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ABSTRACT
Objective: Aim of the present study is to evaluate 
mechanical properties of a newly developed rotary 
file, AF Rotary (Fanta Dental, Shanghai, China), and 
to compare these features with a worldwide spread 
rotary file, Protaper Gold F2 (PTG F2; Dentsply 
Maillefer, Ballaigues, Switzerland). Material and 
Methods: 60 AF Rotary 25.06 and 60 PTG F2 were 
divided in three groups of 20 files each. A group 
underwent to cyclic fatigue resistance tests, second 
group underwent to torsional resistance tests, third 
group underwent to bending tests. The statistical 
analysis was performed using t student test with 
significance level set at 95% (p < 0.05). Results: 
AF Rotary showed significantly higher torsional 
resistance and cyclic fatigue resistance (p < 0.05) 
when compared to the PTG F2. AF Rotary also 
showed significantly lower bending resistance (p < 
0.05) when compared to the PTG F2. Conclusion: 
Therefore, within the limitations of this study, the 
results show better performances for AF Rotary 
compared to PTG F2 regarding the cyclic fatigue 
test, the torsional test and the bending test. 
Since the PTG F2 is a commonly used and widely 
investigated instrument it could be possible to state 
that the AF Rotary exhibits remarkable in vitro 
performances.

RESUMO
Objetivo: O objetivo do presente estudo é avaliar as 
propriedades mecânicas de uma lima rotativa recém-
desenvolvida, AF Rotary (Fanta Dental, Shanghai, 
China), e comparar essas características com uma 
lima rotativa mundialmente difundida, Protaper Gold 
F2 (PTG F2; Dentsply Maillefer, Ballaigues, Suíça). 
Material e Métodos: 60 AF Rotary 25.06 e 60 PTG 
F2 foram divididos em três grupos de 20 arquivos 
cada. Um grupo foi submetido a testes de resistência 
à fadiga cíclica, o segundo grupo foi submetido a 
testes de resistência à torção, o terceiro grupo foi 
submetido a testes de flexão. A análise estatística foi 
realizada por meio do teste t student com nível de 
significância de 95% (p <0,05). Resultados: AF Rotary 
apresentou resistência torcional e resistência à fadiga 
cíclica significativamente maiores (p <0,05) quando 
comparado ao PTG F2. AF Rotary também apresentou 
resistência à flexão significativamente menor (p <0,05) 
quando comparado ao PTG F2. Conclusão: Portanto, 
dentro das limitações deste estudo, os resultados 
mostram melhores desempenhos do AF Rotary em 
relação ao PTG F2 no que diz respeito ao teste de fadiga 
cíclica, ao teste de torção e ao teste de flexão. Uma vez 
que o PTG F2 é um instrumento comumente usado e 
amplamente investigado, pode-se afirmar que o AF 
Rotary exibe desempenhos in vitro notáveis.
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INTRODUCTION

T he introduction of nickel–titanium (NiTi) 
alloy for endodontic instruments in the 

last decades has significantly improved the 
simplicity, the predictability and duration of 
the root canal treatment (RCT), by reducing 
number of instruments to achieve an adequate 
level of shaping. Despite many advantages, 
these instruments are subjected to repeated and 
high stress, related to the complexity of root 
canal anatomy, and intracanal separation of 
rotary NiTi instruments is still a rather frequent 
iatrogenic error that may negatively affect the 
outcome of the treatment [1-5]. Since intracanal 
separation are often difficult to predict, is very 
important to minimize the risk of intracanal 
separation with an accurate threedimensional 
study of roots anatomy, and to correctly visualize 
canal trajectories, using cone beam computed 
tomography (CBCT), avoiding superimposition 
of hard tissues [6,7]. It is also possible to identify 
diverging or confluent canals, hidden curvatures 
and bifurcation, that represent the most stressful 
conditions for NiTi instruments. Unfortunately, 
CBCT on a routine basis is nowadays used only 
by a minority of clinicians due to increased costs 
and radiation risk.

It’s evident that is not possible to modify 
the root canal anatomy, therefore it’s important 
to use safer motions during instrumentation and 
to improve mechanical performances of the new 
NiTi instruments. The most common studies 
available in the literature are in vitro evaluations 
and comparisons of mechanical properties of 
the NiTi instruments. These studies investigated 
mainly the following properties: flexibility, 
cutting efficiency, cyclic fatigue and torsional 
resistance. 

Cyclic fatigue is the ability to resist to 
repeated cycles of tension and compression 
in a curved canal and it is an evaluation factor 
of flexural strength during bending. Torsional 
resistance is the instrument’s ability to be not 

damaged when the tip becomes wedged in 
the canal and the shaft continues to rotate. In 
addition, also flexibility is an important property 
related with the behavior of NiTi files during 
the root canal preparation. Two were found to 
be most relevant factors influencing the above 
mentioned properties: the heat treatment and 
the mass of the NiTi instruments [8-14]. The heat 
treatment modifies the metallurgical properties 
of the instrument, and change its behavior simply 
changing the transition temperature of the alloy 
from a more austenitic to a more martensitic 
one [15-20]. A more martensitic file will be 
more resistant to flexural stress, while a more 
austenitic instrument will be more resistant to 
torsional fatigue [21-27]. In addition to the heat 
treatment, the mass at the point of maximum 
stress also has great importance for the resistance 
of the instrument. Higher the mass, higher the 
torsional resistance will be, but on the contrary, it 
will be less resistant to flexural failure [13]. From 
this evidence it’s possible to say that improving a 
specific property of an instrument may result in 
decreasing other properties. 

For each new instrument produced, it 
would be important to ideally test in vitro all 
these characteristics, or at least many of them, 
although it’s difficult to integrate how these 
characteristics interact with each other and what 
the clinical behavior of the instrument will be. 
Therefore, the aim of the present study was to 
compare the different properties (cyclic fatigue 
resistance, torsional resistance, and bending 
properties) of two different NiTi rotary files, 
AF™ Rotary, an instrument recently introduced 
in the market, and F2 PTG, a well-studied and 
worldwide spread rotary file.

MATERIAL AND METHODS

Sixty AF™ Rotary (Fanta Dental, Shanghai, 
China) and 60 PTG F2 (Dentsply Maillefer, 
Ballaigues, Switzerland) have randomly divided 
into 3 groups of 20 instruments each. Three 



In Vitro Evaluation of a Recently Developed Rotary File: AF RotarySeracchiani M et al.

Braz Dent Sci 2021 Oct/Dec;24(4)3

groups have been randomly selected to be tested 
for three different characteristics: cyclic fatigue 
resistance, torsional resistance, and flexibility. 
Before undergoing these three tests, all the 120 
rotary files were previously examined through 
stereomicroscope (Carl Zeiss Micro Imaging, 
Göttingen, Germany) at 20× magnification 
to detect any macroscopic defects. No rotary 
files were rejected due to shape defects. The 
same operator performed all the tests, to avoid 
differences due to operator skills.

Cyclic Fatigue Test

20 AF™ Rotary and 20 F2 PTG were 
tested using a device already validated in the 
previous study to evaluate cyclic fatigue, made 
of two main parts: a stainless steel artificial (SS) 
canal with a 90° angle and 5 mm of curvature 
and a hand piece connected to a mobile device 
which allowed easy repeatable insertion of the 
instrument in the abovementioned SS root canal. 
The NiTi rotary files were inserted for 16 mm 
inside the canal and rotated with the speed and 
the torque recommended by the manufacturer, 
500 rpm and 2.6 Ncm for AF Rotary and 300 rpm 
2.5 Ncm for PTG F2. The time to fracture was 
recorded using a chronometer (1/100 seconds), 
and the time was stopped as soon as breaking 
sounds were heard or visible signs of fracture 
were detected. Finally, the number of cycles to 
fracture (NCF) was calculated by multiplying 
the time to fracture for the rotational speed. The 
lengths of the collected fragments were measured 
using a digital caliper.

Torsional Resistance Test

A torsional test was performed on the 
instrument by blocking the apical 3 mm of each 
of the files to calculate TtF using a new device 
validated in recently published studies [28, 29]. 
This device consists of two main parts, a hand 
piece connected on one side to an electric motor 
(KaVo, Biberach, Germany) allowing a real-time 
(0.1 seconds) recording of the torque with a 
sensitivity of 0.05 Ncm and a vise used to firmly 

secure the apical 3 mm of the NiTi instruments. 
The two above mentioned machines were 
linked using a mobile device to allow repeatable 
placement of the files inside the vise. All the 
instruments were rotated at the same speed, 300 
rpm. The torque value set on the motor was 5.5 
Ncm, to ensure a precise recording in a range 
from 0.05 to 5.5 Ncm. The TtF was registered for 
each instrument by the integrated software of the 
hand piece and calculated using a spreadsheet.

Bending Test

The bending test was performed by the 
using of a custom-made device with a load cell 
and guarantees a correct and reliable recording 
value expressed in grams (g). The tip of the 
instrument was locked for 3 mm with a vise to 
the calibrated load cell. Once the instrument 
underwent an elastic displacement and reached 
an excursion of 45°, the moment of bending was 
recorded. This test was carried out for all the 
tested instruments.

Statistical Analysis

The data from all tests were collected, then 
mean and standard deviation were calculated 
for NCF, FL, TtF and bending resistance. The 
statistical analysis was performed using t student 
test with significance level set at 95% (p < 0.05).

RESULTS

Table I shows the results of cyclic fatigue 
tests, reporting mean values and standard 
deviation of NCF and fragment lengths (FLs). 
AF Rotary showed statistically significant higher 
values of NCF than PTG F2 (p < 0.05).

Table I - Mean and p values for Number of Cycles to Failure 
(NCF) and Fragment length (FL) of AF Rotary and PTG F2

NCF Bending

AF Rotary PTG F2 AF Rotary PTG F2

Mean ± SD 605.5 ± 22.7 300.5 ± 19.92    6.04 ± 0.28 6.075 ± 0.01

p value   0.002 0.85
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Table II - Mean and p values for Torque to Fracture (TtF) and 
bending test of AF Rotary and PTG F2

TtF Bending

AF Rotary PTG F2 AF Rotary PTG F2

Mean ± SD 1.42 ± 0.01 1.39 ± 0.01    24 ± 1.15 50 ± 2.30

p value   0.002 0.000

Table II shows the results of the torsional 
resistance and bending test; the AF Rotary 
showed significantly higher torsional resistance 
(p < 0.05) when compared to the PTG F2. AF 
Rotary also showed significantly lower bending 
resistance (p < 0.05) when compared to the PTG 
F2.

DISCUSSION

Whenever a new NTR file is released on 
the market, the main concern is about the lack 
of scientific literature that proves the in vitro 
properties of the new file and compare it with 
instruments already present on the market and 
with a validated scientific background. Therefore, 
the most common tests, such as cyclic fatigue 
test, bending test and torsional resistance test, 
are needed to provide information about the 
instrument resistance and performance. Thus, in 
order to validate the reliability of the AF™ Rotary 
25.06, in the present study this instrument was 
submitted to the above mentioned tests and the 
results have been compared to a deeply studied 
and worldwide used rotary instrument: the 
Protaper Gold F2. This comparison is justified 
not only by the proven efficacy of the PTG F2 but 
also by the fact that the two instruments share 
the same cross-section design. Moreover, both 
files are thought to be the last instrument of their 
sequence, prior to apical refining.

The PTG F2 is a rotary instrument that 
presents a tip diameter of 0.25 mm, a 0.08 variable 
taper and a convex triangular cross sectional 
design. It presents a heat-treated alloy deeply 
analyzed and validated in literature: the Gold Wire 
(Dentsply Maillefer, Ballaigues, Switzerland). 

This heat-treatment, according to previous 
published studies, enhances the cyclic fatigue 
resistance and flexibility of the instrument in 
order to better withstand anatomical complexities 
and curvatures [8,11,12,18,21,27,28].

The AF™ Rotary is a NiTi rotary instrument 
that presents a convex triangular cross section 
with three blades along the cutting surface. It 
presents a 0.25 mm tip diameter as well and a 0.06 
constant taper. An innovative characteristic of 
the instrument is the proprietary heat treatment, 
the AF-H wire (Fanta Dental, Shanghai, China). 
This heat treatment should increase both 
torsional and flexural resistance according to 
manufacturer internal studies, but there are no 
published studies regarding this heat treatment. 

Moreover, to date there are no studies 
comparing the two proprietary heat treatments, 
the results showed higher cyclic fatigue resistance, 
higher torsional resistance and an increased 
flexibility of the AF Rotary compared to the PTG 
F2.

The two instruments present different 
amount of mass, since the PTG F2 has a 0.08 
variable taper while the AF™ Rotary has a 0.06 
constant taper. This mass difference should lead 
to the conclusion, supported by the published 
literature, that bigger the dimensions of the 
instrument, higher the torsional resistance would 
be [13,14,29]. Despite that, the results of the 
torsional resistance test highlight higher values 
for the AF™ Rotary. These unexpected results 
can be only explained by the new manufactured 
heat-treated alloy, the AF-H wire, which was able 
to increase, according to manufacturer internal 
studies, the metallurgical properties, providing 
also an improved resistance to torsional stresses.

The flexibility of these NiTi rotary 
instruments does not depend on the cross 
sectional design but it depends mainly on the 
properties of their alloy. The two instruments 
present indeed a different heat-treatment, which 
changes the phase of the alloy. From the result 
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of the study it is clear that the AF™ Rotary has 
a more flexible behavior if compared to the PTG 
F2. This result could be explained by the fact that, 
according to manufacturer internal studies, the 
AF™ Rotary alloy exhibits at room temperature 
a martensitic phase, that contributed to enhance 
flexibility [5,8,16]. Furthermore, it is logical to 
expect that the AF-H wire would enhance fatigue 
lifespan of the instrument as well, as confirmed in 
the results of the cyclic fatigue test. Moreover, the 
above mentioned results can also be explained by 
the lower mass of the AF Rotary, the less the mass 
the more flexible the instrument is [13,14,26].

CONCLUSIONS

Therefore, within the limitations of this 
study, the results show better performances for 
AF Rotary compared to PTG F2 regarding the 
cyclic fatigue test, the torsional test and the 
bending test. Since the PTG F2 is a commonly 
used and widely investigated instrument it could 
be possible to state that the AF Rotary exhibits 
remarkable in vitro performances. Obviously, the 
present study has the limitations of reporting in 
vitro results, which may not be confirmed by in 
vivo performances. In conclusion, these results 
could be considered as a promising and exhaustive 
preliminary evaluation of the instrument, but 
further in vivo evaluation should be done in 
order to complete the general overview of the 
instrument.
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