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ABSTRACT 
Objective: To evaluate the effect of repeated usage of Reciproc and Reciproc Blue on their shaping ability 
and to determine the maximum number of artificial canals that they can prepare until fracture. Material and 
Methods: The two file systems, Reciproc and Reciproc Blue, were used to instrument a total of 436 resin 
blocks. The blocks simulated standardized root canals with a 35° angle of curvature. The rotary systems were 
divided into two groups (n=21). All canals were prepared to an apical size of 25 according to the 
manufacturer's instructions. A computer imaging program was then used to analyze canal straightening after 
pre- and post-instrumentation digital photography was superimposed. Results: Both Reciproc and Reciproc 
Blue instruments respected the original canal curvature. There were no significant differences between the 
instruments in terms of maintaining canal curvatures. Moreover, there were no significant differences in 
preparation time and the number of canals prepared before failure between the two instruments. Conclusion: 
Reciproc and Reciproc Blue were safe to use under the conditions of this study. Reciprocal motion files with 
or without heat treatment had comparable preparation time, shaping abilities, and the ability to maintain root 
canal curvatures. 
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n Introduction 

Root canal treatment aims to clean and disinfect the root canal system while maintaining the original 

canal shape [1]. Endodontic instruments have evolved over the years. Nickel-titanium (NiTi) endodontic rotary 

instruments are well known for their superior properties when compared to stainless steel files [2]. NiTi 

instruments have unique characteristics, such as being more flexible and resistant to fracture compared to stiff 

and less resistant stainless-steel alloys [3]. It has been found that NiTi files have a lower incidence of dentine 

removal, transportation, and less working time. Moreover, shaping the root canal system using rotary NiTi 

instruments is faster, centered, and shows fewer errors and internal irregularities inside the root canal [4]. 

Several techniques have been introduced for the preparation of the root canal. One of these techniques 

is the reciprocation movement, which uses a clockwise and anticlockwise movement of the file inside the canal 

[5]. The reciprocation movement has been shown to decrease the failure incidence of a file when compared to 

continuous rotation and demonstrate a higher instrument resistance to cyclic fatigue [6,7]. 

In recent years, manufacturers have introduced new alloys using new manufacturing processes in order 

to improve the fracture resistance of NiTi files [8]. The memory wire (M-Wire) is made using a thermo-

mechanical process, allowing for greater flexibility and cyclic fatigue resistance. The M-Wire structure has a 

mixture of equal amounts of austenite and R-phase structures. However, thermally treated M-Wire instruments 

have a martensitic structure at body temperature. Martensitic phases have unique characteristics such as 

remarkable fatigue resistance, a twinned-phase structure with unique properties, and a phase transformation 

with excellent energy absorption, making the endodontic instrument more durable [9]. 

To date, the number of times a NiTi rotary instrument can be used is unknown [10,11]. However, there 

are concerns regarding the reuse of nickel-titanium instruments. These concerns are mainly centered on their 

liability to undergo cyclic and torsional fatigue and separate without any visible defects or plastic deformation 

[12]. Multiple studies have proven that cyclic fatigue resistance of NiTi was significantly reduced after repeated 

clinical use [13-17]. Furthermore, repeated clinical use of nickel-titanium instruments is associated with the 

possibility of prion transmission, which was found to be resistant to standard sterilization methods [18]. Even 

with the potential risks, some clinicians still choose to reuse NiTi rotary instruments due to financial reasons. 

Therefore, the aim of this study was to compare and evaluate the effect of multiple uses of Reciproc and Reciproc 

Blue (VDW, Munich, Germany) files on their ability to shape simulated resin canals and to determine the number 

of artificial canals that can be prepared until the file fractures. 

 

n Material and Methods 

Specimens 

A total of 436 resin blocks (VDW GmbH, Munich, Germany) with 18mm length and standardized taper 

0.02 root canals were used in this study. The blocks had a 35° apical curvature. Forty-two rotary instruments 

equally divided between Reciproc and Reciproc Blue were used to prepare the resin blocks. All preparations and 

evaluations were done by one calibrated operator. 

 

Block Preparation 

All simulated canals were filled with blue ink (Indústria de Tintas Corfix Ltda, Porto Alegre, RS, Brazil) 

using a 30-gauge needle (Ultradent Products Inc., South Jordan, UT, USA). A customized mold was prepared 
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for the resin blocks and positioned on a tripod to maintain a fixed distance of 90 degrees angle to a digital camera 

(EOS Rebel T3; Canon, Taichung, Taiwan). Each block was photographed pre-operatively (Figure 1A), followed 

by irrigation of the blue ink using distilled water. 

 

Block Instrumentation and Preparation 

Resin blocks were fixed in a metal vice to maintain a standardized and fixed position during 

instrumentation. Two orientation holes were made into the acrylic block for each canal inside the block, using a 

high-speed handpiece 330 carbide bur (Komet Dental, Lemgo, Germany). All canals were instrumented using 

the same sequence and according to manufacturers’ instructions. 

Reciproc or Reciproc Blue R25 file was introduced in the resin canal with light apical pressure in an in-

out pecking motion with three strokes. Then, the instrument was brought out from the canal to remove debris 

using copious irrigation. Finally, apical patency was confirmed using an ISO size 10 K-file. These steps were 

repeated until each resin canal was completely prepared or until the instrument fractured. 

Postoperative photographs were taken for each canal when the instrumentation was completed using 

the same position and magnification used before starting instrumentation (Figure 1B). Furthermore, after each 

file fracture, the number of prepared canals and the preparation time for one canal were calculated. A scanning 

electron microscope (JSM 5800; JEOL Ltd., Tokyo, Japan) was used to evaluate the topographic features of the 

fracture surfaces of all instruments at 550x magnification. 

 

 

 
A B C 

Figure 1. (A) Pre-operative resin block filled with blue ink; (B) Prepared resin block; (C) Superimposed 
image of the pre-operative and post-operative block including the six points of analysis. 

 

Preparation Assessment 

Using the pre and post instrumentation images of each canal, a composite image was constructed using 

the two holes in the resin blocks. Adobe Photoshop (CS6, version 13.0; Adobe Systems, San Jose, CA, USA) was 

used to make the measurements on the superimposed digital images with an accuracy level of 0.001mm. 

 

Preparation Analysis 

Preparation was analyzed using six points at different levels of the resin block (Table 1 and Figure 1C). 
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Table 1. Six points analyzed at each block. 
Position Number Location 

Position 5 Canal Orifice (O) 
Position 4 Mid Canal (MC) 
Position 3 Beginning of the Curvature (BC) 
Position 2 Mid Curvature (MOC) 
Position 1 End of Curvature (EOC) 
Position 0 Apex of the curve of the original canal and End Point of the Preparation (EP) 

 

Evaluation of Centring Ability 

After transferring the images to the computer, the shortest distance between the root canal and the 

mesial and distal walls was measured and recorded using Adobe Photoshop software (CS6, version 13.0; Adobe 

Systems, San Jose, CA, USA). Measurements were taken post-instrumentation at the same levels as those taken 

pre-instrumentation. The formula of Gambill et al. [19] was used to determine the canal's transportation and 

centering capability [(X1−X2)/(Y1−Y2) or (Y1−Y2)/(X1−X2)]. A value other than "0" indicates that some 

transportation took place. 

The transportation results indicate the amount of material removed in comparison to the ideal 

preparation (which involves no transportation). The centering ratio was calculated at each measuring point using 

the following formula (amount of resin removed from the outer side) - (amount of resin removed from the inner 

side)/ post instrumentation canal diameter. Positive and negative values, respectively, indicate transportation to 

the outer and inner sides, while a value of 0 indicates perfect centering. Furthermore, the canal straightening 

was determined by comparing the curvatures of the canals before and after shaping (Figure 2). 

 

 

 
A B C 

Figure 2. Measuring the angle of curvature of the resin canal before and after instrumentation. (A) 
superimposed image; (B) Angle of curvature before preparation; (C) Angle of curvature after 

preparation 
 

Statistical Analysis 

Analysis was done using IBM Statistical Package for Social Science for Windows, version 23 (IBM SPSS 

Corp. Armonk, NY, USA). The Mann-Whitney U-test was used to compare the outcome variables between the 

test groups. At the same time, the Kruskal-Wallis test was used to compare the changes in canal angle and 

diameter, as well as the centering ability of the tested groups. 
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n Results 

The mean number of canals prepared before failure for Reciproc and Reciproc Blue were (11±2) and 

(10±2), respectively. While the mean time to failure for Reciproc and Reciproc Blue were (201.1±36.7s) and 

(192.9±44.8s), there was no statistical difference between Reciproc and Reciproc Blue files in terms of the number 

of prepared canals and the time to failure (Table 2). 

 

Table 2. Comparison of the time to failure, canal preparation time, and number of simulated canals 
prepared before failure between the test groups. 

Variables Reciproc Reciproc Blue p-value*  
Mean ± SD Median (Min.-Max.) Mean ± SD Median (Min.-Max.) 

 

Time to failure (seconds) 201.09 ± 36.72 192.57 (150.43–274.8) 192.98 ± 44.8 188.76 (131.31–269.09) 0.45 
Time/canal 18.77 ± 0.76 18.94 (17.01–19.89) 18.88 ± 0.9 19.05 (16.41–20.02) 0.50 
No of canals 11 ± 2 10 (8–14) 10 ± 2 10 (7–14) 0.38 

Min.: Minimum; Max.: Maximum; * Mann-Whitney U test. 

 

Reciproc files showed a statistically higher change in canal angle (2.6±0.5º) when compared to Reciproc 

Blue (1.9±0.3º) (p<0.001). 

Comparison of Centric Ratio (CR) in the Reciproc group was found to be at the inner wall of the block 

when tested at the canal orifice (O) point and mid-canal point (MC) with no significant difference between the 

tested blocks. However, the CR was in the outer wall of the tested block at both the beginning of the curve (BC) 

and at the end of the curve (EOC), with no statistically significant difference (Table 3). 

 

Table 3. Comparison of the changes in the canal angle and diameter at different points along the canal 
between the test groups. 

Variables Reciproc Reciproc Blue p-value*  
Mean ± SD Median (Min.-Max.) Mean ± SD Median (Min.-Max.) 

 

Angle change 2.62 ± 0.47 2.70 (1.69–3.59) 1.87 ± 0.29 1.93 (1.39–2.76) <0.001 
Diameter change (O) 0.42 ± 0.01 0.42 (0.39–0.44) 0.42 ± 0.01 0.42 (0.40–0.44) 0.52 
Diameter change (MC) 0.45 ± 0.01 0.45 (0.43–0.47) 0.45 ± 0.02 0.45 (0.40–0.47) 0.97 
Diameter change (BOC) 0.39 ± 0.02 0.39 (0.34–0.44) 0.38 ± 0.03 0.39 (0.30–0.42) 0.35 
Diameter change (MOC) 0.34 ± 0.02 0.34 (0.27–0.39) 0.33 ± 0.02 0.33 (0.30–0.37) 0.38 
Diameter change (EOC) 0.26 ± 0.02 0.26 (0.21–0.32) 0.25 ± 0.03 0.26 (0.22–0.32) 0.09 
Diameter change (EP) 0.21 ± 0.03 0.21 (0.17–0.31) 0.18 ± 0.03 0.19 (0.11–0.23) 0.001 

O: Orifice; MC: Mid Canal; BOC: Beginning of Curve; MOC: Mid of Curve; EOC: End of Curve; EP: End Point of Preparation; *Mann-
Whitney U-test. 
 

When testing the CR in the Reciproc Blue group, it was found that at the orifice level, the CR was in 

the inner and outer wall of the block without any statistically significant difference. At the MC, BC, and MOC 

the CR was found to be in the inner wall. However, the outer wall was affected by CR at the EOC point. There 

was no statistically significant difference between all the points (Table 4). 

 

Table 4. Comparison of the centering ability at different points along the canal between the test groups. 
Variables Reciproc Reciproc Blue p-value*  

Mean ± SD Median (Min.-Max.) Mean ± SD Median (Min.-Max.) 
 

Diameter change (O) -0.22 ± 0.16 -0.24 (-0.51 – 0.24) -0.02 ± 0.06 -0.04 (-0.12 – 0.15) <0.001 
Diameter change (MC) -0.22 ± 0.4 -0.27 (-0.80 – 1.81) 0.11 ± 0.1 0.12 (-0.09 – 0.54) <0.001 
Diameter change (BOC) -0.06 ± 0.21 -0.04 (-0.57 – 0.55) -0.11 ± 0.1 -0.11 (-0.55 – 0.09) <0.001 
Diameter change (MOC) 0.41 ± 0.9 0.21 (-0.62 – 5.34) -0.12 ± 0.29 -0.18 (-0.54 – 0.98) <0.001 
Diameter change (EOC) 0.10 ± 0.13 0.07 (-0.04 – 0.69) 0.09 ± 0.44 0.00 (-0.20 – 2.57) <0.001 
Diameter change (EP) -1.87 ± 4.54 -1.23 (-20.46 – 11.24) 0.04 ± 0.17 0.03 (-0.30 – 0.49) <0.001 

O: Orifice; MC: Mid Canal; BOC: Beginning of Curve; MOC: Mid of Curve; EOC: End of Curve; EP: End Point of Preparation; *Mann-
Whitney U-test. 
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The cross-sectional analysis of the fractured surfaces of the Reciproc and Reciproc Blue instruments 

revealed typical features of torsional fractures, with concentric abrasion marks and fibrous dimples from the 

torsional center (dotted circle) (Figure 3). 

 

 

Figure 3. An image of fractured Reciproc and Reciproc Blue files. (a) Fractured Reciproc file; (b) 
Scanning electron microscope (SEM) image of fractured Reciproc file at 430x; (c) SEM image of 
fractured Reciproc file at 500x; (d) Fractured Reciproc Blue file; (e) SEM image of fractured Reciproc 
Blue file at 430x; (f) SEM image of fractured Reciproc Blue file at 550x. 
 

n Discussion 

This study compared Reciproc and Reciproc Blue’s ability to shape resin block canals after repeated use 

and quantified the number of uses until fracture. The results of this experiment can help clinicians to consider 

the number of canals that could be prepared for each patient and predict the final shape of the prepared canal 

when single use of the file is not feasible. Reciprocation in a clockwise and counterclockwise direction was proven 

to alleviate stress on the file and increase torsional fatigue resistance [20]. Additionally, it was more successful 

than the rotary motion in preserving the canal's original curvature [21]. The M-wire technology in Reciproc 

was developed through a thermal process that provides the instrument with the flexibility and cyclic fatigue 

resistance critical when preparing curved root canals [1,22,23]. Lately, an innovative heat treatment technology 

has been developed to enhance further flexibility and fatigue resistance, which resulted in the development of 

Reciproc Blue [24]. Both studied files have the same design, cross-section, taper, instrument sequence, and 

operational speed. As a result, any advantage one file has over the other could be primarily due to the different 

wire processing technologies. In this study, we adopted a crown-down approach, using a single file system to 

shape the canals. The single file system offers many benefits, such as shorter working time, a more rapid learning 

curve, and fewer required instruments to obtain the desired shape [25]. 

Evaluation of shaping ability is often done using either double image overlapping, micro-CT, or cone 

beam computed tomography [26]. Micro-CT, CBCT and the digital overlapping method offer unique 

advantages in the evaluation of the shaping ability in endodontics. Micro-CT is considered the most accurate 

technique for in vitro analysis as it provides high-resolution three-dimensional images that enable assessment of 

the canal morphology and preparation to a high level of detail; however, it is limited to laboratory setting and is 

associated with high costs and long processing time [27]. CBCT, on the other hand, offers a three-dimensional 
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representation with moderate resolution; it is widely used in the clinical practice for diagnostic and treatment 

planning, which makes it a valuable tool in the field of dentistry; however, it has a lower resolution than Micro-

CT and is incapable of identifying fine details [28]. 

In our study, the shaping ability was evaluated using high-resolution digital photography and a digital 

overlapping method. The image overlapping technique is simple to perform and the operator can control the 

contrast and brightness of the image [29]. One of the challenges of using image analysis software is improving 

the superimposition accuracy of the pre-and post-preparation images. Although there were four reference points 

on each block, minor discrepancies still occurred. To overcome this issue, whenever an inaccuracy was suspected, 

the superimposition was then repeated, and new measurements were taken. The two sets of measurements were 

then compared, and an average was taken. To further enhance the accuracy of superimposition, another reference 

point was drilled into the resin blocks. 

The results of our experiment revealed no differences between the two file systems in the number of 

canals prepared before file fracture, time until fracture, and preparation time per canal. These findings are 

consistent with those of Cetinkaya and Başer-Kolcu [30], where authors compared Reciproc and Reciproc Blue 

instruments in simulated resin-curved root canals. They found that both files had similar preparation time and 

shaping ability. In contrast, Al-Obaida et al. [31] compared the cyclic fatigue resistance of five heat-treated 

nickel-titanium reciprocating files with similar tip sizes but different cross-sections in an S-shaped artificial canal. 

They concluded that Reciproc Blue files were more flexible and resisted cyclic fatigue than Reciproc and other 

reciprocating files. The contrast in results could be attributed to the different methodology, experiment model, 

and environment. 

In 2017, cyclic fatigue resistance was investigated in stainless steel artificial canals, and the authors 

found that Reciproc Blue had significantly greater cyclic fatigue resistance than Wave One Gold and Reciproc 

[32]. The superiority of Reciproc Blue over Reciproc has been demonstrated in the literature, with Reciproc 

Blue being more resistant to cyclic fatigue and more flexible [32]. However, in the present experiment, there 

were no statistical differences between the two files. This could be because the files were subjected to both cyclic 

and torsional components simultaneously and due to differences in simulated canal specifications and raw 

materials. Although most studies measure cyclic fatigue and torsional failure separately, it is important to 

emphasize that the type of instrument fracture is not only cyclic or torsional but a combination of both. However, 

the debate regarding this issue is ongoing [33]. 

It is critical to maintain the canal's original shape during root canal shaping procedures by removing 

dentin in equal amounts from the inner and outer sides of the root canals [1]. The files' shaping abilities were 

determined by their ability to center themselves and maintain the canal's curvature [34-36]. Using a single 

canal, we demonstrated no difference between Reciproc and Reciproc Blue in shaping simulated resin canals. The 

canal angle and diameter changes at different points along the canal were compared between the two 

reciprocating files and we found that the change in the canal angle was significantly higher for Reciproc than 

Reciproc Blue. The results for the angle of curvature showed that Reciproc straightened the canal 37% more 

than Reciproc Blue. These results are close to Sebastian et al., where Reciproc straightened the canals 

approximately 28% more than Reciproc Blue [37]. Another study utilizing micro-CT to examine instrumented 

extracted teeth showed that Reciproc significantly increased the canal angle twice as much as Reciproc Blue. The 

superiority of Reciproc Blue over Reciproc could be due to the heat treatment technology, as it is claimed to 

respect root canal anatomy and provide superior flexibility and less procedural errors [38]. 



 Pesqui. Bras. Odontopediatria Clín. Integr. 2025; 25:e240167 

 
8 

Regarding the change in canal diameter, the results showed no difference between the two files at the 

coronal and middle third regions but showed a statistical difference at the apical level, as Reciproc files changed 

canal diameter at that apical level by 17% more than Reciproc Blue. These results are consistent with Pacheco-

Yanes et al. [39], who showed no differences at all levels, but at the apical level, Reciproc prepared 25% or 1.25 

times more than Reciproc Blue, demonstrating that Reciproc file was more aggressive than the heat treated 

Reciproc Blue. 

The limitation of the study includes using resin blocks rather than natural teeth, which might cause 

heat generation during preparation, leading to the binding of cutting blades and the deformation or fracture of 

the file used. However, this study showed that both Reciproc and Reciproc Blue can last for multiple canal 

preparations, which may reduce the cost for the same patient who has multiple teeth to be treated. It also shows 

that both files respect the root canal anatomy by maintaining the canal shape. 

 

n Conclusion 

Both Reciproc and Reciproc Blue files have similar root canal shaping properties and can shape multiple 

canals before fracture. The fracture of these files is shown to be a mixture of cyclic and torsional fatigue. 

 

n Authors’ Contributions 

HM  https://orcid.org/0009-0002-2134-7516 Conceptualization, Methodology, Formal Analysis, Investigation, Data Curation, Writing - 
Original Draft and Writing - Review and Editing. 

KM  https://orcid.org/0000-0002-1832-0606 Conceptualization, Methodology, Formal Analysis, Investigation, Data Curation, Writing - 
Original Draft and Writing - Review and Editing. 

TA  https://orcid.org/0000-0002-5069-7294 Conceptualization, Methodology, Formal Analysis, Investigation, Data Curation, Writing - 
Original Draft and Writing - Review and Editing. 

LM  https://orcid.org/0009-0000-2879-8665 Conceptualization, Methodology, Formal Analysis, Investigation, Data Curation, Writing - 
Original Draft and Writing - Review and Editing. 

OA  https://orcid.org/0000-0003-4179-0726 Formal Analysis and Writing - Review and Editing. 
AB  https://orcid.org/0000-0003-3228-2025 Formal Analysis and Writing - Review and Editing. 

All authors declare that they contributed to critical review of intellectual content and approval of the final version to be published. 

 

n Financial Support 

None. 

 

n Conflict of Interest 

The authors declare no conflicts of interest. 

 

n Data Availability 

The data used to support the findings of this study can be made available upon request to the corresponding author. 

 

n References 

[1] Keskin C, Demiral M, Sarıyılmaz E. Comparison of the shaping ability of novel thermally treated reciprocating 
instruments. Restor Dent Endod 2018; 43(2):e15. https://doi.org/10.5395/rde.2018.43.e15 

[2] Peters OA, Peters CI, Basrani B. Cleaning and shaping of the root canal system. Cohen's Pathway of the Pulp. Edited 
by Berman LH, Hargreaves KH. St. Louis: Elsevier; 2021. pp.236-303. 

[3] Walia HM, Brantley WA, Gerstein H. An initial investigation of the bending and torsional properties of Nitinol root 
canal files. J Endod 1988; 14(7):346-351. https://doi.org/10.1016/s0099-2399(88)80196-1 

[4] Glossen CR, Haller RH, Dove SB, del Rio CE. A comparison of root canal preparations using Ni-Ti hand, Ni-Ti engine-
driven, and K-Flex endodontic instruments. J Endod 1995; 21(3):146-151. https://doi.org/10.1016/s0099-
2399(06)80441-3 

[5] Roane JB, Sabala CL, Duncanson Jr MG. The “balanced force” concept for instrumentation of curved canals. J Endod 
1985; 11(5):203-211. https://doi.org/10.1016/S0099-2399(85)80061-3 



 Pesqui. Bras. Odontopediatria Clín. Integr. 2025; 25:e240167 

 
9 

[6] Kim H-C, Kwak S-W, Cheung GS-P, Ko D-H, Chung S-M, Lee W. Cyclic fatigue and torsional resistance of two new 
nickel-titanium instruments used in reciprocation motion: Reciproc versus WaveOne. J Endod 2012; 38(4):541-544. 
https://doi.org/10.1016/j.joen.2011.11.014 

[7] Gavini G, Caldeira CL, Akisue E, Candeiro GTdM, Kawakami DAS. Resistance to Flexural Fatigue of Reciproc R25 
Files under Continuous Rotation and Reciprocating Movement. J Endod 2012; 38(5):684-687. 
https://doi.org/10.1016/j.joen.2011.12.033 

[8] Vieira EP, Buono VT, de Azevedo Bahia MG. Effect of lateral pressure motion on the torsional behavior of rotary 
ProTaper Universal instruments. J Endod 2011; 37(8):1124-1127. https://doi.org/10.1016/j.joen.2011.05.010 

[9] Shen Y, Zhou H-m, Zheng Y-f, Campbell L, Peng B, Haapasalo M. Metallurgical characterization of controlled memory 
wire nickel-titanium rotary instruments. J Endod 2011; 37(11):1566-1571. https://doi.org/10.1016/j.joen.2011.08.005 

[10] Bird DC, Chambers D, Peters OA. Usage parameters of nickel-titanium rotary instruments: a survey of endodontists 
in the United States. J Endod 2009; 35(9):1193-1197. https://doi.org/10.1016/j.joen.2009.05.027 

[11] Parashos P, Messer HH. Rotary NiTi instrument fracture and its consequences. J Endod 2006; 32(11):1031-1043. 
https://doi.org/10.1016/j.joen.2006.06.008 

[12] Sattapan B, Nervo GJ, Palamara JE, Messer HH. Defects in rotary nickel-titanium files after clinical use. J Endod 2000; 
26(3):161-165. https://doi.org/10.1097/00004770-200003000-00008 

[13] Fife D, Gambarini G, Britto L. Cyclic fatigue testing of ProTaper NiTi rotary instruments after clinical use. Oral Surg 
Oral Med Oral Pathol Oral Radiol Endod 2004; 97(2):251-256. https://doi.org/10.1016/j.tripleo.2003.08.010 

[14] Bahia MGA, Buono VTL. Decrease in the fatigue resistance of nickel-titanium rotary instruments after clinical use in 
curved root canals. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2005; 100(2):249-255. 
https://doi.org/10.1016/j.tripleo.2004.10.013 

[15] Plotino G, Grande NM, Sorci E, Malagnino V, Somma F. A comparison of cyclic fatigue between used and new Mtwo 
Ni-Ti rotary instruments. Int Endod J 2006; 39(9):716-723. https://doi.org/10.1111/j.1365-2591.2006.01142.x 

[16] Wei X, Ling J, Jiang J, Huang X, Liu L. Modes of failure of ProTaper nickel–titanium rotary instruments after clinical 
use. J Endod 2007; 33(3):276-279. https://doi.org/10.1016/j.joen.2006.10.012 

[17] Ounsi HF, Salameh Z, Al-Shalan T, Ferrari M, Grandini S, Pashley DH, et al. Effect of clinical use on the cyclic fatigue 
resistance of ProTaper nickel-titanium rotary instruments. J Endod 2007; 33(6):737-741. 
https://doi.org/10.1016/j.joen.2007.03.006 

[18] Azarpazhooh A, Fillery ED. Prion disease: The implications for dentistry. J Endod 2008; 34(10):1158-1166. 
https://doi.org/10.1016/j.joen.2008.07.008 

[19] Gambill JM, Alder M, del Rio CE. Comparison of nickel-titanium and stainless steel hand-file instrumentation using 
computed tomography. J Endod 1996; 22(7):369-375. https://doi.org/10.1016/s0099-2399(96)80221-4 

[20] Gagliardi J, Versiani MA, de Sousa-Neto MD, Plazas-Garzon A, Basrani B. Evaluation of the Shaping Characteristics 
of ProTaper Gold, ProTaper NEXT, and ProTaper Universal in Curved Canals. J Endod 2015; 41(10):1718-1724. 
https://doi.org/10.1016/j.joen.2015.07.009 

[21] Giuliani V, Di Nasso L, Pace R, Pagavino G. Shaping ability of waveone primary reciprocating files and ProTaper 
system used in continuous and reciprocating motion. J Endod 2014; 40(9):1468-1471. 
https://doi.org/10.1016/j.joen.2014.02.024 

[22] Shen Y, Cheung GS, Bian Z, Peng B. Comparison of defects in ProFile and ProTaper systems after clinical use. J Endod 
2006; 32(1):61-65. https://doi.org/10.1016/j.joen.2005.10.017 

[23] De-Deus G, Silva EJ, Vieira VT, Belladonna FG, Elias CN, Plotino G, et al. Blue thermomechanical treatment optimizes 
fatigue resistance and flexibility of the Reciproc files. J Endod 2017; 43(3):462-466. 
https://doi.org/10.1016/j.joen.2016.10.039 

[24] Aksoy Ç, Keriş EY, Yaman SD, Ocak M, Geneci F, Çelik HH. Evaluation of XP-endo Shaper, Reciproc Blue, and 
ProTaper Universal NiTi systems on dentinal microcrack formation using micro-computed tomography. J Endod 2019; 
45(3):338-342. https://doi.org/10.1016/j.joen.2018.12.005 

[25] Bane K, Faye B, Sarr M, Niang SO, Ndiaye D, Machtou P. Root canal shaping by single-file systems and rotary 
instruments: a laboratory study. Iran Endod J 2015; 10(2):135-139. 

[26] Elemam RF, Azul AM, Dias J, El Sahli K, de Toledo Leonardo R. In vitro research methods used to evaluate shaping 
ability of rotary endodontic files — A literature review. Dent J 2024; 12(10):334. https://doi.org/10.3390/dj12100334 

[27] Ghavami-Lahiji M, Davalloo RT, Tajziehchi G, Shams P. Micro-computed tomography in preventive and restorative 
dental research: A review. Imaging Sci Dent 2021; 51(4):341. https://doi.org/10.5624/isd.20210087 

[28] Grande NM, Plotino G, Gambarini G, Testarelli L, D’Ambrosio F, Pecci R, et al. Present and future in the use of micro-
CT scanner 3D analysis for the study of dental and root canal morphology. Ann Ist Super Sanita 2012; 48:26-34. 
https://doi.org/10.4415/ANN_12_01_05 

[29] Mouyen F, Benz C, Sonnabend E, Lodter JP. Presentation and physical evaluation of RadioVisioGraphy. Oral Surg 
Oral Med Oral Pathol 1989; 68(2):238-242. https://doi.org/10.1016/0030-4220(89)90200-4 

[30] Çetinkaya İ, Başer Kolcu Mİ. Shaping ability of Reciprocating single-file systems in simulated canals: Reciproc versus 
Reciproc Blue. Med J SDU 2021; 28(1):145-150. https://doi.org/10.17343/sdutfd.878545 



 Pesqui. Bras. Odontopediatria Clín. Integr. 2025; 25:e240167 

 
10 

[31] Al-Obaida MI, Merdad K, Alanazi MS, Altwaijry H, AlFaraj M, Alkhamis AA, et al. Comparison of cyclic fatigue 
resistance of 5 heat-treated Nickel-titanium Reciprocating systems in canals with single and double curvatures. J Endod 
2019; 45(10):1237-1241. https://doi.org/10.1016/j.joen.2019.06.011 

[32] Keskin C, Sarıyılmaz E, Demiral M. Shaping ability of Reciproc Blue reciprocating instruments with or without glide 
path in simulated S-shaped root canals. J Dent Res Dent Clin Dent Prospects 2018; 12(1):63-67. 
https://doi.org/10.15171/joddd.2018.010 

[33] Parashos P, Messer HH. Rotary NiTi instrument fracture and its consequences. J Endod 2006; 32(11):1031-1043. 
https://doi.org/10.1016/j.joen.2006.06.008 

[34] Schneider SW. A comparison of canal preparations in straight and curved root canals. Oral Surg Oral Med Oral Pathol 
1971; 32(2):271-275. 

[35] Taşdemir T, Aydemir H, Inan U, Unal O. Canal preparation with Hero 642 rotary Ni-Ti instruments compared with 
stainless steel hand K-file assessed using computed tomography. Int Endod J 2005; 38(6):402-408. 
https://doi.org/10.1111/j.1365-2591.2005.00961.x 

[36] Pruett JP, Clement DJ, Carnes DL, Jr. Cyclic fatigue testing of nickel-titanium endodontic instruments. J Endod 1997; 
23(2):77-85. https://doi.org/10.1016/S0099-2399(97)80250-6 

[37] Bürklein S, Schäfer E. Critical evaluation of root canal transportation by instrumentation. Endodontic Topics 2013; 
29(1):110-124. https://doi.org/10.1111/etp.12043 

[38] Filizola de Oliveira DJ, Leoni GB, da Silva Goulart R, Sousa-Neto MD, Silva Sousa YTC, Silva RG. Changes in 
geometry and transportation of root canals with severe curvature prepared by different heat-treated Nickel-titanium 
instruments: A micro-computed tomographic study. J Endod 2019; 45(6):768-773. 
https://doi.org/10.1016/j.joen.2019.02.018 

[39] Pacheco-Yanes J, Gazzaneo I, Pérez AR, Armada L, Neves MAS. Transportation assessment in artificial curved canals 
after instrumentation with Reciproc, Reciproc Blue, and XP-endo Shaper Systems. J Investig Clin Dent 2019; 
10(3):e12417. https://doi.org/10.1111/jicd.12417 


