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Introduction
The introduction of Nickel
Titanium (NiTi) alloy in

Abstract

The use of endodontic files multiple times can cause fatigue in them and
can lead to their separation in the root canal. The purpose of this study
was to achieve a reduction in cyclic fatigue stress in a newly introduced
nickel-titanium (NiTi) rotary single-file system. The study aimed to
determine whether cryotherapy could help reduce cyclic fatigue and
stress on rotary files after multiple uses during root canal treatment. By
utilizing finite element analysis (FEA), the study provided a
comprehensive evaluation of how cryotherapy might enhance the
performance and longevity of these instruments, ultimately benefiting
patients undergoing root canal therapy.

Methodology

This in vitro comparative study used scanned plastic teeth with genuine
root canal anatomy and FEA to investigate the mechanical response to
cyclic fatigue and stress of NiTi rotary file system. The endodontic file
(TruNatomy,dentsply) was created through the complex root canal
geometries, for which mandibular tooth models were scanned and
created by a computer software (Abaqus). The total sample size was 34,
divided into two groups, with each group comprising 17 participants (n
= 17). The results were analyzed by analysis of variance (ANOVA) test.
Results

The results revealed that the p-values were less than 0.001, indicating
significant reduction in cyclic fatigue when the NiTi rotary single-file
system (TruNatomy,dentsply) was treated with cryotherapy . However,
stress reduction was observed in the NiTi rotary single-file system when
it was treated with cryotherapy.

Conclusion

This in vitro comparative study concluded that cryotherapy helps to
reduce the stress of NiTi rotary singlefile system. Nonetheless, more
research is needed to understand the clinical significance of the findings
of the current in vitro study.

Keywords: Cryotherapy, Finite Element Analysis, Rotary Nickel
Titanium files, TruNatomy

endodontic instruments has been considered a technological revolution in root canal
instrumentation [1]. The introduction of NiTi alloy in rotary files has replaced traditional
stainless-steel files due to its superior mechanical properties like biocompatibility, resistance
to corrosion, shape memory, and super-elasticity [1,3]. These tapered files resulting in almost
perfect tapered canals have considerably increased the success rates and treatment outcomes in
95% of root canal therapies [3,4]. Though NiTi files are more resistant to fractures and possess
higher flexibility, resistance to bending and torsional stresses are limitations of using NiTi alloy

files [5,6].
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Despite its favorable properties, endodontic rotary files with NiTi alloy experience
intraoperative cyclic fatigue fractures. It occurs when endodontic files are subjected to both
tensile and compressive stress during rotation in curved canals resulting in intraoperative
fracture signifying an iatrogenic error [7-11]. Manufacturers of rotary files focus on enhancing
the mechanical capabilities to minimize procedural anecdotes of file fractures that include the
incorporation of different cross-section designs of files, the introduction of heat treatment,
several surface treatments including cryogenic treatment, and development of better cutting
blades [10-13].

Cryogenic treatment (CT) involves exposing the instruments to very low temperatures affecting
the entire thickness of the metal [12]. Though CT has been proposed to improve the
microhardness, and the resistance to cyclic fatigue of NiTi files, [14] other studies had
contrasting findings where CT had no significant effect on cyclic fatigue of NiTi files [15,16].
Recently, Finite Element Analysis (FEA) has been proposed to analyse the mechanical
behaviour and understand the cyclic fatigue resistance of endodontic instruments subjected to
dynamic and static loads [17,18]. The usage of FEA eliminates the necessity of additional
expertise and advanced knowledge required to generate accurate geometrics of files either by
CAD method and/or CT scanners [19]. Not many studies have been conducted to determine
the cyclic fatigue resistance of a single NiTi rotary file system subjected to CT in an FEA
platform.

Therefore, the present in-vitro study was conducted to determine stress distribution and cyclic
fatigue resistance of single NiTi rotary files with a secondary objective to determine if CT helps
to reduce the cyclic fatigue stress after multiple uses in a 3D constructed root canal on the FEA
platform.

Materials and Methodology

The present in vitro study was conducted in the Department of Conservative Dentistry and
Endodontics of a Tertiary teaching dental college in South India. The study was approved by
the Institutional Ethics Committee. The study was conducted in 2022. The finite element
models were designed using ABAQUS®. The designing of finite element models for
simulating root canals was carried out in two steps: 1. Construction of a 3-dimensional finite
element model of a rotary file, and 2. Construction of a 3-dimensional root canal model.
3-dimensional finite element model of tooth models

Five models were made using a traditional fixed taper rotary. The newly introduced NITI rotary
single file system was used to instrument and shape the canals to apical sizes #20 and #30. The
mandibular tooth models were scanned and created by a modelling software (FEM) (IDEAS11
NX; UGSiPlano, TX) [Figure 1]

Figure 1: 3-D model of tooth
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3-dimensional finite element model of rotary file

A commercially available NITI Rotary single file system (TruNatomy, Dentsply) was chosen
to analyze the variation in cyclic fatigue. These groups were further subdivided according to
the number of cycles of biomechanical preparation (BMP).-This endodontic file (with its
distinct components: the active part, shaft, and transition part) was created by computer through
the junction of two distinct geometries: the raw material and the machined material. The raw
material matches the shape of an endodontic file before the cutting edges are machined over it.
Its axisymmetry geometry consists of a shaft (cylindrical part) and an active part (truncated
cone). The machining of blades along the length of the active part was done based on the cross-
section of NITI rotary files [Figure 2]. The elements of the FE mesh are given mechanical
properties during the designing phase. The elastic modulus E and the “Poisson's coefficient” v,
define the elastic range of a material. The NITI alloy has Young's modulus E of 36 GPa and
Poisson’s ratio of 0.3 [20, 21].

_} HANDLE

5 | sHAFT

% ACTIVE
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Figure 2: FEA Model of single-use rotary NiTi files

Two different load cases were created to investigate bending and torsional stresses. The FE
solver receives an input file containing the whole FE model definition through this procedure.
It is important to emphasize that this approach eliminates the need for extra third-party
software by producing fully parameterized FE models in which the user may specify the
geometry mesh density, material properties, and loading conditions. To generate a 3D model
for FE analysis, a mesh of linear, eight-noded, hexahedral components was put over the
instrument in the program.

The loading and boundary conditions, for the FE model, are established in the final stage. A
mesh of linear, 8-noded, hexahedral components was placed over the instrument to create a 3D
model for FE analysis. The z-axis was chosen to run parallel to the cross-section, i.e. along the
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instrument's length.

For this study, two conditions were chosen. The FE model constructed for the study was divided
into two groups based on cryogenic treatment: Group I — files subjected to cryotherapy, and
Group II — files not subjected to cryotherapy. These were further subdivided according to the
number of cycles of biomechanical preparation. The cryogenic behaviour of the 3-dimensional
file was simulated by combining the geometry with cryogenic treatment which was obtained
by subjecting NITI files to cryotherapy as per the protocols [7, 22].

Instead of only changing the metal's surface, cryotreatment can change the metal's whole cross-
section. The methodology suggested by Vinothkumar was adhered to in this in vitro
investigation [13]. The cryogenic liquid was turned into vapor and entered the area below the
platform by a time-temperature program that cooled the samples with evaporating vapor from
the cryogenic liquid pool in the area below the platform, bringing the temperature down
gradually to -184.44°C (88.6 K or -300°F) at a rate of 1.5°C/min for two hours and 18 minutes.
After cryogenically treating NiTi instruments, their microhardness was improved. Numerous
details on the stress conditions along the file length are provided by the maximum and average
stress profiles. This indicates maximum localized stress levels and the average stress in each
section of NiTi rotary. In this in-vitro comparative study, instruments were spun at a constant
speed of 300 rpm with a lower torque of 3 N m in this study [23].

Results

Table 1 shows that the comparison between the NITI file and the NITI-cryotreated file under
fatigue conditions reveals a significant difference in performance. The NITI file endured 6.875
cycles, while the NITI-cryotreated file demonstrated almost double the endurance, completing
15.378 cycles. This data suggests that cryotreatment may enhance the durability of the NITI
file, making it more resistant to fatigue.

Number of Cycles

TruNatomy Files | TruNatomy-Cryotreated Files

Fatigue 6.875 15.378

Table 1: Number of cycles
Table 2 shows that the distribution of stress levels during the insertion of the file was
statistically significantly lower in the NITI-cryotreated file (403.86 MPa) when compared to
NITI files (507.732 MPa). This stress reduction suggests that the cryotreated file may offer
improved resilience and better performance under bending stress than the standard NITI files.

N Mean SD SE t p
TruNatomy File 17 | 507.732 214.807 52.098 P=0127
1.568 '
TruNatomy Cryo Treated File | 17 | 403.876 168.646 40.903 NS

Table 2: Mean stress due to file insertion in root canal between the types of files
N-Number; SD-Standard deviation; NS-not significant using unpaired t-test
It was also found that there was a significant reduction in the cyclic fatigue of NITI-cryotreated
(686.84 MPa) files compared to NITTI files that were not cryotreated (858.3 MPa). In addition,

a negative strong correlation was found between the thread length of the file and stress level
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during insertion for both cryotreated (r = -0.827; P = 0.001) and non-cryotreated files (r = -
0.828; P=0.001).

Discussion

NITI instruments are known for greater elastic flexibility in torsion and bending, and superior
resistance to torsional fracture as compared to stainless steel files. This can be attributed to the
property of shape memory and super elasticity of nickel-titanium alloy [1]. Nevertheless, these
are prone to separation due to the cyclic fatigue resulting from repetitive loading and unloading
applied on these files. The recently introduced single-file rotary system claims to rectify the
issue by reducing stress on files and preventing separation.

Though numerous methods are available to analyze stress levels on endodontic files, FEA has
been introduced as a reliable virtual testing approach to predict the mechanical behavior of
NiTi files through a reverse engineering approach [24]. The principle of FEA is that any given
structure is discretized into simpler elements called “Finite elements” connected through nodes.
It makes it easier to study the deformation of each finite element than the for the entire
undivided structure.

Cryogenic treatment (CT) has often been implemented as a cost-effective option since it
improves the cutting efficiency, enhances the overall strength of the metal, and has more
advantages than the standard cold treatment at greater temperatures [25]. Simulations from the
present study found that the CT files endured more cycles than non-CT files, indicating
enhanced durability of cryo-treated files, making them more fatigue resistance. It was also
found in the present study that cryo-treated files endured a lower level of stress when compared
to non-cryo-treated files indicating improved resilience and better performance under bending
stress. The attribution can be explained by CT which generally affects the entire cross-section
of the file thereby loading the alloy's austenitic phase and changing it to the alloy's martensitic
phase at lower temperatures resulting in reduced internal stresses. Though the present study
was an FEA, our results were supported by Arslan et al [26] and Zadfatah et al [27] who
reported that CT enhances the fracture resistance of rotary files and improves cyclic fatigue
resistance. In addition, Zasfatah also reported that cryo-treated files had significantly more
number of cycles than non-cryo-treated files [27]. Though our FEA highlights enhanced
properties of cryo-treated files, our results were in contrast to a study conducted by Sabat et al,
who reported no significant differences between cryo-treated and untreated NiTi files [28].
These variations could be due to various factors such as different rotation speeds, physical
properties, cross-sectional design of the file, and study designs.

Though our focus is primarily on the effect of CT on cyclic fatigue of NiTi files, we cannot
ignore the influence of the cross-sectional design of the files on fatigue resistance [29].
Gambirini et al reported higher cyclic fatigue stress resistance in NiTi files with an S-shaped
cross-section when compared to a rectangular and triangular cross-section [30]. In addition,
Peters et al reported that files with triangular cross-sections had stronger fatigue resistance than
files with square cross-sections [31]. The present study found a strong negative correlation
between file thread length and stress during file insertion irrespective of cryo-treatment. This
indicates longer the threading of the files, the lower the stress during file insertion.
Furthermore, a smaller tip diameter indicates lower fatigue resistance of the file [29].
Cryogenic treatment improves the cyclic fatigue resistance of endodontic files, however,
certain factors like the composition of the alloy and manufacturing process of NiTi files
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determine the final mechanical properties. Though Zelic et al [32] reported that the composition
of NiTi alloy has no impact on its mechanical properties, it remains a challenge to identify if
other linked factors have a role in the mechanical properties of NiTi files.

The present study had its limitations in, a) lack of natural root anatomy and clinical variables,
b) use of simplified tooth models, c) use of only one type of single-use rotary files, d) lack of
operator experience, and €) not enough information on the nickel in alloy. Based on the above
limitation, the authors recommend that the results need to be extrapolated with caution.
Conclusion

Within the limitation of this in-vitro study, it can be concluded that cryotherapy helps to reduce
the cyclic fatigue stress of single-use rotary NiTi files enabling its multiple usage in the root
canal. However, there is a scope for further research with multiple variables that can provide
us with more accurate properties of single-use rotary NiTi files.
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