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Abstract.
Aim: The study aimed to evaluate the effect of thermal treatment using deep
cryogenic treatment and autoclaving on the cyclic fatigue resistance of reciprocating
nickel-titanium (NiTi) instruments. Methods: Thirty primary reciprocating
(WaveOne Gold, Dentsply India) nickel-titanium instruments, size 25, 0.07 taper, were
divided randomly into three groups: cryo-treated NiTi reciprocating files (Group-A),
non-treated NiTi reciprocating files (Group-B) and autoclaved NiTi reciprocating files
(Group-C). The instruments of groupA were completely immersed in a cryocan
containing liquid nitrogen (-196° C) for 24 h. After 24 h, the instruments were removed
from the bath and allowed to gradually return to room temperature. The instruments
in group C were autoclaved (121° C) and allowed to gradually return to room
temperature. The files were instrumented (at 350 rpm in 150° CCW and 30° CW) in an
artificial canal with a curvature of 60° until fracture. The time offracture was recorded
with a stopwatch in seconds and subsequently converted several cycles to fracture
(NCF). The results were compared using One-way ANOVA and Tukey’s post-hoc test
at a level of statistical significance of 0.05.Results: The mean number of fatigue cycles
for the cryo treated group was significantly higher, followed by the non-treated group
and the least in the autoclave group. Conclusion: Thermal treatment affected cyclic
fatigue resistance. Deep cryo treatment enhanced the cyclic fatigue resistance of
reciprocating NiTi files.
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Introduction

The removal of vital and necrotic remnants of pulp tissues, microorganisms, and
microbial toxins from the root canal system is essential for endodontic success.
With the development of nickel-titanium (NiTi) instruments root canal shaping has
been enhanced, making them more effective, easier, and faster.[1] Despite all these
advantages, the instruments are susceptible to deformation and/or fracture, which
can affect treatment prognosis.[2]

When endodontic instruments are applied to curved canals, they undergo both
tensile and compressive stress during rotation. Flexural fatigue, regarded as the
most destructive cyclic fatigue, is caused by frequent bending and unbending, and is
encouraged during instrumentation in curved canals. The constant application of
tensile and compressive forces could be a source of potentially destructive load in
the area of curvature of the canal where the NiTi rotary instruments are in use.[3]
To control these difficulties, new NiTi alloys and different cross-sectional designs
have been proposed to optimize the characteristics of endodontic instruments. [4,5]

Thermal processing of NiTi alloys has shown improved instrument fatigue
resistance, flexibility, cutting efficiency, and canal-centering ability.[5] In addition
to thermal treatment modifications, reciprocating motion kinematics have been
shown to expand the lifespan of NiTi instruments and improve fatigue resistance in
comparison with continuous rotation movements.[6] WaveOne Gold, is
manufactured from a metal alloy treated with a complex heating-cooling treatment
which has improved resistance and flexibility.[7]

On the other hand, cryogenic treatment(CT) is an effective heat treatment that can
be widely applied to various cutting tools to reduce production costs by increasing
cutting tool performance, enhancing wear, abrasion, and corrosion resistance, and
reinforcing metals by boosting the degree of NiTi microhardness.[3] CT applied at
temperatures between -80 degree Celsius and -140 degree Celsius is shallow
cryogenic, while that applied between -140 degree Celsius and -196 degree Celsius is
termed deep cryogenic treatment. CT is a two-stage process: (1) submerging the
metal in a super-cooled bath that contains liquid nitrogen (-196°C/-320°F) and (2)
allowing the metal to slowly let the cold out to reach room temperature. The effect
of CT on the mechanical behavior of NiTi instruments made of a recently
established WaveOne Gold has not yet been evaluated in the literature.
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The present study aimed to investigate the effects of deep wet CT and autoclave
heat treatment on the cyclic fatigue resistance of the WaveOne Gold file. The null
hypothesis states that there is no difference between the cyclic resistance of files
treated with or without deep wet CT and those treated after autoclaving.

Materials and Methods

Thirty primary reciprocating Ni-Ti files (WaveOne Gold, Dentsply India) of size 25,
0.07 taper were used in this in vitro study. Before instrumentation, all files were
inspected using an optical stereomicroscope under x20 magnification for
morphological and dimensional analysis and for any sign of visible deformations.
Files with faults or defects were also discarded. The study protocol and cyclic fatigue
testing device used in the present study were based on the method described by
Sundaram et al. [8]

All files were randomly assigned into three groups to examine cyclic fatigue:

Group A: Ni-Ti files subjected to deep cryo treatment.

Group B: Ni-Ti files subjected to autoclave.
Group C: Ni-Ti files were not subjected to autoclave or cryo treatment.

Cryogenic treatment protocol

The instruments used in this study were treated cryogenically with liquid nitrogen.
They were completely immersed in a cryocan containing liquid nitrogen ( -196°C)
for 24 h. Then, they were removed from the bath, and stored in 70% of absolute
alcohol to gradually return to room temperature. The procedure was similar tothat
used by Singh et al.

Autoclaving protocol
Autoclaving cycles were performed at a temperature of 121° C for 30 min using
saturated steam under 15 psi of pressure.

Cyclic fatigue examination

The device, developed in the present study to examine the strength of cyclic fatigue,
includes a main frame with fixed plastic support to hold the handpiece and a
custom-made jig having an artificial curved canal with +0.2 mm deep, 60 ° angle of
curvature and 5 mm radius of curvature. Every file is expected to rotate in a precise
trajectory as shown in Fig 1. The endodontic micromotor and contra-angle

1856 | www.scope-journal.com



Scope

Volume 14 Number o2 June 2024
handpiece were placed parallel to the base of the apparatus on the support arm. To
ensure correct locking, the file was meticulously secured to the handpiece. Next, as
instructed by the manufacturer, the electric motor was calibrated to operate at a
speed of 350 rpm. Accurate measurements and instrument placement were
guaranteed by file fixation. The micromotor was turned on as soon as the
instrument was well-positioned in the canal. Tempered glass was used to cover the
artificial canal to stabilize the instrument and allowed to observe the rotating
instrument.
The canal was lubricated with synthetic oil to reduce the friction of the instruments.
The time taken for the instrument to fracture was recorded with a digital stopwatch.
This was a manually operated test, taking from the moment the motor went on to
the moment a fracture was detected. This procedure was sequentially repeated by
the same operator for all instruments in all three groups.

The time to fracture (TF) was multiplied by the number of rotations per minute to
obtain the number of cycles to fracture (NCF) for each instrument.

Statistical Analysis

Once all the tests were administered, each group's mean values were calculated.
Before data analysis, a One-way ANOVA and Tukey’s Post Hoc test were done for
each group at a statistical significance level of P < 0.05.

Results

The mean number of Fatigue Cycles in Cryo treated Group was 2953.84 + 61.79, for
Autoclaved Group was 2338.04 + 65.65 and in the nontreated Group was 2643.11 +
37.02. The differences in the mean Cyclic Fatigue values between the three groups
were statistically significant at p<o.oo1. (as shown in Fig 2)

Multiple comparisons between groups revealed that the Cryo Treated Group
showed the highest mean number of fatigue cycles as compared to the Autoclaved
and Non-Treated groups and these differences were statistically significant at
p<o.oo1(as shown in Table 2). This isfollowed by the Non-Treated Group, which
showed a significantly higher mean number of fatigue cycles than the Autoclave
Group and the difference was statistically significant at p<o.oo1. This implies that
the mean number of fatigue cycles for the Cryo treated group was significantly
higher, followed by the Non-Treated Group and least in the Autoclave
Group.Hence, the null hypothesis is rejected. (Figure 3 to 6).
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Discussion

The reciprocating working motion has been shown to extend the lifespan of a NiTi
instrument, hence providing resistance to fatigue, in comparison with continuous
rotation. The M-wire alloy which is used in the development of new
instrumentation systems is specifically designed to be used with reciprocating
motion: and it offers increased flexibility and cyclic fatigue compared with
traditional NiTi. It has a continuously decreasing taper from its shaft and is
characterized by different cross-sectional designs over the entire length of the
working part. The files have radial lands with a modified convex triangular cross-
section at the tip end and a neutral rake angle convex triangular cross-section at the
coronal end.

The cyclic fatigue resistance of NiTi rotary instruments has been a subject of great
interest in endodontic studies. The impact of torsional fracture, metal fatigue, or
fracture of NiTi rotary instruments caused by a combination of torsional stress and
accumulation of fatigue is still debated.[9] It has been suggested that cyclic fatigue
accounts for 50%-90% of mechanical failures compared to torsional failure. Most of
the fractured instruments were analyzed as having flexural failure, implying that
cyclic fatigue is the predominant mechanism for material failure.[10]

In this study, canals were simulated with a stainless-steel device that guaranteed a
fixed radius of curvature along with a fixed angle of curvature. The protocol used in
our study for cyclic fatigue was based on the method described by Li et al. [10]
which accurately describes the root canal curvature based on the angle and radius of
curvature.

The fracture behavior of rotary instruments might be affected by cold treatment
processes which could lead to a potential source of changes in the crystalline alloy
structure.[11] Therefore, it is necessary to examine the impact of surface treatment
procedures on the performance of NiTi rotary instruments.

In this study, the null hypothesis was rejected and although CT could result in a
reduction in the cycles of fracture in the rotary files receiving the process, there was
a statistically significant difference in the number of cycles in reciprocating files.
Therefore, CT increased the number of cycles ending in the tincture of WaveOne
Gold reciprocating files.
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Gavini et al. examined the cyclic fatigue resistance of K3 NiTi rotary instruments
subjected to nitrogen ion implantation.[12] The results showed that ion
implantation was effective in improving the resistance of rotary NiTi instruments to
cyclic fatigue.

The present study differed in procedure from that designed by Gavini et al, in that
they examined how implantation of the nitrogen ion could affect the properties of
the instruments. Implantation occurs within the near-surface layer (below 1 mm
deep), hence in this case, implantation becomes a source of compressive residual
stress at the subsurface level, which can inhibit the formation and propagation of
fracture lines.[12]

However, a study performed by George et al. indicated that the fracture time was
significantly higher in three different rotary files (Hero Shapher, RaCe, and K3) after
deep dry CT. [3] George et al. concluded that the increase in the level of hardness
could be attributed to the alloy completely transforming from the austenitic to
martensitic phase. Such a change in phases normally occurs at -195°C and could
result in a reduction in the level of internal stress within the alloy owing to plastic
deformation. 3]

This study was conducted by George et al. This may be attributed to the CT
procedure performed to reduce the occurrence of thermal shock; the nonrecurring
thermal treatment was performed at a cooling rate of 1°C/1 min. This improved the
microstructure of the NiTi instruments. According to the results of the energy-
dispersive X-ray spectroscopy line profile analysis, after CT nitrogen was evenly
distributed throughout the entire cross-section of the instrument.[13]

The similarity in the results of the cryo-treated group of the present study with that
performed by Gavini et al could be explained by a similar mechanism occurring on
CT due to N2 distribution giving similar results. The mechanical behavior of the
instruments is highly influenced by the nature of the alloy and the manufacturing
process. In addition, even slight changes in the composition, impurities, and heat
treatment conditions could have a considerable impact on the mechanical
properties of the NiTi alloy.[14] As a case in point, heat treatment (as a part of the
manufacturing process) strongly affects superelasticity and shape memory
properties.[14]
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Under the conditions of the present study, one cycle of autoclave sterilization
significantly influenced the cyclic fatigue resistance of reciprocating NiTi files
produced by an innovative heat-treated alloy that isWaveOne Gold files (M wire
technology). These instruments showed a statistically significant decrease in the
number of cycles that caused fractures after sterilization. These results are those
obtained by Hilteret al who also reported a significant decrease in the NCF after
sterilization exhibited by the group of twisted files suggesting that the enthalpy
generated during autoclave processing producedsufficient energy to enable a heat
treatment effect that could cause a crystalline phase change with the new
manufacturing technique.

Figures

Figure 1- Cyclic fatigue testing device
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FIGURE 5- Mean number ofFatiguecyclesb/wGroup2&Group3
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Tables

Table -1- Comparison of the mean number of Fatigue Cycles between 3 groups using
the One-way ANOVA Test

Comparison of the mean number of Fatigue Cycles between 3 groups using One-
way ANOVA

Test

Groups N  [Mean SD Min Max p-value

Cryo treated 10 [2953.84 61.79 2850.3 3046.0

Autoclaved 10 [2338.04 65.65 22283 2413.8 <0.001*
Non-treated 10 R643.11 37.02 2579.5 2689.2

*- Statistically Significant

Table-2- Multiple comparisons of mean difference in the number of Fatigue Cycles
between groups using Tukey’s post hoc Test

Multiple comparisons of mean difference in the number of Fatigue Cycles
between groups
using Tukey's post hoc Test

Mean Diff. |95% CI for the Diff.
(I) Groups (J) Groups (1)) Lower Upper p-value
Group 1 Group 2 615.80 553-41 678.19 <0.001*
Group 3 310.73 248.33 373.12 <0.001*
Group 2 Group 3 -305.07 -367.47 -242.68 <0.001%

* - Statistically Significant
Conclusions
Thermal treatment affects the cyclic fatigue resistance. Deep cryo treatment

enhanced the cyclic fatigue resistance of reciprocating NiTi files. Hence,it is best to
use cryo-treated reciprocating files to enhance long-term benefits.
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