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ABSTRACT

Introduction: Successful root canal therapy depends on effective debridement of the root canal by eliminating debris and 
microorganisms and shaping of the root canal system without deviating from the original anatomy. The ability to keep the 
instruments centered in curved canals and to deliver an accurate enlargement to the root canal without any unnecessary 
weakening to the root structure is crucial.

Aim: This study aimed to compare the canal-centering ability of Protaper gold, WaveOne (WO), Wave one gold file systems using 
cone-beam computed tomography.

Materials and Methods: In this in vitro study, forty extracted human single-rooted mandibular premolars were used. Pre 
instrumentation CBCT of all teeth were taken, canal curvatures were calculated, and the samples were randomly divided into two 
groups with ten samples in each group: Group 1–Protaper gold, Group 2–Wave one system, and Group 3- Wave one gold file system. 
Post instrumentation scans CBCT performed, analysed both the CBCT using DICOM software, to determine the canal-centering 
ability at 3 mm, 8 mm and 12 mm from the root apex.

Statistical analysis: One-way anova and post hoc tests were used for statistical analysis in the present study. The mean and 
standard deviation values for canal-centering ratio was determined at the levels of 3, 8 and 12 mm between three groups, shaped 
with protaper gold, wave one and wave one gold file systems.

Results: Using one way anova and post hoc, results were as follows: for canal-centering ability, Group 1 (Protaper gold), Group 
2 (Wave one), Group 3 (Wave one gold) showed no statistically significant difference at 3 mm, 8 mm, and 12 mm (p>0.05) with 
slightly higher canal centering ability for the wave one file systems.

Conclusion: Within the limitation of this study, Wave one file system has better canal-centering ability, maintains original canal 
curvature, and preserves more dentine as compared to wave one gold, protaper gold file systems.
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INTRODUCTION 

Successful root canal therapy depends on proper 
diagnosis, effective debridement of the root 
canal by eliminating debris and microorganisms 
and shaping of the root canal system without 
deviating from the original anatomy [1-4]. 
Ideally, during root canal preparation, the 

instruments should always conform to and retain 
the original shape of the canal. The ability to keep 
the instruments centered in curved canals and 
to deliver an accurate enlargement to the root 
canal without any unnecessary weakening to the 
root structure is crucial. A prepared root canal 
should have a continuously tapered funnel shape 
while maintaining the original outline form of 
the canal [15-18]. When curvatures are present, 
preparation becomes more difficult and there 
is a tendency for all preparation techniques to 
divert the prepared canal away from the original 
axis. Certain Factors that affect canal-centering 
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ability are design of the instrument include cross 
section, taper, tip size, and flexibility. 

Deviation from the original canal curvature 
can lead to, excessive and inappropriate dentin 
removal [19]. Straightening of the canal and 
creation of a ledge in the dentinal wall [20], 
a biochemical defect known as an elbow 
which forms the coronal to the elliptical-
shaped apical seal [21], canals with hourglass 
appearance in cross-section that requires 
stripping, overpreparation that weakens the 
tooth, resulting in fracture of the root  [19]. Ni-
Ti endodontic instruments were introduced to 
facilitate instrumentation of curved canals. Ni-
Ti instruments are superelastic and could flex 
far more than stainless steel instruments before 
exceeding their elastic limits [22-26]. 

Parameswaran et al. [27] Al omarii et al. [28] 
Coleman et al. [29] and Miglani et al. [30] reported 
transportation, zipping, and straightening of 
canals using stainless steel instruments. Several 
studies have confirmed that rotary Ni-Ti files 
maintain the original canal curvature better than 
stainless steel files [15,17,31]. The stainless-
steel files produce a larger extent of movement 
because of their hardness, which was shown 
to be 3-4 times harder than Ni-Ti alloys [8].  
Carvalho reported that even after precurving 
and anticurvature filing, a small amount of 
transportation could be expected from stainless 
steel instruments [17]. 

WaveOne (WO) represents a single NiTi file 
system which is made up of a special NiTi alloy 
called M-Wire that is created by an innovative 
thermal treatment process. The benefits of 
this M-Wire NiTi alloy are increased flexibility 
and improved resistance to cyclic fatigue [32]. 
ProTaper Gold (PTG) and Wave One Gold 
(WOG) are relatively new canal preparation files 
resulting from advancement in NiTi systems. PTG 
files were developed with proprietary advanced 
metallurgy and have a progressively tapered 
design that is claimed by the manufacturer to 
enhance cutting efficiency and safety. PTG files 
have a convex triangular cross-section and 
progressive taper. This navigates challenging 
curves in the apical region of the canal. The file 
also has a feature of a shorter 11 mL handle for 
improved accessibility to the teeth.

WOG reciprocating single-file instrument system 
has a distinctive gold appearance. It has a unique 

parallelogram shaped cross-sectional design 
with one or two cutting edges depending on the 
location along the file. These edges significantly 
reduce torque, minimize screwing effect on the 
cutting efficiency, and allow better removal 
of debris. The distinctive gold appearance of 
the PTG and WOG files results from a unique 
heat treatment process that is applied after 
manufacturing of the files. The raw metal is 
repeatedly heated and cooled, giving it not only 
its gold color, but also considerably improved 
strength and flexibility [33].

Cone-beam computed tomography (CBCT) 
utilizes a cone-shaped X-ray beam and an area 
detector that captures a cylindrical volume of 
data in one acquisition, which is also used in the 
analysis of the root canal area, and parameters 
such as canal transportation, centering ratio, and 
the amount of root dentin removed by endodontic 
instruments [24,34,35]. Thus, the purpose of this 
study was to evaluate and compare the canal 
transportation ability, of wave one, wave one 
gold, protaper gold files systems using CBCT.

MATERIALS AND METHODS

Forty freshly extracted human single-rooted 
mandibular premolar teeth for an orthodontic 
treatment purpose or for periodontal reasons 
extracted were collected for this study. Teeth 
without any previous endodontic treatment, 
fractures, resorptive defects, calcifications, 
or open apices were included for the study. 
They were cleaned of any residual tissue tags, 
rinsed under running water, and stored in 10% 
formalin solution. The presence of a single root 
and root canal in each tooth was confirmed 
on radiographs. To get the flat reference, the 
crowns were decoronated with a diamond disk 
(DFS, Germany) and a final dimension of 15-mm 
length was achieved for each tooth. 

The root canal length was established by 
measuring the penetration of a size 10 
K-file (Dentsply/Maillefer, Switzerland) 
until it reached the apical foramen and then 
subtracting 0.5 mm. Angle of curvature was 
assessed according to the criteria described by 
Schneider [22]. Teeth were radiographed using 
radiovisiography in buccolingual direction. A line 
was drawn parallel to the long axis of the canal. A 
second line was drawn from the apical foramen 
to intersect with the first at the point where the 
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using wave one rotary files, wave one gold 
files, protaper gold file having a size of 25 and a 
taper of 0.8 in a reciprocating, slow in-and-out 
pecking motion according to the manufacturer’s 
instructions. X-Smart Plus endo motor (Dentsply 
Maillefer, Switzerland) was used. After each 
instrumentation, the canals were irrigated 
copiously with 3% sodium hypochlorite and 
the flutes of the instrument were cleaned. The 
final apical preparation size was 25 for the 
groups. Again, all the specimens were scanned 
by CBCT after instrumentation. Pre- and 
post-instrumentation images were compared 
using DICOM software.
Canal-centering ratio calculation

The canal-centering ratio was calculated 
according to the following ratio:

(a1−a2)/(b1−b2) or (b1−b2)/(a1−a2)

The canal-centering ratio is the difference 
between the instrumented and no instrumented 
canals, which measures the ability of an 
instrument to stay centered. If the numbers 
are not equal, the lower figure is considered 

canal began to leave the long axis of the tooth. 
The acute angle thus formed was measured and 
the angle of curvature was thus determined. 
Further, only teeth with a degree of curvature 
ranging between 10° and 24° were included in 
the study. All teeth were scanned using CBCT 
before instrumentation. The exposure time 
was 3.0 s, operating at 75 kV and 2.0 mA. The 
images were stored in the computer’s hard disk 
for further comparison between pre- and post-
instrumentation data using DICOM software. 
The teeth were then randomly divided into three 
groups of ten teeth each.

Groups (N=30)

Group 1- shaping done with protaper gold 
system (n=10).

Group 2-shaping done with wave one file system 
(n=10).

Group 3-shaping done with wave one gold file 
system (n=10) (Figures 1 to 5).

In all the three groups Canals were shaped 

 

Figure 2: After decoronation at 15 mm.

 

Figure 3: Preoperative images of three groups.

 

Figure 4: Preoperative CBCT image.

 

Figure 5: Postoperative CBCT image.

 
Figure 1: Preoperative image before decoronation.
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as the numerator and a result of “1” indicates 
perfect canal-centering capacity and, the closer 
the result to 0, the worse the ability of the 
instrument to keep itself in the canal’s central 
axis where a1 is the shortest distance from the 
mesial edge of the root to the mesial edge of the 
uninstrumented canal, b1 is shortest distance 
from the distal edge of the root to the distal edge 
of the uninstrumented canal, a2 is the shortest 
distance from the mesial edge of the root to the 
mesial edge of the instrumented canal, and b2 is 
the shortest distance from the distal edge of the 
root to the distal edge of the instrumented canal.

RESULTS AND DISCUSSION

One-way anova and post hoc was used for 
statistical analysis with 0.05 level of significance. 
The mean and standard deviation values for 
canal-centering ratio was determined at the 
levels of 3, 8 and 12 mm between three groups.  
However, for Wave one showed slightly better 
canal centering ability compared with the other 
two file systems (Tables 1 and 2) (Figures 6-8).

None of the three systems evaluated had perfect 
canal-centering ability. In the present study, we 
have utilized wave one, wave one gold, protaper 
gold NiTi file systems and the final apical 
preparation size was 25 for all the groups. Wave 
one NiTi single-file reciprocating system has 
different cross-sectional designs over the entire 
length of the working part. In the tip region, the 
cross section of the file presents radial lands, and 
in the middle portion of the working length and 
near the shaft, the cross-sectional design changes 
from a modified triangular convex cross section 

Groups  Centring ability- 
3 MM

Centring 
ability-8 MM

Centring ability-
12MM

PROTAPER 
GOLD

Mean 2.1 1.437 1.3165
N 10 10 10

Std. 
Deviation 1.42127 0.96051 0.54115

WAVE ONE

Mean 1.988 1.473 1.401
N 10 10 10

Std. 
Deviation 1.07621 0.46433 0.40336

WAVE ONE 
GOLD

Mean 1.651 1.496 1.253
N 10 10 10

Std. 
Deviation 0.48734 0.5333 0.52235

Total

Mean 1.913 1.4687 1.3235
N 30 30 30

Std. 
Deviation 1.04772 0.66491 0.47943

Table 1: Showing mean,standard deviation of all the three groups 
protaper gold, wave one gold and wave one file systems.

ANOVA

  Sum of 
Squares df Mean 

Square F Sig.

Centring ability-3 
MM

Between 
groups 1.092 2 0.546

0.48
0.624

Within 
groups 30.741 27 1.139

Total 31.834 29   

Centring ability-8 
MM

Between 
Groups 0.018 2 0.009

0.019 0.982Within 
Groups 12.803 27 0.474

Total 12.821 29  

Centring ability-12 
MM

Between 
Groups 0.11 2 0.055

0.227 0.798Within 
Groups 6.556 27 0.243

Total 6.666 29  

Table 2: Results of one way anova statistical test showing no 
statistically significant difference between the three groups way 
one, way one gold and protaper gold file systems.

  

Figure 6: Bar chart showing association between three groups 
protaper gold, wave one and wave one gold and the mean canal 
centering ability at 3 mm. X axis denotes the groups and Y axis 
denotes the mean canal centering ability at 3 mm. Maximum canal 
centering ability was seen with wave one file system. One way 
anova test was done and association was found to be statistically 
not significant. P value = 0.624, p>0.05.

 

Figure 7: Bar chart showing association between three groups 
protaper gold, wave one and wave one gold and the mean canal 
centering ability at 8 mm. X axis denotes the groups and Y axis 
denotes the mean canal centering ability at 8 mm. Maximum canal 
centering ability was seen with wave one gold file system. One way 
anova test was done and association was found to be statistically 
not significant. P value=0.982, p>0.05.
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with radial lands to that of a neutral rake angle 
with a triangular convex cross section [25,27,28]. 
Only one single-shaping file is required to 
provide the canal with an adequate size and 
taper. Purpose of this design is to eliminate 
threading and binding of the instrument in 
continuous rotation. Although there is literature 
on the reduction of fatigue and extended life 
span of the instrument, there is a requirement of 
investigations regarding canal-shaping ability of 
single-file systems [29].

ProTaper Gold (PTG) and WaveOne Gold (WOG) 
are relatively new canal preparation files 
resulting from advancement in NiTi systems. PTG 
files were developed with proprietary advanced 
metallurgy and have a progressively tapered 
design that is claimed by the manufacturer to 
enhance cutting efficiency and safety. PTG files 
have a convex triangular cross-section and 
progressive taper. This navigates challenging 
curves in the apical region of the canal. The file 
also has a feature of a shorter 11mL handle for 
improved accessibility to the teeth.

WOG reciprocating single-file instrument system 
has a distinctive gold appearance. It has a unique 
parallelogram shaped cross-sectional design 
with one or two cutting edges depending on the 
location along the file. These edges significantly 
reduce torque, minimize screwing effect on the 
cutting efficiency, and allow better removal of 
debris.

The distinctive gold appearance of the PTG and 

WOG files is the result of a unique heat treatment 
process applied after manufacture. The raw 
metal is repeatedly heated and cooled, giving 
it not only its gold color, but also considerably 
improved strength and flexibility [33].

There is no statistical significance with the 
canal centering ability of wave one, wave one 
gold, protaper gold file systems. However, 
the Wave one file system has a slightly better 
canal-centering ability, maintains original 
canal curvature and preserves more dentine in 
comparison to wave one gold, protaper gold file 
systems.

CONCLUSION

Within the limitation of this study ,  all the NiTi 
rotary systems tested performed similarly with 
regard to canal centering ability and were able 
to maintain the original canal  curvature and 
canal centering ability in mandibular premolars 
it was found that Wave one file system produced 
a slightly better canal centering ability, remained 
centered and respected the original canal 
anatomy in comparison with protaper gold 
and wave one gold file systems with an apical 
instrumentation diameter of #25.Wave one 
file system has a better canal centering ability 
compared to wave one gold and protaper taper 
gold file systems.
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