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ABSTRACT
Purpose: This study was designed to evaluate the effect of different movement 

kinematics on the deformation of TF Adaptive files using Dental Operating Microscope 

(DOM) and Scanning Electron Microscope (SEM). Materials and Methods: One hun-

dred and eighty extracted human mandibular molars were selected with curved mesio-

buccal canal (15º-35º). Thirty new sets of TF Adaptive files were divided into 3 groups 

according to the movement kinematics used (10 instruments each). Group I: 60 samples 

were instrumented with 10 TF Adaptive files in adaptive motion with TF Adaptive pro-

gram Elements motor. Group II: 60 samples were instrumented with 10 TF Adaptive 

files in reciprocating motion with built-in reciprocating EndoEst motor mini, where the 

angle of reciprocation was set at 160° CCW and 41°CW. Group III: 60 samples were 

instrumented with10 TF Adaptive files in continuous rotation motion at 500rpm and 

torque 2 N/cm. Instruments were examined under DOM before usage and after each use 

for evaluation of deformation or fracture. Selected instruments from each group were 

evaluated using SEM. Results: there was no statistical significant difference among 

adaptive motion, reciprocating and continuous rotation motion in the mean deformation 

scores and percentage. The highest deformation scores and percentage was recorded in 

TF Adaptive instruments used with continuous rotation motion, however, there was no 

statistical significant difference. Conclusion: The innovated adaptive motion did not 

result in lower deformation of TF Adaptive files. Reciprocating motion produced less 

deformation in TF Adaptive files than did adaptive motion or continuous rotation mo-

tion, after preparing six root canals.
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INTRODUCTION
Successful endodontic treatment can be achieved 

by proper chemo-mechanical preparation eliminating 
all pulp tissue and microorganisms(1,2). Traditionally, 
endodontic instruments were manufactured from 
carbon steel or stainless steel. Authors have found 
that nickel titanium (NiTi) instruments had greater 
flexibility and resistance to fracture than similar 
sized stainless steel instruments(3,4). Despite the in-
creased flexibility the greatest problem of niti files is 
the unexpected fracture of the instrument(5,6).  Metal 
fatigue increases in curved canals, where the instru-
ment experiences increased tension and compression 
cycles which increase the possibility of fracture (7). 
Torsional fatigue is another causative factor that may 
affect fracture of endodontic instruments.

Possible strategies to enhance fatigue resistance of 
the instrument include an improvement in the manu-
facturing process or the use of new alloys that provide 
superior mechanical properties. Recently, a complete-
ly different manufacturing process has been developed 
to create the twisted file (TF) which was manufactured 
with a twisting method in combination with heat treat-
ment to improve fatigue resistance (8).

 Movement kinematic is an important factor af-
fecting lifespan of NiTi instrument because it de-
termines stress distribution, which instruments ac-
cumulate during time. In continuous rotation, file 
separation has been explained by increased cyclic 
and torsional fatigue (9( .

Several studies have shown that reciprocation 
is associated with an extended life span of the in-
strument when compared to conventional rotation. 
This reveals that reciprocation is a safe alternative 
to continuous rotation (10-12). It has been reported that 
decreasing the reciprocation range of the instru-
ments results in increased cyclic fatigue resistance 
(13,14). Despite the advantages of reciprocation move-
ment, it has disadvantage which seems to increase 
extrusion of debris beyond the apex and postopera-
tive pain (15,16).  

The adaptive motion was introduced combining 
the advantages of both rotation and reciprocation. 

When there is no stress on the file, the motion can 
be described as rotation. The motion changes into 
reciprocation when the file is stressed inside the ca-
nal (17). Reciprocating motion helps to prevent in-
struments screwing into the root canal. Screw effect 
increases stresses on the file thereby increasing the 
risk of file separation (18).  

The study evaluating the fracture resistance of 
TF Adaptive files under continuous rotation and 
adaptive motion using a specially manufactured dy-
namic cyclic fatigue testing device has shown that 
the adaptive motion had high resistance to fracture 
when compared to continuous rotation (19). However, 
there is a limited data available about the incidence 
of defects in TF Adaptive instruments after repeated 
clinical use using different movement kinematics. 
Therefore, the aim of the present study was con-
ducted to evaluate the effect of different movement 
kinematics on the deformation of TF Adaptive files 
using Dental Operating Microscope (DOM) and 
Scanning Electron Microscope (SEM). 

MATERIALS AND METHODS

1. Samples selection and preparation: 
One hundred and eighty extracted human man-

dibular molars were selected with mature apices 
without resorption or cracks, mesial roots having 2 
separate mesial canals and apical foramina, an aver-
age length of 12 to 14 mm and the mesiobuccal ca-
nal curvature ranged between 15° –35° with radius 
< 40 mm. 

CBCT imaging: 
The samples were placed in plastic dental arches 

that used as a holder to ensure samples stability dur-
ing scanning. CBCT scan was acquired using i-CAT 
imaging system. The mesiobuccal canal was traced 
to determine the angle and radius of root canal cur-
vature. The angle of curvature was determined by 
the Schneider’s technique and the radius of curva-
ture was measured by the Estrela’s method (20, 21).
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Instruments’ grouping:
Thirty new sets of TF Adaptive files (Sybron 

Endo, Orange, CA, USA) were examined before us-
age using DOM at X25 magnification; the instrument 
that had any sign of deformation was discarded. 

The instruments were divided into 3 groups (I, II 
and III) according to the movement kinematics used 
(10 instruments each):

Group I: 60 samples were instrumented with 10 
TFA in adaptive motion.

Group II: 60 samples were instrumented with 
10 TFA in reciprocating motion.

Group III: 60 samples were instrumented with 
10 TFA in continuous rotation motion.

Each instrument was used to prepare six root 
canals

Root canal instrumentation:
The meisobuccal root canals were checked for 

apical patency with # 10 K-file until it was just vis-
ible from the apex and then 1 mm was subtracted 
from this length to establish the working length. 
In all groups, after performing glide path with 
#15 Kfile, the root canals were instrumented with 
TFAdaptive files (SM1) (# 20, 0.04), followed by 
TFA files (SM2) (# 25, 0.06) to the full working 
length as following; the TF Adaptive file was insert-
ed passively in the canal till reaching the full work-
ing length through multiple insertions and the apical 
movement was incremental and passive. 

Group I: (Adaptive motion) 
Sixty root canals were prepared with 10 TF 

Adaptive files used with TF Adaptive program 
Elements motor (Sybron Endo, Orange, CA, USA). 
The feature of this motor is that it changes the kine-
matics from an interrupted complete rotating move-
ment (600° CW horizontal rotational motion and 0° 
CCW) to a partial reciprocation (370° in the cutting 
verse CW and 50° in the noncutting verse CCW) 

depending on the torsional stresses building up on 
the shaft of the file (22). 

Group II: (Reciprocating motion)
Sixty root canals were prepared with 10 TF 

Adaptive instruments used in reciprocating mo-
tion with built-in reciprocating EndoEst motor mini 
(Geosoft Dent., Russia), where the angle of recipro-
cation was set at 160° CCW and 41° CW (23).

Group III: (Continuous rotation motion)
Sixty root canals were prepared with 10 TF 

Adaptive instruments used in continuous rotation 
motion with EndoEst motor mini (Geosoft Dent., 
Russia) at 500rpm and torque 2 N/cm. After each 
instrument use, irrigation with 2ml of freshly pre-
pared 2.6% sodium hypochlorite (NaOCl) solution 
dispensed through a 31-gauge Navi-Tip flexible ir-
rigation needle, where the needle was inserted as 
deep as possible into the root canal without binding 
and EDTA gel was used as a lubricating agent. Each 
instrument was cleaned with a piece of gauze and 
alcohol after each use.

Instruments’ evaluation:

a. Using Dental Operating Microscope (DOM):
TF Adaptive instrument (SM2) was examined 

using DOM at X25 magnification after each use 
for evaluation of deformation or fracture which 
was done according to the scoring criteria by 
Caballero(24):

Score1: No Fracture, no plastic deformation, no 
cracks, no craters, no disruption of the cutting edges 
or blunt edges along the examined shaft.

Score 2: Plastic deformation, cracks, craters, 
disruption of the cutting edges or blunt edges of one 
spiral along the examined shaft. 

Score 3: Plastic deformation, cracks, craters, 
disruption of the cutting edges or blunt edges of two 
spirals along the examined shaft. 
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Score 4: Plastic deformation, cracks, craters, 
disruption of the cutting edges or blunt edges of 
more than two spirals along the examined shaft.

Score 5: Fractured instrument.

b. Using Scanning Electron Microscope (SEM):
Three selected TF Adaptive instrument (SM2) 

from each group (after 3rd use, after 4th use and after 
6th use) were examined under SEM to evaluate the 
presence of microscopic superficial defects such as 

microcracks, large crater and disruption of the 
cutting edges (24). 

STATISTICAL ANALYSIS
Numerical data were explored for normality by 

checking the distribution of data and using tests of 
normality (Kolmogorov-Smirnov and Shapiro-Wilk 
tests). Data were presented as mean and standard 
deviation (SD). For non-parametric data, Kruskal-
Wallis test was used to compare between groups. 
Friedman’s test was used to compare between num-
bers of uses within each group. 

Qualitative data (Number of deformed files) 
were presented as frequencies (n) and percentages 
(%). Chi-square (X2) test was used for comparison 
between the groups. The significance level was set 
at P ≤ 0.05. Statistical analysis was performed with 
IBM SPSS Statistics Version 20 for Windows.

RESULTS

I. Dental operating microscope (DOM) results:
I.1 Comparison of deformation scores among the 

tested groups after each use: (Fig. 1)

1.	 First, second and third uses: 

	 There was no statistical significant difference in 
the mean deformation scores among the tested 
groups after each use (P > 0.05).

2.  Fourth use: 
The results showed that, TF Adaptive instru-

ments used with reciprocating motion had lower 
deformation scores than TF Adaptive instruments 
used with either adaptive motion or continuous ro-
tation motion. However there was no statistical sig-
nificant difference among the tested groups in the 
mean deformation scores (P > 0.05).

3.  Fifth and sixth uses: 
The lowest mean deformation scores was re-

corded in TFA instruments used with reciprocating 
motion followed by TF Adaptive instruments used 
with adaptive motion. The highest mean deformation 
scores was recorded in TF Adaptive instruments used 
with continuous rotation motion. However, there was 
no statistical significant difference among the tested 
groups in the mean deformation scores (P > 0.05).

Figure (1): A bar chart comparing the mean deformation scores among the tested groups after 
each use.
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I.2 Comparison of deformation scores within each 
tested group after each use: (Table 1) 

Group I (Adaptive motion): 
The mean deformation scores after the first three 

uses denoting no deformation, then the value is 
slightly higher after the 4th use followed by 5th and 
6th uses and there was no statistical significant dif-
ference among the different uses (P > 0.05). 

Group II (Reciprocating motion): 
 The mean deformation scores after the first 

three uses denoting no deformation, then the value 
is slightly higher after the 4th, 5th and 6th uses and 

Table (1): The mean values and standard deviation (SD) of deformation scores within each tested group 

after each use.

Use

Group I
(Adaptive motion)

Group II  
(Reciprocating motion)

Group III
(Continuous rotation motion)

Mean SD Mean SD Mean SD

1st use 1.00 0.00 1.00 0.00 1.00 0.00

2nd use 1.00 0.00 1.00 0.00 1.00 0.00

3rd use 1.00 0.00 1.00 0.00 1.00 0.00

4th use 1.20 0.42 1.10 0.32 1.20 0.42

5th use 1.30 0.48 1.10 0.32 1.60 0.84

6th use 1.30 0.48 1.10 0.32 1.60 0.84

P-value 0.053 0.416 0.410

there was no statistical significant difference among 
the different uses (P > 0.05). 

Group III (Continuous rotation motion): 
The mean deformation scores after the first three 

uses denoting no deformation, then the value is 
slightly higher after the 4th use followed by 5th and 
6th uses and there was no statistical significant dif-
ference among the different uses (P > 0.05). 

II- Scanning electron microscopic (SEM) results: 
(Figure 2)

Changes in the TF Adaptive instrument (SM2) 
(after 3rd use, 4th use and 6th use) were shown in 
Figure (2).

Figure (2): SEM images of TF Adaptive instruments after 6th use and 2nd sterilization cycle showing disruption of the cutting edge 
(loss of the regular continuous shape) (circle) and crater (pits in the cutting tip and surface) (arrows) (X 250). a) Adaptive 
motion; b) Reciprocating motion and c) Continuous rotation motion.
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DISCUSSION
Satisfactory biomechanical preparation can be 

achieved using nickel-titanium  rotary instruments 
due to their super elasticity and greater flexibility 
however; the greatest problem of niti instruments is 
their sudden fracture (1). 

The results of the current study showed that, 
after the first, second and third uses, there was no 
statistical significant difference among the adaptive 
motion, reciprocating motion and continuous rota-
tion motion in the mean deformation scores. This 
could be attributed to the design of TF instruments 
and their manufacturing process (twisting of NiTi 
alloy in the R-phase) instead of conventional grind-
ing process, which produce machining defects on 
the surface of NiTi files and these defects cause 
microcrack formation, which in turn propagate dur-
ing instrumentation and lead to instrument failure. 
In addition, the electropolishing procedure that re-
moves surface roughnesses and increases resistance 
to intracanal stress (22). 

The results of the present study are in accordance 
with a recent study, which did not observe any de-
formation of TF files in the first three uses (24). On 
the other hand, the results of the present study were 
inconsistent with previous study, which reported 
that, TF instruments showed deformation during 
the first use (25). This could be attributed to the use of 
short radii of curvature (3 and 5 mm( compared to 
<40 mm that used in the present study.

After the fourth use, TFA instruments used with 
reciprocating motion had lower deformation scores 
than TFA instruments used with either adaptive mo-
tion or continuous rotation motion. However, there 
was no statistical significant difference among the 
tested groups in the mean deformation scores. This 
could be attributed to the reciprocating motion which 
subjected  the files to stresses at lower magnitudes 
due to the shorter angular distance traversed by the 
instrument (26). Also, reciprocating motion may al-
low better distribution of stresses than continuous 
rotation and adaptive motions, where it allows the 
release of reaction stresses built up in the material 

by reversing the rotational direction. Moreover, re-
ciprocating motion prevents the taper lock phenom-
enon by unsymmetrical repeating of the clockwise 
and counterclockwise rotations (10). 

In corroboration with the results of present 
study, previous studies reported that, the reciprocat-
ing motion increases failure resistance and prolongs 
life span of the instruments (26, 27).                            

The comparable results between adaptive mo-
tion and continuous rotation motion could be ex-
plained by that, in the adaptive motion, the intraca-
nal stresses were not high enough to induce recip-
rocating motion, therefore the adaptive motion acts 
as interrupted continuous rotation (22). The results of 
the present study were consistent with another study 
which reported that, there was no significant differ-
ence in the instrument failure resistance between 
the adaptive motion and rotary motion (19). On the 
contrary, a previous study showed that adaptive mo-
tion significantly increases the time to fracture TF 
instruments when compared with continuous rota-
tion motion (28). These discrepancies might be at-
tributed to the use of 60° degree angle of curvature 
compared to 15°-35° angle of curvature used in the 
present study.

After the fifth and sixth uses, the lowest mean 
deformation scores was recorded in TFA instru-
ments used with reciprocating motion followed by 
TFA instruments used with adaptive motion while 
the highest mean deformation scores was recorded 
in TFA instruments used with continuous rotation 
motion. However, there was no statistical signifi-
cant difference among the tested groups in the mean 
deformation scores. The results of mean deforma-
tion scores that recorded in the present study are 
supported by the results of deformation percentage, 
where TFA instruments used with reciprocating 
motion produced the lowest deformation percent-
age (10%) followed by TFA instruments used with 
adaptive motion (30%) while the highest deforma-
tion percentage was recorded in TFA instruments 
used with continuous rotation motion (40%).
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The highest mean deformation scores and de-
formation percentage recorded with the continuous 
rotation motion could be explained by increased 
instrument experiences in tension/compression 
during rotation at the point of greatest curvature, 
which increase the cyclic fatigue and separation 
of endodontic files (29, 30). Moreover, it has been re-
ported that, the continuous rotation motion is lead-
ing cause of NiTi instrument failure, with deforma-
tion, metal fatigue and subsequent breakage being 
potential problems associated with the use of 360 
rotary instruments in curved canals (31). The results 
of the present study are supported by a recent study 
which concluded that movement kinematics affects 
lifespan of TF files, where the reciprocal rotation 
extends lifespan of TF files (27).

In the present study, the SEM evaluation of the 
TFA instrument used with adaptive motion, recip-
rocating motion or continuous rotation motion re-
vealed that, the most prevalent defects were dis-
ruption of the cutting edge (straightening or loss of 
the regular continuous shape) and craters  (pits in 
the cutting tip and surface). Disruption of the cut-
ting edge was observed likely resulting from the 
torque applied to the shank of the file, which allow 
the stresses to be dissipated via the cutting edge (7). 
These findings are in accordance with the results of 
previous study reported that as the number of canal 
usage increased chipping of the cutting edge was 
noted on TF instruments (32). 

In the current study, the prevalence of deforma-
tion in the form of pitting was observed. This could 
be related to the use of 2.6% NaOCl irrigant con-
comitantly with the canal preparation. It has been 
concluded that, NaOCl was associated with deterio-
ration of the surface of the instrument, as a result of 
a chemical reaction creating roughness and pitting(33). 

All the surface deformation was observed in the 
apical third of the instrument. This was possibly re-
lated to the torsional stresses that occurred in the 
apical part of the files during initial negotiation and 
canal enlargement. It has been reported that the be-
ginning point of unwinding of instruments occurred 

mostly at or very close to the tip of the instrument(34). 
Moreover, the tapering of the file increased toward 
the handle, making the bulk of the file much stron-
ger than its tip (35).

The combination of heat treatment and twisting 
process leads the TFA instruments to present a clini-
cal behavior different from the majority of ground-
ed NiTi rotary instruments (17). 

CONCLUSION
Within the limitations of the present study, the 

following could be concluded:

1.	 The innovated adaptive motion did not result in 
lower deformation of TF Adaptive files.

2.	 Reciprocating motion produced less deforma-
tion in TF Adaptive files than did adaptive mo-
tion or continuous rotation motion, after prepar-
ing six root canals.

3.	 Cumulative effect of several factors including 
repeated steam autoclaving, number of uses and 
irrigating solutions did not affect the deforma-
tion of TF Adaptive files.
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