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ABSTRACT
The aim of this study was to evaluate the possible association 
between the roughness of 5 brands of stainless steel endodontic 
files and their resistance to fracture due to cyclic fatigue. The 
study included five different brands of stainless steel endodontic 
files: SybroEndo Triple-Flex Files (Kerr, Glendora, USA), Ready 
Steel K-Flexofile (Dentsply Sirona, Ballaigues, Switzerland), 
Mani Flexile Files (Mani, Tochigi- Ken, Japan), FKG K-Files 
(FKG, La Chaux-de-Fonds, Switzerland) and Zipperer Flexicut 
Files (VDW, Munich, Germany). Twelve files per brand (total 
60 files) were evaluated. File surface roughness over an area 
(Sa) was quantified using a focus variation microscope. Then 
the files were subject to a cyclical fatigue test to determine the 
number cycles to fracture due to fatigue and length of fractured 
fragment. Finally, fractographic analysis was performed using 

a scanning electron microscope. The electropolished Ready 
Steel K-Flexofile® files had the highest roughness according 
to Sa parameters, though they also had the highest resistance 
to fracture due to cyclic fatigue and the longest fractured 
fragment. Moderate positive correlation was found between 
fractured fragment length and roughness. The fractured surface 
showed characteristics of ductile fracture with cracks and 
plastic deformation. The electropolished stainless steel Ready 
Steel K-Flexofile® files were the most resistant to fracture due to 
cyclic fatigue even though they had highest surface roughness.
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RESUMEN
El objetivo del presente estudio fue evaluar la posible asocia-
ción entre la rugosidad de 5 marcas de limas endodónticas 
de acero inoxidable y su resistencia a la fractura por fatiga 
cíclica. Se incluyeron cinco grupos diferentes de limas endo-
dónticas de acero inoxidable: SybroEndo Triple-Flex Files 
(Kerr, Glendora, EE. UU.), Ready Steel K-Flexofile (Dentsply 
Sirona, Ballaigues, Suiza), Mani Flexile Files (Mani, Tochigi- 
Ken, Japón), FKG K-Files (FKG, La Chaux-de-Fonds, Suiza) 
y Zipperer Flexicut Files (VDW, Munich, Alemania); se eva-
luaron doce instrumentos por grupo para un total de 60 limas. 
Mediante un microscopio de variación focal se cuantificó la 
rugosidad superficial por área (Sa) de los instrumentos, pos-
teriormente fueron sometidos a una prueba de fatiga cíclica 
donde se determinó el número de ciclos de fractura por fatiga 
y la longitud del fragmento fracturado. Finalmente, se realizó 

un análisis fractográfico mediante microscopía electrónica de 
barrido. Las limas Ready Steel K-Flexofile® con electropulido 
mostraron el mayor valor de rugosidad en los parámetros Sa; 
sin embargo, también tenían la mayor resistencia a la fractura 
por fatiga cíclica y la mayor longitud del fragmento fracturado 
del instrumento. Además, se encontró una correlación mode-
rada positiva entre la longitud del fragmento fracturado y la 
rugosidad. La superficie fracturada mostró características de 
fractura dúctil con grietas y deformación plástica. Las limas 
Ready Steel K-Flexofile® fabricadas en acero inoxidable con 
electropulido, fueron más resistentes a la fractura por fatiga 
cíclica a pesar de tener la mayor rugosidad superficial.. 

Palabras clave: acero inoxidable - endodoncia - fatiga cíclica 
- instrumentos dentales - preparación del conducto radicular. 

Resistencia a la fractura por fatiga cíclica de las limas manuales de acero inoxidable 
y su relación con la rugosidad superficial
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INTRODUCTION
Endodontic files have surface features, resulting 
from their manufacturing process, which 
affect their resistance to fracture due to cyclic 
fatigue. The presence of surface roughness on 
endodontic files has been reported to concentrate 
stress, giving rise to areas where cracks initiate 
during clinical use1, leading to fracture due to 
cyclic fatigue2. 
To date, mechanical, physical and heat surface 
treatments have been reported for stainless steel 
alloys –including sanding, grinding, abrading, 
electropolishing, nitriding, and combined 
plasma carburizing, among others– to alter 
surface texture and improve properties such as 
microhardness and resistance to fracture due to 
fatigue of the alloy3-5.
However, in contrast to nickel-titanium files, 
stainless steel alloy files have not often been 
subjected to procedures to improve their 
properties, even though they are so frequently 
used in endodontic treatment. In general, there 
are reports of prevalence of fractures in stainless 
steel endodontic files of up to 7.4%6, which 
justifies the development of manufacturing 
techniques which could increase their useful 
life.
For nickel-titanium instruments, it has 
been reported that low surface roughness is 
associated to higher resistance to fracture due 
to cyclic fatigue7. However, for stainless steel 
alloys, electropolishing may not be associated 
to an increase or decrease in surface roughness, 
because it may produce a regular surface with 
micro-deformation that is not necessarily 
detrimental to resistance8.
Although it has been reported that surface 
treatment of stainless steel medical devices has 
a significant effect on roughness, it is not clear 
whether such roughness causes higher or lower 
resistance to cyclic fatigue9.
There is no report in the literature on 
evaluation of surface roughness of stainless 
steel endodontic files, and therefore no report 
analyzing the association between their 
roughness and fracture due to cyclic fatigue. 

The aim of this study was thus to assess the 
possible association between surface roughness 
and resistance to fracture due to cyclic fatigue 
in 5 brands of stainless steel endodontic files. 
The null hypothesis is that there is no difference 
in roughness and resistance to fracture due to 
cyclic fatigue in the stainless steel endodontic 
files evaluated. 

MATERIAL AND METHODS
This was an experimental in vitro study. 
Probabilistic sample size was calculated with a 
power of 80% and significance level 5%. Sample 
size per group was thus 12 manual stainless 
steel endodontic files No. 25, with length 25 
mm long and taper 0.02, which had not been 
used previously. Total sample consisted of 60 
files of 5 different brands: A: SybroEndo Triple-
Flex Files (Kerr, Glendora, USA); B: Ready 
Steel K-Flexofile (Dentsply Sirona, Ballaigues, 
Switzerland); C: Mani Flexile Files (Mani, 
Tochigi- Ken, Japan); D: FKG K-Files (FKG, 
La Chaux-de-Fonds, Switzerland); E: Zipperer 
Flexicut Files (VDW, Munich, Germany). 

Surface finish/roughness
Three-dimensional measurements were 
considered to analyze the topography of the 
stainless steel using Sa area parameters. This 
analysis was performed using an Alicona Infinite 
Focus G5 focus variation microscope (FVM) 
(IFM, Alicona Imaging, Grambach, Graz, 
Austria). The handle of each file was attached 
to a mini chuck (Alicona Imaging, Grambach, 
Graz, Austria) adapted to the microscope (Fig. 
1). Each file was adjusted in the 3D rotation 
unit. The instrument was positioned and 
focused, taking a value of 0 for the coordinates 
of axes X, Y and Z. It was moved automatically 
towards the lens at a distance of -3.5 mm on 
axis X to locate it on the respective point 
measured at 20x, after which the 160 µm * 160 
µm measurement window was defined. The Sa 
parameters were measured using the Surface 
Texture Measurement module of the MeX 6.1 
software (Alicona Imaging, Grambach, Graz, 
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Fig. 1: A. Focus variation microscope (FVM). B. Endodontic file attached to the 3D rotation unit of the FVM by means of a chuck.

Austria). Surface roughness over an area (Sa) 
was evaluated for each file at four sites: 3.5 mm, 
4.5 mm, 5.5 mm and 6.5 mm from the tip of the 
file.

Cyclic fatigue
Cyclic fatigue was tested using an ad hoc device 
(Fig. 2A) which included a simulated root canal 
made of stainless steel, designed and built as 
described by Lopes et al.7 and Rodrigues et al.10, 
with curvature 86°, diameter 1.5 mm, radius of 
curvature 6 mm and total length 21 mm. The 
curved segment of the canal measured 9 mm, 
the longest straight segment 8 mm and the 
shortest straight segment 4 mm.
Each file was placed in a mini chuck (Electric Drill 
Bit Collet, Mini Twist Drill Tool Chuck Set Pretty 
RF, Koyot, Shangai, China) adapted to a shaft 
and powered by an endodontic motor (Fig. 2B). 
The active parts of the manual files were placed 
and secured in this device. Once in position, a 
dynamic cyclic fatigue test was conducted using 
the TriAuto ZX rotary motor (J. Morita Corp., 
Kyoto, Japan) at 280 rpm in continuous rotation 
with axial in-and-out movement of the file, with 
stroke 4mm and frequency 1/3 Hz, until the file 
fractured. Synthetic lubricant (WD-40 Company, 
Milton Keynes, England) was used in all groups 
to reduce friction.
Cyclic fatigue time to fracture was measured 

with a digital chronometer. Number of cycles 
to fatigue (NCF) for each file was calculated by 
multiplying time to fracture (s) by motor rotations 
per minute (rpm), divided by 6011. The fractured 

Fig. 2: Devices used to evaluate cyclic fatigue. A. Diagram of 
the cyclic fatigue device used. B. Mini Twist Drill Tool with 
machined adjustment for use in endodontic rotary motor.
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fragment of each file was measured with a digital 
caliper (Digimess, Sao Paulo, SP, Brazil).

Scanning Electron Microscopy
To observe the features of the fractured surface, one 
file per group was selected randomly and cleaned 
ultrasonically to eliminate debris, and examined 
with a TESCAN VEGA 3 scanning electron 
microscope (Libusina tr, Brno-Kohoutovice, 
Czech Republic) at 500x magnification.

Statistical analysis
Data were initially analyzed with Shapiro-
Wilk’s test, and showed non-normal distribution 
(p= 0.001). Then, the Kruskal-Wallis test was 
applied to analyze roughness, file time 
to fracture and NCF. Finally, Spearman’s 
correlation coefficient test was applied between 
file roughness and fracture level to determine 
whether they were associated. Statistical 
significance level was 5%. Software was Stata 
12 (StataCorp, Texas, USA).

RESULTS
Table 1 shows the results for roughness by 
evaluation with FVM, cyclic fatigue, length 
of fractured fragment and number of fractured 
cases per level (distance from tip). The Ready 
Steel K-Flexofile® files had the highest 
roughness (Sa) (p= 0.0001), highest resistance 
to fracture due to cyclic fatigue (p= 0.0001) and 
longest fractured fragments (p= 0.000).
A 54% association was found between file 
roughness and fracture level according to 
Spearman’s test, indicating moderate positive 
correlation (rho= 0.5440, p= 0.000). This means 
that the fractured fragments of the least rough 
files were closer to the tip of the instrument, 
whereas the fractured fragments of the roughest 
files were farther from the tip of the instrument.
Figure 3 shows the surface roughness evaluated 
by FVM for the different groups of stainless steel 
files. After fractographic analysis of the surface, 
SEM can be used to observe the characteristics of 
ductile fractures with cracks, plastic deformation 
and fibrous areas with dimples (Fig. 4).

Table 1. Results for roughness (Sa), NCF, Length of fractured fragment and Number of fractured cases 
per level for the groups analyzed

Groups

A 
Sybro Endo  
Triple-Flex 

Files

B 
Ready Steel  
K-Flexo-file

C 
Mani  

Flexile

D 
FKG  

K-Files

E 
Zipperer  

Flexi-cut Files

Roughness (μm)
Mean ± SD* 0.383 ± 0.01 0.709 ± 0.120 0.441 ± 0.030 0.289 ± 0.010 0.456 ± 0.030

P value <0.001 <0.001 0.003 <0.001 0.004

NCF**
Mean ± SD* 2,091 ± 563 3,369 ± 788 1,587 ± 449 354 ± 212 953 ± 295

P value <0.001 <0.001 <0.001 <0.001 <0.001

Length of fracture 
from the tip (mm)

Mean ± SD* 3.14 ± 0.92 4.97 ± 0.77 4.89 ± 1.00 3.2 ± 0.33 4.57 ± 0.66

P value <0.001 <0.001 1.000 <0.001 1.000

Number of cases 
fractured per level

a 9 0 2 10 1

b 2 5 1 2 4

c 1 2 4 0 7

d 0 5 5 0 0

Measurement level  
(distance from tip)

a: 3.5 mm
b: 4.5 mm
c: 5.5 mm
d: 6.5 mm

* Arithmetic mean ± Standard deviation; ** Number of cycles to fracture.  
   Significant association at 5% (P<0.05)
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DISCUSSION
Stainless steel endodontic files are useful for 
endodontic treatment because they provide 
greater tactile sensitivity than nickel-titanium 

files, which is helpful for determining the internal 
anatomy of the root canal12. Moreover, the use 
of stainless steel is needed as a complement 
to the handling protocols of various nickel-
titanium rotary systems13-15.
The concept of cyclic fatigue has been adopted 
in endodontics regarding the application of 
repeated alternate tension and compression 
forces16. Based on this idea, purely mechanical 
tests have been proposed to evaluate whether 
parameters such as heat treatments17, speed of 
rotation18 or roughness7 can affect file resistance 
to fracture due to cyclic fatigue in endodontics. 
Thus, even though the current study evaluated 
stainless steel files, tests like the ones used in 
the current study for evaluating cyclic fatigue in 
endodontic files are valid and have been widely 
reported in the literature on endodontics7,10,19.
The fatigue model used in the current study 
at ambient temperature provides a valid, 
reproducible simulation of the clinical 
setting, since, according to recently reported 
information20, body temperature does not 
interfere with the result of the cyclical fatigue 
test. Body temperature is counteracted by 
factors such as the low thermal conductivity of 
dentin21 and the cooling action of the irrigant 
within the root canal22, which allow the fatigue 
test to be performed at ambient temperature 
without altering its clinical relevance20.
Haikel et al.23 evaluated the resistance to cyclic 
fatigue of six types of stainless steel manual 
files in a simulated root canal at 60° in dynamic 
fatigue, finding that Flexofile® instruments had 
the greatest resistance to cyclic fatigue. This is 

Fig. 4: Scanning electron microphotographs of the fractured surface of the 5 groups analyzed at 500x magnification. A. SybroEndo 
Triple-Flex Files®; B. Ready Steel K-Flexofile®; C. Mani Flexile®; D. FKG K-Files®; and E. Zipperer Flexicut Files®. The im-
ages show ductile fractures with cracks (white arrows), plastic deformation (asterisks) and fibrous areas with presence of dimples 
(arrowheads).

Fig. 3: Topographic images taken with FVM at 20x magnification 
(left) and their respective 160 x 160 μm fields of measurement 
(right) for the 5 groups evaluated. A. SybroEndo Triple-Flex 
Files®; B. Ready Steel K-Flexofile®, which had the greatest 
roughness; C. Mani Flexile Files®; D. FKG K-Files®, which 
had the lowest roughness; and E. Zipperer Flexicut Files®.
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similar to our results, which also found that the 
group Ready Steel K-Flexofile® had the greatest 
resistance to fracture due to cyclic fatigue.
Gambarini et al.24 compared the resistance 
to cyclic fatigue between nickel-titanium 
Pathfile® files and stainless steel k-type files 
for use with the reciprocating handpiece 
M4®, also in a simulated 60° stainless steel 
root canal. They found that M4 stainless steel 
files were more resistant to fracture due to 
cyclic fatigue. Although it is clear that their 
reciprocating motion had definitive impact on 
the results, they present stainless steel files as 
a possible alternative for rotatory mechanical 
instrumentation. These findings agree with 
our results, as we too found that stainless steel 
endodontic files had good resistance to fracture 
due to cyclic fatigue. 
Piasecki et al.25 reported an experiment with 
stainless steel and carbon steel Pathfinder® 
instruments in double curved root canals (middle 
third 60° and apical 70°), also using the M4® 
handpiece with reciprocating motion, finding no 
significant difference between the two groups 
evaluated. Our results showed a longer time to 
fracture due to cyclic fatigue, comparable to the 
time reported by Piasecki et al.25 for the group 
of stainless steel files. However, it is important 
to consider that we performed the evaluation 
in a continuous rotary motion rather than the 
reciprocating motion used by Piasecki et al25. 
Roughness has generally been evaluated in 
profile or area parameters. In the literature, the 
most frequently used profile parameter is Ra, 
and the most frequently used area parameter 
is Sa26. The following advantages have been 
reported for the Sa parameter over the Ra 
parameter: better topographic evaluation of 
three-dimensional surface; Ra roughness 
parameter depends on the direction in which the 
profile is drawn, while Sa roughness parameter 
takes the average of the spikes in a given 
area, so its results have been considered more 
reliable26,27. 
In contrast to nickel-titanium files, which are 
manufactured by machining, stainless steel files 

are manufactured by torsion. In nickel-titanium 
files, the electropolishing procedure is intended 
to smooth or eliminate cracks or defects that may 
remain as a result of machining7. The results of 
electropolishing of the nickel-titanium alloy has 
been evaluated by SEM and surface roughness 
analysis7,28.
Although the Ready Steel K-Flexofile® 
manufacturers say they electropolish 
these stainless steel files (Bolle A, 2018, 
communication from the manufacturer, 
unpublished data), we found that these were 
the files with the greatest surface roughness. 
Nevertheless, the same group –Ready Steel 
K-Flexofile®– had the greatest resistance to 
fracture due to cyclic fatigue. One possible 
explanation is the shape and appearance of 
the roughness on these files, which was found 
by FVM to have no cracks, angles or edges 
that might concentrate tensions, thereby 
contributing to initiation of crack formation. On 
the contrary, this roughness presents regularly 
distributed, rounded plastic surface micro-
deformations, probably as a result of some type 
of electropolishing, which may induce greater 
resistance to cyclic fatigue by introducing 
residual compression stress. It has been shown 
that the aforementioned procedures for stainless 
steel alloy, such as electropolishing, are not 
necessarily associated to less roughness8.
With regard to the presence of residual 
compression stress, Yibo et al.29 reported the use 
of ultrasonic cavitation in stainless steel alloys, 
which increased surface roughness while at 
the same time generating residual compression 
stress that increases microhardness and 
resistance to cyclic fatigue. Moreover, Kadarno 
et al.30 reported a mechanical micro-punching 
process on stainless steel sheets that resulted 
in a regular plastic deformation surface that 
increased resistance to cyclic fatigue. The same 
authors mentioned that residual compression 
forces are responsible for this greater resistance 
to cyclic fatigue.
Abbott et al.31 observed that stainless steel sur-
faces present regular undulations and variations 
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after manufacturing and electropolishing 
processes, which is consistent with our findings, 
in which FVM shows regularly distributed 
undulating surface deformations, which may 
be attributed to an electropolishing process in 
stainless steel files.
We suggest that, in contrast to residual tensile 
stresses, which are detrimental to material 
resistance and promote crack formation32, the 
presence of residual compressive stresses in 
the surface of a metal such as endodontic file 
stainless steel may prevent the propagation of 
cracks occurring as a result of repeated stress, 
thereby reducing the likelihood of fracture due 
to cyclic fatigue.
In contrast to our results, lower roughness has 
been reported to be associated to resistance to 
cyclic fatigue. Silva et al.33 reported that heat 
treatments reduce roughness and increase 
resistance to cyclic fatigue of rotary nickel-
titanium files. Likewise, Vaz-García et al.34 
reported that the smooth surface of nickel-
titanium endodontic files is associated to a lower 
likelihood of cracks initiating due to fatigue 
and leading to instrument fracture34. Lopes et 
al.7 found that instruments treated with surface 
polishing, which are therefore smoother, are 
more resistant to cyclic fatigue than instruments 
not subjected to polishing. The difference from 
our results may be explained by two factors: 
(1) the manufacturing process, since stainless 
steel files are manufactured by torsion, while 
nickel-titanium files are machined, and (2) the 
difference may lie in the material itself, i.e., 
the mechanical properties of stainless steel are 
different from those of nickel-titanium, which 
may affect behavior under cyclic fatigue. 
One limitation of this study was not being 
able to determine the type of electropolishing 
procedure performed by the manufacturer for 

the Ready Steel K-Flexofile® group, because 
it is industry confidential information and 
therefore unavailable to the public. Thus, all the 
findings described herein were deduced based 
on observations of the surface of the material 
and on the cyclic fatigue resistance assay.
The fracture surface characteristics observed 
were similar to those reported by Haikel et al.23, 
who also observed stainless steel file fractures 
by SEM. Our study observed presence of 
ductile fracture and fibrous areas with presence 
of dimples characteristic of overload and plastic 
deformation.
Evaluation of resistance to fracture due to cyclic 
fatigue of different nickel-titanium rotary files 
has found that the instrument with the longest 
fractured fragment was the one with highest 
resistance to fracture due to cyclic fatigue35,36.  
These results agree with ours, since we too 
found that the file with the longest fragment was 
the one with greatest resistance to fracture due 
to cyclic fatigue. 
Based on our search in the literature, this is the 
first article to relate surface roughness to cyclic 
fatigue resistance in stainless steel files. It also 
uses focus variation microscopy to evaluate the 
topography of surface roughness of files, of 
which the main use is representing roughness 
by means of Sa area parameters.
Further studies are needed to evaluate resistance 
to dynamic and torsional cyclic fatigue in rotary 
and manual endodontic files in reciprocating 
motion or continuous rotation.
To conclude, files in the Ready Steel 
K-Flexofile® group have significantly higher 
resistance to fracture due to cyclic fatigue than 
the other instruments evaluated, as well as 
significantly higher roughness. As moderate 
positive correlation was found between length 
of the fractured fragment and roughness.
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