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Objectives: The aim of this study was to compare the shaping ability of three 
file systems – 2Shape  (2S), WaveOne Gold  (WOG), and ProTaper Gold – using 
cone‑beam computed tomography (CBCT).
Materials and   Methods: Forty‑five freshly extracted mandibular teeth were 
chosen and instrumented using the following brands of NiTi files: 2S, WOG, and 
ProTaper Gold. Pre‑ and post‑instrumentation CBCT imaging was performed to 
measure mesial and distal distance of the dentin walls and calculate the volume of 
removed dentin, apical transportation, and centering ratio. A statistical analysis of 
the data was performed using independent t‑test. Statistical significance was set 
at 5%.
Results: There were no significant differences between the 2S and WOG in 
terms of the total volume of removed dentin, apical transportation, and centering 
ratio, whereas ProTaper showed a greater significant difference when compared 
to 2S and WOG.
Conclusion: Both 2S and WOG maintained the original canal anatomy better and 
did not remove excess dentin while chemomechanical preparation as compared to 
ProTaper Gold. Instruments that use rotary movement achieved an effect similar 
to that of the reciprocating instruments in relation to change in angle. 2S which 
is a two-file system and WOG which is a single-file system might perform better 
clinically and might show enhanced shaping ability with less canal transportation 
and more centered preparation when compared to ProTaper Gold that is a multiple 
file-system.
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It is generally accepted that the excessive removal of 
dentin compromises the survival of root‑filled teeth 
and that the strength of endodontically treated teeth is 
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Introduction

T he introduction of NiTi rotary instrumentation 
has revolutionized the endodontics in the past 

few decades with predictable success. The rotary 
files have been subjected to constant evaluation in the 
form of metallurgy, design features, the number of 
instruments, and the manner in which these instruments 
are driven  (rotary/reciprocation).[1] Various rotary NiTi 
endodontic file systems have been introduced to improve 
shaping ability.
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directly related to the amount of remaining sound tooth 
structure.[2,3]

Recently introduced 2Shape  (2S) NiTi rotary file is 
made of NiTi alloy called T‑wire. 2S has a sequence 
with two instruments: TS1  (#25, 0.04) and TS2 
(#25, 0.06).[4]

ProTaper Gold  (PG) works on rotating motion and is 
made of NiTi alloy called M‑wire which is considered 
to feature a progressively tapered design that claimed to 
improve the cutting efficiency and safety.[5]

Yared proposed a new technique employing 
reciprocating movements using just one instrument;[6] 
chemomechanical preparation with reciprocating 
motion has been postulated to reduce the possibility of 
unexpected file fractures. WaveOne Gold (WOG) G‑wire 
technology is available in four sizes: small  (#20,0.07), 
primary (#25,0.07), medium  (#35,0.06), and 
large (#45,0.05).[7]

There is paucity of literature comparing the shaping ability 
of 2S, WOG, and ProTaper Gold. Therefore, this study 
was planned. The null hypothesis tested is that the new 
manufacturing methods and type of rotary motion will 
not have any effect on their shaping ability of root canals.

Materials and Methods
In the present study, ethical clearance was obtained 
from the Ethical Committee of Vyas Dental College and 
Hospital  with reference no. VDCH/IEC/24/2017.  Forty-
five mesiobuccalroots of extracted mandibular first 
molar teeth with completely formed apices were 
collected and stored in saline solution. All teeth 
were evaluated radiovisiographically to rule out any 
calcification. Preinstrumentation cone‑beam computed 
tomography  (CBCT) scanning was done. Teeth having 
root curvature ranging from 25° to 30° were selected. 
Canal curvature was assessed by Schneider’s technique, 
and the samples were standardized.[8] Access cavities were 
prepared with Endo‑Access bur  (Dentsply Maillefer), and 
the root canals were negotiated using #10 K-file (Dentsply, 
Maillefer, Switzerland). The distal roots with the respective 
part of the crown were sectioned at the furcation level 
using a low‑speed diamond bur under water and discarded. 
The working length was determined by inserting #10 
K-file to root canal terminus and subtracting 1  mm from 
this measurement, which was then confirmed using an 
electronic apex locator.

The teeth were randomly divided into three experimental 
groups (n = 15).

In Group  1  (n  =  15), teeth were prepared with 2S, in a 
sequence TS1  (25/0.04)>TS2  (25/0.06) according to the 
manufacturer’s instructions.

In Group  2  (n  =  15), ProTaper Gold in the sequence 
S1>SX>S1>S2>F1>F2  (25/0.08) was used for shaping 
according to the manufacturer’s instructions.

In Group  3  (n  =  15), WOG was instrumented with the 
primary file  (25/0.07)  (Dentsply Maillefer, Switzerland) 
in reciprocating motion  (clockwise 140° and 
counterclockwise 45°).

The final apical preparation was standardized for all 
specimens at size 25. Instrumentation was done using 
Glyde  (Dentsply Maillefer) as a lubricating agent. 
The canals were irrigated with 2  mL of 5% sodium 
hypochlorite during instrumentation followed by 1  mL 
of 17% ethylenediaminetetraacetic acid for 3  min and 
a final irrigation with 2  mL of saline solution. Each 
instrument was used to prepare three canals, and then, 
the files were discarded. Teeth were then scanned under 
the same conditions followed for the initial scan, and the 
data were analyzed.

Cone‑beam computed tomography analysis

Pre‑  and postinstrumentation measurements of MB 
canals were calculated [Figure 1a‑c]. The volume 
of removed dentine was measured in mm3 for each 
root canal by subtracting the uninstrumented canal 
volume from the instrumented canal volume.[8] Canal 
transportation and centering ratio were calculated 
at three cross‑section levels, i.e., 3, 5, and 7  mm, 
from the apical end of the root using the following 
equation:

Degree of canal transportation: mesiodistally 
= (m1 − m2) − (d1 − d2)

Canal centering ratio =  (m1  −  m2)/(d1  −  d2) 
or (d1 − d2)/(m1 − m2)

Figure  1:  (a) Pre‑  and post‑instrumentation cone-beam computed 
tomography images at 3 mm level.  (b) Pre‑  and post‑instrumentation 
cone-beam computed tomography images at 5 mm level. (c) Pre‑ and 
post‑instrumentation cone-beam computed tomography images at 7 mm 
level
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Mesial (m1) is the shortest distance from the mesial edge 
of the root to the mesial edge of the uninstrumented 
canal. Distal  (d1) is the shortest distance from the distal 
edge of the root to the distal edge of the uninstrumented 
canal.

m2 is the shortest distance from the mesial edge of the 
root to the mesial edge of the instrumented canal. d2 is 
the shortest distance from the distal edge of the root to 
the distal edge of the instrumented canal.

Statistical analysis

A statistical analysis (SPSS 15.0; SPSS Inc., Chicago, IL, 
USA) of the data was performed using independent t‑test. 
The statistical significance level was set at P < 0.05.

Results
Volume of removed dentine

The significant difference is noted between 2S and 
ProTaper Gold, WOG, and ProTaper Gold, whereas no 
statistically significant difference was seen between 2S 
and WOG [Graph 1].

Canal transportation

The significant difference was seen among the three 
groups at all the levels: 3  mm, 5  mm, and 7  mm. 
ProTaper Gold showed maximum canal transportation at 
all the levels, whereas 2S and WOG produced less canal 
transportation [Graph 2].

Centering ratio

At all the levels, 3 mm, 5 mm, and 7 mm ProTaper Gold 
showed the least centered canal preparation as compared 
to 2S and WOG [Graph 3].

2S and WOG file system produced better results as 
compared to ProTaper Gold [Table 1].

Discussion
As there is paucity in literature comparing the shaping 
ability of recently introduced NiTi rotary instruments 
2S, WOG and ProTaper gold, recommended for the 
preparation of curved root canals, one of which is 
activated by reciprocating movement (WOG) and other 
two by continuous rotary movement (2S and ProTaper 
Gold). The following parameters were evaluated: volume 
of removed dentin, apical transportation, and centering 
ratio.

The mesiobuccal root of mandibular first molars was 
chosen as they typically present with remarkable 
curvatures. The angle of curvature at 25°–30° (according 
to Schneider’s technique) was preferred as according to 
the American Association of Endodontists Endodontic 
Case Difficulty Assessment, it is considered as moderate 
curvature to obtain results that cover a large scale of 

cases.[8] The CBCT imaging technique has been used for 
shaping ability evaluation of the three files as it provides 
a accurate, reproducible, three‑dimensional analysis of 
the alterations which might be present in dentin such as 
dentin thickness. CBCT also provides root canal volume 
before and after preparation without causing any damage 
to the specimens.

To allow a proper action of NiTi instruments that use 
either a rotary or reciprocating motion, creation of a 
glide path is essential.[9]

In the present study, curvatures with high susceptibility 
to iatrogenic mishaps usually exist at these three levels: 

Graph 1: Mean ± standard deviation of volume of removed dentine (mm3) 
for tested groups and statistical analysis

Graph 3: Centering ratio for tested groups

Graph 2: Degree of canal transportation mesiodistally for tested groups
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3, 5, and 7 mm, which represent the apical, middle, and 
coronal thirds of the root canals, respectively.[10]

The apical preparation was limited to size 25 file in 
the present study as the amount of canal transportation 
increases with apical preparation greater than 
size 25.[11]

In the present study, ProTaper Gold was reported to 
have aggressive cutting and excessive volume of dentin 
removal as compared to 2S and WOG [Graph 1].

At all the levels, 3 mm, 5 mm, and 7 mm, mesiodistally, 
the transportation is more with ProTaper Gold as 
compared to 2S and WOG, which was statistically 
significant  [Graph  2]  (P  <  0.05). This could be 
attributed to the sequence of ProTaper Gold files 
S1>SX>S1>S2>F1>F2  (25/0.08) used in circumferential 
brushing motion and the cross‑section of the files, convex 
triangular cross‑section of ProTaper Gold file.

WOG works on the principle of reciprocating motion 
and is claimed to be able to completely shape and clean 
root canals with only one single-use instrument. Reverse 
helix, semi‑active and modified guiding tip, and offset 
parallelogram‑shaped cross‑section limit the engagement 
zone.[11] Reciprocating movement minimizes torsional 
and flexural stresses, increases the centering ability 
of canal, and reduces the taper lock of the instrument 
within the canal.[12] Hence, WOG reported comparatively 
less aggressive volume of removed dentin and better 
centering ratio with less canal transportation.

Ozyurek et  al.  (2017)  conducted an in  vitro study on 
shaping the ability of Reciproc, WOG, and HyFlex EDM 
single‑file systems in simulated S‑shaped canals; it was 
concluded that all of the tested NiTi files caused various 
levels of resin removal. However, the WOG and HEDM 
NiTi files were found to cause a lower level of resin 
removal than the RPC NiTi files.[13] The results for WOG 
were in accordance with our study.

At all the levels, 3 mm, 5 mm, and 7 mm, 2S and WOG 
were reported to have a significant difference in centering 
ratio as compared to ProTaper Gold [Graph 3] (P < 0.05). 

2S and WOG were reported to have a better centering 
ratio as compared to ProTaper Gold. This could be 
attributed to the metallurgy of 2S NiTi rotary file which 
works on rotating motion and is made of NiTi alloy 
called “T‑wire” which is a method which allows for an 
increased resistance to cyclic fatigue (+40%) and a better 
negotiation of curvatures. The two instruments  (TS1 and 
TS2) return to their original shape after each use. 2S file 
with the latest generation of the cross‑section with triple 
helix, two primary cutting edges and one  secondary 
cutting edge, aids in perfect compromise between cutting 
efficiency and debris removal.[4] WOG files are made of 
a special NiTi alloy called G‑Wire which is created by an 
innovative thermal treatment process. The benefits of this 
G‑wire NiTi are increased flexibility of the instruments 
and improved resistance to cyclic fatigue.

Abdullah et  al. in an in  vitro study compared the 
shaping ability of ProTaper Gold and WOG system in 
simulated S‑  and L‑shaped canals. The results revealed 
that there was a highly significant difference noted in 
preparation; it was concluded that WOG showed better 
shaping ability with less canal aberrations and faster 
canal preparation as compared to ProTaper Gold.[14] The 
results of this study are similar to the results obtained in 
the current study.

Staffoli et al. conducted a study on simulated teeth with 
severe curvature and evaluated the centering ability of 
ProTaper Next and 2S file system. In accordance with 
the results, it was concluded that there was no significant 
difference noted in centering ability of ProTaper Next 
and 2S. Both the file systems showed some degree of 
canal transportation, especially in the apical third.[15,16]

In an in  vitro study, the lower level of resin removal 
was reported with the use of HEDM and WOG NiTi 
files when it was compared to the RPC NiTi files. The 
results for WOG were in accordance with our study that 
reported less volume of removed dentin.[17]

As there is paucity in literature on shaping ability of 2S 
file system, the present study was carried out, and it was 
reported that 2S file system maintained the original canal 
anatomy better as compared to ProTaper Gold. Further 
clinical research is needed to conclude the shaping ability 
of 2S file system.

The results of volume of removed dentin, canal 
transportation, and centering ratio at all the levels, 3 mm, 
5 mm, and 7 mm, revealed that there was no significant 
difference between 2S and WOG systems (P > 0.05).

Conclusion
Within the limitations of this study, it was concluded 
that 2S file and WOG had better original canal anatomy 

Table 1: The mean and standard deviation values of the 
canal transportation and centering ratio at the three 
studied levels (3, 5, and 7 mm) for each tested group

Level 
(mm)

Assessment 2Shape WaveOne 
Gold

ProTaper 
Gold

3 Transportation 0.07±0.03 0.09±0.02 0.11±0.02
Centering ratio 1.4±0.13 1±0.15 0.63±0.15

5 Transportation 0.06±0.03 0.06±0.015 0.13±0.015
Centering ratio 1.6±0.15 1.35±0.14 0.8±0.13

7 Transportation 0.05±0.035 0.065±0.02 0.14±0.02
Centering ratio 1.67±0.13 1.55±0.15 0.9±0.15
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with less aggressive dentin cutting and minimal canal 
transportation as compared to ProTaper Gold file system.
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