
Dental Press Endod. 2020 Jan-Apr;10(1):49-53© 2020 Dental Press Endodontics 49

original article

Influence of the rotational speed on the cyclic fatigue 
resistance of the Logic rotary system

ABSTRACT

Objective: The aim of this study was to evaluate the 
influence of rotational speed on the cyclic fatigue resis-
tance of Logic 25.06 rotary instruments (LOG 25.06; Easy 
Equipamentos Odontológicos, Belo Horizonte, Brazil). 
Methods: 20 Logic 25.06 instruments were used (n=20). 
The cyclic fatigue test was performed in an artificial canal 
made of stainless steel with 60° of curvature and 5 mm 
of radius. The instruments were activated 950 and 550 
rotations per minute (RPM) until the fracture occurred. 
The time (in seconds) and the number of cycles to frac-
ture (NCF) were measured. The data were statistically 

analyzed using One-way ANOVA and Tukey Test, the 
level significance used was 5 %. Results: the 550 RPM 
promoted a significantly higher time and NCF of LOG 
25.06 in comparison with 950 RPM (P>0.05). The time 
increased in 95.9% and the NCF 27.25%. Conclusion: 
The results of this study showed that the rotational speed 
had a significant influence on the cyclic fatigue resistance 
of the Logic 25.06 rotary instruments. The 550 RPM rota-
tional speed seems to be safer than 950 RPM, increasing 
the cyclic fatigue resistance of Logic 25.06.
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Introduction
The Nickel-Titanium rotary instruments have 

been widely used for root canal preparation of  
curved canals because of  the high flexibility, which 
favors centered root canal preparation with low risk 
of  modification of  root canal anatomy and low rate 
of  instruments separation.1,2 

The separation of  rotary instruments can oc-
cur due to many causes, one of  the most common 
causes is the cyclic fatigue3. Cyclic fatigue occurs 
by repeated compressive and tensile stress when the 
instrument rotates in a curved canal.3 The cyclic fa-
tigue of  Nickel-Titanium rotary instruments can be 
influenced by instrument features (taper, cross-sec-
tion, tip diameter, type of  NiTi)1-3 and the rotational 
speed4-6. It was previously reported that the greater 
rotational speed during root canal preparation could 
increase the rate of  instrument separation.5 This 
fact can be explained due to the greater rotational 
speed increases the compressive and tensile stress 
when the instrument rotates in a curved canal, favor-
ing faster instrument fatigue.4,6 In addition, the less 
operator experience can increase the risk of  instru-
ment separation.5,6 Therefore, the association of  in-
experienced operators and higher rotational speed 
could increase the risk of  instrument separation 
during root canal preparation.

Currently, the manufacturers have developed in-
struments with different designs (tapers, cross-sec-
tion, and tip size) and thermal treatments of  NiTi 
alloys to improve the mechanical properties and re-
duce the risks of  instrument separation.1,2,8,9 Since the 
development of  thermally treated Nickel-Titanium 
rotary instruments, the manufacturers have been in-
dicating greater rotational speed to use their instru-
ments in comparison with instruments manufactured 
with conventional Nickel-Titanium. Some manufac-
turers have been proposing to use with 550 rotations 
per minute (RPM) or more. Considering the influence 
of  rotational speed on the cyclic fatigue resistance of  
the Nickel-Titanium rotary instruments, it would be 
suitable to evaluate if  the rotational speed indicated 
by the manufacturers are safe.

The Prodesign Logic rotary instruments (Logic 
(Easy Equipamentos Odontológicos, Belo Hori-
zonte, Brazil) presenting a modified S-shaped cross-

section design and are manufactured with specific 
thermal treatment based on the CM-Wire.10 This 
system is composed by shaping files (25.06, 30.05, 
35.05 and 40.05) and glide path files (25.01, 30.01, 
35.01 and 40.01). The manufacturer proposes the 
use of  one glide path file and shaping file with same 
tip diameter for root canal preparation.10According 
the manufacturer’s instructions, the shaping files can 
be used at 950 RPM.9

In view of  the influence of  rotational speed on 
the cyclic fatigue resistance of  rotary instruments, 
the aim of  this study was to evaluate the cyclic fa-
tigue resistance (time and number of  cycles to frac-
ture) of  Logic 25.06 when activated at 950 and 550 
RPM. The null hypothesis of  this study: there would 
be no differences on the cyclic fatigue resistance of  
LOG 25.06 when used at different rotational speeds.

Material and Methods
Cyclic fatigue  

A total of  20 Logic 25.06 rotary instruments were 
used to perform the cyclic fatigue test (n=20). Previ-
ously to the mechanical test, all instruments were 
inspected under a stereomicroscope (Carls Zeiss, 
LLC, USA) at 16x  magnification to detect possible 
defects or deformities; none were discarded. All in-
struments used were 25-mm long, with 10 instru-
ments of  each group being used.

The static cyclic fatigue test was performed in a 
custom-made device that simulated an artificial canal 
made of  stainless-steel, with a 600 angle of  curvature 
and a 5-mm radius of  curvature (Fig 1A), as previ-
ously described.11 Both the arch and guide cylinder 
had a 1-mm-deep groove located 5 mm from the top, 
to match the height of  the counter-angle. The groove 
served as a guide path for the instrument, which re-
mained curved and free to rotate (Fig 1B).

The rotary instruments were activated by using 
a 6:1 reduction handpiece (Sirona Dental Systems 
GmbH, Bensheim, Germany) powered by a torque-
controlled motor (Silver Reciproc, VDW). Ten instru-
ments were used at 950 and 550 RPM for each group. 
To reduce the friction of  the instrument as it came 
into contact with the artificial canal walls, a special 
high-flow synthetic oil prepared for the lubrification 
of  mechanical parts (Super Oil, Singer Co Ltd, Eliza-
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Figure 1. A) Representative image of the cyclic fatigue device used in this study. B) Representative image of the Logic 25.06 coupled on the cyclic 

fatigue device with 60° and 5 mm of radius of curvature.

bethport, NJ) was applied. The time to failure was 
recorded using a digital chronometer and video re-
cording was made simultaneously to ensure the exact 
time of  instrument fracture. The number of  cycles to 
failure (NCF) was calculated using the following for-
mula: time to failure (in seconds) X RPM/ 60.

Statistical analysis 
The data normality was performed with the 

Shapiro-Wilk test, showing that the data were nor-
mally distributed. The One-way analysis of  variance 
(ANOVA) and Turkey tests were used for multiple 

and individual comparisons. The level of  signifi-
cance was set at 5%.

Results
Table 1 shows results of  the cyclic fatigue test in 

time and NCF of  Logic 25.06 when activated at 950 
and 550 RPM. The results of  this study showed that 
the activation of  Logic 25.06 at 550 RPM favored a 
significantly increase of  time and NCF in compari-
son of  950 RPM (P<0.05). The results (in percentage) 
showed that there was an increase in 95.9% of  time 
and 27.25 of  NCF (Fig 2).
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Discussion
Despite the manufacturers have been performed sev-

eral modifications on the instrument’s designs and on the 
NiTi properties with the aim to improve safety during root 
canal preparation, the instruments separation continues 
to be a concernment for the clinicians.1,2,8,11

Several factors can affect the cyclic fatigue resis-
tance of  the NiTi Rotary instruments, such as cross-
sectional design, taper, tip diameter, rotational speed 
and thermal treatment of  the NiTi.1-5 Therefore, it is 
important to evaluate the mechanical properties of  
NiTi Rotary instrument, ensuring safety and efficient 
root canal preparation.

In this study, the static cyclic fatigue model was 
used, as previously reported.11 Despite the dynamics 
model simulate the axial motion performed by the 
clinicians during root canal preparation, the static 

Cyclic fatigue resistance

 
 

LOG 25.06

950 RPM 550 RPM

Time (seconds) Cycles Time (seconds) Cycles

168,0 ± 45,99a 2,370±689,9a 329,2±115,5b 3,016±1,0b

Table 1. Means and standard deviations of cyclic fatigue resistance (time and number of cycles) at different rotation speeds.

Different superscript letters in the same column indicate statistical differences among groups (P < .05). 

model reduces possible bias, such as the amplitude 
of  axial movements and speed, which are completely 
subjective and in a clinical situation, their reproduc-
tion is unreliable because the axial motion is manual-
ly controlled.12 In addition, the stainless steel artificial 
canal was previously used by several authors.7-11

The aim of  this study was to evaluate the cyclic 
fatigue resistance (time in seconds and cycles) of  the 
use Logic 25.06 at 950 and 550 RPM. The results of  
this study showed that the 550 RPM favored a sig-
nificant increase of  time and NCF in comparison to 
950 RPM (P<0.05). Therefore, the null hypothesis 
were rejected. It is important to emphasize that the 
instruments used in this study present the same tip 
diameter, cross-sectional design, taper and type of  
thermal treatment. Therefore, the rotational speed 
was the only variable.

Figure 2. Representative graphic of the per-

centage of time and number of cycles to in-

strument separation using 550 RPM.
Time (S) Cycles
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Some previous studies reported that the greater 
rotational speed on the cyclic fatigue test4,6,7 and dur-
ing root canal preparation5 tend to reduce the cyclic 
fatigue resistance of  the NiTi rotary instruments. The 
results of  this study corroborate with these previous 
studies, showing that the rotation speed increases the 
mechanical stress, reducing the time and NCF.4-6,13,14 

In addition, the other factor that should be consid-
ered when a greater rotational speed is used is the 
instruments heating during the cyclic fatigue test. De-
spite the artificial canal is being lubricated with oil, 
the instruments heating always occur and this proba-
bly contributes to the instrument fatigue.15 Therefore, 
the 550 RPM favored fewer instruments heating and 
mechanical stress, which could explain our results.

The results of  this study were converted in percent-
age (Fig 2). The use of  550 RPM increases the time 

and number of  cycles to fatigue in 95.9% and 27.25%, 
respectively. Clinically, the results of  this study would 
ensure safer root canal preparation than 950 RPM, 
reducing the chance of  instrument separation and in-
creasing the lifespan of  the LOG 25.06 rotary instru-
ments. However, probably will occur less efficiency 
on the dentin cutting ability. Therefore, the clinician 
should evaluate the benefits and the risks to use the 
LOG 25.06 rotary instruments in a greater rotational 
speed during root canal preparation of  curved canals.

Conclusion
The results of  this showed that the rotational speed 

has significant influence on the cyclic fatigue of  Logic 
25.06 rotary instrument. The 550 RPM seems to be 
safe, increasing the time and number of  cycles to in-
strument separation.
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