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ABSTRACT 

Aim  : The study aimed to compare Shaping ability of WaveOne Gold, Reciproc Blue  and 2Shape  NiTi 

systems having different design and metallurgic properties. 

Method : Forty five extracted human single root with 10 mm root length were randomly divided into 

three groups (Group one- Wave One Gold, Group two-Reciproc Blue, Group three- 2Shape rotary ) 

.CBCT images were taken before and after the instrumentation for each group, centering ability ,canal 

transportation and removal dentin thickness were evaluated for each group. Data were statistically 

analyzed using one way ANOVA and Ductan test.  

Result : The results of canal centering ratio ,canal transportation and dentin thickness removal showed 

that no significant difference was found among the three file groups at the 1mm,3mm and 5mm levels (p < 

0.05). 

Conclusion: It can be concluded that  WaveOne Gold, Reciproc Blue  and 2Shape preserved the original 

canal anatomy well. 

 

KEYWORDS: Centering ability. Canal transportation. Removal dentin thickness. WaveOne Gold · 
Reciproc Blue · 2Shape .  

 

 

 
INTRODUCTION 

 

he primary aim of endodontic treatment 

is to promote the shaping followed by 
cleaning of the root canal, to attribute a conical 

shape and to preserve the originally existing root 

canal curvature. Nevertheless, throughout 
chemo-mechanical preparation, deviations from 

the original root canal curvature may occur 

(Singh et al.,2019a)  

Respecting the original canal anatomy during 
shaping procedures of narrow curved root 

canals, is an important and a demanding step for 

clinicians (Schäfer  and Lohmann,2002).  
There are no instruments available which are 

capable of identically shaping the root canal 

walls ( Foschi et al.,2004) ; however, nickel–

titanium (NiTi) rotary instruments produce less 
transportation and more centralized preparations 

when compared to stainless steel instruments 

(Singh et al.,2019a) . 
NiTi instruments have advantages including 

maintain the original shape of root canal and 

reducing the instrumentation error such as 
zipping, ledge formation, and perforation risk 

(Paqué et al.,2009). 

Single-file shaping concepts based either on 
continuous rotation or reciprocation, have been 

introduced to simplify the instrumentation 

process, as well as reducing the risk of cross-
contamination (De-Deus  etal.,2010) 

WaveOne Gold (Dentsply Maillefer), is one 

of the reciprocating single-file systems. The gold 
process is a post-manufacturing procedure in 

which the ground NiTi files are heat-treated and 

slowly cooled. It is available in four sizes as 

follows: small (20.07), primary (25.07), medium 
(35.06), and large (45.05). WaveOne Gold has a 

parallelogram cross-section with two cutting 

edges, alternate one, and two-point contact 
(Saritha et al., 2017). 

Reciproc blue (VDW GmbH, Munich, 

Germany), a thermally treated NiTi file, is an 

improved version of the original Reciproc file. It 
has greater flexibility and more resistance to 

cyclic fatigue, The Reciproc blue instruments 

have an S-shaped cross-section (Yared, 2017).  
2Shape (Micro Mega, Besancon, France) is a 

sequence consists of two shaping files in a 

continuous rotation That have been heat-treated 
using the T•Wire technology. 2Shape has a triple 

helix cross-section with 2 main cutting edges 

(Uslu et al., 2018). 
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The present study aimed to evaluate and 

compare the shaping ability of  WaveOne Gold, 
Reciproc Blue, and 2Shape  root canal files. 

 

METHOD 

 
A total of about 900 human extracted teeth 

with at least one curvature root were collected , 

The teeth had been extracted for periodontal 
,caries or orthodontic reasons ,then immersed in 

5.25% sodium hypochlorite solution for one 

hour for disinfection (Gawdat and El 

Nasr,2018), the teeth were then rinsed under 
running water to eliminate sodium hypochlorite. 

Debris and tissue residues were removed using a 

ultrasonic scaler and a sterile gauze, and the 
teeth were stored in normal saline until the 

experiment, the root was separated from crown 

using cutting low-speed diamond disc at 10 mm 
level for standardization, for every five samples 

a new disc had been used. 

The root were checked for canal patency by 

using root canal instrument size 10/0.2 ISO K-
file , and apical diameter was checked by using 

root canal instrument size 15/0.2 ISO K-File that 

fitted at the apex. Only roots with intact apices, 
with single canal and whose canal width near the 

apex was approximately compatible with size 

no.15/ 0.2 ISO K-file were selected (Attia et 

al.,2019).  
Teeth with internal (pathological), external 

(pathological) root resorption. calcified canals, 

root canal treated before, incomplete root 
formation and roots with less than 25

0
 and more 

than 30
o
curvature  were excluded from this 

study.  
The selected roots were placed in a 

radiographic mount made of silicon based 

impression material to maintain a stable position, 

each three roots were placed with their long axis 
parallel to each other and to the surface of the 

digital  radiographic sensor as possible 

(Bürklein,2011).  
The x-ray tube was aligned perpendicular the 

roots with distance of 20 cm. The standardized 

radiographs were taken in bucco-lingual 
direction. After the radiograph transferred to 

special software computer program and the 

degree of curvatures of the roots were obtained 

according to schinderian method (Schneider, 
1971) . 

Only roots with angles of curvatures ranging 

from (25
o
-30

o
) were selected (Singh et al,2019b). 

A total of 45 roots among all roots were selected 

and then 45 roots were divided randomly into 

three groups each group 15 roots according to 
the type of single file system used for root canal 

preparation. The working length was obtained by 

measuring the length of the initial instrument 

no.10/0.2 ISO K-file which was just seen by 
naked eye at the apical foramen minus 0.5 mm 

(Vorster et al.,2018). 

The roots specimens were embedded in 
dental plaster  using a plastic mold to facilitate 

instrumentation process and maintained 

reproducibility of the Cone Beam Computed 

Tomography (CBCT) examination before 
starting canals preparation .In order to prevent 

the plaster from entering and setting into the 

apical foramen, the apices of the roots were 
sealed with wax. The total amount of irrigant 

solution was standardized for each groups by 

using 6 ml of 5 % sodium hypochlorite. The 
needle was inserted as deep as possible into the 

root canal without binding. The  lubricating 

agent Glyde (Dentsply Maillefer)  was put inside 

the canal each time before rotary 
instrumentation. The rotary instruments were 

used to enlarge three canals only and were 

replaced by new instruments. reproducible glide 
path (RGP) was ensured with size #15/ 0.2 ISO 

K- file which was smoothly inserted and 

removed from the canal The flutes of the 

instruments were cleaned with ethyl alcohol and 
dried after each use, (Bürklein et al., 2011).  

WaveOne Gold group (Dentsply Maillefer; 

Ballaigues, Switzerland) Tip size 25Taper of 
0.07  used according to the manufacturer 

instructions; the file was introduced into the 

canal with in-and-out picking motion until 
reaching the full working length (WL). 

ReciprocBlue group (VDW, Munich, Germany) 

tip size 25 with a taper of 0.08used in the same 

manner as WaveOne gold files; these two files 
were used in a reciprocating motion. 2Shape 

group (Micro-Mega, Besançon, France) tip size 

25 with a taper of 0.06 used according to the 
manufacturer instructions using a speed of 350 

rpm and maximum torque of 2.5 Ncm.  

All canals were instrumented with X-smart 
IQ endodontic motor (Dentsply  Maillefer, 

Switzerland)  

After instrumentation, 1 mL of 17% 

ethylenediaminetetra acetic acid (EDTA) was 
applied for 2min followed by final irrigation 

with 3 mL of NaOCl (Singh et al,2019b). After 

finishing the steps of instrumentation and 
irrigation size 25 k-file was inserted to the full 
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working length to check that instrumentation 

was completed. Then size #25 of paper point 
was used for drying the canal.  
Evaluation of shaping ability by Cone Beam 

Computed Tomographic (CBCT): 

All teeth in each group were scanned before 
and after mechanical preparation with Cone 

Beam Computed Tomography (CBCT) 

(NewTom Giano Verona, Italy). Sections were 
taken at 1,3 and 5 mm levels from apex. 

The distance from the internal canal wall to 

the external root surface was measured at the 

mesial and distal on preoperative and 
postoperative images of each level (Fig.1).  

The  canal  centering ability throughout 

shaping and cleaning was concluded through 
measurement the shortest  distance  from  the  

outer  surface of instrumented   and   

uninstrumented   canal   to   the periphery   of   
the   root   (mesial   and   distal)   and compare 

these measurements.  The formula that used for     

the     calculation of     root     canal centering 

ability was: :(a1-a2) ÷ (b1-b2) or (b1-b2) ÷ (a1-
a2) .Which  is,  

a1: is the shortest distance from the mesial 

edge of the root to the mesial edge of the 

uninstrumented canal.  
b1: is the shortest distance from 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.  

b2: is the shortest distance from distal edge of 
the root to the distal edge of the instrumented 

canal (Shivashankar et al., 2016)(Fig.2). 

A   outcome   equal   to   1.0   reveal 
complete centralization.   When   this   value   

was closer to zero, it inferred that the instrument 

had a decreased capacity to preserve itself in the 
central line of the canal.

 

 
Fig.(1):CBCT measurment (A1, B1& C1 .1, 3& 5 mm levels respectively) before instrumentation and (A2, B2& 

C2 .1, 3& 5 mm levels respectively)after instrumentation. 

 

 



Journal of University of Duhok, Vol. 32, No.2 (Pure and Eng. Sciences), Pp 92-100, 3232 
 

 

anas_h123@yahoo.com 

29 

For  canal transportation was: (a1– a2) - (b1– 

b2) (Gawdat and El Nasr, 2018). 

 0 No canal transportation is evident. 

 Value other than 0 indicates transportation has 

occurred in the canal. 

 Negative value indicates transportation 

towards distal. 

 Positive value indicates transportation towards 

mesial 

If transportation equal   to   0   (zero)   
indicate absence of    transportation,    a    

negative    value described transportation to the 

distal direction, and a  positive  value 

represented transportation toward the   mesial   
direction.

 
Fig. (2): Image cross sections for measurements (Shivashankar et al., 2016). 

 
The removed dentin thickness was measured 

for each root canal by subtracting the 
uninstrumented canal volume from the 

instrumented canal volume (Singh et al,2019b). 

Statistical analysis 

Mean and standard deviations of the data 
obtained were analyzed using the Statistical 

Package for Social Sciences version 25 (SPSS 

25; IMB Corp, USA).  One- way ANOVA was 
used to determine if there were significant 

differences among the means of groups. Duncan 

method under significance level 0.05 and 
confidence interval of 95% was performed to 

find any significant differences between groups. 

 

RESULT 

 

Table 1,2 and 3 showed Mean, standard 

deviation (SD) and intergroup comparison of 

centering ability (mm),canal transportation and 
dentin thickness removed in the level 1mm,3mm 

and 5mm of the canals .There was no significant 

difference in the measures of centering ability at 
the 1 , 3 and 5 mm level of the canal among 

WaveOne Gold , Reciproc  and 2Shape files at 

(P<0.05)

  

 

Table (1): Mean, standard deviation (SD) and intergroup comparison of centering ability  in the 1, 3, 
and 5 mm  level of the canals by ANOVA and Duncan test. 

Level(mm) Waveone Gold 

Mean±SD 

Reciproc Blue 

Mean±SD 

2Shape 

Mean±SD 

1 0.6667±1.17514 0.4333±0.77613 0.3333±0.64550 0.343 

3 0.4000±0.60356 0.4000±0.76064 0.3667±0.48058 0.892 

5 0.8667±1.17210 0.8533±1.11539 0.6733±1.09575 0.662 

0.244 0.2 0.270 P-Value 

A p-value <0.05 was considered as statistically significant level. 
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Table (2): Mean, standard deviation (SD) and intergroup comparison of canal transportation  in the 1, 

3, and 5 mm  level of the canals by ANOVA and Duncan test. 

Level (mm) Waveone Gold 

Mean±SD 

Reciproc Blue 

Mean±SD 

2Shape 

Mean±SD 

1 0.0067±0.20166 0.0133±0.11872 -0.0333-±0.19881 0.503 

3 -0.0133±0.24162 0.0667±0.23805 0.0333±0.10465 0.321 

5 0.0333±0.16330 -0.0133±0.1726 -0.02±0.17809 0.428 

0.561 0.266 0.305 P-Value 

A p-value <0.05 was considered as statistically significant level. 

 

 

Table (3): Mean, standard deviation (SD) and intergroup comparison of removal dentin thickness  in 

the 1, 3, and 5 mm  level of the canals by ANOVA and Duncan test. 

Level(mm) Waveone Gold 

Mean±SD 

Reciproc Blue 

Mean±SD 

 

2Shape 

Mean±SD 

 

1 0.2133± 0.1641 0.1733±0 .1486 0.2133±0 .1302 0.492 

3 0.280±0 .22104 0.3000±0 .1732 0.2533±0.2065 0.555 

5 0.2533±0.1505 0.2400±0.1502 0.2333±0.1676 0.744 

0.349 0.558 0.551 P-Value 

A p-value <0.05 was considered as statistically significant level. 

 
 

DISCUSSION 

 

One of the critical criteria and prerequisites 
for optimal instrumentation of the root canals is 

the preservation of the original canal outline, 

curvature, and centering. The ability of the root 

canal files to respect the anatomy of the canals is 
vital to prevent the procedural errors that may 

occur in different parts of the canals, such as 

transportation in the apical third, strip 
perforations in the middle third or weakening of 

the coronal part by cutting more cervical dentin ) 

Young et al.,2007). 
The various thermos-mechanic procedures 

and the improvement of comp-osition of the 

alloy that is used in manufacturing NiTi files are 

aimed to improve the flexibility of NiTi files 
(Lopes et al.,2013). Improved flexibility of NiTi 

files would minimize the intra-canal 

irregularities such as canal transp-ortation and 
would ensure an increase in the success of root 

canal therapy (Özyürek  et al.,2017) 

In the present study cone beam computed 

tomography (CBCT) ‘imaging technique was 
used for assessment of centering ability, apical 

transportation and removal dentin thickness, as it 

provides a specific, reproducible, and three 

dimensional assessment of dentine thickness and 

root canal volume alteration before and after 
preparation without damaging the specimens 

(Hartmann et al., 2007).  

The angle of curvature at 25°–30° was 

preferred as it is considered as moderate 
curvature according to American Association of 

Endodontists (Singh et al., 2019b). 

Natural teeth and simulated resin canals are 
used to compare the shaping abilityies of NiTi 

files. The methodology here employed was 

reproducible, precise and reliable. Moreover, the 

model used in this study with extracted natural 
teeth which allows real test conditions. 

Simulated artificial canals are different in terms 

of micro-hardness when compared to root 
dentin, and the effects created by heat generation 

during instrumentation can affect the 

instruments’ cutting blades (Silva  et a.,2016)  
However, in studies using natural teeth, it is 

very difficult to maintain standardization 

because of the anatomic variations of the teeth 

(Peters et al 2001) . 
All of the selected instruments (WG primary, 

RB 25 and TS 25) possess a tip diameter 
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equivalent to a size 25 aiming to standardize the 

apical preparation size. Keeping in consideration 
that these files are designated for narrow and 

curved canals in accordance with the 

manufacturers recommendations. Preceding 

canal instrumentation, no glide path was 
established. However, all of the canals allowed 

passive placement of # 15 K-file to full working 

length as recommended by the manufacturer 
when preparing a curved root canal. 

Prior to the use of the tested instruments, a 

glide path equivalent to ISO size 15 was created. 

Glide path preparation in canals with curvature 
angles between 25° and 35° (the same range of 

curvature as in the present study) even to ISO 

size 20 using manual stainless steel K-files had 
no effect on canal straightening or apical 

transportation (D’Amario et al,2013), and did 

not produce any canal aberrations (Alves et 
al,2012). 

Reciprocating movement minimizes torsional 

and flexural stresses, increases the centering 

ability of canal, and reduces the taper lock of the 
instrument within the canal (Guillén et 

al.,2018;Özyürek et al., 2017; Takeshi et 

al.,2016; Webber et al.,2016) .Saber et al (2015) 
showed that Reciproc and WaveOne instruments 

caused significantly less transportation than One 

Shape, which may be attributed to the use of M-

Wire alloy in fabrication of Reciproc and 
WaveOne files and their reciprocating motion. 

Kanagasingam et al. (2016) found that 

reciprocating file had the best centering ability 
of the root canal compared to continuous rotary 

system. However, Cimilli and Kartal, (2005) 

indicated that continuous rotational motion has 
higher centering ability compared with 

reciprocating motion. Moreover, Beurklein et 

al., (2014) indicated that One Shape had higher 

canal centering ability than Reciproc. In the 
study no significant difference found between 

reciprocating and continuous rotation.   

No significant difference was noted among 
mean of  WaveOne Gold, Reciproc Blue and 

2Shape systems (P > 0.05) in centering ability, 

canal transportation and removal dentin 
thickness ,the probable reason could be the tip 

design, metallurgy, file cross-section, and 

principle working motion of each file system. 

Bürklein  et al (2019) state that the differences 
on instruments NiTi alloy, design, cross section 

and conicity do not affect the centralization 

capacity or canal transport on the curved canals 
preparation .The result agrees with previous 

study Bürklein  et al.(2019) ,Silva  et 

al.(2018) ,Singh et al.(2019a), Singh  et 
al.(2019b). The results of present study 

disagrees with the results obtained by Keskin et 

al.(2018) that reported the superiority of 

WaveOne Gold over Reciproc Blue in canal 
centering and transportation.  

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. These files are made of a special 

NiTi alloy called Gold Wire which is created by 

an innovative thermal treatment process. The 
benefits of this G-gold Wire NiTi are increased 

flexibility of the instruments and improved 

resistance to cyclic fatigue (Özyürek et al., 
2017). And the parallelogram-shaped cross 

section with the two cutting edges limits the 

engagements between the file and dentine 
(Ruddle, 2016).  

Reciproc Blue is another file used in 

reciprocating motion, the files are produced with 

Nickel-Titanium that goes through an innovative 
heat treatment, modifying its returnsmolecular 

structure to give the files an enhanced 

characteristics (Yared ,2017),  the cross-section 
of Reciproc Blue files is an S-shaped with 

regressive taper (De-Deus et al.,2017).  

2Shape (2S) NiTi rotary file 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. It return to 
their original shape after each use. A latest 

generation of cross-section with tripe helix: two 

primary cutting edges and 1 secondary cutting-
edge aids in the perfect compromise between 

cutting efficiency and debris removal(Micro 

Mega,2017). 

No statistically significant difference among 
three groups in level 1mm,3mm and 5 mm table 

1. This result showed that the motion pattern 

might not affect canal transportation of single 
file systems when the other influencing factors 

are identical (Naseri et al., 2016), increased 

flexibility of the alloys related to less canal 
transportation (Gagliardi et al.,2015),and this 

may be explained by using size 25 file and the 

amount of canal transportation increase with 

canal preparation greater than size 25 
(Vallabhaneni et al., 2017). 

No significant difference was noticed in 

mean centering ability, canal transportation and 
removal dentin thickness of WaveOne Gold file 
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at 1mm,3mm,and 5mm levels of the canal, this 

may be explained by the reciprocating motion 
that consists of a clockwise and a 

counterclockwise motion, and allows the file to 

be continuously free against the internal wall of 

the curvature. Also, this file was made of gold 
Wire alloy which increases its flexibility (Saberi 

et al., 2018). With notable more centering ability 

in level 5mm than level 1mm and 3 mm this may 
explain by progressive decreasing in tapering 

from D4-D16 . 
No significant difference was noticed in 

mean centering ability, canal transportation and 
removal dentin thickness of Reciproc Blue file at 

1mm,3mm,and 5mm levels of the canal, with 

more centering in level 5 mm and this can be 
attributed to the regressive taper RB 
possess, starting at 3 mm from the tip till it 
reaches a diameter of 1.05 mm at D16. 

No significant difference was noticed in 

mean centering ability, canal transportation and 

removal dentin thickness of 2Shape at 

1mm,3mm,and 5mm levels of the canal .may be 
related to flexibility and constant taper of the 

file. 

 

CONCLUSION 

 

Within the limitations of this study, it was 
concluded that WaveOne Gold, Reciproc Blue 

and 2Shape could preserve original canal 

anatomy with less aggressive dentin cutting and 

minimal canal transportation . 
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