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INTRODUCTION 

The goal of quality of endodontic therapy has 
remained the same since its inception. Root canal 
success is dependent upon cleaning and disinfection 
of a uniform and continuously tapered shaped canal 
maintaining an integral anatomical apex integrity 
for three dimensional filling. (1)

In spite of the fact that root canal preparations 
usually do experience deviations, but yet, enhanced 
endodontic outcome is always the result of 
maintaining the original canal anatomy.

Retaining shape and direction of root canal space 
during mechanical preparation is very challenging 
in curved canals (2). Improper instrumentation 
neglecting degree and direction of curvatures will 
result in canal straightening and dentin loss which 
may weaken the tooth structure (3)

 In an ongoing quest to reduce complex problems 
of preparing curved narrow canals, endodontic 
breakthrough has progressed from exhausting a 
long series of stainless steel manual files to rotary 
nickel titanium files. Over the years, NiTi alloys 
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ABSTRACT

Objective: This study was aimed to assess and compare between the transportation of Protaper 
Next, WaveOne Gold and Twisted File Adaptive NiTi rotary systems on extracted curved molars.

Methodology:  A total of ninety mesial root canals of human first and second molars were 
randomly divided into three experimental groups; Group I: Protaper Next/Continuous rotation 
(PTN/CR), Group II: WaveOne gold/Reciprocation (WG/R) and Group III: Twisted file Adaptive/
adaptive motion (TFA). Pre- and postoperative CBCT images were taken and fusion technique was 
applied to all specimens to ensure standardization. One-way ANOVA was used to compare between 
more than two groups in parametric data. The significance level was set at P ≤ 0.05. Statistical 
analysis was performed with IBM® SPSS® Statistics Version 20 for Windows.

Results: There was no statistically significant difference between all groups at the apical third. 
At the middle and coronal third group 3 revealed the highest transportation followed by groups 1 
and 2, which showed a statistically significant difference between them. 
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have invaded the endodontic field and became 
mandatory in endodontic treatment. Technological 
advancements in metallurgy allowed manufactures 
to produce instruments with improved mechanical 
and physical properties. (4,5) 

Additionally, the advent of endodontic motors 
with adjustable kinematics in several directions 
attempted to tackle different anatomical complexities 
in the root canal system. (6)

In terms of continuous rotation, Protaper Next 
(PTN; DentsplySirona, Ballaigues, Switzerland) 
is made of M-wire heat treated alloy with an 
asymmetric cross section. It is run by a clockwise 
(CW) continuous rotation endodontic motor. PTN 
system consists of X1 (17/.04), X2 (25.06), X3 
(30/.07), X4 (40.06) and X5 (50/.06) files. X1 
and X2 both have an increasing and decreasing 
percentage taper over the active portion of the file 
while X3, X4 and X5 have fixed tapers from D1 
to D3 then a decreasing percentage taper over the 
rest of the file length (7) A PTN file is made from 
M-wire alloy which is a thermomechanically treated 
Ni-Ti to produce alloy in a high flexibility form 
(martensite). M-wire technology has resulted in an 
increased resistance of the file to cyclic fatigue of up 
to 400% compared to other files. (8)

A single file working in a reciprocative mode is 
capable of preparing the root canal whilst maintaining 
its shape and direction in a shorter time in comparison 
to the multiple files conventional rotary systems [9]. 
WaveOne Gold (Dentsply Maillefer, Ballaigues, 
Switzerland) has been recently introduced with a 
novel heat treatment of a special nickel titanium 
alloy to manufacture the Gold Wire. It is claimed 
to have an edge over the martensitic nickel titanium 
alloy of Wave one in terms of higher flexibility and 
cyclic fatigue resistance. The available sizes of 
Waveone Gold are: small (20.07), primary (25.07), 
medium (35.06), and large (45.05). They work in 
a reciprocating motion, with clockwise and counter 
clockwise angles set by the manufacturer. Counter-

clockwise value is greater than that of the clockwise 
and allows the instrument to proceed apically, whilst 
the clockwise angle disengages the file eliminates 
its binding (10,11)

Twisted file Adaptive (TFA) developed by 
SybronEndo (Orange, CA, USA), is utilized in 
a combined motion; continuous rotation and 
reciprocation. Its main design features are; R phase 
heat treatment, twisting of the metal and special 
surface condition. The twisted file design and 
the adaptive technology are claimed to improve 
centering ability and flexibility of the file and reduce 
its risk of fracture.

It is a two set of three-file system designed to 
treat the different variety of cases encountered 
in clinically. Files are available as SM1; 20/0.04, 
SM2: 25/0.06, SM3: 30/0.04 for small canals and 
ML1: (25/0.08), ML2: (35/0.06), ML3: (50/0.04) 
for larger canals. (12-14). 

Hence it is mandatory to perform a detailed 
investigation of the shaping effect of instruments 
with different kinematics to understand how these 
modifications affect their performance in terms of 
conserving the original canal curvature.

MATERIALS AND METHODS

Samples Selection

A total of ninety mesial root canals of human 
first and second molars of completely formed roots 
were randomly divided into three experimental 
groups. Pre- and postoperative CBCT images 
were taken and fusion technique was applied to 
all specimens to ensure standardization. Canal 
curvature in mesiodistal direction ranged between 
(30- 45°) according to Schneider. Crowns were then 
removed at the level of the cervical line and distal 
roots amputated. The working length of each canal 
was determined by subtracting 1 mm short of the 
length of the patency file flushed with the apex.
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Teeth embedding in acrylic resin 

Three standardized custom made acrylic resin 
housing containers were made (10cm x 12cm) to fit 
30 roots per block (2cm x2cm) making 5 columns 
and 6 rows. Transparent acrylic resin was mixed 
according to manufacturer’s instructions and poured 
into the container and the roots immersed cervically 
outwards prior to setting. In order to prevent the 
resin from entering and polymerizing into the 
apical foramen, the apices of the roots were sealed 
with wax. Each sample was inserted into the unset 
acrylic resin so that its long axis was parallel to the 
long axis of the container with the buccal surface 
of all samples facing the same direction to ensure 
standardization of the specimens for the tomography 
images before and after root canal instrumentation. 
Each sample was marked to confirm the standard 
position for the post-operative imaging on the stage 
of the CBCT machine. 

Grouping and instrumentation of samples

The three resin blocks were divided into three 
groups (n=30), according to the type of instrument 
used: 

Group I: Thirty canals were instrumented using 
Protaper Next (PN) (X1, X2) 

Group II: Thirty canals were instrumented using 
WaveOne Gold (WOG) (primary) 

Group III: Thirty canals were instrumented 
using Twisted File Adaptive (TFA) (SM1, SM2)

The X-Smart™ Plus micro-motor (Dentsply, 
Maillefer) was used to drive the files and adjusted 
according to the manufacturer’s instructions, for 
groups 1 and 2. The program was set at “Protaper 
Next” mode when PN was used and “WaveOne” 
mode when WO was used. The TFA instruments 
were coupled to the Elements Motor (Axis, Sybro-
nEndo, Texas, USA) at the TFA setting suggested 
by the manufacturer.

Each system was used according to the 
manufacturer’s instructions creating a glide 

path with proglider for group A and B and M4 
reciprocating handpiece for Twisted file Adaptive. 
Each instrument was used to enlarge four canals 
only. After each instrument, root canal was flushed 
with 3 ml of 1.3% NaOCl solution (15, 16).

Postoperative Imaging using CBCT

Post-operative images were captured the 
same way with the same position as preoperative 
ones. Image acquiring was performed using 
the Scanora software and reconstruction by On 
Demand. The CBCT fusion steps started by 
superimposing the primary (preoperative) and 
secondary (postoperative) images manually and 
by automatic registration of the Scanora software. 
First measurements were recorded on the primary 
image. Then the measurement on the primary image 
was left & the primary image itself was cancelled 
leaving the secondary image. A new measurement 
was recorded on the secondary image on the same 
plane direction & cut of the primary image ensuring 
standardization (17).

Methods of Assessment 

Three cross-sectional planes of CBCT images 
before and after instrumentation at 3, 6, and 9mm 
from the apical end of the root were analyzed 
for transportation. Transportation values were 
determined according to the formula by Gambill 
et al (18) (M1-M2)- (D1-D2) in which (M1) is the 
shortest line from the edge of the canal to the 
periphery of the root before preparation in the mesial 
wall of the root, while (M2) is the same line but 
after the preparation. The number (D1) represents 
the shortest line from the edge of the canal to the 
periphery of the root before preparation in the distal 
wall of the root, while the (D2) is the same line after 
preparation. If the result is equal to 0 (zero), this 
means lack of transportation.

Statistical Analysis

One-way ANOVA was used to compare between 
more than two groups in parametric data. The 
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significance level was set at P ≤ 0.05. Statistical 
analysis was performed with IBM® SPSS® 
Statistics Version 20 for Windows.

RESULTS

Transportation results of each group at different 
sections

A) Apical section (3 mm from the apical end)

There was no statistically significant difference 
between the three groups where (p=0.900). The 
highest transportation mean value was found in 
group 3 (TFA) (0.23 ± 0.19) followed by group 1 
(PTN) (0.22 ± 0.19) while the least mean value of 
transportation was found in group 2 (WOG) (0.20 
± 0.14). 

B) Middle section (6mm from the apical end)

There was a statistically significant difference 
between the three groups where (p=0.027).

No statistically significant difference was found 
between group 1 (PTN) on one hand and each of 
group 3 (TFA) and group 2 (WOG) files on the other 
hand where (p=0.057) and (p=0.995) respectively.

While a statistically significant difference was 

found between group 3(TFA) and group 2 (WOG) 
where (p=0.045).

The highest transportation mean value was found 
in group 3 (TFA) (0.30 ± 0.23) followed by group 1 
(PTN) (0.16 ± 0.12) while the least mean value of 
transportation was found in group 2 (WOG) (0.15 
± 0.10).

C) Coronal section (9mm from the apical end)

There was a statistically significant difference 
between the three groups where (p=0.032).

No statistically significant difference was found 
between group 1(PTN) on one hand and each of 
group 2(WOG) and group 3 (TF Adaptive) files 
on the other hand where (p=0.795) and (p=0.130) 
respectively.

While a statistically significant difference was 
found between group 2 (WOG) and group 3 (TFA) 
files where (p=0.032).

The highest transportation mean value was found 
in group 3 (TFA) (0.41 ± 0.24) followed by group 1 
(PTN) (0.27 ± 0.18) while the least mean value of 
transportation was found in group 2 (WOG) (0.22 
± 0.15).

TABLE (1): The mean, standard deviation (SD) values of Transportation of different groups. (One-way 
ANOVA)

Files
Section 3 Section 6 Section 9

Mean ± SD Mean ± SD Mean ± SD

Potaper next 0.22 ± 0.19 a 0.16 ± 0.12 ab 0.27 ± 0.18 ab

TF Adaptive 0.23 ± 0.19 a 0.30 ± 0.23 a 0.41 ± 0.24 a

WaveOne Gold 0.20 ± 0.14 a 0.15 ± 0.10 b 0.22 ± 0.15 b

P-value 0.900ns 0.027* 0.032*

Mean with different letters in the same column indicate statistically significance difference             *; significant (p<0.05) 
ns; non-significant (p>0.05) 
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DISCUSSION

During root canal preparation, original canal 
curvature should be preserved with a flared shape 
apico-coronally irrespective of the instrument type, 
kinematics or instrumentation technique (19). This is 
mandatory so that chances of canal transportation 
and curvature straightening would be less liable to 
occur. (20)

Different kinematics of Nickel titanium systems 
have been introduced to try and maintain the 
original canal shape and direction by keeping the 
file centered (21). 

Hence, the purpose of this study was to 
compare and evaluate the transportation of three 
different rotary file systems namely; Protaper Next, 
WaveOne Gold  and Twisted file Adaptive These 
systems have different kinematics, designs, alloys 
and  manufacturing methods. 

The main methods for assessing shaping ability 
are using either simulated root canals or extracted 
human teeth. Simulated root canals inspite of 
having a high degree of standardization, but the 
resin does not mimic clinical situations due to 
differences in surface texture, hardening, and cross 
sectioning of dentine. Therefore using real canals 
in extracted teeth are required to mimic the clinical 
condition(22) Standardization parameters regarding 

canal curvature were set to ensure comparability of 
the experimental groups. Recently CBCT has been 
validated as a tool to explore root canal anatomy 
and assess the canal’s shape before and after 
instrumentation (23, 31). 

In the present study, fusion methodology was 
utilized to assess canal transportation by subtractive 
radiology. This methodology was proposed in 
our study to ensure standardizing specimen 
positioning for acquisition of CBCT images before 
and after preparation (17,24,). In order to enable 
comparisons between different instruments same 
apical enlargement was achieved with all tested 
instruments. 

In the present study, apical preparation 
terminated at size 25. The final apical preparation 
diameter in the Protaper Next group was X2 size 
25/0.06, WaveOne Gold group was Primary file size 
25/0.07 and twisted File Adaptive group was SM2 
file size 25/0.06. This size of final apical preparation 
came in accordance with other studies considering it 
a safe apical termination of preparation (25). 

Excessive dentin removal in a single direction 
within the canal rather than in all directions 
equidistantly from the canal axis is known as 
transportation. This is due to the fact that files have 
the tendency to restore themselves to their original 
linear shape during root canal preparation (26-28).

Fig. (1): Bar chart representing means of Transportation of different groups.
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 Once transportation has occurred, it is impossible 
to get back to the original canal morphology (27,28). 
Transportation is influenced by the design of the 
instrument (size, taper, flexibility, radial lands, and 
type of alloy) and the root canal anatomy (29). 

Transportation was assessed at 3mm, 6mm and 
9 mm from the apex in a mesiodistal plane. Canal 
transportation was evident at all tested levels, a result 
that came in consistence with other studies (30, 31, 32).

According to the results of the present study, 
magnitude of transportation of groups 1, 2 and 3 were 
considerably less than the critical transportation 
value of 0.3mm mm which was proposed by Wu 
et al (33) at both the apical and middle level. More 
transportation was seen at the coronal level in 
probably because of the elimination of coronal root 
interferences.

 There was no statistically significant difference 
between canal transportation results among the 
three groups at the apical section of the canal. This 
can be justified in terms of:

i) The three systems worked in a crown down 
fashion, and terminated preparation with the same 
file tip apical diameter of size 25 that showed fixed 
taper over the first 3mm, with slight difference in 
the degree of taper (0.06, 0.07 &0.06) for PN WOG 
and TFA respectively.

ii) As for the cross-section, 

PN file mass is offset (off centre).  This feature 
was claimed to add some advantages to this file 
such as decreasing the engagement between the 
file and dentin, decreasing torque, and reducing the 
screw effect. Furthermore, it was thought to reduce 
the possibility of blocking the dentinal tubules by 
pushing debris laterally (7) and to enhance the 
ability to remove debris out of the root canal (9).  
Additionally, the offset centre of the PTN file gives 
it an ability to prepare a size of canal that would 
otherwise require larger and stiffer files with a 

centered axis of rotation (9). The progressively 
decreasing percentage tapered design that can be 
found in any ProTaper file is claimed to increase 
the flexibility of PTN files, limit the preparation to 
the body of the canal and conserve the coronal root 
canal structure (6,7)

The cross sectional design of WOG is an 
alternating offset parallelogram. It has two cutting 
edges (85°) with only one cutting edge in contact 
with the canal wall. Hence, the contact between the 
file and dentin is reduced enhancing its centering 
and reducing taper-lock. (10,11, 34)

Owing to its triangular cross section and flexible 
alloy, TFA according to Tokka et al,(35) has been 
found to be more flexible than ProTaper® and M2, 
instruments with a design and mass very similar to 
WaveOne and Reciproc.

iii) Similar heat treatment utilized in the 
manufacture of these NITi files

PTN made of M-wire heat treated alloy file is 
claimed to increase the flexibility of PTN files, limit 
the preparation to the body of the canal and conserve 
the coronal root canal structure (34).

Whereas, gold wire of WOG is produced by 
applying proprietary thermal process (Ground 
NiTi files are heat-treated and slowly cooled) and  
post-machining procedure, thus increasing its 
flexibility [10] 

The TFA file design features R-Phase technology 
to improve its flexibility (35, 36, 37). This means that the 
file is twisted to shape to enhance durability.

All three groups have instruments of superior 
flexibilities due to their manufacturing process 
which led to similar canal transportation with 
different movement kinematics.

At 6mm and 9mm TFA showed the highest 
transportation value followed by PTN then WOG.
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No significant difference was revealed between 
TFA and PTN. This may be due to similar kinematics 
of continuous rotation at the middle third of both 
systems. When the TFA instrument is not exposed 
to high stresses in the canal, it adapts itself to the 
continuous mode whilst on the contrary, upon 
contacting any impediments TFA file, adapts itself 
to the reciprocative mode. (36) The curvature in this 
study is in the apical third away from the middle 
third of the canal. So at the middle and coronal one 
third the TFA most probably rotated in a continuous 
mode 

No significant difference was noted between 
PTN and WOG which may be due to the similar 
offset mass of the files cross section. 

WOG revealed the least transportation value 
with a significant difference between TFA. This 
could be related to the reciprocation motion which 
allows a high centering ability of the file(6,10,33,37) 

The adaptive motion of the system did not give 
it a credit over the two other systems where each 
rotated in a different kinematic, continuous rotation 
and reciprocation. Gambarini et al 2015 reported 
that adaptive motion and continuous rotation have 
similar cutting ability. (12)

Knowing that PTN is made from the same alloy 
as Reciproc (M-wire),  Elsaka et al (2016)  reported 
that WOG file had significantly greater flexibility 
compared to Reciproc and Twisted File Adaptive.(39) 

CONCLUSION

Within the limitations of this study, it can be 
concluded that the difference in rotary motion does 
not solely affect root canal transportation. This 
indicates that other factors may play a role between 
different filing systems such as flexibility, the 
design of the file, instrument manufacturing alloy in 
addition to kinematics.
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