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ABSTRACT:

Introduction: The purpose of this study was to examine the life span of one nickel-titanium rotary file when used 
0

in reciprocating motion. Materials & Methods:  60 Endo training blocks, 2% taper, 60  angle of curvature were 

prepared with wave one primary file (Dentsply Maillefer) was used in reciprocating motion. One file was used 

until it was fractured. The fractured file were analysed using Scanning Electron Microscope to know the type of 

fracture. Results: Total of 11 files were used in the preparation of 60 Endo training blocks. Most of the fracture 

occurred in the apical third of the canals. Scanning Electron Microscopic results showed that most of the 

fracture occurred due to cyclic fatigue. The average life span of 1 wave one primary file was 5 canals with the 

longest life span of 6 canals. Conclusion:  Within the limitation of this study, 1 wave-one primary file in 

reciprocating motion can be used safely at least 5 times to the working length of curved canals.
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One of the goals of endodontic treatment is 

thorough cleaning and shaping of the root canal 

system by removing all the infected pulp tissue, 
[1, 2].bacteria, and their byproducts The development 

of nickel-titanium (NiTi) rotary files has 

revolutionized endodontics  and al lowed 
(3).practitioners to treat root canals efficiently  In 

1988, Walia et al proposed the use of nickel titanium 

called nitinol for the manufacturing of endodontic 

instruments. The Ni-Ti rotary file has induced a 

significant progress in endodontic treatment 

because of its flexibility and high cutting efficiency 
(4–6).The 1st study about Ni-Ti instruments showed 

that these files had 2 or 3 times more elastic 

flexibility and greater clockwise and anticlockwise 

torsion fracture resistance than stainless steel 
(4).files

D e s p i t e  t h e  m a ny  a dva n t a g e s  o f  N i - T i  

instrumentation, instrument fracture is still a major 

concern when using Ni-Ti rotary files. However, 

despite their significant advantages, NTR 

instruments have a high risk of fracture during use 

that might result in compromised prognosis of the 
(7).tooth  The problem is compounded by sudden, 

unexpected fracture without any previous 

permanent deformation or other visible warning 
(8)signs . Variables that contribute to file separation 

(6, 9)include radius and angle of curvature , 
(6, 10)instrument size and cross-sectional area , 

(6, 9) (11),rotational speed , design  technique and 
(11, 12) (12)operator experience , torque , metal surface 

(15)treatments , and metallurgical characterization of 
(13)the Ni-Ti alloys among others . Although these 

factors are often described individually, they act 
(14).collectively 

Many variables might contribute to file separation; 

but the 2 main causes are cyclic fatigue and torsional 

fatigue. Each has been adequately defined in 
(16, 9, 11, 14)endodontic literature . Although both these 

failure modes probably occur simultaneously in a 
(16)clinical situation , studies have found cyclic 

fatigue to be the primary cause of file separation. It 

accounted for 50%–90% of the mechanical failures 
(9, 17). The clinician can do very little to prevent or 

reduce such stresses. The reciprocating motion of 
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the NiTi rotary instrument has been shown to 

decrease the impact of cyclic fatigue compared with 
(18–20). rotational motion Therefore, it has been 

recently proposed that the single-file shaping 

technique may simplify instrumentation protocols 

and avoid the risk of cross-contamination. 

Moreover, the use of only one Ni-Ti instrument is 

more cost-effective, and the learning curve is 
(20).considerably reduced 

The new WaveOne NiTi single-file system has been 

recently introduced by Dentsply Maillefer 
(21)(Ballaigues, Switzerland) . The system is designed 

to be used with a dedicated reciprocating motion 

motor. It consists of 3 single-use files: small (ISO 21 

tip and 6% taper) for fine canals, primary (ISO 25 tip 

and 8% taper) for the majority of canals, and large 

(ISO 40 and 8% taper) for large canals. The files are 

manufactured with M Wire (Dentsply Tulsa Dental 
(22)Specialties, Tulsa, OK) Ni-Ti alloy , which 

improves the flexibility.

The purpose of the study was to examine the 

fracture resistance of Wave-one reciprocating file in 

curved canals. Null hypothesis tested was that the 

files would fracture both due to cyclic fatigue and 

torsional failure.

Materials and Methods

60 endodontic training blocks (Dentsply Maillefer, 

Ballaigues,Switzerland) with 2% taper, 60 degree 

curvature were used to prepare the root canal. 

Working length was determined with no.10 K file. 

Glide path was not prepared as Wave-One clinical 

procedure does not contemplate the preliminary 

creation of a glide path before use.

Wave-one primary file introduced by (Dentsply 

Maillefer, Ballaigues, Switzerland) was used in 

reciprocating motion using a wave one endomotor 

(Dentsply Maillefer) according to manufacturer's 

instruction. The canals were prepared first till the 

coronal two third with a pecking motion and 

gradually reaching the working length, by using 

glyde, as lubricating agent. Irrigation was carried 

out with 3% sodium hypochlorite and normal 

saline.

1 primary file was used until it was fractured, after 

which it was replaced with a new file. The fractured 

files were examined under scanning electron 

microscope.

Results

Total 11 Wave one primary files were fractured in 60 

endodontic blocks. The average life span of 1 Wave 

one primary file was 5 canals with the longest life 

span of 6 canals. The time taken to prepare each 

canal was 3-4 minutes. All the files fractured at the 

curvature of the canal. The scanning electron 

microscope analysis of the file is shown in the figure.

Figure 1: The longitudinal scanning electron 

microscopic view without any

flute deformation around the fracture point.

Figure 2: Scanning electron microscopic image of 

the fracture surface. A high-magnification view of 

the area shows fatigue striations and crack. The 

central area shows micro-voids and dimples.

The Scanning Electron Microscopic evaluation at 

400x, 1000x, 2000x and 5000x shows presence of 

dimples and microvoids which is the characteristic 

of cyclic fatigue failure (figure 2). Also it shows the 

presence of a crack which was 3 micrometre in 

width (figure 2). All these sign shows that the files 

were fractured due to cyclic fatigue. 

Discussion

In the present study, all Wave-one primary files 

were fractured due to cyclic fatigue, necessitating 
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fatigue crack has attained a certain critical depth.

Further investigations are needed to understand 

whether the better performance of the instrument 

may be attributed to the reciprocating motion, the 

variable section design, the M-Wire alloy or the 

reverse cutting blades, or a combination of these 

variables.

Within the limitation of this study, 1 wave-one 

primary file in reciprocating motion can be used 

safely at least 5 times to the working length of 

curved canals when treating multiple canals in a 

single patient. All of the fractures encountered due 

to cyclic fatigue failure.
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