
Neuroquantology | Jul  2025 | Volume 23 | Issue 6 | Page 265-275| Doi: 10.48047/nq.2025.23.6. nq25028 
Durgesh Kumar,, Body Mass Index, Vision Status, and Hue Discrimination Among Medical Students: A Cross-Sectional Analysis 

 
 

EISSN 1303-5150                                                                                                                                                              www.neuroquantology.com 

 

          265 

Comparison of cyclic fatigue resistance of two nickel-

titanium based reciprocating systems in canals with single 

and double curvatures- An in vitro study 
Dr. Sadhvi Gupta,1* Dr. Pardeep Mahajan2, Dr. Amit Sood,3 Dr. Prashant Monga,3 Dr. 

Pratibha Marya,4 Dr. Hari Narayan5 
1Assistant Professor, Department of Conservative Dentistry and Endodontics, Baba Jaswant Singh Dental College, 

Hospital and Research Institute, Ludhiana, Punjab, India (*Corresponding author) 
2Professor & Head, Department of Conservative Dentistry and Endodontics, Genesis Institute of Dental Sciences 

and Research, Ferozepur, Punjab, India 
3Professor, Department of Conservative Dentistry and Endodontics, Genesis Institute of Dental Sciences and 

Research, Ferozepur, Punjab, India 
4Reader, Department of Conservative Dentistry and Endodontics, Genesis Institute of Dental Sciences and Research, 

Ferozepur, Punjab, India 
5Assistant Professor, Department of Prosthodontics and Crown & Bridge, Luxmi Bai Institute of Dental Sciences 

and Hospital, Patiala, Punjab, India 

 

 

Abstract 

Aim: The aim of the study was to evaluate and compare cyclic fatigue resistance of WaveOne 

Gold and Reciproc Blue nickel-titanium based reciprocating systems in simulated canals with 

single and double curvatures.  

Methods and Materials: Two groups of 20 NiTi endodontic instruments were selected for the 

study. Cyclic fatigue resistance was compared between groups by determining the time to fracture 

and the number of cycles to failure in a cyclic fatigue testing device with two different curvatures. 

The time to fracture was recorded in seconds. 

Statistical Analysis Used: The data were analyzed using the Unpaired t test (P˂0.05).  

Results: Results revealed that Reciproc Blue instruments were associated with a significantly 

higher mean time to fracture and number of cycles to failure as compared to WaveOne Gold 

instruments for both single and double curvature.  

Conclusion: Cyclic fatigue resistance of Reciproc Blue instruments were higher comparable to 

WaveOne Gold instruments in both simulated canals with single and double curvatures.  

Keywords: Cyclic fatigue resistance; Reciproc Blue; Reciprocating System; Stimulated canals; 

WaveOne Gold. 

 

Introduction 

Nickel-titanium (NiTi) instruments have improved the quality of root canal preparation due to their 

super elasticity, flexibility and cutting efficacy.1 By using this type of instrumentation, iatrogenic 

events such as ledges, zips, perforations and canal transportation are reduced and subsequently the 

canal preparation is more satisfactory and predictable.2 These instrument break without any signs 

during clinical use which has been a problem ever since the introduction of NiTi alloys. The 

unexpected fracture of files occurs via 2 different mechanisms; torsional stress and cyclic fatigue.1 

Torsional fracture occurs when the tip of the instrument binds into the canal as the shank continues 

to rotate and consequently the torque exceeds the elastic limit of the metal.3 Cyclic fatigue failure 

which is one of the leading reasons for unexpected instrument separation is caused by continuous 
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tension and compression stress on the area of maximum root canal curvature.4 Other factors 

contributing to the cyclic fatigue resistance includes the kinematics, alloy, operational setting and 

metallurgical properties of the instrument. Recently, new instruments with improved NiTi alloys 

and higher cyclic fatigue resistance (CFR) have become available.5 Accordingly, introduction of 

NiTi rotary systems with fewer or even single instrument to the market become possible and canal 

preparation becomes faster and easier for practitioners.1,2 Single file engine-driven systems are 

introduced with two types of motion: Complete rotation and reciprocation.6 In 2008, Yared was 

the first author to report the use and effectiveness of reciprocating movements by exposing 

instruments to lower stress values than continuous rotation which may account for the increased 

cyclic fatigue resistance.4 Thus, the aim of this investigation was to compare cyclic fatigue 

resistance of two nickel-titanium based reciprocating systems in canals with single and double 

curvatures. 

 

Materials and methods  

Two NiTi systems (WaveOne Gold [Dentsply, Maillefer, Ballaigues, Switzerland] and Reciproc 

Blue [VDW GmbH, Munich, Germany]) were tested for cyclic fatigue resistance using a device 

manufactured to test cyclic fatigue. A total of forty files of both systems were examined that had 

the same tip size of 0.25 mm with variable tapers. WaveOne Gold has a fixed .07 taper from D1 

to D3 and a progressively decreasing percentage tapered (.07, .06 and .03) design from D4 to D16, 

which serves to preserve dentin whereas, Reciproc Blue have an .08 regressive taper starting at 3 

mm from the tip. The files had different cross sections; WaveOne Gold has an offset parallelogram-

shaped cross section and Reciproc Blue have S-shaped cross section. All files were 25 mm in 

length. Twenty files were used in each group, subdivided into 2 subgroups of 10 files each, to 

examine their cyclic fatigue resistance in single and double curvature artificial canals (Table 1). A 

total of four groups were tested utilizing reciprocating motion as follows:  

Table 1- Experimental Group Design 

GROUP n DESCRIPTION 

Group 1- WaveOne Gold System (n=20) 

Sub group a 10 files WaveOne Gold in single curvature 

Sub group b 10 files WaveOne Gold in double curvature 

Group 2- Reciproc Blue System (n=20) 

Sub group a 10 files Reciproc Blue in single curvature 

Sub group b 10 files Reciproc Blue in double curvature 

 

Cyclic fatigue testing was performed using artificial canals milled in 316L stainless steel block. 

The artificial canals were manufactured with the following measurements: the first artificial canal 

was manufactured with a single curvature of 60o angle and a 5-mm radius with the center of the 

curve positioned 6 mm from the tip of the instrument, whereas the second artificial canal was 

manufactured with a double curvature, the coronal curve with a 5-mm radius and a 60o angle 

positioned 6 mm from the tip of the instrument and the second curvature with a 2- mm radius and 

a 70o angle positioned at 2 mm from the tip (Figure 1). 
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Figure 1: Artificial canals milled in stainless steel block 

 

WaveOne Gold (WOG) and Reciproc Blue (REB) were activated using a gear reduction Sirona 

(Bensheim, Germany) handpiece that was powered by a torque-controlled electric motor (X-Smart 

Plus; Dentsply Maillefer, Ballaigues, Switzerland), as per the manufacturer’s instructions. 

The rpm and torque were set as per the manufacturers’ suggestion, 350 rpm for WaveOne Gold 

with the “WAVEONE ALL” mode and 300 rpm for Reciproc Blue with the “RECIPROC ALL” 

mode along with 1.5 torque respectively for each instrument. 

Parcan 5 % sodium hypochlorite (Septodont, St Maur des Fosses, France) was used as irrigating 

solution to reduce friction produced between the two metal surfaces of the canal wall and moving 

instrument. For immersion purpose, a customized glass container containing irrigating solution 

was taken to contact 19 mm of the instrument length. All the instruments were rotated until fracture 

occurred and the time to fracture was recorded in seconds using a digital chronometer. The number 

of cycles to failure (NCF) for WaveOne GOLD and Reciproc Blue was calculated by multiplying 

the number of rotations/cycles per minute by the time to fracture. 

A total of four fractured files, one from each experimental group were examined with scanning 

electron microscope device (JSM-7610F Plus Schottky Field Emission SEM, JEOL Akishima, 

Tokyo, Japan) to assess the microstructures of the fractured instruments (Figure 2, Figure 3, Figure 

4, Figure 5). 
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Figure 2: SEM image of WOG in single canal curvature 

Group 1 [Sub Group a] 
 

 
Figure 3: SEM image of WOG in double canal curvature 

Group 1 [Sub Group b] 
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Figure 4: SEM image of REB in single canal curvature 

Group 2 [Sub Group a] 
 

 
Figure 5: SEM image of REB in double canal curvature 

Group 2 [Sub Group b] 
 

Statististical analysis 
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The results were presented in Mean and SD. Unpaired T Test was used to compare the inter-sub 

groups, inter-groups and combined inter-groups suggesting which of the pairs are significantly 

different from each other. The level of significance was set at P˂0.05. The statistical analysis was 

carried out using the SPSS 16.0 version (Chicago, Inc., USA) 

 

RESULTS  

Time to Fracture  

The data for the mean values and standard deviation for the time to fracture are presented in Table 

2 & Graph 1. 

 

 
Graph 1 

In the artificial canal with single and double curvatures, the Reciproc Blue group had a 

significantly higher mean time to fracture followed by the WaveOne GOLD (P˂0.05). 

 

Table 2 - The Mean and Standard Deviation of Time to Fracture (TTF) and Number of 

Cycles to Failure (NCF) of the Tested Nickel-titanium Instruments 

 

GROUPS Mean TTF Standard Deviation Mean NCF Standard Deviation 

Single Canal Curvature 

WaveOne Gold 334.70 44.726 1952.42 260.919 
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 GROUP 1  GROUP 2  GROUP 1  GROUP 2

Sub Group (a) Sub Group (b)

TTF (Sec.)

334.70

672.50

237.80

452.40

44.726
71.994

36.563
50.682

Mean S.D.
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Reciproc Blue 672.50 71.994 3362.50 359.971 

Double Canal Curvature 

WaveOne Gold 237.80 36.563 1387.16 213.280 

Reciproc Blue 452.40 50.682 2262.00 253.412 

 

NCF 

The data for the mean values and standard deviation for NCF are presented in Table 2 & Graph 2. 
 

 
 

Graph 2 
 

In the artificial canal with single and double curvatures, the Reciproc Blue group had a 

significantly higher mean time to fracture followed by the WaveOne GOLD (P˂0.05). 

 

Discussion 

The main objective in the endodontic treatment is to efficiently shape and clean the root canal 

system and to obturate it hermetically.7 

Fracture resistance is important factor because removing the separated instrument from a canal is 

difficult especially when it breaks in the apical third below the canal curvature. 8,9 This becomes 

more important when a single file system is used in the canal preparation, as the instrument is the 

first one that introduces in apical third and no cleaning is done before.10 Single file system reduces 
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stresses, avoids the risk of cross-contamination, shorter learning curve and helps in obtaining 

desired shape of the canal by using single file thus reduces the cyclic fatigue resistance.8 

Various methods have been used to compare the NiTi rotary files.11 Some of them, like the present 

study, determined CFR by operating the instruments in a simulated canal made of a steel block.2 

The advantage of this method is minimizing variables that affect CFR, such as canal diameter and 

length. The disadvantage of this method is that file may fit loosely in the canal and more flexibility 

is allowed for the file at the maximum curvature than real canals.  

The use of standardized artificial canals in cyclic fatigue experiments minimizes the influence of 

other variables.12 To standardize the procedure, we evaluated CFR of instruments using artificial 

stainless steel canals with 600 curvature angle and radius of 5-mm in single curvature and double 

curvature having the coronal curve with a 5-mm radius, and a 600 angle and the second curvature 

with a 2- mm radius and a 700 angle.13,14,15,16,17,18,19,20  

Previous cyclic fatigue studies of NiTi files employed static or dynamic models.21,22,23 The present 

study used static model in which the file is operated at a constant length, without moving it in the 

axial direction and the CFR was evaluated during operation of instruments utilizing reciprocating 

motion. 23,24 

According to our results, Reciproc blue files had more CFR than WaveOne Gold. Heat treatment 

adjusts the transition temperature of NiTi alloys, which changes the characteristics of its 

microstructure and may improve CFR. WaveOne Gold is manufactured from Gold wire using 

advanced metallurgy and heat treatment to increase the flexibility of the instrument whereas 

Reciproc Blue is manufactured from a novel alloy that is coated by an oxide layer as a result of 

the thermomechanical process.22,25  

Yao stated that although the use of extracted teeth simulates clinical situations but they are not 

anatomically standardized. Therefore, extracted teeth are not ideal for testing the cyclic fatigue of 

NiTi instruments.26  

Some studies have also shown that rotational speed also influence instrument fracture in curved 

canals and this might be explained by the fact that the contact between the file and canal walls may 

cause sufficient stress to cause fracture. Reciproc Blue benefits from this type of motion. 27,28,29,30 

Instrumentation geometry (cross-sectional shape, diameters of core, etc.) also affects flexibility 

and CFR. Some studies reported that instruments having the larger cross-sectional area would have 

more flexural and torsional stiffness. This is another reason why the Reciproc Blue files with S-

shaped like cross sections and less metal mass had better CFR than WaveOne Gold instruments 

with novel parallelogram-shaped geometry.4,14 

In the present investigation, fatigue resistance was compared using the time to fracture (TTF) and 

number of cycles to fracture (NCF). In both single and double curvatures, the TTF and NCF was 

the longest for Reciproc Blue than WaveOne Gold. The results were in agreement with the who 

found NCF more in single than in double canal curvature.4,22,24 

Keskin et al. found that Reciproc Blue instruments showed significantly greater cyclic fatigue 

resistance than WaveOne Gold and De-Deus et al.  also showed that the Reciproc Blue had better 

performance in comparison with conventional files.4,22 

Most fractures occurred in a double curved canal at the apical curve, except for a few in the coronal 

curve. The reason may be that the apical curvature was more abrupt than the coronal curvature, 

which is in agreement with previous studies evaluating CFR of various files in double curvature 

canals and also decrease in the radius of curvature from 5-mm to 2-mm radius resulted in a 

significant decrease in the NCF. 22,14 Therefore, as the radius of curvature decreases, instrument 

stress and strain increase and the fatigue life decreases. 
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The main drawback of the study, is the static mode used in the cyclic fatigue test does not represent 

the actual pecking motion during mechanical preparation whereas in the dynamic model, the speed 

and amplitude of axial motion is standardized.23,24 

Based on the results of this study, regardless of the differences between the two canal-shape 

parameters; angle and radius of curvature, radius of curvature was the most significant factor of 

canal shape affecting the number of cycles to failure of NiTi, engine driven rotary instruments.  

The double curvature represents a much more stressful and challenging anatomy than in single 

curvature. 

 

 

Conclusion  

Within limitations of the study, we can say that Reciproc Blue (Group 2) instruments displayed 

superior resistance to cyclic fatigue within canals with single and double curvatures than WaveOne 

Gold (Group 1) instruments, but further studies are required to evaluate the phase transformation 

behavior pattern to elucidate the advanced metallurgic properties of Reciproc Blue instruments. 
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