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Influence of motion pattern on apical transportation and centering 
ability of WaveOne single-file technique in curved root canals
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ABSTRACT

Background: The aim of this study was to evaluate apical transportation and centering ability of 
single-file instruments, WaveOne primary, with full rotation versus reciprocation movement using 
cone-beam computed tomography (CBCT) analysis in curved mesiobuccal (MB) root canal of 
human mandibular molars.
Materials and Methods: Thirty MB canals of mandibular molars were randomly divided into 
two groups according to the instrument motion (n = 15): Group 1, reciprocation/WaveOne 
primary; Group 2, continuous rotation/WaveOne primary. After preparation, the amount of apical 
transportation and centering ability were assessed by evaluating pre- and post-instrumentation 
CBCT scans in three section (1, 3, and 5 mm from apical foramen). Statistical analysis of the data 
was performed using Mann-Whitney U-test and Friedman test (α = 0.05).
Results: There was no statistically significant difference between two experimental groups in 
terms of apical transportation and centering ratio at 1, 3, and 5 mm from apical foramen (P > 0.05).
Conclusion: Apical transportation and centering ability of WaveOne primary reciprocating 
instrument did not significantly differ between two motion patterns.
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INTRODUCTION

The goal of root canal treatment is to remove 
infected and necrotic pulpal remnants and eliminate 
microorganisms. Preserving the radicular anatomy 
while cleaning and shaping of the root canal is 
an important phase of a successful endodontic 
treatment.[1] Although several preparation techniques 
have been developed to overcome procedural errors 
such as apical transportation, there are still some 
difficulties with endodontic treatment of curved root 
canals. Since the introduction of nickel-titanium 

(NiTi) rotary instruments in the 1990s, studies have 
shown that these instruments maintain original canal 
shape and therefore allow for a safer, more rapid, 
more centered and easier preparation of severely 
curved root canals.[2-5]

WaveOne (Dentsply Maillefer, Ballaigues, 
Switzerland), a recent NiTi system with a left-handed 
angulation of the blades to be used in reciprocation 
motion, is made of a special alloy called M-wire, 
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which is produced by application of an innovative 
thermal-treatment process to NiTi wire blanks, which 
may improve their fatigue lifespan, flexibility, and 
torsional resistance.[6-10] Reciprocal motion consists 
of a larger counterclockwise rotating angle, which 
allows the instrument to cut the dentin and a smaller 
clockwise angle to disengage; due to the greater 
counterclockwise angle, the instrument continuously 
progresses toward the apex of the root canal.[11-13]

Better results have been suggested for a single NiTi 
instrument with reciprocating motion than conventional 
continuous rotation method in the preparation of 
curved root canals. The reciprocal motion is claimed 
to relieve stress on the instrument, minimize the risk 
of fracture, and improve cyclic fatigue resistance 
and lifespan of NiTi instruments.[11,13] On the other 
hand, full-clockwise rotation instruments, OneShape 
(MicroMega, Besancon, France) and F360 (Komet 
Brasseler, Lemgo, Germany), are recently introduced to 
single-file instrumentation concept; these instruments 
are safe and able to respect the original canal curvature 
well compared with Reciproc (VDW, Munich, 
Germany) and Mtwo (VDW, Munich, Germany).[14]

Cone-beam computed tomography (CBCT), a 
nondestructive high-resolution scanning system, has 
been used for evaluation of the exact location and 
anatomy of the root canal system, quality of root 
canal preparation, and to take measurements of root 
canal system before and after instrumentation.[15]

Considering the improved flexibility and fatigue 
lifespan of M-wire alloy, we assumed that WaveOne 
instruments might be used in continuous rotation for 
root canal preparation. Until now no study has been 
reported on full rotation of WaveOne. Therefore, 
the purpose of this study was to compare apical 
transportation and centering ability of WaveOne 
instrument between reciprocation and full rotation 
in curved mesiobuccal (MB) root canals of human 
mandibular molars by means of CBCT.

MATERIALS AND METHODS

Thirty human mandibular molars with completely 
formed apices that were extracted due to severe 
periodontal problems were used for this study. 
The external surface of the roots was planned with 
periodontal curettes (Medesy, Maniago, Italy); 
teeth were immersed in 5.25% sodium hypochlorite 
(NaOCl, Cerkamed, Poland) for 30 min and kept moist 
throughout the study. The teeth were inspected for 

absence of resorption, root fractures, root caries and 
then, they were accessed to determine the degree of the 
curvature of the MB canals according to Schneider’s 
technique.[16] The teeth should have separate, 20-45° 
curved MB canals for inclusion in the study. All root 
canals had a diameter compatible with size #15. On 
the basis of the degree and radius of curvature and 
working length, the teeth were randomly allocated to 
experimental groups (pair matched) of 15 each:

1.	 WaveOne/reciprocation and
2.	 WaveOne/full rotation.

Working length was measured by subtracting 1 mm of 
the recorded length when tip of a #15 K-file (Dentsply 
Maillefer, Ballaigues, Switzerland) was flush with 
the apical foramen. Pre- and post-instrumentation 
three-dimensional CBCT scans (NewTom VGI, QR 
srl, Verona, Italy) were instructed to compare apical 
transportation at 1, 3 and 5 mm from the apical foramen. 
For accurate reading of the scans, the coronal portions 
of the teeth were secured to silicone-based impression 
material, leaving the roots oriented upward. The pre- 
and post-instrumentation scans were identical in position 
of the specimens and set up of CBCT machine (voxel 
size = 0.1 mm, field of view = 6 cm × 6 cm, denture 
scan mode). The crowns of the teeth were maintained 
to resemble the clinical circumstances. MB root canals 
in Group 1 were prepared by using WaveOne primary 
instruments (25/08) operated in a X-smart plus Endo 
Motor (Dentsply Maillefer, Ballaigues, Switzerland) 
with manufacturer’s recommended setting “WaveOne 
All” mode. In Group 2, WaveOne primary instruments 
were operated with Endo IT motor (Aseptico Inc., 
Woodinville, WA, USA) at 3 Ncm torque and 350 rpm; 
the motor was set on reverse action to generate effective 
continuous rotation because of the left-handed cutting 
blade design of the instrument. All of the root canals 
were prepared by the same operator, using a slow in-
and-out pecking motion; the flutes of the instrument 
were cleaned after three pecks. 5 ml of 5.25% NaOCl 
solution was used as an endodontic irrigant for each 
canal. Each WaveOne primary instrument was used to 
prepare four root canals.

One independent endodontist assessed pre- and post-
instrumentation CBCT scans simultaneously on a 
22-inch flat-screen panel (Samsung Inc., Suwon-Si, 
South Korea) using the manufacturer’s software (NNT 
Viewer, QR srl, Verona, Italy). The shortest distance 
from the edge of uninstrumented/instrumented root 
canal to the mesial and distal periphery of the root 
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was measured on axial view. The following formula 
was used to evaluate apical transportation at 1, 3, and 
5 mm from apical foramen: |(a1 – a2) – (b1 – b2)|, 
where a1 is the shortest distance from the mesial edge 
of the root to the mesial edge of the un-instrumented 
canal, b1 is the shortest distance from distal edge of 
the root to the distal edge of the un-instrumented canal, 
a2 is the shortest distance from the mesial edge of the 
root to the mesial edge of the instrumented canal, and 
b2 is the shortest distance from distal edge of the root 
to the distal edge of the instrumented canal [Figure  1]. 
According to this formula, a result other than 0 indicates 
that the transportation has occurred in the canal.[17] Mean 
centering ratio indicates the ability of the instrument to 
stay centered in the root canal. The ratio was calculated 
for each section by using the following ratio: (a1 – a2)/
(b1 – b2) or (b1 – b2)/(a1 – a2). If these numbers are not 
equal, the lower figure is considered as the numerator of 
the ratio. By using this formula, the result of 1:1 for the 
centering ratio indicates perfect centering. Lower scores 
indicate better instrument centering in the canal.

The Mann-Whitney U-test was conducted to explore 
a difference in canal transportation and centering 
ratio between the two groups. In order to analyze the 
difference of transportation between 1, 3 and 5 mm 
intervals, the Friedman test was used. Significance 
level was set at 0.05 (α = 0.05).

RESULTS

Root canal transportation
Table 1 shows the apical transportation mean values 
of WaveOne/reciprocation and WaveOne/full rotation 
groups. There was no significant difference in apical 
transportation between the two groups (P > 0.05). 
Apical transportation showed no significant difference 
between distinct intervals (P > 0.05).

Centering ratio
Table 2 shows centering ratio values for WaveOne/
reciprocation and WaveOne/full rotation groups. 
There was no significant difference in centering ratio 
between the two groups (P > 0.05). Centering ratio 
showed no significant difference between distinct 
intervals (P > 0.05). No instrument separation 
occurred during preparation of the root canals.

DISCUSSION

Transportation can be defined as excessive dentin 
removal in a single direction within the canal rather 

than in all directions equidistantly from the main tooth 
axis. It can lead to inappropriate dentin removal, with 
a high risk of straightening the original canal curvature 
and forming ledges in the dentin wall.[18,19] Apical 
transportation results in inadequate cleaning of the root 
canal, poor sealing efficiency with a high rate of debris 
extrusion and postoperative discomfort, which may 
adversely affect the prognosis of the treatment.[20,21]

The recently introduced WaveOne system provides 
faster root canal preparation using only one single 
shaping instrument. The significant characteristics of 
the system are single use, a reciprocating action, and 
M-wire technology alloy manufacturing.

Table 1: Apical transportation mean values and SD 
and median of two experimental groups at different 
intervals
Group Transport Mean ± SD (median)

T1 mm T3 mm T5 mm
WaveOne/reciprocation 0.05±0.04 (0) 0.13±0.08 (0.1) 0.12±0.11 (0.1)
WaveOne/full rotation 0.12±0.11 (0) 0.14±0.09 (0.1) 0.12±0.12 (0.1)
P 0.16 0.3 0.93

SD: Standard deviation.

Table 2: Centering ability mean values and SD and 
median of two experimental groups at different 
intervals
Group Centering ratio Mean ± SD (median)

R1 mm R3 mm R5 mm
WaveOne/
reciprocation

0.66±0.43 (0.65) 0.34±0.33 (0.3) 0.53±0.40 (0.5)

WaveOne/full 
rotation

0.45±0.43 (0.4) 0.35±0.32 (0.3) 0.62±0.33 (0.6)

P 0.21 0.96 0.56

SD: Standard deviation.

Figure 1: Schematic view of measurements for evaluation of 
apical transportation and centering ability.
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Regarding screwing-in and instrument fracture, the 
reciprocating movement may produce a positive 
effect due to the utilization of the smaller angle in 
the opposite direction.[22] The concept underlines 
immediate disengagement of the instrument and safe 
progress along the canal path. Several studies have 
reported that reciprocating motion decreased the 
impact of cyclic fatigue, minimized torsional and 
flexural stresses, and increased the canal centering 
ability compared with continuous rotating motion.[23,24] 
This is the first study evaluating apical transportation 
after instrumentation by a single-file system, that 
is, WaveOne primary under both reciprocation and 
continuous rotation; such an approach eliminates the 
possible interventions of alloy type, file design and 
size of preparation and permits to analyze the pure 
effect of motion patterns on apical transportation 
in single-file technique. The WaveOne was chosen 
because of mechanical improvements of M-wire 
alloy[25] to afford enough cyclic fatigue and torsional 
resistance to full rotation during the instrumentation 
of curved root canals. Increased torsional resistance 
(up to 400%) has been reported for M-wire 
instruments.[7,25] In addition, CBCT was used as a 
noninvasive method to measure apical transportation 
and centering ability. CBCT scanning provides a 
three-dimensional morphologic view (axial, sagittal, 
and coronal sections), which is considered superior 
to conventional radiographs and digital radiographic 
techniques. Reciprocation has been showed to 
increase fatigue life regardless of the instrument 
brand and NiTi alloy type.[24] However, the findings of 
the present study revealed no significant difference in 
apical transportation and centering ability of WaveOne 
between reciprocation and continuous rotation. This 
result shows that the motion pattern may not affect 
apical transportation and centering ability of single-
file systems when the other influencing factors are 
identical. You et al.[26] reported similar transportation 
for reciprocation motion and conventional continuous 
rotation technique using ProTaper rotary instruments. 
Bürklein et al.[14] compared shaping ability of different 
single-file systems in severely curved root canals and 
showed no difference between Reciproc, F360, and 
OneShape systems regarding canal straightening. 
They reported that all single-file systems maintained 
root canal curvature well and were safe. Although 
two aforementioned studies used different techniques 
and/or systems, the core belief is similar and their 
findings basically correspond to this study. On the 
contrary, Berutti et al.[27] reported that WaveOne 

primary reciprocating single-file better maintained 
the original canal anatomy, with less modification 
of the canal curvature compared with the ProTaper 
system up to F2. The most likely rationale behind this 
heterogeneity is probably the fact that Berutti et al. 
conducted their study on the training resin blocks 
instead of natural teeth; furthermore, they compared 
WaveOne single-file system with ProTaper full-
sequence rotary approach.

In this study, neither reciprocation nor full rotation 
caused separation of WaveOne primary instruments 
during preparation of four curved root canals, which 
can be due to M-wire’s mechanical improvements of 
the alloy.

CONCLUSION

Within the limits of this study, full rotation single-
file technique resulted in similar amounts of apical 
transportation and centering ratio compared to 
reciprocation using WaveOne primary instruments. It 
seems that the pattern of motion is of little importance 
concerning apical transportation and centering ability 
in this single-file technique.

Financial support and sponsorship
Nil.

Conflicts of interest
The authors of this manuscript declare that they have 
no conflicts of interest, real or perceived, financial or 
non-financial in this article.

REFERENCES

1.	 Schilder H. Cleaning and shaping the root canal. Dent Clin North 
Am 1974;18:269-96.

2.	 Schäfer E, Florek H. Efficiency of rotary nickel-titanium K3 
instruments compared with stainless steel hand K-Flexofile. 
Part 1. Shaping ability in simulated curved canals. Int Endod J 
2003;36:199-207.

3.	 Thompson SA, Dummer PM. Shaping ability of lightspeed rotary 
nickel-titanium instruments in simulated root canals. Part 1. J 
Endod 1997;23:698-702.

4.	 Bergmans L, Van Cleynenbreugel J, Wevers M, Lambrechts P. 
Mechanical root canal preparation with NiTi rotary instruments: 
Rationale, performance and safety. Status report for the American 
Journal of Dentistry. Am J Dent 2001;14:324-33.

5.	 Walia HM, Brantley WA, Gerstein H. An initial investigation of 
the bending and torsional properties of Nitinol root canal files. J 
Endod 1988;14:346-51.

6.	 Alapati SB, Brantley WA, Iijima M, Clark WA, Kovarik L, Buie C, 
et al. Metallurgical characterization of a new nickel-titanium wire 
for rotary endodontic instruments. J Endod 2009;35:1589-93.



Naseri, et al.: Apical transportation of WaveOne file

17Dental Research Journal  /  January 2016  /  Vol 13  /  Issue 1 17

7.	 Gambarini G, Grande NM, Plotino G, Somma F, Garala M, De 
Luca M, et al. Fatigue resistance of engine-driven rotary nickel-
titanium instruments produced by new manufacturing methods. 
J Endod 2008;34:1003-5.

8.	 Pongione G, Pompa G, Milana V, Di Carlo S, Giansiracusa A, 
Nicolini E, et al. Flexibility and resistance to cyclic fatigue of 
endodontic instruments made with different nickel-titanium 
alloys: A comparative test. Ann Stomatol (Roma) 2012;3:119-22.

9.	 Shen Y, Zhou HM, Zheng YF, Peng B, Haapasalo M. Current 
challenges and concepts of the thermomechanical treatment of 
nickel-titanium instruments. J Endod 2013;39:163-72.

10.	 Pereira ES, Peixoto IF, Viana AC, Oliveira II, Gonzalez BM, 
Buono VT, et al. Physical and mechanical properties of a 
thermomechanically treated NiTi wire used in the manufacture 
of rotary endodontic instruments. Int Endod J 2012;45:469-74.

11.	 Bürklein S, Hinschitza K, Dammaschke T, Schäfer 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;45:449-61.

12.	 Kim HC, Kwak SW, Cheung GS, Ko DH, Chung SM, Lee W. 
Cyclic fatigue and torsional resistance of two new nickel-titanium 
instruments used in reciprocation motion: Reciproc versus 
WaveOne. J Endod 2012;38:541-4.

13.	 Plotino G, Grande NM, Testarelli L, Gambarini G. Cyclic fatigue 
of Reciproc and WaveOne reciprocating instruments. Int Endod 
J 2012;45:614-8.

14.	 Bürklein S, Benten S, Schäfer E. Shaping ability of different 
single-file systems in severely curved root canals of extracted 
teeth. Int Endod J 2013;46:590-7.

15.	 Cotton TP, Geisler TM, Holden DT, Schwartz SA, Schindler WG. 
Endodontic applications of cone-beam volumetric tomography. 
J Endod 2007;33:1121-32.

16.	 Schneider SW. Comparison of root canal preparation in straight 
and curved root canals. J Oral Surg 1971;32:271-5.

17.	 Gambill JM, Alder M, del Rio CE. Comparison of nickel-titanium 
and stainless steel hand-file instrumentation using computed 
tomography. J Endod 1996;22:369-75.

18.	 López FU, Fachin EV, Camargo Fontanella VR, Barletta FB, 
Só  MV, Grecca FS. Apical transportation: A comparative 
evaluation of three root canal instrumentation techniques 
with three different apical diameters. J Endod 2008;34: 
1545-8.

19.	 Yamamura B, Cox TC, Heddaya B, Flake NM, Johnson JD, 
Paranjpe A. Comparing canal transportation and centering ability 
of endosequence and vortex rotary files by using micro-computed 
tomography. J Endod 2012;38:1121-5.

20.	 Paqué F, Musch U, Hülsmann M. Comparison of root canal 
preparation using RaCe and ProTaper rotary Ni-Ti instruments. 
Int Endod J 2005;38:8-16.

21.	 Pak JG, White SN. Pain prevalence and severity before, during, 
and after root canal treatment: A systematic review. J Endod 
2011;37:429-38.

22.	 Yared G. Canal preparation using only one Ni-Ti rotary instrument: 
Preliminary observations. Int Endod J 2008;41:339-44.

23.	 Varela-Patiño P, Ibañez-Párraga A, Rivas-Mundiña B, Cantatore 
G, Otero XL, Martin-Biedma B. Alternating versus continuous 
rotation: A comparative study of the effect on instrument life. J 
Endod 2010;36:157-9.

24.	 Lopes HP, Elias CN, Vieira MV, Siqueira JF Jr, Mangelli M, 
Lopes WS, et al. Fatigue Life of Reciproc and Mtwo 
instruments subjected to static and dynamic tests. J Endod 
2013;39:693-6.

25.	 Al-Hadlaq SM, Aljarbou FA, Althumairy RI. Evaluation of cyclic 
flexural fatigue of M-wire nickel-titanium rotary instruments. J 
Endod 2010;36:305-7.

26.	 You SY, Kim HC, Bae KS, Baek SH, Kum KY, Lee W. Shaping 
ability of reciprocating motion in curved root canals: A 
comparative study with micro-computed tomography. J Endod 
2011;37:1296-300.

27.	 Berutti E, Chiandussi G, Paolino DS, Scotti N, Cantatore G, 
Castellucci A, et al. Canal shaping with WaveOne Primary 
reciprocating files and ProTaper system: A comparative study. J 
Endod 2012;38:505-9.


