (IBM Corp., Armonk, US). All testing was performed at a confidence level of 95%, and P < 0.05.

3. Results

Table 2 and Figure 3 show the means and standard deviations of the NCF of tested groups. Statistical analyses
expressed statistically significant differences between the tested groups. The group of dynamic tests with oil
intracanal lubricant recorded the highest value (1351.39+7.06) of the NCF, followed by a group of a static model
with oil (1193.89+£7.96), the dynamic group with NaOCIl (1093.82+39.08), and the static group with NaOCl
(881.81+8.59). However, the testing of the file in air demonstrated the lowest fatigue resistances, where the static
group without using an intracanal lubricant (560.00+8.25) was the worst. All the NCF results showed statistically
significant difference between the groups.

The file fragment measurement results (Table 2 and Figure 4) showed that the groups of file tested in air recorded
the longest fractured segments (3.35+0.04 and 3.62+0.03) followed by the group of dynamic+oil (2.85+0.03), and
static+NaOCl group (2.70+0.03). However, group of dynamic + NaOCI and static +oil displayed the shortest
segments with no significant differences. Highly statistically significant differences were reported between the
groups (P = 0.000) except between the static +oil and dynamic+NaOCI groups. It should be noted that no

correlation was found between the NCF and fragment length results for different groups.
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Groups NCF (SD) Fragment length in mm
(SD)
Static + air 560.00 (8.25)" 3.35(0.04)"
Static + oil 1193.89 (7.96)" 2.58 (0.03)°
Static + NaOCl 881.81 (8.59)° 2.70 (0.03)°
Dynamic + air 636.81 (14.49)° 3.62 (0.03)°
Dynamic + oil 1351.39 (7.06)° 2.85 (0.03)°
Dynamic + NaOCl 1093.82 (39.08)" 2.55 (0.06)°

Vol. 24 Issue 2

Table 2: Mean (standard deviation) of the number of rotations to failure and length of fractured fragments.

Note: Different superscript letters within a column highlight statistically significant difference between groups (P <

0.05) and same letter in two groups does not indicate any significant difference (P > 0.05)
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Figure 3.Number of cycles to fracture (NCF) in all tested groups of rotary files
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Figure 4. Fractured fragment lengths in all tested groups of rotary files

The test data on NCF and the length of fractured fragment for individual file are shown in Table 3 and Table 4

respectively.
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Table 3. NCF data for all tested files from each specimen group

Groups NCF
File 1 File 2 File 3 File 4 File 5 File 6

Group 1 571.67 560.00 548.33 560.00 565.83 554.17
Group 2 612.50 647.50 653.33 635.83 630.00 641.67
Group 3 1190.00 | 1207.50 | 1184.17 1195.83 1190.00 | 1195.83
Group 4 1341.67 | 1359.17 134750 | 1353.33 1347.50 | 1359.17
Group 5 886.67 875.00 869.17 892.50 880.83 886.67
Group 6 1073.33 1050.41 1125.83 1114.17 1055.83 1143.33

Table 4. Fragment length data in mm for all tested files from each specimen group

Groups Fragment length (mm)
File 1 File 2 File3 | File 4 File 5 File 6

Group 1 3.30 3.41 3.35 3.35 3.39 3.32
Group 2 3.66 3.62 3.58 3.62 3.64 3.59
Group 3 2.61 2.55 2.58 2.54 2.57 2.59
Group 4 2.89 2.85 2.80 2.85 2.84 2.86
Group 5 2.75 2.66 2.68 2.71 2.72 2.70
Group 6 2.47 2.50 2.60 2.54 2.64 2.57

4. Discussion

In the endodontic literature, the CFR of NiTi rotary instruments has been an area of great interest. The fracture of
NiTi rotary instruments is caused mainly by a combination and accumulation of stresses(23). During the fatigue
test, the cyclic fatigue resistance is defined by the number of cycles that a file can endure. It is the numerical guide
to measure the cyclic fatigue resistance. It is a cumulative measure as it is related to the intensity of tensile and
compressive stresses (2, 6, 24, 25).Tobushi et al. (26)reported that the CF test is a reliable and simple approach to
define the fatigue behaviour of NiTi instruments. In the current study, a single zirconia standardized artificial canal
was used to ensure standardization of the canal dimensions (27), and to overcome and reduce the impact of other
variables (6).

This research was aimed to assess whether CF resistance of OC files was varied according to the tests employed
(static or dynamic), using oil or NaOCl as an intracanal lubricant. The findings reported that oil intracanal lubricant
has a significant positive impact on the NCF and in relation to the mode of test, the dynamic one recorded higher
number than the static test performed using both oil and NaOCI intracanal lubricants. According to the result of the
current study, the mode of the CFR tests and the intracanal lubricants have a great influence on the lifespan of OC
files, so the stated hypothesis was rejected.

In the present study, in comparison to the static mode, the dynamic mode of the CFR test resulted in a significant
improvement in the OC lifespan. These findings agree with those reported by Li et al. (28), Ray et al. (29), and
Hulsmann et al. (11) as they demonstrated that dynamic movement increased the lifespan of endodontic rotary
instruments. In the static mode, the alternating tensile and compressive stresses are focused at the same zone of the
endodontic instrument without any axial movement (28). The stresses are cumulative and promote microstructural

alterations in the metallic type of the alloys used in the file. The current results indicated that the stress
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concentration at the same zone of the file shaft significantly minimized the NCF. In contrast, the tensile and
compressive stresses are distributed along the tapered shaft of the instrument in the dynamic test, which can be
attributed to the axial displacement or movement of the instrument inside the curved canal. Thus, the fatigue
fracture resistance could be enhanced if the stress concentration at the same area of the instrument was avoided. The
current results agreed with Li et al. (28) findings, where they indicated that this principle could be adapted for other
types of files.

The present study confirmed the importance of applying an intracanal lubricant during the testing of the CFR of an
endodontic file, avoiding the adverse effect of the friction between the files and canal walls, and the generated heat
on the mechanical property of the NiTi files. The current result indicated a protective effect from the oil and 1.0%
NaOCl as intracanal lubricants in the CFR test when compared to the tests in air. Although they used NaOCl at a
higher concentration, the current result agreed with Pedulla et al. (30) as they reported that NaOCl (5.25% and 20
°C) improved the CFR of OC.

However, the current results were in disagreement with Cheung et al. (16) as they recorded that hypochlorite
solution (5.25% at 37 °C) was a more damaging factor to fatigue life than air, deionized water, or silicone oil. The
reasons for this disagreement could be due to the fact that, at a higher temperature, the corrosive effect of NaOCl
became greater than the lubricant effect(31, 32). The adverse effect of the NaOCI also recorded by Elnaghy &
Elsaka (17) as the fracture of the instruments in the air occurred after a higher number of cycles than that in sodium
hypochlorite or saline. However, the disagreement might be attributed to different experimental settings, for
example, the curvature angle of the artificial canal was 60° with continuous irrigation leading to a reduction in the
solution volume and the exposure time. It has been demonstrated that NaOCI irrigant etches the NiTi instrument,
and subsequently removing the surface nickel ions resulting in micro-holes (33). This corrosive activity of NaOCl
has been recorded to be a point of stress build-up and this could help to propagate crack on the instrument.
Therefore, the contact between files and NaOCI solution could cause a negative effect on the mechanical integrity
of NiTi instruments (34, 35).

The average lengths of the fractured segments were affected by the CF test modes and the lubricants used. Although
significant statistical differences were recorded between the groups, all the tested instruments fractured nearly at the
starting point of the curved part of the artificial canal. The stress around this point of the instrument was apparently
greater. Transformational design of OC cross-section (21) might modify the distribution of the maximum stress
points (36). The difference in fragment lengths among the groups could be attributed to the effect of the test
condition on the properties of the alloy, or an original defect in the files. Although significant statistical differences
were distinguished between some of the groups, the fragment lengths did not show any clear relationship with the

canal lubricants or the test modes.

5. Conclusion

Despite the limitations of this cyclic fatigue (CF) study, itis safe to conclude that using an intracanal lubricant
during file testing is essential, and applying oil as an intracanal lubricant and dynamic test mode perform better than
NaOCl lubricant and static test mode to improve the lifespan of One Curve (OC) rotary endodontic files in terms of
number of cycles to fracture (NCF). However, the type of intracanal lubricants demonstrated a greater impact than
the tests modes whether it was static or dynamic. The NCF of OC instruments significantly improved when the files
were subjected to a dynamic CF test with oil, compared to the static mode and using NaOCI lubricant. According to

these results, during rotary instrumentation of curved root canals, continuous pecking motions and oil intracanal
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lubricant are recommended. However, further research is required to define the impact of the frequency of the
pecking motion and working time on the CF resistance of the endodontic rotary files.
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