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INTRODUCTION

Since the introduction of  the first nickel‑titanium rotary 
files (NTRF) to overcome the rigidity of  stainless steel 
files,[1] several types of  NTRFs have become commercially 
available. The flexibility of  NTRF allows these instruments 
to produce more centered preparations.[2‑5] An adequate 
understanding of  the physical properties and limitations 
of  endodontic files can reduce undesirable procedural 

accidents, such as separation of  the file in the canal, 
transportation and strip perforation. Previous reports have 
shown that cyclic fatigue resistance plays a major role in 
the separation of  rotary files in canals with curvatures.[6,7] 
This is due to cycles of  tension and compression that occur 
when a file is freely rotating in curved canals. At a certain 
point, the file reaches its flexural limit and fractures.[8,9]

Background: Proflexendo file (Nexen, Houston, TX, USA) is a recently developed, novel nickel‑titanium rotary 
file. However, several physical properties of the Proflexendo system remain to be investigated.
Objectives: The aim of this study was to determine the effect of sterilization on cyclic resistance of 
Proflexendo files.
Material and Methods: A total of 120 unused Proflexendo rotary files (40 each of file sizes 40/0.04, 30/0.04 and 
20/0.06) were used in this study. Each set of files was subdivided into four groups of ten files. Group 1 did not 
undergo any sterilization (control), Group 2 underwent two rounds (2×) of sterilization, Group 3 five rounds (5×) 
and Group 4 ten rounds (10×). Cyclic fatigue resistance was tested using an artificial canal with a 5‑mm radius curve.
Results: The nonsterilized size 30/0.04 files had the highest cycles to failure, followed by the nonsterilized size 40/0.04 
and 20/0.06 files (P < 0.001). With increasing rounds of sterilization, cycles to failure reduced for sizes 40 (2×, 
5× and 10×) and 30 (2×) files compared with nonsterilized sizes 40 (P < 0.05) and 30 files (P < 0.001), respectively.
Conclusion: Under the conditions of the current study, the results provide preliminary evidence that 
autoclave sterilization of Proflexendo rotary files reduced their cyclic fatigue resistance, except for size 20 
(2× and 5×) and 30 (10×) files, in which resistance increased. Single use of this file is recommended to 
reduce the risk of separation.
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Infection control and cross‑infections are major concerns 
for both patients and health‑care providers, and thus 
endodontic instruments and files should always be sterilized 
to prevent the transmission of  contagious diseases.[10] 
Several studies have investigated the effects of  sterilization 
on the physical properties of  NTRF, with contrasting results. 
Some investigators concluded that sterilization negatively 
affects the physical properties of  NTRF and causes files 
to prematurely fail.[11‑15] Other investigators have reported 
that up to ten cycles of  heat sterilization do not increase 
the chance of  NTRF failure.[16,17]

Recently, a novel nickel‑titanium rotary file, the Proflexendo 
file (Nexen, Houston, TX, USA), was developed. This file 
is manufactured with controlled memory nickel‑titanium 
technology and a triangular cross‑section. Several recent 
studies have shown that files made from controlled memory 
technology have superior physical properties compared with 
rotary file made using other manufacturing techniques.[7,18‑20] 
According to the manufacturer’s instructions, to achieve 
a working length, the Proflexendo system should be used 
in a crown‑down movement, starting with size 40/0.04 
file, followed by size 30/0.04 and then size 20/0.06 files. 
Compared with the Profile Vortex size 30/0.04 file, the 
Proflexendo size 30/0.04 file has been found to have a 
significantly higher number of  cycles to failure (CTF).[21] 
However, several physical properties of  the Proflexendo 
system remain to be investigated. Therefore, the aim of  this 
study was to evaluate the cyclic fatigue properties of  three 
sizes of  Proflexendo file with and without sterilization. The 
null hypothesis is that there is no difference between the 
cyclic fatigue resistance of  different sizes of  Proflexendo 
files, and that sterilization has no effect on their fatigue 
resistance.

MATERIALS AND METHODS

Files and sterilization
A total of  120 unused Proflexendo files  (Nexden, 
Houston, TX, USA) of  the following sizes were used for 
comparison: 40/0.04 (n = 40), 30/0.04 (n = 40) and 20/0.06 
(n = 40) files (all 25 mm). Each set of  files was subdivided 
into four groups of  10 files. The control group (Group 1) 
did not undergo any sterilization, whereas the other 
files were subjected to two rounds  (2×)  (Group 2), five 
rounds (5×) (Group 3) or ten rounds (10×) (Group 4) of  
sterilization. For each round of  sterilization, the instruments 
were subjected to an autoclave cycle at a temperature of  
134°C for 25 min, followed by 15 min of  drying.

Cyclic fatigue testing
After completion of  the respective number of  autoclave 
cycles, all files (including those in Group 1) were subjected 

to fatigue testing, as previously described.[21] Briefly, a 
stationary stainless steel frame covered with a mobile 
transparent acrylic piece was fixed with screws to a 
steel block  [Figure  1]. An artificial canal was machined 
within the steel block to achieve a 5‑mm radius curve, a 
curvature of  60° and a groove of  1 mm, according to the 
recommendations of  Pruett et al.[8] To ensure a reproducible 
three‑dimensional relationship to the artificial canal in 
the steel block, an electric rotary hand‑piece was fixed to 
the main frame. Each rotatory file was mounted in the 
hand‑piece and precisely positioned to the same point in 
the testing block. Lubrication oil (WD‑40 Company, San 
Diego, CA, USA) was used to reduce frictional heat.

All files were rotated at a fixed speed of  500 rpm (according 
to the manufacturer’s instructions) in a 6:1 reduction 
hand‑piece  (Sirona, Bensheim, Germany) powered by a 
torque‑controlled endodontic motor (Silver; VDW, Munich, 
Germany). To maintain consistency, the same operator 
performed the entire cyclic fatigue testing. Time to separation 
for each instrument was recorded using a digital 1/100 s 
chronometer. The total number of  CTF for each instrument 
was calculated by multiplying the time to fracture by the 
number of  rotations/min. Each separated segment of  each file 
was measured with a digital caliper (Mitutoyo, Tokyo, Japan).

Statistical analysis
Data were analyzed using SPSS  (v20.0; IBM, Chicago, 
IL, USA). Total CTF is presented as mean  ±  standard 
deviation (SD) values. Analysis of  variance was applied to 
compare the mean cyclic failure and length of  separated 
fragment among the three file sizes tested and the four 
sterilization conditions by splitting the datasheet with 
respect to sterilization techniques and file sizes, respectively. 
Post hoc Tukey’s test was used to compare the means. 
P ≤ 0.05 was considered statistically significant.

Figure 1: Cyclic fatigue testing machine and enlargement of the file 
within the groove (α – Angle of curvature; r – radius of curvature)
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RESULTS

Nonsterilized Proflexendo files size 30/0.04 had the 
highest CTF followed by file sizes 40/0.04 and 20/0.06 
(P  <  0.001)  [Table  1]. After sterilization, size 40/0.04 
files (2×, 5×  and 10×) had significantly lower CTF 
compared with nonsterilized size 40/0.04 files (P < 0.05). 
While 2× and 5× sterilized size 30/0.04 files had lower 
CTF compared with control  (P  <  0.001 and P  >  0.05; 
respectively), the CTF of  10× sterilized size 30/0.04 files 
increased compared with control (P < 0.05). In contrast, 
the CTF of  2×  and 5×  sterilized size 20/0.06 file was 
higher than that of  the control  (P  <  0.001), while the 
CTF of  10×  sterilized size 20/0.06 file was lower than 
that of  the control (P > 0.001). There were no significant 
differences in the mean fragment length of  the three file 
sizes (P > 0.05) [Table 2].

DISCUSSION

Prolonged and repeated clinical usage of  endodontic files 
has been found to negatively affect the physical properties 
of  some rotary files, which in turn can lead to file failure.[22] 
Fear that a rotary instrument will undergo separation is 
one of  the most common reasons clinicians avoid using 
NTRFs.[6,23,24] Previously, some reports attributed the 
majority of  rotary file failures to cyclic fatigue.[25,26] Because 
files are often reused multiple times, they undergo repeated 
rounds of  sterilization. Although the single use of  files is 
advocated, it is rarely practiced. For example, in a survey 
of  dentists in Germany, only 5% of  the respondents 
reported using endodontic files as single‑use files.[27] Some 
studies have concluded that single use of  endodontic files 
is not justified, while other studies have described the use 
of  a modified cleaning protocol for endodontic files to 
accommodate their reuse.[28]

To the best of  the author’s knowledge, this is the first study 
to test and compare the cyclic fatigue resistance of  all three 
Proflexendo file sizes with and without increasing rounds of  
sterilization. Rotary file systems usually comprise different 
files with varying tapers and tip sizes, which may affect their 
resistance to fracture. Proflexendo files are manufactured 
using a controlled memory nickel–titanium technology, 

which involves a novel thermomechanical process that 
controls the memory of  the file; this innovation allows the 
file to exhibit superior flexible properties.[7,18‑21] The current 
study found that the cyclic fatigue resistance of  nonsterilized 
size 30/0.04 Proflexendo files was approximately 296% and 
220% greater than that of  sizes 20/0.06 and 40/0.04 files, 
respectively. Because size 40 file has a larger tip size and 
20 has a larger taper than size 30 file, there is an increased 
tendency to revert to its original shape. This, in turn, could 
create higher stresses when rotating in the inner side of  the 
curve and lead to an earlier cyclic failure, thereby explaining 
the difference observed in this study. Further, the larger 
size and taper of  these files can result in more heat being 
generated during the cyclic fatigue test and friction of  the 
metal with walls of  the artificial canal, leading to some 
changes in the metallurgic structure of  the files.[29]

An earlier study demonstrated that Proflexendo size 
30/0.04 file has almost 500% higher resistance to cyclic 
fatigue than Profile Vortex 30/0.04 file. When taken 
together with the results of  the current study, this indicates 
that Proflexendo size 30/0.04 file is not only most 
appropriate for use compared with other brands but also 
among other sizes of  Proflexendo files.

Using the autoclaving cycles described in previous 
studies,[30‑32] this study found a significant reduction 
in the CTF of  almost all sterilized files  (2×, 5×  and 
10× cycles) compared with nonsterilized files. However, 
10× size 30/0.04 and 2×, 5× size 20/0.06 sterilized files 
had a higher resistance to cyclic fatigue compared with 
the controls –  there is no plausible explanation for this 
increase in CTF. The higher SD in these groups compared 
with other groups may be indicative of  manufacturing 
differences between files from the same group; however, 
further studies are required to test this hypothesis.

The results of  this study are in agreement with the findings 
of  Casper et al.,[31] who evaluated the effect of  autoclave 
sterilization on torsional resistance of  three different 
manufacturing techniques of  rotary files, including 
controlled memory files, and found significant discrepancies 
in the files’ behavior. The current study results are also in 

Table 1: Mean (±SD) number of cycles to failure for each file size according to sterilization condition
File size Sterilization conditions P

No sterilization 2× 5× 10×

40/0.04 1623 (274)a,b 1339 (170)a 1374 (228)a 1356 (297)a <0.05
30/0.04 3568 (386)a,b 2542 (240)a 2555 (288) 3655 (619)a <0.001
20/0.06 1206 (134)a,b 1786 (422)a 1426 (282)a 853 (109) <0.001
P <0.001 ‑ ‑ ‑ ‑
aSignificant effect of sterilization according to file type at 5% level of significance (horizontal comparison), bSignificant differences among the file 
types according to sterilization conditions at 5% level of significance (vertical comparison). SD – Standard deviation
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agreement with that of  Zhao et al.,[33] who evaluated the 
effect of  sterilization on Hyflex size 30/0.06 file made 
from controlled memory alloy and found that 10 cycles of  
sterilization increased its cyclic fatigue resistance compared 
with nonsterilized Hyflex size 30/0.06 file.

In contrast to the findings of  the current study, a previous 
study found that repeated autoclaving cycles did not have 
a notable effect on the CTF of  size 40 rotary files, except 
in K3 XF files, which had a higher CTF after sterilization 
compared with the control.[34] The results of  the current 
study are also in disagreement with that of  Canalda‑Sahli 
et al.,[35] who indicated that sterilization did not significantly 
affect the flexibility, cutting efficiency or resistance to cyclic 
and torsional fatigue in the K‑files of  all sizes ranging from 
25 to 40, and with that of  Hilfer et al.,[36] who indicated that 
sterilization did not significantly affect the GT series X 
size 20/0.06 files. Similarly, the fracture of  ProFile rotary 
files (Dentsply Maillefer, Ballaigues, Switzerland) did not 
increase after 10  cycles of  heat sterilization,[16] whereas 
exposure of  ProFile rotary files to dry heat and autoclave 
sterilization did increase their resistance to cyclic fatigue.[37]

Based on the results of  the present study, which indicated 
differences in the cyclic fatigue resistance between the three 
files tested and a significant effect of  sterilization, we reject 
the proposed null hypothesis.

CONCLUSION

Under the conditions of  the current study, the results 
provide preliminary evidence that autoclave sterilization 
reduced the cyclic fatigue resistance of  Proflexendo 
files, except in 2×  and 5× 20 and 10× 30 files, where 
the resistance increased. Single use of  this file may be 
recommended to reduce the risk of  separation, especially 
with sizes 40 and 20. Further studies should evaluate 
the observed differences in the cyclic behavior between 
different sizes of  Proflexendo file and its effect in clinical 
usage and compare them with other commercially available 
rotary files.

Acknowledgment
The author would like to thank Nexen Company for 
providing Proflexendo files, Mr. Lindsey Mateo for 

laboratory assistance and Mr. Intisar Siddiqui for help with 
statistical techniques.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of  interest.

REFERENCES

1.	 Walia HM, Brantley WA, Gerstein H. An initial investigation of  the 
bending and torsional properties of  nitinol root canal files. J Endod 
1988;14:346‑51.

2.	 Esposito PT, Cunningham CJ. A comparison of  canal preparation with 
nickel‑titanium and stainless steel instruments. J Endod 1995;21:173‑6.

3.	 Gergi  R, Rjeily  JA, Sader  J, Naaman  A. Comparison of  canal 
transportation and centering ability of  twisted files, pathfile‑Protaper 
system, and stainless steel hand K‑files by using computed tomography. 
J Endod 2010;36:904‑7.

4.	 Short  JA, Morgan  LA, Baumgartner  JC. A  comparison of  canal 
centering ability of  four instrumentation techniques. J  Endod 
1997;23:503‑7.

5.	 Kosa DA, Marshall G, Baumgartner JC. An analysis of  canal centering 
using mechanical instrumentation techniques. J Endod 1999;25:441‑5.

6.	 Lopes HP, Gambarra‑Soares T, Elias CN, Siqueira JF Jr., Inojosa IF, 
Lopes WS, et al. Comparison of  the mechanical properties of  rotary 
instruments made of  conventional nickel‑titanium wire, M‑wire, or 
nickel‑titanium alloy in R‑phase. J Endod 2013;39:516‑20.

7.	 Goo HJ, Kwak SW, Ha JH, Pedullà E, Kim HC. Mechanical properties 
of  various heat‑treated nickel‑titanium rotary instruments. J Endod 
2017;43:1872‑7.

8.	 Zelada G, Varela P, Martín B, Bahíllo JG, Magán F, Ahn S. The effect 
of  rotational speed and the curvature of  root canals on the breakage 
of  rotary endodontic instruments. J Endod 2002;28:540‑2.

9.	 Lopes  HP, Ferreira  AA, Elias  CN, Moreira  EJ, de Oliveira  JC, 
Siqueira JF Jr. Influence of  rotational speed on the cyclic fatigue 
of  rotary nickel‑titanium endodontic instruments. J  Endod 
2009;35:1013‑6.

10.	 Communicable Diseases Network of  Australia. Infection Control 
Guidelines for the Prevention of  Transmission of  Infectious Diseases 
in the Health Care Setting. Canberra: Communicable Diseases Network 
of  Australia, Commonwealth of  Australia; 2004.

11.	 Eggert C, Peters O, Barbakow F. Wear of  nickel‑titanium lightspeed 
instruments evaluated by scanning electron microscopy. J  Endod 
1999;25:494‑7.

12.	 Rapisarda  E, Bonaccorso  A, Tripi  TR, Condorelli  GG, Torrisi  L. 
Wear of  nickel‑titanium endodontic instruments evaluated by 
scanning electron microscopy: Effect of  ion implantation. J Endod 
2001;27:588‑92.

13.	 Schäfer E. Effect of  sterilization on the cutting efficiency of  
PVD‑coated nickel‑titanium endodontic instruments. Int Endod J 
2002;35:867‑72.

14.	 Alapati  SB, Brantley  WA, Svec  TA, Powers  JM, Nusstein  JM, 
Daehn GS. SEM observations of  nickel‑titanium rotary endodontic 
instruments that fractured during clinical use. J Endod 2005;31:40‑3.

15.	 Valois CR, Silva LP, Azevedo RB. Multiple autoclave cycles affect the 
surface of  rotary nickel‑titanium files: An atomic force microscopy 
study. J Endod 2008;34:859‑62.

16.	 Silvaggio  J, Hicks ML. Effect of  heat sterilization on the torsional 
properties of  rotary nickel‑titanium endodontic files. J  Endod 
1997;23:731‑4.

17.	 Khabiri M, Ebrahimi M, Saei MR. The effect of  autoclave sterilization 
on resistance to cyclic fatigue of  hero endodontic file #642 (6%) at 

Table 2: Mean (±SD) fragment length
File size Sterilization conditions P

No sterilization 2× 5× 10×

40/0.04 5.82 (0.32) 5.42 (0.18) 5.49 (0.26) 5.36 (0.13) 0.582
30/0.04 5.17 (0.14) 4.97 (0.29) 5.06 (0.27) 5.28 (0.70) 0.370
20/0.06 4.37 (0.19) 4.24 (0.21) 4.26 (0.18) 4.29 (0.26) 0.553

SD – Standard deviation



Alshwaimi: Cyclic fatigue of Proflexendo files

Saudi Journal of Medicine & Medical Sciences | Volume 7 | Issue 3 | September-December 2019	 155

two artificial curvature. J Dent (Shiraz) 2017;18:277‑81.
18.	 Topçuoğlu HS, Topçuoğlu G, Akti A, Düzgün S. In vitro comparison 

of  cyclic fatigue resistance of  Protaper next, Hyflex CM, Oneshape, 
and Protaper universal instruments in a canal with a double curvature. 
J Endod 2016;42:969‑71.

19.	 Kaval ME, Capar ID, Ertas H. Evaluation of  the cyclic fatigue and 
torsional resistance of  novel nickel‑titanium rotary files with various 
alloy properties. J Endod 2016;42:1840‑3.

20.	 Capar ID, Ertas H, Arslan H. Comparison of  cyclic fatigue resistance of  
novel nickel‑titanium rotary instruments. Aust Endod J 2015;41:24‑8.

21.	 AlShwaimi  E. Cyclic fatigue resistance of  a novel rotary file 
manufactured using controlled memory Ni‑Ti technology compared 
to a file made from M‑wire file. Int Endod J 2018;51:112‑7.

22.	 Gambarini  G. Cyclic fatigue of  profile rotary instruments after 
prolonged clinical use. Int Endod J 2001;34:386‑9.

23.	 Parashos P, Gordon I, Messer HH. Factors influencing defects of  rotary 
nickel‑titanium endodontic instruments after clinical use. J  Endod 
2004;30:722‑5.

24.	 Alshwaimi E. The uptake of  nickel‑titanium rotary files in Saudi Arabia. 
Int J Dent 2012;2012:484291.

25.	 Shen SM, Deng M, Wang PP, Chen XM, Zheng LW, Li HL, et  al. 
Deformation and fracture of  K3 rotary nickel‑titanium endodontic 
instruments after clinical use. Int Endod J 2016;49:1088‑94.

26.	 Elnaghy  AM, Elsaka  SE. Mechanical properties of  Protaper Gold 
nickel‑titanium rotary instruments. Int Endod J 2016;49:1073‑8.

27.	 Sonntag  D, Martin  E, Raab  WH. Representative survey on the 
reprocessing of  endodontic instruments in Germany. Br Dent J 
2016;220:465‑9.

28.	 Parashos P, Linsuwanont P, Messer HH. A cleaning protocol for rotary 
nickel‑titanium endodontic instruments. Aust Dent J 2004;49:20‑7.

29.	 Zhou HM, Shen Y, Zheng W, Li L, Zheng YF, Haapasalo M. Mechanical 

properties of  controlled memory and superelastic nickel‑titanium wires 
used in the manufacture of  rotary endodontic instruments. J Endod 
2012;38:1535‑40.

30.	 King JB, Roberts HW, Bergeron BE, Mayerchak MJ. The effect of  
autoclaving on torsional moment of  two nickel‑titanium endodontic 
files. Int Endod J 2012;45:156‑61.

31.	 Casper  RB, Roberts  HW, Roberts  MD, Himel  VT, Bergeron  BE. 
Comparison of  autoclaving effects on torsional deformation and 
fracture resistance of  three innovative endodontic file systems. J Endod 
2011;37:1572‑5.

32.	 Li XF, Zheng P, Xu L, Su Q. The influence of  autoclave sterilization on 
surface characteristics and cyclic fatigue resistance of  3 nickel‑titanium 
rotary instruments. Shanghai Kou Qiang Yi Xue 2015;24:690‑5.

33.	 Zhao D, Shen Y, Peng B, Haapasalo M. Effect of  autoclave sterilization 
on the cyclic fatigue resistance of  thermally treated nickel‑titanium 
instruments. Int Endod J 2016;49:990‑5.

34.	 Plotino  G, Costanzo  A, Grande  NM, Petrovic  R, Testarelli  L, 
Gambarini  G, et  al. Experimental evaluation on the influence of  
autoclave sterilization on the cyclic fatigue of  new nickel‑titanium 
rotary instruments. J Endod 2012;38:222‑5.

35.	 Canalda‑Sahli  C, Brau‑Aguadé E, Sentís‑Vilalta  J. The effect 
of  sterilization on bending and torsional properties of  K‑files 
manufactured with different metallic alloys. Int Endod J 1998;31:48‑52.

36.	 Hilfer PB, Bergeron BE, Mayerchak MJ, Roberts HW, Jeansonne BG. 
Multiple autoclave cycle effects on cyclic fatigue of  nickel‑titanium 
rotary files produced by new manufacturing methods. J  Endod 
2011;37:72‑4.

37.	 Viana  AC, Gonzalez  BM, Buono  VT, Bahia  MG. Influence of  
sterilization on mechanical properties and fatigue resistance 
of  nickel‑titanium rotary endodontic instruments. Int Endod J 
2006;39:709‑15.


