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ABSTRACT

Aim: This study aims to provide information about the mechanical characteristics of the files by comparing the
torsional, bending and torsion strengths of glide path files with different properties. Method: WaveOne Gold
(WOG)(15/v), ROTATE (15/.04), TruNatomy (17/.02), and Scope (17/.03) glide path files were used in this
study. Torsional, bending, and buckling strength tests were performed using standard test methods according
to ISO 3630-1 specifications (n = 12 from each group for each test). One-way analysis of variance was used to
compare normally distributed data, and multiple comparisons were examined with Tukey’s honestly significant
difference (HSD) and Tamhane’s T2 tests. The significance level was p < 0.050. Results: No statistically
significant difference was found between the torsional strengths. The highest angular deviation value occurred
in TruNatomy, while Scope had the highest bending and buckling strengths. Conclusion: The glide path
instruments tested had different behaviours on bending, buckling and torsional resistance. Production methods
and design features affect the mechanical properties of glide path files. For clinical use, the glide path file should
be selected on a case-by-case basis.
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1. INTRODUCTION

The glide path is defined as a straight tunnel from the root canal orifice to the apical foramen [1]. The glide
path is highly important because it reduces the “taper lock™ effect on files and prevents them from fracturing
[2], preserves the original root canal anatomy [3], and reduces the risk of apical transportation [4], ensuring the
successful completion of mechanical shaping in root canal treatments [5].

Root canals are narrow and have irregular dentin walls before preparation (7, 8). The most common
mistakes made during root canal shaping with NiTi rotary systems are apical transportation and flattening of root
curvature [1]. Both the apical transportation and the loss of working length have been directly associated with
mechanical properties of NiTi files [6].

Glide path files are the first files to the working length so the files must have a certain hardness and
fracture resistance to open blockages, as well as certain bending and buckling resistance to bypass the curvatures
[7]. Torsional and bending properties reduce the risk of errors during shaping. The files with high torsional and
bending resistance must effectively navigate curved canals while resisting deformation or fracture. Bending
resistance directly affect the flexibility of glidepath files. Files with higher flexibility can better adapt to the
complex anatomy of the root canal system, facilitating smoother navigation and reducing the risk of canal
transportation or ledging [8]. Both the apical transportation and the loss of working length have been directly
associated with bending resistance of NiTi files [6]. Buckling strength reflects the ability of a file to resist lateral
deflection when subjected to compressive loads; this is particularly important in narrow and often calcified root
canals. High buckling strength of glide path files allows them to effectively penetrate narrow root canal openings
and pass through obstructed passages [9].

Mechanical properties, material composition, design and geometry (cross-section, taper, core mass volume,
cross-section etc.) and heat treatment affect the performance of the files used in root canal treatment, including
cyclic fatigue, torsion, bending, and buckling resistance [7, 8]. Therefore, the mechanical properties of files need
to be evaluated and different mechanical properties need to be examined to determine their clinical performance.

The WaveOne Gold (WOG) (Dentsply Sirona, Ballaigues, Switzerland) reciprocal glide path file is made
of “gold” heat treated alloy. It is a parallel-edge cross-section file with two cutting edges, a tip diameter of
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0.15 mm, and a variable taper increasing by 2%—6%. It exhibits increased flexibility and fracture resistance with
the special process applied during the production phase [10].

VDW ROTATE (RT) (VDW, Munich, Germany) is a glide path file with a tip diameter of 0.15 mm and a
taper of 4%, driven by continuous rotation. The file system has a lower breakage incidence and greater flexibility
with the “blue-wire” heat treatment. The cutting efficiency is increased and the screwing effect is reduced with
the double-bladed adapted S-shaped section design [11].

The TruNatomy (TruN) (Dentsply Sirona, Ballaigue, Switzerland) rotational glide path file is a parallel-
edge cross-section file with a tip diameter of 0.17 mm and a taper of 2% [12]. The file system has high elasticity
and fatigue resistance produced with a new heat treatment procedure [13].

The Scope RS (SC) (ScopeEndo, Yozgat, Turkey) rotational glide path file has a tip diameter of 0.17 mm
and a taper of 3%. Its cutting edge is increased with a rectangular cross-sectional area, and its fracture strength
and flexibility are enhanced with the application of “gold” heat treatment [14].

The shaping ability of glide path files is affected by a variety of factors, including section design, alloy
type, heat treatment, tip geometry, and operator skill [15]. Manufacturers produce files with different designs
and properties, working with various techniques and kinematics. The properties that affect the mechanical
performance of the file, such as torsional, bending and bending strength, can be measured and compared with
standard setups (ISO 3630-1, 2019) that mimic the stresses experienced by glide path files during shaping.
This study aims to provide information about the mechanical characteristics of the files by comparing the
torsional, bending and torsion strengths of glide path files with different properties and kinematics with standard
mechanisms.

2. MATERIALS AND METHODS

This study was supported by the Trakya University Scientific Research Projects Coordination Unit (Project
Number 2021/92).

2.1. Sample preparation

In this study, four different glide path files with distinct properties were used. All files were examined with a
stereomicroscope under x200 magnification, and the files with defects or irregularities on the surface that may
have resulted from production were excluded from the study. Three different mechanical tests were available for
four different glide path files. In the power analysis made by examining the sample literature, the plan was to
include 12 samples in each group when the power was 90%, the probability of error was a: 0.05, and the effect
size was d = 1.249. 144 files, 36 from each file system, were subjected to three different mechanical tests. The
cross section designs and the D0-1-3 values of each file are shown in Table 1.

Table 1: Cross-section designs of the files and the diameters at DO-1-3 (mm).

CROSS-SECTION DESIGN D, D, D,
WOG Parallel-edge 0.15 0.17 0.22
ROTATE S-shaped 0.15 0.19 0.27
TruNatomy Parallel-edge 0.17 0.19 0.23
Scope Parallel-edge 0.17 0.21 0.26

Figure 1: A: Torsional resistance test assembly. The instrument is affixed to a Jacobs mandrel by thecable and clamped
3 mm from their tips using a Chuck (1: Torque display screen, 2: Fixation area of shaft 3: Fixation area of the 3 mm tip of
the file.), B: Bending test setup: (1: Wire used to pull the instrument, 2: Clamps to fix the instrument tip, 3: Jacobs chunk),
C: Buckling test setup (1: Jacobs chunk, 2: base assembled to perform the buckling test).
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2.2. Torsional strength test

Torsional strength testing was performed according to ISO 3630-1 specifications (2019) and previous studies
(14). A computer-assisted torsiometer device was used for the tests. The shaft of the files was fixed to the
torsiometer, and the 3 mm tip was fixed with an apparatus (Figure 1A). The test was performed clockwise for
TruNatomy, ROTATE, and Scope and counterclockwise for WOG at 2 rpm. Maximum torque and angular
deviation in degrees were recorded until fracture occurred.

2.3. Bending test

The bending strength test was performed using a universal test according to the ISO 3630-1 (2019) specifica-
tions (14). The 3 mm tip of the files was fixed with the help of a special holder printed on a 3D resin printer
(Formlabs Form 3 SLA printer, Berlin, Germany) produced with computer-aided 3D solid modeling and design
software (SolidWorks, 2020). A wire was attached to the fixed point. The files were fixed at a 45° slope using a
“Jacobs chuck.” A 50 N force was applied to the tip of the file with the aid of a wire at a speed of 15 mm/min
and continued until an elastic displacement of 45° (the point where the fixed 3 mm tip of the file is aligned with
the shaft part) was obtained (Figure 1B). The values obtained in “gf” unit were recorded.

2.4. SEM analysis

SEM Analysis were used for two purposes: to visualise the surface quality of new instruments and to observe
fracture surfaces. First, all new instruments were examined at x200 magnification. The aim was to highlight
instrument surface roughness and the presence of irregularities or defects before testing. In a second step, five
fractured instruments per group were randomly selected. They were cleaned in an ultrasonic bath before obser-
vation. These fractured surfaces were examined at up to 600x magnification to determine topography and fatigue
failure.

2.5. Buckling test

In the buckling test, the load was applied parallel to the long axis for each file using a universal testing device.
Maximum buckling load (elastic lateral deformation) was performed according to published studies (7, 14).
The shaft of the file was connected to the test device with the help of a chuck. The tip of the file was placed in
a 0.5-mm-deep and 1-mm-diameter groove made on an acrylic surface printed on a 3D resin printer (Formlabs
Form 3B+ SLA printer, Berlin, Germany). A 50 N force was applied at a rate of 1| mm/min, and the force was
recorded when a compression of 1 mm occurred in the file (Figure 1C).

2.6. Statistical analysis

Data were analyzed with IBM SPSS V23. One-way analysis of variance was used to compare normally distributed
bending strength, buckling strength, torque, and angle values according to the files, and multiple comparisons
were examined with Tukey’s honestly significant difference (HSD) and Tamhane’s T2 tests. Analysis results
were presented as mean + standard deviation. The significance level was p < 0.050.

3. RESULTS

The maximum torque values with torsional fracture according to the files are shown in Table 2. No statistically
significant difference was observed between the torque values (p > 0.05).

Table 2: Mean and standard deviation of torque (Ncm) and angle deviation (°), bending resistance (gf), buckling resistance
(gf) of tested instruments.

INSTRUMENTS TORQUE ANGULAR BENDING BUCKLING
(SIZE AND TAPER) (N.CM) DEVIATION (°) | RESISTANCE | RESISTANCE
(GF) (GF)
WOG 15/variable 0,583 + 0,094 347,5 +29,9% 98,7 + 4,4¢ 33,6+4,1°
ROTATE 15/.04 0,525 + 0,087° 335,0 + 23,20 101,0 + 4,6° 79,9 +9,0°
TruNatomy 17/.02 0,575 + 0,075 370,0 + 41,3 62,1 £3,6° 44,7 £7,2¢
Scope 17/.03 0,592 + 0,090° 3342 £21,9° 263,1 + 14,4° 94,6 + 11,6°

a, b, ¢, d: Values in the same column with different letters indicate statistically significant differences (p < 0.05).
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Figure 2: SEM images (x600) fractured fragments; (A) WOG, (B) ROTATE, (C) TruNatomy, (D) Scope. The red arrows
show fibrous appearance on the torsional fracture surface.

A statistically significant difference was found between the angular rotation values according to the files
(Table 2) (p < 0.05). TruN had the highest average angular rotation value. The lowest mean angular rotation
value was observed in SC and RT. No statistically significant difference was observed between the two file
groups (p > 0.05). The mean angular rotation value of the WOG was lower than the TruNatomy but higher than
the RT and SC. However, no statistically significant difference was found between them (p > 0.05).

A statistically significant difference was observed between the mean values of bending strength accord-
ing to the files (Table 2) (p < 0.05). The highest mean bending strength was obtained from SC, while the lowest
mean value was obtained from TruN.

A statistically significant difference was found between the torsional strength values according to the files
(Table 2) (p < 0.05). The highest mean buckling strength was obtained from SC, while the lowest mean value
was obtained from WOG.

Given that fractographic analysis was performed on the SEM images, it was determined that the files
were broken by torsional stress. In torsional fractures, plastic deformation must occur in the material before
the fracture like ductile fracture. This often results in a stable and predictable mode of fracture in which crack
growth can only occur under an increasing applied load; when the load is reduced the crack stops growing [16]
Torsional fractures occur because of stresses that the NiTi alloy cannot resist due to plastic deformation. The
small cracks formed by the compression of the tip of the file and the continuation of the rotation of the shaft part
coalesce and spread slowly over the entire surface, unlike cyclic fractures. Due to this spread, a dull and fibrous
appearance is formed on the fracture surface [17] (Figure 2). When the SEM analyses of the fractured surfaces
were evaluated, although the files had different technical and design features, similar defects were revealed,
including simultaneous wear marks and pitted areas in the rotation center. The abrasion marks and dimples in
the center are typical features of torsional fracture [16, 18]

4. DISCUSSION

One of the considerations to reduce the incidence of file fractures is to prepare a glide path before shaping with
NiTi rotary files (14, 52). Although glide path files are produced in smaller diameters and tapered, their mechani-
cal performance should be at least as good as the files used for shaping [7, 15, 19]. High flexibility, high buckling
resistance, and high torque and angular deflection values are expected in the mechanical tests [20].

One of the main difficulties in testing dental materials is the repetition of simple and complex clinical
conditions. Mechanical tests, although limited by their ability to simulate clinical situations, allow the
replacement of various devices through the assessment of their response to specific types of stress (23). This
is an important factor in setting up test conditions that mimic complex clinical conditions. The complexities
of clinical conditions are difficult, if not impossible, to reproduce accurately in a laboratory environment.
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In particular, the effect of thermal and irrigation solutions to which the files are exposed while working in their
canals is an additional factor that increases file fatigue [21]. However, no single method can fully capture the
complexity of the clinical situation due to the versatile nature of NiTi files. Therefore, a more promising approach
involving the careful combination of multiple methods has recently been proposed to provide a comprehensive
and nuanced understanding of their behaviour [22]. Whereas many different test mechanisms can be established
for cyclic fatigue testing, there are not many alternative mechanisms for torsional testing. The bending test is
a test related to the flexibility of the file and plays an important role, particularly in curvature canals [23]. The
evaluation of the torsional behavior of the files under a high torsional force differed from their clinical use, and
higher torsional strength was applied to the files in the standard test method than in clinical use [24].

Two parameters have generally been measured to evaluate tool mechanical properties: time to failure
during cyclic fatigue testing (or number of revolutions to failure if the manufacturer recommends different
speeds) and maximum torque sustained during torsion. The first shows the ability of the tool to withstand
rotational stress in a curved canal and to withstand repeated cycles of compressive and tensile forces [22]. Glide
path files are less exposed to cyclic fatigue stresses since they generally aim to reach the apex in narrow and
calcified canals. The second measures the ability of the tip of the instrument to withstand bending stress, similar
to the compressive pressure against the root canal wall [22]. To measure and compare the torsional strength of
glide path files, it is important to evaluate all file systems with standardized test methods that mimic the clinical
environment [24].

In this study, the torsional test was performed using a standard test method according to ISO 3630-1
(2019) specifications [20]. The tips of the files were fixed at 3 mm in the experimental setup, and rotation force
was applied until fracture occurred. In another study, the tips of the files were fixed at 5 mm [25]. The torsional
resistance increased as the metal mass of the files increased. In this study, 3 mm was preferred because 5 mm files
are more resistant to breakage [26]. WOG shapes were produced with 170° counterclockwise and 50° clockwise
motion [10]. A continuous rotational force was applied to the WOG files to ensure that test standardization is not
suitable for clinical use and to obtain data comparable to previous studies [18].

In this study, two different data were examined in the torsional strength test. The first is the maximum
amount of torque applied until the files break, and the second is the angular deviation until breakage occurs.
Maximum torque is the maximum torsional resistance before failure, while angular deflection is the angle of
rotation along the long axis before failure [19]. The torsional strength decreases as the flexibility of the NiTi
alloy increases [27]. In other studies, torsional strength increases when the core diameter-tip diameter-taper
values of the files increase [18, 20]. The files used in this study have different geometrical and metallurgical
properties. Some features provide an advantage over torsional strength, while others pose a disadvantage. The
fact that there was no significant difference between the files according to the results of the torsional strength test
can be explained by balancing the features.

Angular deflection is the most important factor when evaluating torsional strength [19, 28]. Angular
deflection shows the moment of highest elastic and plastic deformation before a fracture occurs. This is referred
to as the “safety factor” for files [24]. The “safety factor” is characterized by the opening in the grooves of
the file because of continuously applied torsional stress. This deformation alerts the clinician to the risk of file
fracture because of applied forces [19]. The file with high angular deflection has greater flexibility and deforma-
tion capacity [29]. TruN had statistically higher flexibility than WOG, but the angular deviation value was not
significantly higher.

Another important feature of the files is “flexibility.” Flexibility can be defined as the elastic bending of
an endodontic file because of a force applied perpendicular to its long axis (26). Preserving the original form
of root canal anatomy in canals with curvature in shaping procedures in endodontic treatment is difficult (27).
The first file to the working length proceeds in the most curvature of the canal, and the curvature improves
as the canal is widened. For this reason, glide path files must have high flexibility, which can be evaluated
through the bending resistance test (2).

Other relevant parameters include the flexibility parameters represented by the angle of rotation under
torsion, which reflects the ability of the instrument to withstand deformation before fracture under torsional
stress, and the maximum bending load, where lower values indicate greater flexibility. This characteristic
can improve root canal shaping procedures by reducing the chance of deviation from the original canal path.
Furthermore, the maximum bending load may be an indication of the instrument’s ability to withstand light
apical pressure without deformation during the root canal preparation procedure, while microhardness may
influence the tensile strength and cutting efficiency of the instruments [22].

The difference between angular deflection and flexibility is due to the application of force in different
directions to the files in the bending and torsion resistance test. Moreover, the files are exposed to different
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stresses. The type of heat treatment of the files and the design differences may have led to the different resistance
values to the forces applied in different directions.

“Buckling” is defined as a sudden bending of the file to one side, which occurs when a compressive force
exceeds the resistance of the file [7]. Buckling differs from flexibility because flexibility is related to the applica-
tion of a load perpendicular (non-parallel) to the axis of the file [30]. The buckling resistance is an important fea-
ture that allows the file to reach the apical in narrow and calcified canals [7]. The file is advanced apically until it
is compressed between the walls of the narrow root canals, followed by a clocking or reaming motion with light
apical pressure. The repetition of the movements allows the file to advance through the narrow calcified canal
[7]. Glide path files with sufficient buckling strength can facilitate both the finding of canals and the advance-
ment of the file in the apical direction [31]. High buckling resistance indicated better deflection resistance during
pecking. The greatest upward force was observed when the NiTi glide path instrument with the higher buckling
resistance reached the most apical level and then moved towards the coronal region. The upward and downward
forces that occur may influence the risk of NiTi glide path files becoming embedded in fractures [32].

No significant difference was observed in flexibility between WOG and RT in the bending strength test.
WOG is made of M-Wire alloy, is gold heat-treated, and has a parallel-section design, whereas RT is made of
Blue-Wire alloy and has an S-section design. The M-Wire has higher torsional stiffness and lower flexibility
than Blue Wire [27]. In another study, the torsional strength of the R-pilot glide path file with M-Wire was found
to be higher than that of the RT glide path file [24]. Considering that flexibility affects torsional strength and that
more flexible files have lower torsional strength [33], Blue-Wire alloys can be considered more flexible than
M-Wire alloys, although not all parameters can be isolated. The gold heat treatment in WOG imbues it with more
flexibility than other M-Wire alloys [20]. WOG and RT show similar flexibility resistance as the advantages
created by some features and the disadvantages caused by other features balance each other, although flexibility
resistance is affected by various factors.

The difference in the results of the buckling resistance test can be explained by the different sizes and
thinness of the files used and the mechanical behavior of the NiTi alloy [7]. In previous studies, files with higher
bending strength and larger diameter and taper have higher buckling resistance [7]. The diameter of the files at
the thin tip and rigidity are important factors affecting the buckling resistance of the file [7, 20, 28]. In LOPES
et al.’s [7] study, ProFile (PF) showed the highest buckling resistance in C+ and the lowest buckling resistance.
The result is due to the high taper of C+ in the first 4 mm and the high flexibility of the PF, which was made of
NiTi alloy. Similar to the results of their study, the Scope, which had the least flexibility and the largest diameter
at 3 mm, had the highest buckling resistance in our study. Although they had similar flexibility, RT had a higher
buckling resistance than WOG due to its larger tip diameter because WOG had the lowest diameter in the first
3 mm of the file length. In the same region, the average diameter of RT was larger than that of TruN. The dif-
ference between our study and theirs is that TruN, which is more flexible than the others, has a higher buckling
resistance than WOG, which may be due to the fact that the tip diameter is higher than that of WOG and its
special heat treatment. HA et al. [34] reported that the WOG file has the lowest buckling resistance, which is due
to the flexibility gained from the golden heat treatment of the file. This result is partially compatible with our
study. Files with higher apical diameter and size show greater buckling resistance [7].

ELNAGHY and ELSAKA [2] reported that the M-Wire alloy has superior flexibility and fracture strength
compared with conventional alloys. The small martensite grain size observed in M-Wire alloys contributes to
its mechanical properties, especially torque and wear resistances [35]. No statistically significant difference was
observed between the two files in terms of sprain strength. This similarity was thought to be related to the simi-
lar thinness and dimensions of the files. Although both were gold heat-treated in our study, the WOG produced
from the M-Wire alloy had higher flexibility values than the Scope produced from traditional alloy. Although
the M-Wire has higher torsional strength, no statistically significant difference was found between the torsional
strength of WOG and SC, which may be attributed to the difference in the tip diameter and taper of the files.

LOPES et al. [20] reported that WOG has lower bending strength, that is, it is more flexible. In their
study, similar to ours, the diameter of the files at D4, DS, and D16 points was measured. The file with a larger
diameter and cross-section had greater bending strength. The WOG with a parallel section design and the Pro-
taperGlider (PG) with a rectangular-section design had a larger section design than the Reciproc (RP) with an
S-fraction design. Files designed with smaller cross-sectional geometry, like those with an “S” shape, are typi-
cally more flexible and can better adapt to the curvature of root canals [36]. In our study, RT was more flexible
than SC, despite having a similar diameter, which may be due to the cross-section. In our study, the file with
the highest bending strength is the most rigid, as SC is one of the files with the largest taper and core diameter.
A file with a smaller taper can navigate more effectively in curved canals because it puts less stress on the canal
walls and has a better ability to conform to the shape of the canal. Conversely, files with a larger taper may be
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more rigid, making them less flexible and more adaptable to curved canals. The interaction between taper and
overall cross-sectional geometry also plays a role in determining flexibility, as a well-designed file can improve
performance in complex canal systems [36]. Since the files used in the study had different properties and the
variables could not be isolated, interpreting this result was stated as the limitation of the study. However, the
greater flexibility of WOG may be due to its gold heat treatment. In our study, the gold heat-treated Scope file
has the least flexibility, suggesting that the file diameter is vital in flexibility, contrary to this view. In addition, in
their study, it was suggested that although the cross-section design is larger, the PG is more flexible than the RP
because it has a smaller diameter along the length of the file [20]. Similarly, in our study, although TruNatomy
had a parallel section design, its flexibility was attributed to its smaller diameter along the length of the file.
Therefore, the results could not be interpreted clearly in our study due to similar limitations.

The most serious limitation of our study is that it cannot clearly mimic clinical situations. There are other
factors that clinically influence the mechanical properties assessed by standart test methods in this study. On the
one hand, it is important to note that the tests were performed in static mode, which is different from clinical use.
On the other hand, the conditions of the root canal (calsifications, inclination, irregularities in the canal, etc.),
the experience of the physician, The presence and temperature of the irrigation solution can also be considered
among the factors affecting the mechanical strength of the files. Although studies suggest performing these tests
at intra-canal temperature to mimic the clinical situation.

The brief time in which the file is in clinical contact with the root canal walls is not likely to raise and
stabilize the temperature to the point that will induce crystal changes that could affect the results evaluated
[37]. The irrigating solution used at room temperature and the thermal insulation efficiency of the dentin would
probably prevent the file from reaching clinical body temperature [20]. In addition, the standard test methods
ISO 3630-1 do not mention the use of intra-canal temperature during the tests. Another limitation of our study
is that due to the different wire properties, tip diameter, taper and design features of the glide path files used, it
is not possible to clearly interpret the mechanical superiority because different parameters cannot be isolated.

In future studies, it is important to use test setups that better mimic clinical situations and to use glide path
files with more similar characteristics to obtain more accurate results.

5. CONCLUSIONS

Within the limitations of this study, no statistically significant difference was observed between the torsional
strength of the files. Although a file must have high flexibility to shape curvature canals while preserving the
canal anatomy, high buckling resistance and high rigidity may be required to advance in calcified and narrow
canals. Given the clinicians’ results from the aforementioned studies, we recommend selecting the appropriate
glide path file for clinical use on a case-by-case basis.
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