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A B S T R A C T

Objective: The aim of this study was to compare canal transportation and centering ability of different
nickle titanium systems using Cone beam computed tomography in curved canals.
Materials and Methods: Ninety mandibular molars with angle of curvature ranging from 10◦– 40◦ were
randomly allocated into six experimental groups containing 15 teeth in each group. Preinstrumentation
scans were taken with CBCT with constant exposure parameters before and after instrumentation. Six
grouped specimens were instrumented with Wave One, Twisted File, Hyflex CM, K3XF, ProTaper
Next, NeoNiTi file respectively. Post instrumentation the specimens were scanned by CBCT to obtain
postoperative images. The amount of root canal transportation and centering ability of the instrument were
determined. Statistical analysis on collected data was performed using One way analysis of ANOVA, and
post-hoc Tukey test (p<0.0.5).
Results: K3XF group showed significantly higher transportation values in the apical third (2mm) than
TF group (p=0.01) and Hyflex CM group (p=0.03). The coronal transportation values are higher than the
apical values but with no significant difference between them (p>0.05). There was no significant difference
in centering ratio values between the six groups (p>0.05) at any of the level.
Conclusion: All the file systems can be safely used, showing satisfactory preservation to the original canal
shape with preference of TF files.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.
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1. Introduction

Achieving the goal of adequate cleaning, shaping of the
root canal system and widening remains a challenge during
instrumentation of curved canals. The use of inflexible
instruments might result in excess removal of dentin from
the outer walls of canal in the area apical to curvature and
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inner walls of canal in the area coronal to curvature instead
to symmetrical removal1which adopts an hour-glass shape,
and may leads to inadequate debridement and complications
such as ledge formation, root perforation and excessive
thinning of canal walls.2

To overcome these complications nickel titanium (NiTi)
alloy files which appear highly flexible and elastic
have prominently altered the canal procedures and there
were numerous modifications in these NiTi files for
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instrumentation of curved canals.3

Files like R-phase Twisted file (TF),4–7K3XF with
the basic features of K3 (SybronEndo)8 and Hyflex
CM rotary instruments (Coltene Whaledent, Allstetten,
Switzerland)9provides a superior flexibility and increased
efficiency and safety thereby reducing the risk of ledging,
transportation or perforations.10 Wave One (WO) (Dentsply
Maillefer, Ballaigues, Switzerland)11–13and other rotary file
systems like ProTaper Next (PTN) (Dentsply Maillefer,
Ballaigues, Switzerland) and NeoNiTi (Neolix, France)
have shown similar mechanisms.14 All these files have
shown better centering ability and has less chances of
transportation.

The present in-vitro study was conducted with the
objective of comparing canal transportation and centering
ability of six different NiTi systems like WO, TF, Hyflex
CM, K3XF, PTN, NeoNiTi file systems using Cone beam
computed tomography (CBCT).

2. Materials and Methods

This in vitro study was conducted on 180 extracted
human mandibular first molars with curved mesial roots.
Teeth with completely formed apices, Mesial root canal
of mandibular molars with angle of curvature 10o- 40o

according to method described by Estrla et al15were
included in the study. Teeth with root caries, cracks,
resorption, calcification incomplete apices and ≤10 mm root
length were excluded from the study

Primary radiographs of teeth were taken in mesiodistal
and buccolingual directions for selection of the samples
and roots were examined under Stereomicroscope at x12
magnification for absence of cracks or fracture lines. Ninety
teeth with a distinct mesiobuccal (MB) canal and with
independent foramen were randomly selected selected from
the total teeth. Endodontic access cavities preparation was
done using round bur (Dentsply Maillefer) and MB canal
orifice was explored with a ISO size 10 K-file (Mani
Inc.,Togichi, Japan) which was passively advanced into the
canal until it is visible at the apical foramen. Working length
(WL) was established by subtracting 1mm from this length.
Later each tooth was sectioned through the furcation and
the mesial portion of the root and crown was used in the
study. These ninety teeth were randomly divided into six
experimental groups containing 15 teeth in each group.
Pre instrumented root canals scan by using CBCT imaging
(Carestream, India) with 10×5 field of view (FOV) were
analyzed with CS 9300 software for the 3D multiplanar
reconstruction and measurements (Figure 1). After initial
scans, in all the groups glide path was performed with a size
15 K-file with RC-Prep as lubricant.

2.1. Canal preparation

Group 1 was instrumented with WO, group 2 with TF
and group 3 was instrumented with Hyflex CM. Likewise
Groups 4, 5 and group 6 were instrumented with K3XF,
PTN and NeoNiTi respectively.

Post instrumentation scans were obtained with similar
parameters and position as pre instrumentation scans by
CBCT imaging. Canal transportation of the root canals were
then analysed at three cross-sectional planes of pre and post
instrumentation images at 2, 5, 8 mm from the apical end of
the root. The CBCT images of the samples were analyzed
with CS 3D Imaging software with axial slice thickness
180um.16,17

2.2. Canal transportation and centering ability

Transportation at each level was calculated using the
following formula: (a1 – a2) - (b1 – b2) wherein a1 and
a2 represented the shortest mesial distances and b1 and b2
represented the shortest distal distances from the outside of
the curved root to the periphery of the uninstrumented and
instrumented canals respectively(Figure 1). A result of zero
indicates no canal transportation, positive result indicates
transportation towards the mesial aspect of the root and
negative result indicates transportation towards the distal
aspect of the root.18

Canal centering ratio at each level was calculated using
the formula (a1 – a2) / (b1 – b2).If these numbers were
unequal, the numerator for this formula would be the
smaller of the two numbers. A result of one indicates perfect
centring ability. The closer the result is to zero, the worse is
the ability of the instrument to remain centered.Pre and post
operative cross sectional CBCT images of the six groups at
three levels were shown in (Figures 2a&2b).

2.3. Statistical analysis

The collected data was analyzed by SPSS 20.0 software
for Windows (SPSS Inc., Chicago, IL, USA). Canal
transportation was analyzed with one way ANOVA and
Tukeys post-hoc test was used to determine statistically
significant differences between the six groups at three
different levels and p value less than 0.05 was considered
as statistically significant.

3. Results

Table 1 shows the mean transportation and centering ability
scores at coronal, middle and apical levels in all the
comparative groups. With regard to canal transportation
scores lower mean values in the apical and middle levels
were observed in TF group compared to other groups
whereas K3XF group showed the higher mean values in all
the levels compared to other groups. ANOVA test showed
that there was significant difference between the six groups
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(p<0.05) at the apical level in contrast to coronal and middle
levels. Groups TF and K3XF showed higher and lower mean
apical centering ratio value respectively and there was no
significant difference between the six groups at coronal,
middle and apical levels (p>0.05).

Pair wise comparisons by Tukey multiple post-hoc
test in the apical region, there was significant difference
observed between the canal transportation scores of TF
group and K3XF group (p=0.01) and between Hyflex CM
and K3XF group (p=0.03) and there was no significant
difference between the six groups was observed with regard
to centering ability.

Figure 2 a,b shows root canal transportation in apical,
middle and coronal third in six groups. Although the
K3XF caused greater canal transportation in the apical
third and Twisted files and Hyflex CM showed less
canal transportation when compared to all other group
these differences were not statistically significant. Similar
findings were observed with respect to canal centering
ability (Table 1).

Fig. 1: Pre and post instrumentation cross-sectional image for
measurement in CBCT

4. Discussion

Root canal shaping is a critical aspect of endodontic
treatment as it influences the outcome of subsequent
phases like canal irrigation, filling and overall success of
treatment. This shaping should produce a continuously
tapered preparation keeping the foramen as small as
possible and maintaining the original canal shape.19–21

To minimise these procedural errors the instruments
with different metallurgy used for instrumentation of
curved canals should be flexible to follow the root
canal.22–24The present in vitro study compared these six file
systems with different manufacturing methods to evaluate

Fig. 2: Pre and post instrumentation image of group 1 to 3 three
different levels coronal (8mm), middle (5mm) and apical (2mm);
a: Pre-instrumentation; b: Post instrumentation

Fig. 3: Pre and post instrumentation images of group 4 to 6 at three
different levels coronal (8mm), middle (5mm) and apical (2mm);
). a: Pre-instrumentation; b: Post instrumentation
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Table 1: Comparison of six groups with respect to transportation andcentering ratio scores in coronal, middle and apical levels.

Instrument Groups Coronal (Mean±SD) Middle (Mean±SD) Apical (Mean±SD)
Canal transportation score
Wave One 0.27±0.26 0.20±0.14 0.14±0.12
Twisted file 0.16±0.17 0.10±0.11 0.06±0.07
Hyflex CM 0.16±0.24 0.11±0.20 0.07±0.08
K3XF 0.31±0.29 0.22±0.14 0.19±0.13
ProTaper Next 0.22±0.31 0.16±0.28 0.11±0.12
NeoNiTi 0.21±0.27 0.19±0.19 0.12±0.11
F-value 0.78 0.98 3.03
P-value 0.56 0.43 0.01*
Cana centering ratio score
Wave One 0.51±0.30 0.56±0.29 0.64±0.29
Twisted file 0.56±0.34 0.67±0.31 0.74±0.30
Hyflex CM 0.56±0.35 0.70±0.35 0.71±0.29
K3XF 0.51±0.37 0.56±0.30 0.51±0.31
ProTaper Next 0.50±0.34 0.51±0.33 0.66±0.34
NeoNiTi 0.60±0.30 0.53±0.30 0.68±0.28
F-value 0.20 0.87 1.02
P-value 0.95 0.50 0.40

*p<0.05

Table 2: Comparison of three levels with transportation scores in six groups by One way ANOVA

Groups (Mean±SD) Coronal Middle Apical F-value p-value
Canal transportation score
Wave One 0.27±0.26 0.20±0.14 0.14±0.12 1.74 0.18
Twisted file 0.16±0.17 0.10±0.11 0.06±0.07 2.64 0.08
Hyflex CM 0.16±0.24 0.11±0.20 0.07±0.08 0.86 0.42
K3XF 0.31±0.29 0.22±0.14 0.19±0.13 1.58 0.21
ProTaper Next 0.22±0.31 0.16±0.28 0.11±0.12 0.66 0.52
NeoNiTi 0.21±0.27 0.19±0.19 0.12±0.11 0.75 0.47
Cana centering ratio score
Wave One 0.51±0.30 0.56±0.29 0.64±0.29 0.75 0.47
Twisted file 0.56±0.34 0.67±0.31 0.74±0.30 1.22 0.30
Hyflex CM 0.56±0.35 0.70±0.35 0.71±0.29 0.92 0.40
K3XF 0.51±0.37 0.56±0.30 0.51±0.31 0.12 0.87
ProTaper Next 0.50±0.34 0.51±0.33 0.66±0.34 1.11 0.33
NeoNiTi 0.60±0.30 0.53±0.30 0.68±0.28 0.93 0.40

canal transportation and centering ability by using CBCT
imaging.

On comparing the results obtained in the present study,
the two single-file systems WO Group and NeoNiTi group
showed no significant difference in transportation and
centering ratio values (p>0.05) compared to multiple-file
systems like TF, Hyflex CM, K3XF and PTN in all the
three levels. This is in accordance with previous studies
comparing the shaping ability of single-file systems and
conventional ones using a full range of instruments and
have shown results similar to the present study, that all the
systems result in satisfactory preservation of the original
canal shape.23,25,26

Comparing the results between these two single-file
systems in the present study, NeoNiTi has lower mean apical
transportation and better mean centering ability values

compared to WO transportation value but with no significant
difference between them (p>0.05). Superior results of Neo
NiTi might be due to its metallurgical properties like, EDM
process and its design features like it has non-homothetic
rectangular CS with rounded Gothic tips. This was in
accordance with Moazzami F et al. study in which two
single-file systems, NeoNiTi and Reciproc (R) used in
continuous motion and reciprocating motion respectively
are compared in transportation using CBCT.27

On the contrary, some studies stated that reciprocating
movement caused no significant decreased transportation
and centering ability.28,29 The results of the present study
shown that WO group (reciprocating single file system)
showed no significant difference in transportation and
centering ability compared to rotating single and multiple
file systems (NeoNiTi, TF, Hyflex CM, K3XF, PTN)
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(p>0.05). The results were consistent with a previous study
done by Park HJ who reported that no significant difference
in transportation between WO and other groups.30

Significantly higher transportation values were shown
by K3XF group in the apical region. This significant
difference was observed between K3XF group and the
groups of TF and Hyflex CM files. Similarly lower apical
centering ratio values were also reported by K3XF (0.51)
but with no significant difference between the other groups.
Though K3XF is made of heat treated R-phase to enhance
flexibility and resistance to cyclic fatigue, however this heat
treatment showed no impacted on the performance of this
instrument in curved canals31 and showed significantly high
transportation compared to TF which is also manufactured
of the same R-phase and Hyflex CM manufactured of CM-
wire. As K3XF has CS configuration similar to K3, this
may be a factor contributing to higher transportation and
centering ability values as it lowers the bending properties.

The present study also shown that K3XF caused
significantly higher apical transportation values than TF and
Hyflex CM is in agreement with above mentioned studies
where K3XF doesn’t show superior results compared to
different file systems.31,32Zhao et al. evaluated the shaping
properties of Hyflex CM, TF, K3 system using µ-CT and
reported that TF has less apical transportation than K3 and
there is no significant difference among Hyflex and TF in
shaping curved root canals.33So this R-phase heat treatment
showed no impacted on the performance of this instrument
in curved canals.34

TF and Hyflex CM groups produced less mean apical
transportation and high centering ratio values than other
file systems. Altunbas D found that TF instruments showed
a greater tendency to preserve the curvature of curved
canals of the mandibular molar than K3 instruments
by using two-dimensional photographic technique.34The
superiority of TF compared to other groups might be due
its manufacturing by 3 processes (R-phase, twisting, surface
treatment).35,36

TF and Hyflex CM showed superior results due to their
thermal pre-treatment of the alloy during manufacturing
which makes them more ductile, reducing the magnitude of
the restoring forces37 and their CS designs might also has
contributed to superior results of these two file systems.

Our study reported that PTN group showed no significant
difference in transportation and centering ability values at
all the three levels compared to other groups (p>0.05). This
M-wire and swaggering motion might have contributed to
the present results which is in consistent with study done
by Saber et al who compared the in vitro shaping ability
of PTN, iRaCe and Hyflex CM rotary NiTi files on apical
transportation and centering ability.38

Of the six groups WO goup showed more difference
between the coronal and apical level transportation values
than the single-file NeoNiTi and multiple-file Hyflex CM.
This might be due to lesser taper in NeoNiTi (0.06)

compared to WO (0.08) and non-homothetic rectangular CS
with rounded Gothic tips.

The results of centering ability of six groups have shown
that all the file systems tested remained centered with
no significant difference between them (p>0.05). It can
be contributed to the noncutting tip design of the tested
instruments which act as a guide to allow easy penetration
with minimum apical pressure.38

5. Conclusion

The results of the present study demonstrated that under the
experimental conditions, all the tested file systems showed
some degree of apical transportation, but it is well within
the acceptable limit (0.3). Of the file systems compared
TF resulted in superior shaping ability in curved canals
and K3XF showed higher transportation values but the
clinical relevance is of limited importance. So, all the six file
systems maintained the original canal anatomy with similar
transportation and better centering ability.
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comparative investigation between ProTaper Next, Hyflex CM,
2Shape, and TF-Adaptive file systems concerning cyclic fatigue
resistance. J Dent Res Dent Clin Dent Prospects. 2021;15(3):172–7.
doi:10.34172/joddd.2021.029.

7. Ruiz-Sánchez C, Faus-Llácer V, Faus-Matoses I, Zubizarreta-Macho
A, Sauro S, Faus-Matoses V, et al. The Influence of NiTi Alloy
on the Cyclic Fatigue Resistance of Endodontic Files. J Clin Med.
2020;9(11):3755. doi:10.3390/jcm9113755.

8. Alsilani R, Jadu F, Bogari DF, Jan AM, Alhazzazi TY. Single file
reciprocating systems: A systematic review and meta-analysis of the

http://dx.doi.org/10.1007/s10266-014-0176-z
http://dx.doi.org/10.4103/endo.endo_36_19
http://dx.doi.org/10.3390/ma14185295
http://dx.doi.org/10.34172/joddd.2021.029
http://dx.doi.org/10.3390/jcm9113755


110 Krishnaveni et al. / Journal of Dental Specialities 2023;11(2):105–110

literature: Comparison of reciproc and WaveOne. J Int Soc Prev
Community Dent. 2016;6(5):402–9. doi:10.4103/2231-0762.192945.

9. Al-Obaida MI, Alzuwayer AA, Alanazi SS, Balhaddad AA. In
Vitro Analysis of the Fatigue Resistance of Four Single File
Canal Preparation Instruments. Materials (Basel). 2022;15(2):688.
doi:10.3390/ma15020688.

10. Varela-Patino P, Ibanez-Parraga A, Rivas-Mundina B, Cantatore G,
Otero XL, Martin-Biedma B, et al. Alternating versus continuous
rotation: a comparative study of the effect on instrument life. J Endod.
2010;36(1):157–9. doi:10.1016/j.joen.2009.09.023.

11. Shaik RT, Uppalapati SVV, Uppu LN, Sudhamsetty S, Kumar DP,
Kumpatla M, et al. Cone-Beam Computed Tomography Assessment of
Canal-Centering Ability for Traditionally Used Nickel Titanium and
Nickel Titanium Files with Reciprocating Hand Piece and Wave-One
Files. J Pharm Bioallied Sci. 2021;13(1):88–91.

12. Ruchi G, Annil D, Neha A, Vikrant Y. A new approach to single
file endodontics: neoniti rotary file system. Int J Adv Case Rep.
2015;2(16):1030–2.

13. Kishore A, Gurtu A, Bansal R, Singhal A, Mohan S, Mehrotra A, et al.
Comparison of canal transportation and centering ability of Twisted
Files, HyFlex controlled memory, and Wave One using computed
tomography scan: An in vitro study. J Conserv Dent. 2017;20(3):161–
5.

14. Alves RAA, Souza JB, Alencar AHG, Pecorac JD, Estrela
C. Detection of Procedural Errors with Stainless Steel and
NiTi Instruments by Undergraduate Students Using Conventional
Radiograph and Cone Beam Computed Tomography. Iran Endod J.
2013;8(4):160–5.

15. Estrela C, Bueno MR, Damiao M, Pecora JD. Method for
determination of root curvature radius using cone-beam computed
tomography images. Braz Dent J. 2008;19(2):114–8.

16. De Carvalho G, Junior E, Garrido ADB, Lia RC, Garcia LFR, Marques
AAF, et al. Apical Transportation, Centering Ability, and Cleaning
Effectiveness of Reciprocating Single-file System Associated with
Different Glide Path Techniques. J Endod. 2015;41(12):2045–9.

17. Madani ZS, Goudarzipor D, Haddadi A, Saeidi A, Bijani A. A
CBCT Assessment of Apical Transportation in Root Canals Prepared
with Hand K-Flexofile and K3 Rotary Instruments. Iran Endod J.
2015;10(1):44–8.

18. Tambe VH, Nagmode PS, Abraham S, Patait M, Lahoti PV, Jaju N,
et al. Comparison of canal transportation and centering ability of
rotary protaper, one shape system and wave one system using cone
beam computed tomography: An in vitro study. J Conserv Dent.
2014;17(6):561–5.

19. Eleftheriadis GI, Lambrianidis TP. Technical quality of root canal
treatment and detection of iatrogenic errors in an undergraduate
dental clinic. Int Endod J. 2005;38(10):725–34. doi:10.1111/j.1365-
2591.2005.01008.x.

20. Weine F. Endodontic Therapy. 5th edn. St Louis: Mosby Co; 2006.
21. Sarraf P, Kiomarsi N, Taheri FH, Moghaddamzade B, Dibaji F,

Kharazifard MJ, et al. Apical Transportation of Mesiobuccal
Canals of Maxillary Molars Following Root Canal Preparation
with Two Rotary Systems and Hand Files: A Cone-Beam
Computed Tomographic Assessment. Front Dent. 2019;16(4):272–8.
doi:10.18502/fid.v16i4.2086.

22. Aminsobhani M, Avval AR, Hamidzadeh F. Canal transportation
and centering ability of root canals prepared using rotary and
reciprocating systems with and without PathFiles in cone-beam
computed tomography-based three-dimensional molar prototypes. J
Conserv Dent. 2021;24(3):246–51. doi:10.4103/jcd.jcd_200_21.

23. Capar ID, Ertas H, Ok E, Arslan H, Ertas E. Comparative study
of different novel nickel-titanium rotary systems for root canal
preparation in severely curved root canals. J Endod. 2014;40(6):852–
6.

24. Sunildath MS, Mathew J, George L, Vineet RV, Thomas P, John D,
et al. Canal transportation and centering ability of root canals prepared
using rotary and reciprocating systems with and without PathFiles
in cone-beam computed tomography-based three-dimensional molar
prototypes. J Conserv Dent. 2021;24(3):246–51.

25. Burklein S, Benten S, Schafer E. Shaping ability of different single-file
systems in severely curved root canals of extracted teeth. Int Endod J.

2013;46(6):590–7. doi:10.1111/iej.12037.
26. Burklein S, Hinschitza K, Dammaschke T, Schafer E. Shaping

ability and cleaning effectiveness of two single-file systems in
severely curved root canals of extracted teeth: Reciproc and WaveOne
versus Mtwo and ProTaper. Int Endod J. 2012;45(5):449–61.
doi:10.1111/j.1365-2591.2011.01996.x.

27. Moazzami F, Khojastepour L, Nabavizadeh M, Habash MS.
Mohammadreza Nabavizadeh, Mina Seied Habashi. Cone-Beam
Computed Tomography Assessment of Root Canal Transportation
by Neoniti and Reciproc Single-File Systems. Iran Endod J.
2016;11(2):96–100. doi:10.7508/iej.2016.02.004.

28. Rebeiz J, Hachem CE, Osta NE, Habib M, Rebeiz T, Zogheib C,
et al. Shaping ability of a new heat-treated NiTi system in continuous
rotation or reciprocation in artificial curved canals. Odontology.
2021;109(4):792–801.

29. Liu W, Wu B. Root Canal Surface Strain and Canal
Center Transportation Induced by 3 Different Nickel-Titanium
Rotary Instrument Systems. J Endod. 2016;42(2):299–303.
doi:10.1016/j.joen.2015.10.023.

30. Park HJ, Seo MS, Moon YM. Root canal volume change
and transportation by Vortex Blue, ProTaper Next, and ProTaper
Universal in curved root canals. Restor Dent Endod. 2017;43(1):3–
3. doi:10.5395/rde.2018.43.e3.

31. Rodrigues RCV, Soares RG, Gonçalves LS, Armada L, Siqueira JF.
Comparison of canal preparation using K3XF, Mtwo and BioRaCe
rotary instruments in simulated curved canals. ENDO (Lond Engl).
2015;9(2):129–35.

32. De Almeida B, Ormiga F, De Araujo M. Influence of Heat
Treatment of Nickel-Titanium Rotary Endodontic Instruments on
Apical Preparation: A Micro-Computed Tomographic Study. J Endod.
2015;41(12):2031–5. doi:10.1016/j.joen.2015.09.001.

33. Zhao D, Shen Y, Peng B, Haapasalo M. Micro-computed tomography
evaluation of the preparation of mesiobuccal root canals in maxillary
first molars with Hyflex CM, Twisted Files, and K3 instruments. J
Endod. 2013;39(3):385–8. doi:10.1016/j.joen.2012.11.030.

34. Altunbas D, Kutuk B, Kustarci A. Shaping ability of reciprocating
single-file and full-sequence rotary instrumentation systems in
simulated curved canals. Eur J Dent. 2015;9(3):346–51.

35. Gambarini G, Grande NM, Plotino G. Fatigue Resistance
of Engine-driven Rotary nickel-titanium instruments produced
by new manufacturing method. J Endod. 2008;34(8):1003–5.
doi:10.1016/j.joen.2008.05.007.

36. Oh SR, Chang SW, Lee Y, Gu Y, Son WJ, Lee W, et al. A comparison
of nickel-titanium rotary instruments manufactured using different
methods and cross-sectional areas: ability to resist cyclic fatigue. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod. 2010;109(4):622–8.
doi:10.1016/j.tripleo.2009.12.025.

37. Pongione G, Pompa G, Milana V. Flexibility and resistance to cyclic
fatigue of endodontic instruments made with different nickel-titanium
alloys: a comparative test. Ann Stomatol (Roma). 2012;3(3-4):119–22.

38. Saber SE, Nagy MM, Schafer E. Comparative evaluation of the
shaping ability of ProTaper Next, iRaCe and Hyflex CM rotary NiTi
files in severely curved root canals. Int Endod J. 2015;48(2):131–6.
doi:10.1111/iej.12291.

Author biography

Krishnaveni Krishnaveni, Senior Lecturer

Nikitha Kalla, Student (MDS)
 

 

https://orcid.org/0000-0001-6699-1941

Cite this article: Krishnaveni K, Kalla N, Reddy N, Udayar S.
Comparative evaluation of nickel titanium rotary instruments on canal
transportation and centering ability in curved canals by using cone beam
computed tomography: An in vitro study. J Dent Spec
2023;11(2):105-110.

http://dx.doi.org/10.4103/2231-0762.192945
http://dx.doi.org/10.3390/ma15020688
http://dx.doi.org/10.1016/j.joen.2009.09.023
http://dx.doi.org/10.1111/j.1365-2591.2005.01008.x
http://dx.doi.org/10.1111/j.1365-2591.2005.01008.x
http://dx.doi.org/10.18502/fid.v16i4.2086
http://dx.doi.org/10.4103/jcd.jcd_200_21
http://dx.doi.org/10.1111/iej.12037
http://dx.doi.org/10.1111/j.1365-2591.2011.01996.x
http://dx.doi.org/10.7508/iej.2016.02.004
http://dx.doi.org/10.1016/j.joen.2015.10.023
http://dx.doi.org/10.5395/rde.2018.43.e3
http://dx.doi.org/10.1016/j.joen.2015.09.001
http://dx.doi.org/10.1016/j.joen.2012.11.030
http://dx.doi.org/10.1016/j.joen.2008.05.007
http://dx.doi.org/10.1016/j.tripleo.2009.12.025
http://dx.doi.org/10.1111/iej.12291
https://orcid.org/0000-0001-6699-1941
https://orcid.org/0000-0001-6699-1941

	Introduction
	Materials and Methods
	Canal preparation 
	Canal transportation and centering ability 
	Statistical analysis

	Results
	Discussion
	Conclusion
	Source of Funding
	Conflict of Interest

