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ABSTRACT

Aim of the study was to evaluate the canal transportation and centering ability of three nickel-titanium single file 
rotary systems by cone beam computed tomography (CBCT). Materials and methods: Thirty permanent maxillary 
first molar with a range of mesiobuccal canals curvature from 20-30 degree were selected and assigned into three 
groups (n=10), according to the biomechanical preparation system used: Hyflex EDM (HF), Reciproc blue (RB) 
and OneShape (OS). The sampled were scanned by CBCT after being mounted on customized acrylic base and then 
rescanned after the instrumentation. Slices from the axial section were taken from both exposures at 3 mm, 6 mm and 
9 mm from the root apex corresponding to the apical, middle, and coronal third respectively. Data were statistically 
analyzed using Kurskal-Wallis and Mann-Whitney U tests at the 5% confidence level. Results: The results showed 
that there were no significant differences at the apical and coronal third and a significant difference at the middle 
third regarding canal transportation. However, there was a significant difference at the apical third and no significant 
difference at the middle and coronal third regarding centering ratio. Conclusion: It was concluded that the three 
single rotary systems reported a degree in canal transportation and centric ratio but the Hyflex EDM reported the 
least one. 
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INTRODUCTION

The endodontic treatment pass through three steps which include diagnosis, shaping and obturation phase to achieve 
the goal of symptoms free tooth and thus preserving it [1,2]. The shaping phase holds an important role as it may 
influence the success of the following phase, which may affect the whole prognosis of the endodontic treatment. 
Schilder [3] reported that root canal preparation should present a flare form starting apically to coronal portion, with 
no deformation of the apical foramen and no alteration of the original canal shape, however, achieving this goal in 
curved and narrow canal may go through different difficulties with a tendency of alteration the original canal shape [4-6].

The incorporation of nickel-titanium (Ni-Ti) rotary files has drastically enhanced the quality of canal shaping [7]. 
Recently proposed single-file shaping technique simplifies the instrumentation protocol while reducing the risk of 
instrument failure and cross contamination [8]. The two different concepts of single-file systems are continuous 
rotation and reciprocation [4].

HyFlex EDM (HF); (Coltene/Whaledent AG, Altst€atten, Switzerland) is manufactured using the technique of 
electrical discharge machining [9]. This manufacturing process uses spark erosion to stiffen the surface of the Ni-Ti 
file, giving rise to increase fracture resistance and superior cutting efficiency. HF Ni-Ti files are manufactured using 
Controlled Memory alloy technology like the HyFlex CM (Coltene/Whaledent AG) NiTi files. HF has the taper 
alternating throughout the file shaft and a 0.25-mm apical diameter. The kinematic movement of Hyflex EDM is 
based on full rotation concept. along the file shaft, HF utilize 3 different cross sections: quadratic in the apical third, 
trapezoidal in the middle third, and almost triangular in the coronal third [10,11].
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Reciproc Blue (RB) manufactured by (VDW, Munich, Germany) is innovated by special heat treatment that changes 
the molecular structure of the alloy gaining the instrument a blue color. This heat treatment helps to increase both 
flexibility and cyclic fatigue resistance with less surface micro-hardness values compared with its predecessor [12,13].

One Shape (OS) is a new concept of single file instrumentation where a single instrument is used in a full clockwise 
rotation. The One Shape system has a tip size of (25, 30, 37) and a constant taper of 0.06, and is characterized 
by different cross-sectional designs over the entire length of the working part. At the apical part, there are three 
symmetrical cutting edges. In the middle the number decreases to two cutting edges; this part is asymmetrical. In the 
coronal part there are two S shaped cutting edges [14].

Considering the clinical advantages of biomechanical preparation with rotary systems, it is necessary to investigate 
the shaping effectiveness of Ni-Ti file systems and understand how the respective design features impact performance. 
Different methods can be used to evaluate the root canal shaping, though more recently, the use of cone beam computed 
tomography (CBCT) has been suggested for this purpose because it is a nondestructive and very precise method that 
even allows measuring the amount of root dentin removed by endodontic instruments [15]. 

MATERIALS AND METHODS

Thirty extracted human maxillaries permanent first molars were collected on the basis of having a range of mesiobuccal 
canal curvature from (20°-30°) which is measured according to Schilder [3] with completely formed root and mature 
apices. The access opening was performed using an endo-access bur (Dentsply Maillefer, Switzerland) under air-water 
irrigation. Crowns were sectioned at the dentin enamel junction to standardize the root length at 15 mm. Working 
length was determined by inserting a size #10 k-file (Dentsply Maillefer, Switzerland) into the canal until it was 
visible through the apical foramen and then subtracting 1 mm from that measurement.

The samples then were coded and randomly divided into three groups (n=10) according to rotary system used: the HF 
group, the RB group and OS group.

The instrumentation of the root canal was carried out by a single operator with strict accordance to the manufacturer’s 
instructions for each system. All systems were powered by an electric speed and torque-controlled endodontic 
micomotor (Wave One, Dentsply Maillefer). Each canal was instrumented to the working length and irrigated with 2 
mL of 5.25% NaOCl using a 27-G needle. Each file was discarded after being used in three canals.

Image Analysis 

The roots were positioned vertically on a metal base with the aid of sticky was and surrounded by L-shape metal mold 
and then poured with acrylic for easy handling of sample during instrumentation and scanning.

The specimens were scanned before and after instrumentation using CBCT (Planmeca, Promax 3D max, Helsinki, 
Finland) with the following parameters (90 kV, 7.1 mA and 0.1 × 0.1 × 0.1 mm voxel size and 0.100 mm axial 
thickness). The data were collected and analyzed by the (AutoCAD 2014 software program). Three cross sections at 
levels of 3 mm, 6 mm and 9 mm from the root apex were viewed by the Planmeca romexis viewer and the shortest 
distance from the canal periphery to the external root surface was calculated in the mesial and distal direction of the 
roots. Calculations were recorded before and after instrumentation to measure the followings: 

1)	 The amount of canal transportation at each level using the following formula [16]: 
       (m1 – m2) - (d1 – d2) and (b1-b2) – (l1-l2)
2)	 Centering ability at each level according to the following formula:
      (m1 – m2)/(d1 – d2) or (d1 – d2)/(m1 – m2) and (b1-b2)/(l1-l2) or (l1-l2) (b1-b2)

As m1 - the shortest distance from the mesial root wall to the mesial margin of the canal prior to preparation, d1 - the 
shortest distance from distal root wall to the distal margin of the canal prior to preparation, m2 - the shortest distance 
from the mesial root wall to the mesial margin of the canal after preparation, d2 - the shortest distance from distal 
root wall to the distal margin of the canal after preparation, b1 - the shortest distance from the buccal root wall to the 
buccal margin of the canal prior to preparation, l1 - the shortest distance from lingual root wall to the lingual margin 
of the canal prior to preparation, b2 - the shortest distance from the buccal root wall to the buccal margin of the canal 
after preparation and  l2 - the shortest distance from lingual root wall to the distal margin of the canal after preparation.
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Statistical Analysis 

Statistical analysis of data obtained in this experimental study was performed using SPSS 21 (IBM SPSS Inc. Chicago, 
IL) software. Shapiro-wilk test was used to test the distribution of data, it was determined that the acquired data 
showed abnormal distribution. So, the Kruskal-Wallis test was used to compare among the group and Mann-Whitney 
U test was used for pair-wise comparison between the groups when the Kruskal-Wallis test 

RESULTS

The mean and slandered deviation values of the canal transportation and the centering ratio at the three levels are 
reported in Table 1.

Table 1 Mean and standard deviation of canal transportation in (mm) and centering ratio  
values (mm) for the tested groups

Levels Assessment OS RB HEDM P value

3 mm

MDT 0.090 ± 0.131 0.031 ± 0.122 0.013 ± 0.198 0.503

BLT 0.056 ± 0.173 0.033 ± 0.113 0.030 ± 0.089 0.96

MDC 0.402 ± 0.281 0.480 ± 0.453 0.769 ± 0.581 0.38

BLC 0.369 ± 0.237 0.746 ± 0.426 0.980 ± 0.619 0.009*

6 mm

MDT 0.204 ± 0.131 0.061 ± 0.120 0.022 ± 0.124 0.008*

BLT 0.143 ± 0.174 0.063 ± 0.105 0.006 ± 0.110 0.012*

MDC 0.294 ± 0.437 0.490 ± 0.304 0.751 ± 0.515 0.101

BLC 0.296 ± 0.316 0.690 ± 0.137 0.851 ± 0.724 0.109

9 mm

MDT 0.111 ± 0.234 0.069 ± 0.104 0.004 ± 0.107 0.353

BLT 0.018 ± 0.037 0.017 ± 0.165 0.004 ± 0.153 0.96

MDC 0.388 ± 0.175 0.396 ± 0.301 0.566 ± 0.281 0.368

BLC 0.395 ± 0.333 0.406 ± 0.294 0.678 ± 0.256 0.17
MDT: mesiodistal transportation; BLT: buccolingual transportation; MDC: mesiodistal centering BLC: buccolingual centering; 
*significant (P < 0.05) by Kruskal-Wallis test

Canal Transportation

At 3 mm level, there was no significant difference among the groups (P>0.05). However, there was significant 
difference among the groups at 6 mm with HF group showed the least transformation mean values in both direction 
(MDT 0.022 ± 0.124 mm) and (BLT 0.006 ± 0.110). On the other hand, there was no significant difference at 9 mm 
(P>0.05).

Further analysis of all data was needed to examine the difference between each two groups; so, Mann-Whitney U test 
was performed for multiple comparisons between groups as shown in Table 2.

Table 2 Mann-Whitney U test for canal transportation at 6 mm

Groups  Test MDT BLT

A-B
Mann-Whitney U 40 30

p-value 0.449 0.13

B-C
Mann-Whitney U 16 12

p-value 0.010* 0.004*

A-C
Mann-Whitney U 12 26

p-value 0.004* 0.069
*significant (P<0.05) by Mann-Whitney U test

Centering Ability

At 3 mm there was a significant difference among the group in the buccolingual direction and the HF group show 
the highest centering ratio values (0.980 ± 0.619) and the data revealed no significant difference at the other levels 
(P>0.05).
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Further analysis of all data was needed to examine the difference between each two groups; so, Mann-Whitney U test 
was performed for multiple comparisons between groups as shown in Table 3.

Table 3 Mann-Whitney U test for centering ratio at 6 mm

Group Test BLC

A-B
Mann-Whitney U 33

p-value 0.198

B-C
Mann-Whitney U 32

p-value 0.173

A-C
Mann-Whitney U 18

p-value 0.016*
*significant (P < 0.05) by Mann-Whitney U test

DISCUSSION

Studying the canal transportation and centering ability of different file systems is extremely important because it helps 
the dentists with valuable information about endodontic instruments available so that they can make good decisions 
regarding the most effective and safe instruments to complete root canal preparation objectives [17-19]. On the basis 
of the results of present study, it can be stated that the null hypothesis was accepted as both canal transportation and 
centering ratio were affected by using different instrumentation systems.

In this study, natural teeth were chosen to perform the research to simulate the clinical situation. In addition, selection 
of natural teeth could help to perform the study under more realistic circumstances in natural canals, as it will be more 
profitable than in standardized resin artificial canals [20,21].

Shaping ability of the instrumentation systems can be studied on natural teeth through various methods. In the present 
study, the CBCT tool was used to evaluate the shaping performance of the tested systems, as CBCT imaging method 
is a noninvasive, accurate, reproducible and a relevant process for the analysis of canal geometry and feasible to take 
different sections of the teeth before and after instrumentation without sectioning and destruction of the samples [22-24].

It is noteworthy that there was no available experimental research to compare the shaping ability of Hyflex EDM, 
Reciproc blue and OneShape, so it’s not possible to directly compare the result of present study with others.

At 3 mm, the results showed that there were no significant differences among the tested groups regarding the canal 
transportation. This could be attributed to the fact that all the tested systems have a non-cutting tip; which functionalize 
solely as a guide to allow easy penetration with minimal apical pressure, and the standardized master apical file size. 
In this sense Wu, et al. [25] reported that apical transportation of more than 0.3 mm could negatively affect the 
salability of filling materials. In this study, no system exhibited this amount of transportation.

At the apical third there was a significant difference in centering ability in buccolingual direction and this could be 
attributed to the presence of curve coronal to the apical third and due to difference in flexibility of the Ni-Ti files used 
in the study. As the Hyflex EDM file is the only available file that use electrical discharge machining technology 
that yield a high flexibility of the file promoting it to remain well centered during instrumentation and show better 
centering ratio than Reciproc blue which utilize the m-wire technology. While the OneShape file show less centering 
ratio values, and this could be attributed to the reason that it is made from conventional Ni-Ti which is less flexible 
that the M-wire or EDM technology [26-28].

At 6 mm there was a significant difference among the groups regarding canal transportation and this may be due to 
two factors; first, the tooth related factors as this region represents the beginning of curvature where the file flexes 
and bends. Second factor is the file related factors, which includes to the design of the file such as cross section, taper, 
and metallurgy.

Hyflex EDM has variable cross sections with an almost triangular cross section, whichs provide better management 
of curved canal than the S-shaped cross section of Reciproc blue and this could explain the difference in canal 
transportation values among the groups at this section.

The alternating taper of Hyflex EDM could be attributed to less transportation taken place during instrumentation as 
compared with 0.08 taper of Reciproc blue and 0.06 of OneShape. This difference in taper may lead to remove more 
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dentine and the effect of increased taper on the flexibility of the file that tends to regain the original file shape and 
consequently altering the original canal shape.

This result is in favor of Venino, et al. [27] who did evaluate the shaping ability of Hyflex EDM and Protaper next and 
concluded that the Hyflex EDM produce less transportation at specific level due to alternating taper.

Different heat treatment processes of the files that produce different alloys with different mechanical properties 
resulting in increased phase transformation temperature and increased flexibility, this could be the reason of difference 
in canal transportation values among the groups [20,29].

CONCLUSION

Within the limitation of this experimental study, it could be concluded that the three tested systems produce 
transportation of the canal at the middle region, and different centering ability at the apical third. The innovated 
manufacturing method of the HF system leads to superior shaping ability that produce less transportation and better 
centering ability than that of other systems. On the other hand, RB system revealed better clinical performance than 
the OS system regarding both transportation and centering ratio
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