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Shaping the root canals gradually increasing from apical 
to coronal is one of the most important steps for suf-

ficiently cleaning and filling the root canals.[1] The nickel-
titanium (NiTi) alloys having super flexibility are useful in 
minimizing the canal irregularities such as ledge, zip and 
perforations that may occur during shaping the narrow 
and curved canals.[2,3] Besides these advantages of the NiTi 
alloys, they have an important disadvantage that they have 
high fracture incidence due to the cyclic fatigue in the 
narrow and curved canals. Nowadays, the NiTi rotary file 
systems (Conventional, R-Phase, M-Wire, and Gold-Wire 
NiTi) made of various alloys and with various kinematics 
(continuous rotation, reciprocation, and adaptive motion) 
are recommended for maintaining the original canal form 

during shaping the root canals.[4,5]

Twisted File Adaptive (TFA; SybronEndo, Orange, 
CA, USA) is a system that operates with its specific end-
odontic motor (Elements Motor; SybronEndo) and aim-
ing to combine the advantages of rotation (continuous 
360° clockwise motion) and reciprocation (clockwise and 
counterclockwise motion at different degrees). In case 
that there is no stress in the canal, the file completes its 
600° clockwise rotation, then stops and continues rota-
tional motion. As the stress on file increases, Elements 
Motor modifies the motion up to 370° clockwise and 50° 
clockwise motion depending on the level of stress.[6] As 
a result of kinematic modification, the stress on file de-
creases through the counterclockwise motion of file, when 
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compared to continuous rotation motion.

In comprehensive search of the literature, it was de-
termined that there is limited number of studies on the 
effects of adaptives motion on shaping ability of Twisted 
File (TF) files.[7,8] Pedullà et al.[7] analyzed the effects of 
adaptive motion on the efficiency of TF NiTi files in shap-
ing the mandibular molar teeth having 25°–35° of curva-
ture by using computed tomography. In literature, there 
is no study examining the effects of adaptive motion on 
shaping S-shaped artificial canals. For these reasons, the 
aim of present in vitro study was to examine the effects 
of adaptive motion on the shaping ability of Twisted File 
NiTi rotary file system in S-shaped canals. The null hy-
pothesis of present study was that continuous rotation 
motion and adaptive motion would have no effect on the 
shaping ability of Twisted File.

Materials and methods
Forty S-shaped artificial canals (Endo Training Block-S; 
Dentsply Maillefer, Ballaigues, Switzerland) having 0.02 ta-
per and 0.15 mm of apical diameter with 16 mm of work-
ing length were used in the present study. Coronal angle of 
curvature of artificial canals was 30° and radii of curvature 
was 5 mm; the apical angle of curvature was 20°, and radii 
of curvature was 4.5 mm. The artificial canal openings were 
checked using #10 K-file (Dentsply Maillefer), and then the 
specimens were randomly divided into 2 groups (n=20/
each). Then the following procedures were implemented:

Group 1: Twisted file 

In accordance with crown-down method, the canals in 
this group were prepared by using TF 25/.06 NiTi file 
with torque-controlled endodontic motor (Elements Mo-
tor) at 500 rpm and 3 Ncm torque.

Group 2: Twisted file adaptive 

In accordance with crown-down method, the canals in 
this group were shaped using TFA SM2 (25/.06) NiTi 
file with torque-controlled endodontic motor (Elements 
Motor) via “TF Adaptive” program.

All of the procedures were performed by an endodon-
tist, who was experienced in the use of TF NiTi files. Each 
of the canals was prepared using a new NiTi file. During 
the use of files, the canals were irrigated using a total of 
20 mL distilled water. In total, 40 S-shaped artificial canals 
were shaped.

Assessment of canal preparation 

Prior to the beginning of canal preparation procedure, 

all of the canals were stained using black ink (Pelikan, 
İstanbul, Turkey). The artificial canals were placed on a 
setup, where the canals can be placed always (before and 
after the shaping) in the same position. The photos of ca-
nals were taken using a camera (Canon EOS 500D, Japan) 
mounted on the same setup. After performing the shaping 
procedure, the canals were stained with red ink (Pelikan), 
and their photos were taken again in the same setup.

The photos of the canals before and after the procedure 
were superimposed using a computer program (Pages; 
Apple Inc., Cupertino, CA, USA), and the composite im-
ages were obtained (Figure 1). Using the same program, 
the measurement template, which was prepared for the 
measurements, was placed on the composite images. Then 
composite images were transferred to AutoCAD (Au-
todesk, San Rafael, CA, USA) and the amount of removed 
resins was measured at 22 points (11 internal and 11 ex-
ternal points). The measurement points were determined 
to have 1 mm increment; 0–3 points were determined to 
be apical, 4–7 points to be middle, and 8–10 points to be 
coronal portion.[9] Moreover, after the preparation of artifi-
cial canals, the width was measured at 11 points. Using the 
obtained data, the transportation caused by the tested files 
was calculated via the formula specified below.

Amount of transportation (mm): Amount of resin re-
moved from inside the artificial canal (mm) - Amount of 
resin removed from outside the artificial canal (mm).

Turk Endod J18

Fig. 1. The composite images of the simulated S-shaped canals ([a] 
TFA; [b] TF).

(a) (b)
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Statistical analysis
The analysis of obtained data was performed using SPSS 
21 (IBM-SPSS Inc., Chicago, IL, USA) program. The 
normality of the data was verified for each set of measure-
ments by using the Shapiro-Wilk test. The difference be-
tween the groups was examined using Mann-Whitney U 
test. Statistical significance was set at 5%.

Results
No canal irregularity or NiTi file fracture was observed 
during preparation of the canals. From the aspect of mean 
amount of canal transportation made by the files, no sta-
tistically significant difference was found between the 
TF and TFA groups in apical (0–3 points), middle (4–7 
points) and coronal (8–10 points) portion (p>0.05) (Fig-
ure 2).

Mean and standard deviation values of canal width 

shown at the measurement points on the canals shaped by 
TF and TFA file systems are presented in the table (Table 
1). Statistically significantly lower amount of enlargement 
was determined between the 3-6 points of TFA group 
(p<0.05).

Discussion
While gradually increasing enlarging the root canals from 
apical to coronal, it is important to maintain the origi-
nal form of root canals.[1] In many studies comparing the 
shaping abilities of NiTi files, S-shaped artificial canals 
were employed.[10–12] In studies, where S-shaped canals 
were utilized, the shaping abilities of NiTi files can be easi-
ly compared via computer programs by superimposing the 
images of canals before and after the shaping procedure.
[13] The most important disadvantage of this technique is 
that the hardness value of dentin and resin, of which the 
artificial canals were made, are not the same, but deter-
mining the shaping characteristics becomes easier since 
the technique allows easily interpretation of the images 
before and after the procedure.[14]

In studies, where the NiTi files’ shaping abilities were 
examined, different NiTi rotary file systems were ana-
lyzed using continuous rotation movement, reciprocation 
movement, and adaptive motion.[4,7,8,15] But, only in 2 of 
these studies, the effect of adaptive motion on NiTi files 
shaping ability was examined.[7,8] For this reason, in the 
present study it was aimed to examine the effects of adap-
tive motion on TF NiTi rotary files shaping ability in S-
shaped artificial canals. 

According to the results of present study, it was de-
termined that the adaptive motion has no statistically ef-
fect on TF NiTi rotary files’ shaping ability. Thus, the null 
hypothesis of present study was accepted. Similarly to the 
present study results, Karataş et al.[8] examined the shaping 
abilities of TF NiTi files operated with different kinematics 
on the mesial canals of mandibular molar teeth by using 
computed micro tomography. Authors reported that dif-
ferent kinematics had no statistically significant effect on 
TF NiTi rotary files’ shaping ability. Also authors stated 
that this result originated from the fact that different kine-
matics did not affect the cutting efficiencies of files. Cor-
roborating the present findings, You et al.[16] examined the 
shaping abilities of ProTaper Universal (Dentsply Maille-
fer) performing continuous rotation motion and Reciproc 
(VDW, Munich, Germany) performing reciprocal motion, 
and reported that there was not statistically significant dif-
ference between the files in terms of canal transportation. 

The increase of NiTi files’ flexibility was reported to 
ensure the protection of original form of canal during the 
root canal shaping.[10] TF NiTi files are manufactured us-

Fig. 2. The transportation values of the tested NiTi files in the measur-
ing points (mm).
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Table 1. The mean and standard deviations of simulated canal’s 
width in the measurement points (mm)

  Twisted file Twisted file adaptive

 0 0.34±0.02 0.32±0.02
 1 0.39±0.04 0.37±0.04
 2 0.50±0.04 0.48±0.02
 3 0.55±0.02a 0.51±0.02b

 4 0.64±0.01a 0.60±0.01b

 5 0.73±0.02a 0.69±0.02b

 6 0.80±0.02a 0.77±0.02b

 7 0.80±0.02 0.79±0.02
 8 0.85±0.02 0.84±0.02
 9 0.89±0.02 0.89±0.03
 10 0.89±0.02 0.89±0.03

*Different superscripts indicate statistically significant different (p<0.05).



ing R-phase, and thus TF NiTi files have a flexible struc-
ture.[17] For this reason, the adaptive motion might not 
influence the shaping abilities TF NiTi files. Besides that, 
Pedullà et al.[7] reported that adaptive motion decreased 
the amount of canal transportation that is made by Mtwo 
(VDW) and TF NiTi files. We believe that this difference 
from the present study was originated from the use of 
natural teeth and the difference between the examination 
methods. 

According to the present results, it was determined 
that there was not statistically significant difference be-
tween the groups in terms of the canal width at 11 points 
of S-shaped artificial canals after the shaping procedure, 
except for the 3rd and 6th points. At 3rd and 6th points, TFA 
group was determined to create fewer enlargements in ar-
tificial canals. As a reason for this, we believe that the stress 
occurring on the files during shaping the curved portions 
of S–shaped artificial canals was decreased via adaptive 
motion and the files remained more at the center.

Conclusion 
Within the limitation this in vitro study, there was no sta-
tistically significant effect of adaptive motion on TF NiTi 
files’ shaping ability in simulated S-shaped canals.
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