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Background
Dental caries remains a prevalent chronic disease in 
childhood. Since the enamel and dentin tissues are thin-
ner and the pulp cavity is wider, caries affects the pulp 
tissue more quickly in primary teeth than in permanent 
teeth [1]. One of the most critical responsibilities of pedi-
atric dentistry is to maintain the health and function of 
primary teeth until the time of exfoliation [2]. Malocclu-
sion, aesthetic, phonation and functional problems may 
occur with the early loss of primary teeth [3, 4].

Pulpectomy is performed to remove necrotic residues, 
debris, and microorganisms from the root canal system 
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Abstract
Background  The aim of this study was to compare the cyclic fatigue resistance (CFR) of the newly developed 
pediatric nickel-titanium (NiTi) rotary file systems for root canal preparation of primary teeth.

Methods  Eighty pediatric NiTi rotary file systems files were used in this study, including 20 EasyInSmile X-Baby 
(25/0.04), 20 Scope miniScope (25/0.04), 20 EndoArt Pedo Gold (25/0.04), and 20 EndoArt Pedo Blue (25/0.04) files. 
Static CFR tests; performed on a custom-made stainless steel block with an inner diameter of 1.5 mm, an angle 
of curvature of 60° and a curved artificial canal with a radius of curvature of 5 mm. The test system was filled with 
distilled water and the temperature was kept constant at 35 ± 1 °C. The files were rotated in the simulated canal until 
fracture occurred. The number of cycles to failure (NCF) data was recorded, and all the fracture surfaces of the files 
were evaluated using scanning electron microscopy (SEM). One-way ANOVA and Tukey tests were used for statistical 
analysis of the data, and the significance level was set at p < 0.05.

Results  EndoArt Pedo Blue showed the highest NCF values (2668.10 ± 755.26), while the miniScope showed the 
lowest NCF values (453.65 ± 72.51), with a statistically significant difference between all the tested file systems 
(p < 0.05). There was no statistical difference in terms of fractured fragment lengths among all tested files (p > 0.05).

Conclusion  The EndoArt Pedo Blue file system showed the best CFR performance among the four file systems 
specifically designed for primary teeth.
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of teeth exhibiting evidence of irreversible pulpitis or 
pulp necrosis, allowing primary teeth to function for a 
longer period of time [5]. Following the completion of 
biomechanical preparation and disinfection procedures 
for the root canal system, the canal is uniformly shaped 
and filled with a biocompatible filling material [6]. Due 
to the complex anatomy, curved canal course, dynamic 
changes observed in the apical region, proximity of the 
permanent tooth germ, and behavioral management dif-
ficulties, pulpectomy in primary teeth is regarded as a 
challenging procedure [7]. Hand files are traditionally 
used for the biomechanical preparation of primary teeth, 
but this method is time-consuming and can result in iat-
rogenic errors such as lateral perforations, canal trans-
portation, and zipping [8].

Nickel-Titanium (NiTi) rotary files have become rou-
tine due to their high flexibility and good cutting effi-
ciency [9]. NiTi rotary files have been reported to provide 
a smooth surface, conical canal shape and minimal risk 
of canal transportation [10, 11]. Barr et al. first used NiTi 
rotary files in pediatric endodontics in 2000 to minimize 
working time, improve patient cooperation, and reduce 
application errors [12]. Until 2006, root canal treatment 
(RCT) in the primary dentition was performed using 
specifically designed rotary instruments for permanent 
teeth. Due to the differences in morphology between pri-
mary and permanent teeth, pediatric rotary file systems 
specially developed for primary teeth are available for use 
[13].

Although the performance of NiTi endodontic files 
has improved over time, fracture due to cyclic fatigue 
or torsional failure during use remains a problem [14]. 
Continuous bending of the files in inclined canals causes 
deformation and tension within the files, leading to cyclic 
fatigue fracture [15]. Although there are numerous stud-
ies evaluating the cyclic fatigue resistance (CFR) of files 
produced for permanent teeth, there is a limited study 
evaluating the CFR of files specially designed for primary 
teeth. The aim of this study was to evaluate the CFR of 
EasyInSmile X-Baby (EasyInSmile International Corp., 
Changsha, China), Scope miniScope (Gtech Dizayn Den-
tal Medikal, Yozgat, Turkiye), EndoArt Pedo Gold (İnci 
Dental, Istanbul, Turkiye) and EndoArt Pedo Blue (İnci 
Dental, Istanbul, Turkiye) pediatric rotary-systems with 
similar taper and apical diameter in simulated 60° curved 
canals.

Materials and methods
Power analysis was calculated with G*Power version 
3.1.5.1 software (Universitat Kiel, Kiel, Germany). It was 
found that the total sample size of 80 files provided more 
than 80% power (actual power = 0.8453) to detect signifi-
cant differences, with an effect size of 0.40 at the signifi-
cance level of α = 0.05.

80 pediatric rotary NiTi files were used in this study, 
including 20 EasyInSmile X-Baby (25/0.04), 20 Scope 
miniScope (25/0.04), 20 EndoArt Pedo Gold (25/0.04), 
and 20 EndoArt Pedo Blue (25/0.04) rotary files. All 
instruments tested have a constant 0.04 taper. Before 
being employed in the test files, each file was checked 
using a stereomicroscope (Zumax OMS2380, Suzhou, 
China) under x10 magnification to examine for deforma-
tion and fabrication defects.

The study involved conducting a static test model for 
cyclic fatigue investigations on a custom-made stainless 
steel block that had specific dimensions, including an 
inner diameter of 1.5 mm, a 60° angle of curvature, and a 
5 mm radius of curvature. Using a holder arm to stabilize 
the system, the files were operated at the manufacturer’s 
recommended speed (350  rpm and a torque of 2.6  N/
cm) with a torque-controlled electric motor handpiece 
(X-Smart Plus; Dentsply Sirona, Ballaigues, Switzerland). 
It was reported that the lengths of primary and second-
ary molars varied between 14.5 and 17.3 mm [16]. There-
fore, the working length was determined to be 16 mm in 
all file groups. To simulate the temperature in the canal, a 
heating system was prepared, which is filled with distilled 
water and can keep the experimental setup at a tempera-
ture of 35 ± 1 °C. The front of the stainless steel block was 
covered with glass to keep the files from coming out of 
the artificial canals and to observe the moment the files 
were broken.

Files rotated inside the artificial canal until a fracture 
developed. A quartz timer capable of measuring with a 
1/100 of a second (TS-1809, Taksun, China) was used to 
record the length of time till breakage for each file. The 
video was recorded simultaneously to eliminate human 
error, and the recordings were watched to double-check 
when the files were separated. The determination of 
the number of cycles to failure (NCF) for each file was 
achieved through the multiplication of the time to frac-
ture by the number of rotations per minute (rpm). The 
length of each fragment was also evaluated by means of 
an electronic digital caliper. A scanning electron micro-
scope (SEM) (Zeiss LEO 1430 SEM, Oberkochen, Ger-
many) was used to inspect the fractured fragments and 
identify the different forms of fracture. Two of the bro-
ken files from each system were analyzed with an SEM, 
and various magnifications of photomicrographs of the 
fractured areas were taken. Flow chart summarizing the 
experimental groups were presented in Fig. 1.

Statistical analysis of the data obtained in the study 
was performed using the SPSS 24 (IBM, Chicago, IL, 
USA) package program. The Shapiro-Wilk test and the 
Levene test were employed to assess the data’s normal-
ity and homogeneity of variance, respectively. Statistical 
analysis of the normally distributed NCFs of the files was 
performed by one-way ANOVA due to the presence of 3 
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or more groups, followed by the post hoc Tukey test to 
determine the significance between groups. The data on 
fractured fragment length was assessed using a one-way 
ANOVA, and p < 0.05 indicated statistical significance.

Results
Table 1 displays the mean values and standard deviations 
of the NCF for the EasyInSmile X-Baby, Scope miniS-
cope, EndoArt Pedo Gold, and EndoArt Pedo Blue NiTi 
files. Higher resistance of the tested files to cyclic fatigue 

leads to an increased NCF. EndoArt Pedo Blue showed 
the highest values of NCF (2668.10 ± 755.26), while sig-
nificant differences were detected between the CFRs of 
all the tested files (p < 0.05). EasyInSmile X-Baby’s resis-
tance to cycle fatigue was higher than EndoArt Pedo 
Gold and Scope miniScope (p < 0.05). MiniScope showed 
the lowest values of NCF (453.65 ± 72.51), with a statisti-
cally significant difference among the file systems tested 
(p < 0.05).

There was no statistical difference in terms of fractured 
fragment lengths among the EasyInSmile X-Baby, mini-
Scope, EndoArt Pedo Blue, and EndoArt Pedo Gold files 
in tested conditions (p > 0.05). SEM photomicrographs 
showed the formation of striation patterns and fracture 
regions, which are typical signs of cyclic fatigue failure in 
the images of the fracture planes of the files. Represen-
tative SEM photomicrographs of the coronal and api-
cal parts of the tested instruments were shown in Fig. 2. 
SEM photomicrographs of the fractured instrument sur-
face at 300 and 1500 magnification were shown in Fig. 3. 
SEM photomicrographs of all instruments at 300 magni-
fication showed marks from the manufacturing process. 

Table 1  Means and standard deviations (SD) of number of 
cycles to failure (NCF) and fragment lengths (mm) for pediatric 
NiTi files
Instruments N NCF

Mean ± SD
Fragment length (mm)
Mean ± SD

EasyInSmile X-Baby 20 1964.50c ± 406.14 3.58a ± 0.34
MiniScope 20 453.65a ± 72.51 3.43a ± 0.29
EndoArt Pedo Gold 20 1346.25b ± 365.35 3.63a ± 0.53
EndoArt Pedo Blue 20 2668.10d ± 755.26 3.65a ± 0.40
a, b, c, d – different superscript letters indicate statistically significant differences 
within the same column (p < 0.05)

Fig. 1  Flow chart summarizing the experimental groups
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SEM microphotographs of the fracture surface of the 
analyzed instruments revealed overload areas and frac-
ture initiation zones.

Discussion
The retaining of primary teeth in children until the 
period of physiologic exfoliation is essential for maintain-
ing arch length and guiding the eruption of the succes-
sor teeth [2]. For this reason, pulpectomy treatment is 
applied to infected primary teeth. The purpose of RCT in 
children is to eliminate the infected tissue, disinfect the 
root canals, and fill the canals with a biocompatible mate-
rial [17]. Traditionally, RCT was performed with manual 
files; however, NiTi rotary endodontic files are currently 
used. The use of Ni-Ti rotary files for the instrumentation 
of the root canals of primary teeth is preferred since it 

shortens the duration of the procedure time and provides 
more uniform shaping [12, 18]. NiTi rotary systems have 
disadvantages compared to manual mechanical prepara-
tion, such as decreased tactile sensitivity during prepara-
tion, and high cost [19]. It has been reported that training 
to acquire the technique is useful [19] but even beginners 
could easily learn how to use NiTi rotary instruments 
and be able to instrument curved canals, although the 
possibility of instrument fracture during clinical use is 
still present [20]. It is important to be cautious about the 
working length when using a rotary instrument because 
of the reduction in tactile sensitivity [19]. Instrumenta-
tion with both manual and rotary techniques appears to 
be safe for deciduous teeth and the underlying perma-
nent tooth germs if all steps and precautions carefully 
followed [21]. Although more residual dentin thickness 
has been reported with rotary instruments than with 
manual instruments in the instrumentation of decidu-
ous molars [22], there have also been studies reporting 
less residual dentin thickness with instrumentation using 
rotary instruments than with manual instruments at dif-
ferent levels of the root canals [23, 24]. The difference 
might depend on the type and taper of the instruments 
used [22].

Primary teeth differ from permanent teeth in terms of 
their morphology in that they have short, thin, curved 
roots and may contain undetectable root resorptions 
[17]. Particularly in primary molars with apical curva-
ture canals [25], lateral perforation of the inner root sur-
face may occur when large taper NiTi rotary file systems 
designed for permanent teeth are used to instrument 
root canals [26]. Rotary files specially designed for pri-
mary teeth have been developed to prevent such com-
plications and to use them more comfortably in children 
due to their short length [17]. For this purpose, the Kedo-
S file system was first produced specifically for primary 
teeth. Using this variable taper file system, the dentin is 
abraded, allowing for effective three-dimensional obtura-
tion by removing a thin layer of dentin from the whole 
perimeter of the root canal [27]. Later, different brands 
produced NiTi rotary files for primary teeth. NiTi rotary 
file systems for permanent teeth have a higher rate of file 
fracture rate when used on primary teeth [28].

In previous studies, various file systems for permanent 
teeth have been tested for cyclic fatigue [29]. In the lit-
erature, there is a study evaluating the clinical fracture 
incidence of Kedo S, one of the pediatric file systems, 
and a study evaluating the effect of irrigation solutions 
on the CFR of Pro AF Baby Gold and Kedo SG blue file 
systems [27, 30]. To our knowledge, no studies have been 
conducted comparing the CFR of new generation pediat-
ric rotary endodontic files such as EasyInSmile X-Baby, 
Scope miniScope, EndoArt Pedo Gold, and EndoArt 
Pedo Blue.

Fig. 2  Representative SEM images showing (from top to bottom) the 
coronal and apical portions of the instruments tested
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Fig. 3  Scanning electron microscope images of the fracture surfaces of EasyInSmile X-Baby (a and b), Scope miniScope (c and d), EndoArt Pedo Gold (e 
and f) and EndoArt Pedo Blue (g and h) instruments at 300 and 1500 magnification, respectively. The arrows identify the origins of the fracture and the 
rectangles indicate the area of magnification
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Fractures in files usually develop due to cyclic fatigue 
and torsional stress. Manufacturers have made various 
attempts to prevent breakage in NiTi files, such as differ-
ent surface treatments, heat treatment, geometric design 
and changes in production techniques [29, 31]. The Easy-
InSmile X-Baby file used in this study has high flexibility 
due to the crystallographic phase in its alloy and has an 
‘AF-H’ type wire. The cross-section of this file is in the 
shape of a convex triangle and has an inactive tip, thus 
avoiding the risk of step formation in the root canals. 
EndoArt Pedo Gold and EndoArt Pedo Blue file systems 
have control memory and are produced with gold and 
blue heat treatment techniques, respectively. Their cross 
sections are convex triangular. The MiniScope file system 
has non-sharp rounded safe tips and produced with heat 
treatment techniques. The cross-section is in the shape of 
an equilateral triangle.

Heat treatment of NiTi alloys has significant effects on 
the martensitic/austenitic transformation behavior [32]. 
Systems using blue heat-treated wire allow the instru-
ment to reach the martensitic phase during root canal 
treatment, which improves the cyclic fatigue resistance 
substantially [33]. The mechanical properties of NiTi 
tools vary widely according to their phase transformation 
behavior and can be easily modified by chemical com-
position, heat treatment and manufacturing processes 
[34]. EndoArt Blue files are more flexible and have bet-
ter cyclic fatigue values because they are produced at a 
temperature of approximately 500–600  °C, higher than 
EndoArt Gold files, which are produced at 300–350  °C 
[35]. A proprietary heat-treated alloy named AF-H wire 
used in EasyInSmile X-Baby files provides high flexural 
and torsional resistance, according to internal studies 
[36]. The MiniScope instrument is manufactured using 
gold heat treatment with a thermal post-grinding process 
[33]. Detailed information on the manufacturing process 
of the MiniScope and EasyInSmile X-Baby files are not 
available.

In this study, the cyclic fatigue test was carried out with 
a certain level of standardization using a specially fabri-
cated stainless steel block, as described by Pruett et al. 
[37]. In vivo, it has been estimated that the in-canal tem-
perature is around 35 °C, and irrigation solutions reach at 
body temperature 30 to 60 s after being initiated into the 
canal [38]. To simulate body temperature in this study, 
the experimental setup was filled with distilled water and 
a heater was used to stabilize the ambient temperature at 
35 ± 1 °C. It has been reported that the CFR of files gener-
ally decreases with increasing ambient temperature [39]. 
The artificial canal on the block had a constant 1.5 mm 
internal diameter. The block could have been designed to 
mimic the shape of the instrument, but since the purpose 
of this study was to compare the cyclic fatigue resistance 
of materials, the study was carried out with a standard 

test setup that has been used many times before for this 
purpose [31, 40, 41]. Since the instruments had the same 
taper and the same block was used, the test setup was 
standardized for all files.

According to the results of the current study, the files 
most resistant to cyclic fatigue were EndoArt Pedo Blue, 
EasyInSmile, EndoArt Pedo Gold and miniScope, respec-
tively. There is currently no information in the literature 
about the CFR of these NiTi rotary canal files designed 
for primary teeth. The file with the lowest CFR was the 
miniScope. This may have been due to its different cross-
sectional shape from the other files. While the cross-
section of the other three files was convex triangular, the 
miniScope had an equilateral triangular cross-section. 
Consistent with this, increasing cross-sectional surface 
area was reported to increase the CFR of the file [40]. The 
EndoArt Pedo Blue file had the highest CFR. Although 
the EndoArt Pedo Blue with control memory wire had a 
similar cross-section to the EasyInSmile produced using 
AF-H type wire, its higher CFR might be due to differ-
ences in the alloy used, the type of wire, and the heat 
treatment process. Control memory wire alloys sub-
jected to different heat treatment procedures have dif-
ferent amounts of titanium oxide layers, and the colors 
can be blue or gold. The difference between the CFRs of 
EndoArt Pedo Blue and EndoArt Pedo Gold could be due 
to the difference in the heat treatment process. Cyclic 
fatigue resistance is influenced by many factors [42].

The differences in the CFR of the files may be due to 
the differences in the production technologies, alloys, 
and geometry of the files. Manufacturers have devised 
new production methods to enhance the physical and 
mechanical properties of their files. Modifications in file 
geometry and heat treatment are utilized to improve NiTi 
alloy production due to the influence of cross-sectional 
design and longitudinal shape on mechanical proper-
ties [43]. Although each file has a triangular cross-sec-
tion, there are geometrical differences between different 
brands. Since the manufacturer of EndoArt Pedo Gold 
and EndoArt Pedo Blue files is the same, their geometries 
are similar; however, there are differences between the 
production technologies because the heat treatments to 
which these two files are subjected are different. Scan-
ning electron microscopy observations of the fracture 
cross-sections of all instruments showed comparable sur-
face features with overload areas and fracture initiation 
zones.

Blue and gold heat treatments are used to improve 
the mechanical properties of files. In a study comparing 
WaveOne Gold and Reciproc Blue files, it was reported 
that Reciproc Blue had lower bending load and higher 
CFR compared to WaveOne Gold [41]. Consistent with 
this study, the CFR of the blue heat-treated EndoArt 
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Pedo Blue file was observed to be higher than that of the 
EndoArt Pedo Gold file.

Standardization of the root canal system in teeth and 
reproducibility of the test conditions for each instrument 
is not possible. Therefore, the researchers use a standard-
ized experimental setup instead of testing cyclic fatigue 
in clinical conditions [44]. It is argued that this type 
of standardized experimental setup is useful for clini-
cal relevance in determining failure due to cyclic fatigue 
under the same conditions [45]. As in this study, all CFR 
comparison studies performed on an artificial canal can-
not completely replicate in vivo conditions. Due to this 
limitation of the studies, an extrapolation is made using 
a standardized experimental setup. Another limitation is 
that files with different taper and apical diameters were 
not included in the study.

Conclusion
Within the limitations of this study, the EndoArt Pedo 
Blue file, produced by blue heat treatment with a control 
memory wire, showed the best CFR performance on the 
artificial canal in a stainless steel block at body tempera-
ture among the four file systems specifically designed for 
primary teeth. The other files, in descending CFR order, 
were as follows: EasyInSmile, EndoArt Pedo Gold, and 
miniScope. Differences such as cross-sectional design, 
material alloy, and heat treatment technology have an 
effect on the CFR. The clinical use of instruments with 
a high CFR in curved root canals is beneficial to avoid 
instrument fracture.

Abbreviations
CFR	� Cyclic fatigue resistance
NiTi	� Nickel-titanium
NCF	� Number of cycles to failure
RCT	� Root canal treatment
RPM	� Rotations per minute
SEM	� Scanning electron microscope

Author contributions
KE conceptualized and designed the study. KS, HA and HBO were involved in 
data analysis. KS and HA wrote the main manuscript text. All authors read and 
approved the final manuscript.

Funding
The study received no funding.

Data availability
The data presented in this study are available on reasonable request from the 
corresponding author.

Declarations

Ethics approval and consent to participate
The study did not include any human or animal information, tissue, or 
material. Thus, no ethical approval was required.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 31 January 2024 / Accepted: 13 August 2024

References
1.	 Sumikawa DA, Marshall GW, Gee L, Marshall SJ. Microstructure of primary 

tooth dentin. Pediatr Dent. 1999;21(7):439–44.
2.	 Al-Shahrani N, Al-Amri A, Hegazi F, Al-Rowis K, Al-Madani A, Hassan KS. 

The prevalence of premature loss of primary teeth and its impact on 
malocclusion in the Eastern Province of Saudi Arabia. Acta Odontol Scand. 
2015;73(7):544–9. https://doi.org/10.3109/00016357.2014.939709.

3.	 Nadelman P, Bedran N, Magno MB, Masterson D, de Castro ACR, Maia LC. 
Premature loss of primary anterior teeth and its consequences to primary 
dental arch and speech pattern: a systematic review and meta-analysis. Int J 
Paediatr Dent. 2020;30(6):687–712. https://doi.org/10.1111/ipd.12644.

4.	 Holan G, Needleman HL. Premature loss of primary anterior teeth due 
to trauma–potential short- and long-term sequelae. Dent Traumatol. 
2014;30(2):100–6. https://doi.org/10.1111/edt.12081.

5.	 American Academy of Pediatric Dentistry. Guideline on Pulp Therapy for 
Primary and Immature Permanent Teeth. Pediatr Dent. 2016;38(6):280–8.

6.	 Kustarci A, Akpinar KE, Er K. Apical extrusion of intracanal debris and irrigant 
following use of various instrumentation techniques. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod. 2008;105(2):257–62. https://doi.org/10.1016/j.
tripleo.2007.06.028.

7.	 Ochoa-Romero T, Mendez-Gonzalez V, Flores-Reyes H, Pozos-Guillen 
AJ. Comparison between rotary and manual techniques on duration of 
instrumentation and obturation times in primary teeth. J Clin Pediatr Dent. 
2011;35(4):359–63. https://doi.org/10.17796/jcpd.35.4.8k013k21t39245n8.

8.	 Silva LA, Leonardo MR, Nelson-Filho P, Tanomaru JM. Comparison of rotary 
and manual instrumentation techniques on cleaning capacity and instru-
mentation time in deciduous molars. J Dent Child (Chic). 2004;71(1):45–7.

9.	 Kasuga Y, Kimura S, Maki K, Unno H, Omori S, Hirano K, et al. Phase transfor-
mation and mechanical properties of heat-treated nickel-titanium rotary 
endodontic instruments at room and body temperatures. BMC Oral Health. 
2023;23(1):825. https://doi.org/10.1186/s12903-023-03550-6.

10.	 Crespo S, Cortes O, Garcia C, Perez L. Comparison between rotary and 
manual instrumentation in primary teeth. J Clin Pediatr Dent. 2008;32(4):295–
8. https://doi.org/10.17796/jcpd.32.4.l57l36355u606576.

11.	 Roda-Casanova V, Perez-Gonzalez A, Zubizarreta-Macho A, Faus-Matoses V. 
Fatigue Analysis of NiTi Rotary Endodontic Files through finite element Simu-
lation: Effect of Root Canal geometry on fatigue life. J Clin Med. 2021;10(23). 
https://doi.org/10.3390/jcm10235692.

12.	 Barr ES, Kleier DJ, Barr NV. Use of nickel-titanium rotary files for root canal 
preparation in primary teeth. Pediatr Dent. 2000;22(1):77–8.

13.	 Mohamed RH, Abdelrahman AM, Sharaf AA. Evaluation of rotary file system 
(Kedo-S-Square) in root canal preparation of primary anterior teeth using 
cone beam computed tomography (CBCT)-in vitro study. BMC Oral Health. 
2022;22(1):13. https://doi.org/10.1186/s12903-021-02021-0.

14.	 Ribeiro Camargo CH, Bittencourt TS, Hasna AA, Palo RM, Talge Carvalho CA, 
Valera MC. Cyclic fatigue, torsional failure, and flexural resistance of rotary 
and reciprocating instruments. J Conserv Dent. 2020;23(4):364–9. https://doi.
org/10.4103/JCD.JCD_409_20.

15.	 Gambarini G, Grande NM, Plotino G, Somma F, Garala M, De Luca M, et al. 
Fatigue resistance of engine-driven rotary nickel-titanium instruments pro-
duced by new manufacturing methods. J Endod. 2008;34(8):1003–5. https://
doi.org/10.1016/j.joen.2008.05.007.

16.	 Cleghorn BM, Boorberg NB, Christie WH. Primary human teeth and their root 
canal systems. Endodontic Top. 2010;23(1):6–33.

17.	 Jeevanandan G, Govindaraju L. Clinical comparison of Kedo-S paediatric 
rotary files vs manual instrumentation for root canal preparation in primary 
molars: a double blinded randomised clinical trial. Eur Arch Paediatr Dent. 
2018;19(4):273–8. https://doi.org/10.1007/s40368-018-0356-6.

18.	 Peters OA, Paque F. Current developments in rotary root canal instrument 
technology and clinical use: a review. Quintessence Int. 2010;41(6):479–88.

19.	 George S, Anandaraj S, Issac JS, John SA, Harris A. Rotary endodontics 
in primary teeth - A review. Saudi Dent J. 2016;28(1):12–7. https://doi.
org/10.1016/j.sdentj.2015.08.004.

https://doi.org/10.3109/00016357.2014.939709
https://doi.org/10.1111/ipd.12644
https://doi.org/10.1111/edt.12081
https://doi.org/10.1016/j.tripleo.2007.06.028
https://doi.org/10.1016/j.tripleo.2007.06.028
https://doi.org/10.17796/jcpd.35.4.8k013k21t39245n8
https://doi.org/10.1186/s12903-023-03550-6
https://doi.org/10.17796/jcpd.32.4.l57l36355u606576
https://doi.org/10.3390/jcm10235692
https://doi.org/10.1186/s12903-021-02021-0
https://doi.org/10.4103/JCD.JCD_409_20
https://doi.org/10.4103/JCD.JCD_409_20
https://doi.org/10.1016/j.joen.2008.05.007
https://doi.org/10.1016/j.joen.2008.05.007
https://doi.org/10.1007/s40368-018-0356-6
https://doi.org/10.1016/j.sdentj.2015.08.004
https://doi.org/10.1016/j.sdentj.2015.08.004


Page 8 of 8Surme et al. BMC Oral Health          (2024) 24:992 

20.	 Unal GC, Maden M, Orhan EO, Saritekin E, Teke A. Root canal shaping using 
rotary nickel-titanium files in preclinical dental education in Turkey. J Dent 
Educ. 2012;76(4):509–13.

21.	 Kummer TR, Calvo MC, Cordeiro MM, de Sousa Vieira R, de Carvalho Rocha 
MJ. Ex vivo study of manual and rotary instrumentation techniques in 
human primary teeth. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 
2008;105(4):e84–92. https://doi.org/10.1016/j.tripleo.2007.12.008.

22.	 Nisar P, Katge F, Bhanushali P, Deshpande S, Poojari M, Shetty S. Comparative 
in vitro evaluation of remaining dentine thickness following instrumentation 
with hand and rotary endodontic files during pulpectomy in primary molars: 
a systematic review. Eur Arch Paediatr Dent. 2023;24(1):15–32. https://doi.
org/10.1007/s40368-022-00760-4.

23.	 Eren İ, Sezer B. Comparative evaluation of the remaining dentin volume fol-
lowing instrumentation with rotary, reciprocating, and hand files during root 
canal treatment in primary molars: an ex vivo study. J Dent Sci. 2024. https://
doi.org/10.1016/j.jds.2024.04.003.

24.	 Manker A, Solanki M, Tripathi A, Jain ML. Biomechanical preparation in 
primary molars using manual and three NiTi instruments: a cone-beam-com-
puted tomographic in vitro study. Eur Arch Paediatr Dent. 2020;21(2):203–13. 
https://doi.org/10.1007/s40368-019-00474-0.

25.	 Ozcan G, Sekerci AE, Cantekin K, Aydinbelge M, Dogan S. Evaluation of root 
canal morphology of human primary molars by using CBCT and comprehen-
sive review of the literature. Acta Odontol Scand. 2016;74(4):250–8. https://
doi.org/10.3109/00016357.2015.1104721.

26.	 Musale PK, Mujawar SA. Evaluation of the efficacy of rotary vs. hand files in 
root canal preparation of primary teeth in vitro using CBCT. Eur Arch Paediatr 
Dent. 2014;15(2):113–20. https://doi.org/10.1007/s40368-013-0072-1.

27.	 Lakshmanan L, Jeevanandan G, Maganur PC, Vishwanathaiah S. Fracture 
incidence of Kedo-S Square Pediatric Rotary files: a prospective clinical study. 
Eur J Dent. 2022;16(3):594–8. https://doi.org/10.1055/s-0041-1735935.

28.	 Nagaratna PJ, Shashikiran ND, Subbareddy VV. In vitro comparison of NiTi 
rotary instruments and stainless steel hand instruments in root canal 
preparations of primary and permanent molar. J Indian Soc Pedod Prev Dent. 
2006;24(4):186–91. https://doi.org/10.4103/0970-4388.28075.

29.	 Savitha S, Sharma S, Kumar V, Chawla A, Vanamail P, Logani A. Effect of body 
temperature on the cyclic fatigue resistance of the nickel-titanium endodon-
tic instruments: a systematic review and meta-analysis of in vitro studies. J 
Conserv Dent. 2022;25(4):338–46. https://doi.org/10.4103/jcd.jcd_55_22.

30.	 Bhatt R, Goyal S, Patel M, Patel C, Makwani D, Joshi K. Effect of Irrigating solu-
tions on cyclic fatigue resistance of Conventional and Heat-treated Nickel 
Titanium Pediatric Rotary instruments: an In-Vitro Study. Eur J Mol Clin Med. 
2023;10(01):1206–18.

31.	 Capar ID, Ertas H, Arslan H. Comparison of cyclic fatigue resistance of novel 
nickel-titanium rotary instruments. Aust Endod J. 2015;41(1):24–8. https://doi.
org/10.1111/aej.12067.

32.	 Klymus ME, Alcalde MP, Vivan RR, So MVR, de Vasconselos BC, Duarte MAH. 
Effect of temperature on the cyclic fatigue resistance of thermally treated 
reciprocating instruments. Clin Oral Investig. 2019;23(7):3047–52. https://doi.
org/10.1007/s00784-018-2718-1.

33.	 Toker SM, Orhan EO, Beklen A. Nickel ion release and surface analy-
ses on instrument fragments fractured beyond the apex: a laboratory 
investigation. BMC Oral Health. 2023;23(1):703. https://doi.org/10.1186/
s12903-023-03434-9.

34.	 Hou XM, Yang YJ, Qian J. Phase transformation behaviors and mechani-
cal properties of NiTi endodontic files after gold heat treatment and 
blue heat treatment. J Oral Sci. 2020;63(1):8–13. https://doi.org/10.2334/
josnusd.19-0331.

35.	 Güneç HG, Keskin NB, Haznedaroğlu F. Comparison of cyclic fatigue resis-
tance of different and novel heat-treated nickel-titanium rotary file systems at 
the intracanal temperature. Int Dent Res. 2021;11(3):158–64.

36.	 Di Nardo D, Seracchiani M, Mazzoni A, Del Giudice A, Gambarini G, Testarelli L. 
Torque Range, a New parameter to Evaluate New and used instrument safety. 
Appl Sci. 2020;10(10):3418.

37.	 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.

38.	 de Hemptinne F, Slaus G, Vandendael M, Jacquet W, De Moor RJ, Bottenberg 
P. In vivo Intracanal temperature evolution during Endodontic Treatment 
after the injection of Room temperature or preheated Sodium Hypochlorite. 
J Endod. 2015;41(7):1112–5. https://doi.org/10.1016/j.joen.2015.02.011.

39.	 Shen Y, Huang X, Wang Z, Wei X, Haapasalo M. Low environmental tem-
perature influences the fatigue resistance of nickel-titanium files. J Endod. 
2018;44(4):626–9. https://doi.org/10.1016/j.joen.2017.11.004.

40.	 Chi D, Zhang Y, Lin X, Tong Z. Cyclic fatigue resistance for six types of nickel 
titanium instruments at artificial canals with different angles and radii 
of curvature. Dent Mater J. 2021;40(5):1129–35. https://doi.org/10.4012/
dmj.2020-358.

41.	 Keskin C, Inan U, Demiral M, Keles A. Cyclic Fatigue Resistance of Reciproc 
Blue, Reciproc, and WaveOne Gold Reciprocating instruments. J Endod. 
2017;43(8):1360–3. https://doi.org/10.1016/j.joen.2017.03.036.

42.	 Elsewify T, Elhalabi H, Eid B. Dynamic cyclic fatigue and Differential scanning 
calorimetry analysis of R-Motion. Int Dent J. 2023;73(5):680–4. https://doi.
org/10.1016/j.identj.2022.12.007.

43.	 Ha JH, Kim SK, Cohenca N, Kim HC. Effect of R-phase heat treatment on 
torsional resistance and cyclic fatigue fracture. J Endod. 2013;39(3):389–93. 
https://doi.org/10.1016/j.joen.2012.11.028.

44.	 Plotino G, Grande NM, Cordaro M, Testarelli L, Gambarini G. A review 
of cyclic fatigue testing of nickel-titanium rotary instruments. J Endod. 
2009;35(11):1469–76. https://doi.org/10.1016/j.joen.2009.06.015.

45.	 Topcuoglu HS, Topcuoglu G, Kafdag O, Arslan H. Cyclic fatigue resistance of 
new reciprocating glide path files in 45- and 60-degree curved canals. Int 
Endod J. 2018;51(9):1053–8. https://doi.org/10.1111/iej.12915.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1016/j.tripleo.2007.12.008
https://doi.org/10.1007/s40368-022-00760-4
https://doi.org/10.1007/s40368-022-00760-4
https://doi.org/10.1016/j.jds.2024.04.003
https://doi.org/10.1016/j.jds.2024.04.003
https://doi.org/10.1007/s40368-019-00474-0
https://doi.org/10.3109/00016357.2015.1104721
https://doi.org/10.3109/00016357.2015.1104721
https://doi.org/10.1007/s40368-013-0072-1
https://doi.org/10.1055/s-0041-1735935
https://doi.org/10.4103/0970-4388.28075
https://doi.org/10.4103/jcd.jcd_55_22
https://doi.org/10.1111/aej.12067
https://doi.org/10.1111/aej.12067
https://doi.org/10.1007/s00784-018-2718-1
https://doi.org/10.1007/s00784-018-2718-1
https://doi.org/10.1186/s12903-023-03434-9
https://doi.org/10.1186/s12903-023-03434-9
https://doi.org/10.2334/josnusd.19-0331
https://doi.org/10.2334/josnusd.19-0331
https://doi.org/10.1016/S0099-2399(97)80250-6
https://doi.org/10.1016/S0099-2399(97)80250-6
https://doi.org/10.1016/j.joen.2015.02.011
https://doi.org/10.1016/j.joen.2017.11.004
https://doi.org/10.4012/dmj.2020-358
https://doi.org/10.4012/dmj.2020-358
https://doi.org/10.1016/j.joen.2017.03.036
https://doi.org/10.1016/j.identj.2022.12.007
https://doi.org/10.1016/j.identj.2022.12.007
https://doi.org/10.1016/j.joen.2012.11.028
https://doi.org/10.1016/j.joen.2009.06.015
https://doi.org/10.1111/iej.12915

	﻿Comparison of cyclic fatigue resistance of four pediatric rotary file systems at body temperature: an in vitro study
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


