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Abstract 

Aims: The present study aims to compare and evaluate transportation of three different 

single endodontic files (EdgeOne Fire, One curve file and Wave One Gold file) by 

using CBCT. Materials and Methods: Thirty freshly extracted human mandibular 

first molars with mature apices and intact mesial root randomly distributed into three 

groups (n=10) only Mesiobuccal canals (MB) with curvatures of 25–35 were prepared 

by using Edge One Fire (group A), MicroMega One curve file (group B) and Wave 

One Gold file (group C)  and 3-dimensional, high-resolution CBCT images were 

obtained using  CS8100 3D equipment (Carestream Health, Rochester, NY) at three 

cross-section levels that corresponded to 3-mm, 5-mm, and 7-mm distance from the 

apical end of the root before and after root canal preparation with 87 KV, 2.00 mA and 

150 µm voxel size to determine the degree of canal transportation of the three file 

systems. Results: the highest degree of root canal transportation appeared with One 

Curve file while Edge One Fire showed the lowest degree of root canal transportation 

and there was a statistically significant difference between all three files. Conclusions: 

Within the limitations in this study, it can be  concluded tha all tested Ni-Ti file systems 

resulted in root canal transportation, and Edge One Fire file is safer during preparation 

of curved canals than One Curve file. 

 الخلاصة 
لقارنل وتقييم قابليل نقل القناة اللبيل اثناء التحضةةةيث لة ثل ربارب لبيل  باسةةةتلداو الت ةةة  ث  تهدف الدراسةةةل ال    :الأهداف

 (EdgeOne Fire, One curve file and Wave One Gold file systemالملثوطي المقطعي المح سةةة)   

ا سةبليا بق العملائالمواد وطر شةث فا تم قلعها دد ةا اا  ذوور ننيةيل سةليمل ونها ا   : تمت الدراسةل باسةتلداو ث ث ض سةثسةف

قميل ناسةة ل تم ت ع ا العينا  ىل  ث م ر اريا  ل ر م ىل تحت ع ىل  ىشةةث ىينا  و تم تحضةةيث القن ا  ا نيةةيل  

 برذل باسةةةةتلداو الة م ربارب اللبيل الملتلبل ثم ت ةةةة  ث العينا  باسةةةةتلداو ذهاع  35-25الدهليز ل اا  برذل انحناء  

 Carestream CS 8100 والح ة   ىل  وة ربقيقل ث ثيل ا بعاب  ىل  ث ثل ريةت  ا  رقطعيل ىثسةيل تقابل ريةا ل )

رللي نربيث و د م   00 2 يل   لت و   87رم رن الطثف القمي لل ور قبل و بعد تحضيث قناة ال ور بق ة   7رم و    5رم و   3

: اظهث  النتائج اىل  برذل لنقل القناة  النتائجظمل الملبا  الة ثل   ريكثورتث لتحد د برذل نقل القن ا  لأن  150   يةةةةل  

( اقةل قةابليةل لنقةل القنةاة ال ةور ةل ووذةد ا ت ف  Edge One Fire( بينمةا اظهث ربثب  One Curveبةاسةةةةتلةداو ربثب   

الة ثةل اظهث  قةابليةل لنقةل القنةاة  : ذميا المبةارب اللبيةل  الاستتتتتنتتا تا رعن ع  ي قةابليةل نقةل القنةاة بين المبةارب اللبيةل الة ثةل   

 ( ارن اثناء تحضيث القناة اللبيل لقابليته المنلبضل لنقل القناةEdge One Fireال ور ل واض استلداو ربثب  
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INTRODUCTION 

Root canal treatment aims to 

eliminate any pathologies of the pulp and 

peri-radicular tissues, this is accomplished 

through meticulous disinfection and 

shaping by both mechanical preparations 

using various types of endodontic 

instruments and chemical disinfection by 

using chemical irrigation solution to 

accomplish the final goal of root canal 

treatment (1). 

Various complications may occur 

during endodontic treatment, such as canal 

transportation in curved roots which may 

be caused by the high rigidity of the file or 

iatrogenic errors, such as forcing files 

inside the root canal or incorrect file 

sequencing and lack of sufficient irrigation; 

therefore, endodontic treatment of severely 

curved canals requires special preparation 

techniques to avoid such complications, 

preserve canal anatomy and morphology 

(curvature) and decrease the amount of 

canal straightening (2,3). 

Great advancement have been 

achieved in endodontic files manufacturing 

and enhancement in the properties of 

endodontic files such as improved 

flexibility , better resistance to cyclic 

fatigue and improved fracture resistance of 

endodontic files due to introduction of 

Nickel-Titanium alloy which characterized 

by its super-elasticity and can improve 

canal shaping and reduce the degree of 

canal straightening (transportation) 

compared to stiffer stainless steel files (4).  

Highly flexible and efficient Ni-Ti 

instruments and torque-adjusted devices 

have been introduced to overcome the 

problems associated with high rigidity, 

endodontic treatment of severely curved 

roots  remains a challenge and root canals 

may be subjected to iatrogenic errors and 

endodontic mishaps such as transportation 

and/or other procedural errors (5). 

It has been proven that Ni-Ti 

instruments remain much more centered 

within the root canal and display less canal 

transportation than instruments made with 

stainless steel alloy, which is critical for 

providing a proper expansion without 

excessive weakening of the root 

structure(6,7). 

Different approaches have been used 

to examine the quality of root canal 

preparation of various Ni-Ti file systems, 

including histological sections, simulated 

root canals made with plastic models, 

sequential teeth sectioning and 

radiographic evaluation, silicone imprints 

of prepared canals, and cone-beam 

computed tomography (CBCT) has also 

been utilized to evaluate root canal 

preparation and by utilizing CBCT, and it 

is possible to acquire pre and post-

instrumentation images without the 

necessity of cutting  the tooth structure 

before, during or after the process of 

instrumentation(8). 

The aim of the current study was to 

evaluate and compare the degree of 

transportation of three Ni-Ti single-file 

systems (Edge One Fire, One Curve and 
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Wave One Gold file) using cone beam 

computed tomography. 

    MATERIALS AND METHODS 

Ethical Statement:  

The present study was approved by 

Research Ethics Committee 

board(University of Mosul, College of 

Dentistry, REC reference No. 

UoM.Dent/DM.H.L.52/21). 

Prepared Samples: 

Thirty freshly extracted human 

mandibular first molars with mature apices 

and intact mesial root were collected for 

this study, the inclusion criteria for selected 

teeth which must be included: mandibular 

molar teeth with completely developed 

mesial root and mature apices and no 

calcified canal, no internal or external root 

resorption and absence of root caries. The 

samples were cleaned and stored in normal 

saline solution until use. The degree of the 

curvature of root canals were calculated 

according to the method introduced by 

Schneider, only Mesiobuccal canals (MB) 

with a degree of curvature of 25–35 degrees 

will be involved in this study (9).\ 

For Schneider’s method, two lines 

was drawn on the mesial root canals, the 

first line was drawn and aligned to the long 

axis of the mesial root canal and the second 

line was extended from the apical foramen 

of mesial root to intersect the point at the 

first line where the canal deviated from 

long axis. The resultant angle (Figure 1) 

was measured to detect the degree of 

curvature (10). 

 

Figure (1): Example of how degree of root curvature was determined (10). 

 

The occlusal surfaces of selected 

specimens were flattened to achieve a 

reproducible reference point and for the 

purpose of standardization, the working 

lengths of all specimens  were adjusted at 

18 mm and checked with x-ray (11). 

Patency was established in 

mesiobuccal (MB) canal of all the samples 

using No. 10 K-file and the working length 

(WL) was adjusted to be 0.5 mm short of 

the apex and checked by x-ray and only 

canals that permit the passage of  NO.10 K-

file to the adjusted WL were chosen. 

The samples were fixed on a blocks 

made by self cured acrylic resin material 

with the dimensions of (3*3*6 cm), 
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customised rectangular-shaped mould was 

filled with  self-cure acrylic resin and the 

block was marked buccal, lingual, mesial 

and distal. Each mould contain six 

specimens were inserted in a way that their 

mesial and buccal aspects were facing the 

same side. 

Samples Grouping: 

      Three groups was assigned each group 

contain 10 samples with the samples being 

randomly distributed  as follows : 

Group A: MB canals of samples in this 

group will be instrumented using  Edge One 

Fire primary (EdgeEndo, USA) with tip 

size of 0.25/0.06. 

Group B: MB canals of samples in this 

group will be instrumented using  One 

curve file 25/0.06 (MicroMega, Besancon, 

France) . 

Group C: MB canals of samples in this 

group will be instrumented using Wave 

One Gold file 25/0.07 (Dentsply maillefer, 

Switzerland). 

Pre-instrumentation Cone Beam 

Computed Tomography Imaging:  

      Three dimensional (3D), high-

resolution CBCT images were obtained 

using  CS8100 3D equipment (Carestream 

Health, Rochester, NY) at three different 

cross-section levels that represent  3-mm, 

5-mm, and 7-mm length from the apical 

end of the root (Figure 2) with 87 KV, 2.00 

mA and 150 µm voxel size. 

 

Figure (2): three cross-section levels that corresponded to 3-mm, 5-mm, and 7- mm distance 

from the apex  of the root. 

 

Root Canal Instrumentation: 

Canals were  prepared according to 

the manufacturers’ instructions for each file 

system, all the files used in a gentle and 

slow in and out pecking motion with a 

magnitude of about 3 mm. The flutes of the 

files are cleaned after three in and out 

motions. 

As recommended by the 

manufacturer, single-file systems are used 

for a single patient, thereby, each 

instrument will prepare only four canals. 

The canals were irrigated with 2.5% 

sodium hypochlorite (NaOCl) 2ml/min(9) 

for each canal during instrumentation 

followed by irrigation with normal saline as 
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a final rinse and E-connect endo motor 

(Eighteeth, China) was used for preparation 

of root canals. 

Samples of group A were prepared 

by EdgeOne fire system. The file was used 

with reciprocal motion operated at 350 rpm 

speed as recommended by the 

manufacturer with a reciprocating 

movement in 170° counterclockwise and 

50° clockwise direction and completes 

360° in 3 cycles.  

Before insertion of EdgeOne Fire file 

the canals were expanded to at least 0.15 

mm using ISO K-15 hand files, then the 

canals were expanded using EdgeOne Fire 

files in a gentle inward pressure with 

irrigation , recapitulation and re-irrigation 

with 2.5% Sodium Hypochlorite between 

each pass of the file. 

Samples of group B were prepared 

by using MicroMega One curve file 

(25/0.06) which was used with a 

continuous rotation at 300-450 rpm and 

maximum torque of 2.5 N.cm with 

irrigation , recapitulation and re-irrigation 

with 2.5% Sodium Hypochlorite between 

each pass of the file. as recommended by 

the manufacturer. 

The MB canal of the samples of 

group C were prepared with Wave One 

Gold primary file (25/0.07) with short 3 

mm amplitude strokes in a gentle inward 

motion to passively advance the file to 

adjusted W.L. operated at 350 rpm speed as 

recommended by the manufacturer with a 

reciprocating movement in 170° 

counterclockwise and 50° clockwise 

direction and completes 360° in 3 cycles. 

Post-instrumentation Cone Beam 

Computed Tomography imaging: 

After completion of the 

instrumentation for all groups, all the 

specimens were scanned using CBCT with 

the same manner (Figure 3) and measured 

at the same levels (7mm, 5mm and 3mm 

from the apex) with the exact same 

parameters used for pre-instrumentation 

scans and saved in DICOM format (Digital 

Image Communication of Medicine).  

 

 

Figure (3): Marking the block with the CBCT bite plane to ensure that before and after 

imagaes are obtained with the samples are in the exact same position. 
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Cone Beam Computed Tomography 

Measurements and Image Analysis: 

      Analysis of pre-instrumentation and 

post-instrumentation stored images and 

measurements of MB canals was 

performed by using CS 3D imaging 

software (Carestream Health, Rochester, 

NY). The degree of root canal 

transportation will be determined according 

to the method introduced by Gambill (24), 

this method calculate the amount of 

transportation through the following 

formula:  

Degree of transportation = (M1-M2) – (D1-

D2) 

Where M1 is the smallest distance between 

the border of an un-instrumented canal and 

the root's mesial perimeter. 

M2 is the smallest distance between the 

border of instrumented canal and the root's 

mesial perimeter. 

D1 is the smallest distance between the 

border of an un-instrumented canal and the 

root's distal perimeter. 

D2 is the smallest distance between the 

border of instrumented canal and the root's 

distal perimeter (Figure 4). 

 

Figure (4): before and after preparation CBCT images showing measurement marks. 

 

After insertion of the values in the 

formula, if the resultant value is zero, there 

is no canal transportation. Any value other 

than zero indicated canal transportation.  

    While positive and negative outcomes 

would mean mesial and distal 

transportations, respectively.  

Statistical analysis: 

     Data was analyzed by using SPSS 

(statistical package of social science) 

software version 26.0 Statistics : 

1. Normality of data distribution: by using 

Kolmogorov-Smirnov  and Shapiro- 

Wilk tests , to detect data distribution and 

apply the proper statistical test. 

2. mean, standard deviation (SD), 

minimum and maximum degree of canal 

transportation (descriptive statistics) 

3.The difference among groups was 

examined by Kruskal-Wallis test and 

multiple comparison with Bonferroni 

correction with the level of significant that 

was used (0.05 ≥ P). 

                    RESULTS 

The mean values and standard 

deviation for the degree of canal 
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transportation of the three files are shown 

in Table (1)

Table (1): Mean   and Standard Deviation of Transportation (mm), and Kruskal Wallis test . 

Level Edge One Fire One Curve Wave One Gold P-value 

3 mm 0.15 ± 0.07 -0.37 ± 0.067 -0.21 ± 0.073 0.000* 

5 mm 0.24 ± 0.05 0.27 ± 0.048 -0.22 ± 0.063 0.000* 

7 mm -0.18 ± 0.078 -0.49 ± 0.12 -0.38 ± 0.078 0.000* 

*P≤0.01 mean highly significant variation exist. 

 

At the coronal level One Curve file 

showed the highest transportation value (-

0.49 mm) while the lowest transportation 

value was found in Edge One Fire which 

was (-0.18 mm).  The values with negative 

numbers indicate that the preparation of 

root canal has been deviated toward the 

distal side (distal transportation). 

At the middle level the highest 

transportation value (0.27 mm) was found 

in One Curve File while the lowest value (-

0.22 mm) was found in Wave One Gold 

file. 

At the apical level it was found that 

the lowest transportation value (0.15 mm) 

in EdgeOne Fire and the highest value (-

0.37 mm) in One Curve File as showed in 

Table (1). 

   In apical level, there was no statistically 

significant difference between One Curve 

and Wave One Gold in mean value of canal 

transportation and in the middle level, there 

was no significant difference between Edge 

One Fire and One Curve files while in the 

coronal level, there was no statistically 

significant difference between One Curve 

and Wave One Gold as seen in Table (2). 

 

 

Table (2): Multiple comparison of the three groups across three levels with Bonferroni 

correction. 

Levels 
P-value 

Group A-B Group A-C Group C-B 

3 mm 0.000** 0.019* 0.700 

5 mm 1.000 0.010** 0.000** 

7 mm 0.000** 0.008** 0.396 

          *P≤0.05 mean significant variation exist , ** P≤0.01 Highly Significant 
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                         DISCUSSION 

     One of the most important determinative 

factors of proper root canal preparation ability 

of an endodontic file is its capacity to remain 

closely centered inside the root canal and 

hindering any iatrogenic mishaps (12). 

    Various methods are available to evaluate the 

degree of root canal transportation and various 

endodontic file systems, and in the current study 

root canal transportation was evaluated using 

extracted human mandibular molar teeth 

instead of plastic models with simulated root 

canals. The main drawback of plastic models is 

that they possess mechanical properties that are 

different from dentin, so they do not reflect the 

true clinical situation; another drawback is the 

possibility of heat generated during canal 

instrumentation, which results in softening and 

sticking of the plastic with the cutting blades of 

the instrument(13,14), cone beam computed 

tomography (CBCT) is utilized as a non-

invasive evaluation of the ability of three 

endodontic single file systems (EdgeOne Fire , 

One Curve and Wave One Gold) for shaping 

curved canals (15). 

    Analysis of the data in this study indicated 

that there is no file system that can  establish an 

ideal preparation and reproduction of the 

original shape of the root canal anatomy and all 

three systems evaluated in this study showed 

some degree of root canal transportation 

(straightening), although all the file systems 

that were studied had a non-cutting end or tip; 

which only guides the files inside the canal with 

minimal pressure. 

     

 

Furthermore, the current study supports the 

results of Saritha et al. (2017) and Yoo and Cho 

(2012) where reciprocating systems (edge one 

fire and wave one gold) maintain original canal 

contour better than files with continuous 

rotation (one curve), which tend to transport the 

outer canal wall of the curve in the apical part 

of the canal (16,17). 

   Despite that the manufacturer of one curve 

file claims that the file manufactured with 

special heat treated Ni-Ti alloy (c-wire) and the 

triple helix cross-section on the first 4 mm of 

the file increases the centering ability of the file 

and reduce transportation tendency specially in 

the apical zone, however our results showed 

that one curve file tend to great a higher amount 

of root canal transportation which is similar to 

the report of Berutti et al. (2012) which stated 

that reciprocating movement allows a more 

centralized chemo-mechanical preparation 

when compared to continuous rotary motion, 

especially in the apical third (18) . 

     In the current study, the EdgeOne Fire single 

file system (Edge Endo, USA) showed a lower 

average root canal transportation followed by 

the Wave One Gold single file system (Dentsply 

Maillefer, Switzerland), and the highest 

amounts of canal transportation were observed 

in the One Curve single file system 

(MicroMega, France) across all categories of 

levels, which is in agreement with the results of 

Christina et al. (2020) and Hasheminia et al. 

(2018) (19,20).  

     The lower transportation values achieved 

with edge one fire may be attributed to the 

following: 

https://www.synonym.com/synonyms/determinative
https://www.wordhippo.com/what-is/the-opposite-of/hindering.html
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    The file was manufactured from a proprietary 

thermal “Fire-wire” treatment, and it has been 

suggested that heat treatment decreases cyclic 

fatigue and greatly improves the flexibility 

which is a key for maintaining the original canal 

shape (21,22). 

    Second, EdgeOne Fire has a variable taper 

design and operates in a reverse reciprocal 

motion which is associated with a higher 

centering ability as well as lower transportation 

and taper lock (23). 

    The lower transportation ratio may also be 

attributed to the design of the file with a taper 

of 6% with a special cross section that has a 

hyperbolic design according to the 

manufacturer. 

CONCLUSIONS 

       Within the limitations in this study, it can 

be concluded that all tested Ni-Ti file systems 

resulted in root canal transportation, and Edge 

One Fire files are safer during preparation of 

curved root canals. 
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