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Effects of continuous irrigation at room temperature or +4ºC on the 
cyclic fatigue resistance of K3XF instruments

Absrtact
Background. The present study aimed to evaluate the impact of continuous irrigation with saline 
solution at room temperature or °4+C on the cyclic fatigue resistance of K3XF files.
Methods. Forty-eight new K3XF files (04. ,30# taper) were randomly assigned to three groups: control 
group (no irrigation), continuous irrigation with saline solution at room temperature, and continuous 
irrigation with saline solution at °4+C. The instruments were tested in an artificial, stainless steel root 
canal with a double curvature at body temperature (°1±37C). Time to fracture was converted to the 
number of cycles to fracture (NCF). The lengths of the fractured fragments were recorded. Kruskal–
Wallis H test and one-way ANOVA were used to analyze data.
Results. K3XF files’ cyclic fatigue resistance was significantly higher in the continuous irrigation groups 
than in the control group. Continuous irrigation with saline solution at °4+C resulted in higher cyclic 
fatigue resistance than continuous irrigation with saline solution at room temperature. There were no 
significant differences between the groups in terms of the fractured fragments’ length. 
Conclusion. Within this study’s limitations, continuous irrigation with saline solution increased the 
NCF of NiTi instruments; decreasing the saline solution’s temperature increased this effect.
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ARTICLE INFO

Introduction

One of the main drawbacks of nickel-titanium 
(NiTi) files is file fracture during use in root 

canals.1,2 Fracture of NiTi rotary files occurs due 
to two reasons, i.e., cyclic and torsional fatigue, 
have been described.3,4 Fracture because of cyclic 
fatigue is associated with rotation in a curved root 
canal, which causes cyclic tension and compression, 
leading to micro-crack formation and, ultimately, 
file separation.3,5,6 The mechanism of file fracture 
is multifactorial and complex, and cyclic fatigue 
resistance of NiTi files is affected by many factors, 
such as instrument characteristics, the operator, 
operation speed, and root canal anatomy.2,7 

Manufacturers aim to increase files’ fatigue life; 
therefore, this has prompted the manufacturers to 
develop new NiTi rotary instruments to enhance 
the mechanical characteristics through innovative 
design and manufacturing processes.8,9 Thermal 
treatment of NiTi alloys, such as M-Wire, R-phase 
wire, and controlled-memory wire, has been tried 

to optimize the mechanical properties of files.10-13 
The relative proportions and features of the 
microstructural phases affect NiTi alloy’s mechanical 
properties.8 K3XF (SybronEndo, Orange, CA) is a 
file produced from the R-phase wire. The R-phase 
provides shape memory and good superelasticity 
effects; it has lower Young’s modulus than the 
austenite phase. This means that a file produced 
from the R-phase wire would be less rigid.14 

Phase transformation temperatures of NiTi 
instruments affect the mechanical behavior of 
instruments.15 The NiTi alloy in the martensitic 
phase is more ductile than in the austenitic phase. 
Recent studies have demonstrated that more 
martensitic files have a longer fatigue life than 
austenitic files.16,17 Continuous irrigation might delay 
austenite phase transformation. However, according 
to the current literature, there are no studies on the 
effect of continuous irrigation with saline at room 
temperature or +4°C on the cyclic fatigue resistance 
of files. The null hypothesis was that there would be 
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no significant difference between the groups.
Methods
Pilot study
Before the main study, a pilot study was carried out 
using 15 K3XF instruments (#30, 0.04 taper). Files 
were selected for the study after confirming that 
there was no visible defect or irregularity at ×20 
magnification under a stereomicroscope (Novex, 
Arnhem, Holland). 

The files were rotated within a tapered artificial 
root canal with a coronal and an apical curvature 
(double curvature). The coronal curvature’s angle was 
60°, and its radius was 5 mm. The apical curvature’s 
angle was 70°, and its radius was 2 mm. The artificial 
root canal’s length was 21 mm. The files were rotated 
using a torque-controlled endodontic motor (VDW 
Silver; VDW, Munich, Germany) according to the 
manufacturer’s instructions at 350 rpm and 150 
g-cm torque. The handpiece was fixed during the 
test. The curvatures were located 7 and 12 mm from 
the tip of the instrument. The test was performed 
in a water bath (Julabo, Seelbach, Germany) at 
37±1°C.18 Cyclic fatigue test was started after the 
artificial canal temperature was confirmed using a 
thermocouple (Figure 1). Instruments’ slipping out 
was prevented by covering the artificial canal with 
glass. 
Pilot study
The instruments were randomly divided into three 
groups (n=5) using a web page (www.randomizer.
org): 

Control group: K3XF instruments were used 
without any irrigation.

Continuous irrigation with saline solution 
at room temperature: K3XF instruments were 
operated under continuous irrigation with saline 
solution at room temperature. 

Continuous irrigation with saline solution 
at +4°C: K3XF instruments were operated under 
continuous irrigation with saline solution at +4°C. 
Saline was placed in a refrigerator for one day. In 
this group, the injectors were also placed in the 
refrigerator. During the experiment, to prevent 
the saline solution from heating, the injectors were 
stored in a container with dry ice (Elabscience 
Biotechnology Co. Ltd, Wuhan, China). 

In the irrigation groups, the irrigation needle was 
placed in the coronal part of the stainless steel canal, 
and irrigation was performed at a constant speed of 
10 mL/min. The time when the file was fractured 

was recorded in seconds. Time to fracture was 
converted to the number of cycles to fracture (NCF). 
The fractured fragments’ length was measured and 
recorded in millimeters. 
Main study
The data obtained from the pilot study were analyzed; 
the effect size was 17.394. According to the power 
analysis, six samples were sufficient, with a power 
of 0.95. However, a worst-case scenario approach 
was used; therefore, the actual sample size was 48 
instruments (n=16). Thirty-three more instruments 
were added to the original 15, and they were also 
randomly assigned to the three experimental groups. 
Statistical analysis
NCF data were analyzed using the Kruskal–Wallis H 
test; fractured fragments’ length data were analyzed 
with one-way ANOVA. All statistical analyses were 
performed with SPSS 20 for IOS (SPSS Inc., Chicago, 
IL, USA). The statistical significance level was set at 
5%.
Results
Table 1 presents the means and standard deviations 
of NCF and fractured fragments’ lengths. K3XF 
instruments’ cyclic fatigue resistance was significantly 
higher in the continuous irrigation groups than in 
the control group (P<0.05).  Continuous irrigation 
with saline solution at +4°C resulted in higher cyclic 
fatigue resistance than continuous irrigation with 
saline solution at room temperature (P<0.05). There 
were no significant differences (P>0.05) between the 
groups in terms of the fractured fragments’ length.
Discussion
Cyclic fatigue failure occurs because of procedural 
difficulty related to repeated extension and 
compression of files while rotating in a curved 
canal.5,6 It has been shown that growth rates of fatigue 
cracks in NiTi alloys are significantly higher than 
other metals with similar strength.19 Thus, when a 
microcrack occurs, it can rapidly lead to instrument 
fracture. This is probably the main reason for many 
broken instruments associated with fatigue failure 
seen clinically.3,4,20 The present study investigated 
the effect of cooling the instruments by continuous 
irrigation with saline solution at room temperature 
or +4°C on cyclic fatigue resistance. The experiment 
was performed in a 37°C water bath to simulate the 
body temperature. The results showed significant 
differences between the groups. Thus, the null 

Groups NCF ± SD Length of the Fractured Fragment
(mm) ± SD

Control group 281.45 ± 38.25a 12.53 ± 0.38a

Continuous irrigation with saline solution at room temperature 564.01 ± 66.73b 12.28 ± 0.31a

Continuous irrigation with saline solution at +4°C 818.48 ± 139.41c 12.31 ± 0.81a

SD, standard deviation.
Different superscript lowercase letters in the same column indicate a mean significant difference (P<0.05).

Table 1. The means and standard deviations for NCF and fractured fragments’ lengths (mm)
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hypothesis was rejected. 
In the present study, there was a significant 

difference between the control and irrigation 
groups. It can be claimed that the saline solution 
provided a heat sink for more fatigue resistance of 
the K3XF files during cyclic fatigue tests. Shen et al12 
investigated the cyclic fatigue resistance of K3XF 
files in a dry condition and deionized water and 
concluded that K3XF files’ cyclic fatigue resistance 
was higher in water than in air. Shen et al13 showed 
that files produced from controlled memory wire 
were more resistant to cyclic fatigue in liquid than 
in dry conditions, consistent with the present study. 

Besides, there was a significant difference between 
the irrigation groups. The saline solution at +4°C 
might provide the temperature to rise later. Thus, 
K3XF instruments’ fracture associated with cyclic 
fatigue might be delayed. The data support that 
more martensitic alloys are more flexible, and 
therefore more martensitic files are more resistant to 
fatigue.16,17 Martensitic phase renders crack initiation 
more difficult due to the presence of a larger number 
of interfaces.21 Shen et al22 found that the austenite 
finish temperature of K3XF was 24.89±1.98°C 
using differential scanning calorimetry analyses. 
At the above temperature, K3XF instruments are 
completely austenite. Continuous irrigation with 
saline solution at room temperature or +4°C might 
delay austenite transformation. Irrigation with 
saline solution at +4°C might also provide a more 
martensitic instrument than at room temperature. 
This might also explain the significant differences 

between the groups. 
According to our literature search, there is no study 

on the effect of irrigation solution’s temperature on 
the cyclic fatigue life. Therefore, a direct comparison 
between studies is not possible. Grande et al23 
investigated the effect of a tetrafluoroethane-based 
cooling spray on cyclic fatigue and reported that this 
application increases NiTi endodontic files’ flexural 
fatigue resistance. Grande et al23 did not simulate 
the body temperature; however, they showed that 
cooling the instrument affected the cyclic fatigue. 
In the present study, the body temperature was 
simulated, and the results are consistent with the 
study by Grande et al.23 

There was no significant difference between the 
groups in terms of the fractured fragments’ length 
in the present study. The files were rotated within 
a tapered artificial, stainless steel canal with a 
coronal and an apical curvature (double curve) 
for the cyclic fatigue resistance test. The coronal 
curvature’s angle was 60°, and its radius was 5 mm. 
The deepest point of the coronal curvature was 
located at 12 mm from the tip of the instrument. 
The apical curvature’s angle was 70°, and its radius 
was 2 mm. The deepest point of the apical curvature 
was located at 7 mm from the tip of the instrument. 
The fractured fragment’s length of each file was at 
the center of the coronal curvature (approximately 
12 mm from the tip of the instrument). The fact that 
the groups exhibited similar results in terms of the 
broken instruments’ length can be caused by the fact 
that the fracture occurs mainly at the center of the 
curvature, as reported in previous studies.8,24 Yılmaz 
et al25 reported that the curvature center’s location 
was 5 mm from the apical portion and the fractured 
instruments’ lengths were similar in all the groups 
(approximately 5 mm), consistent with the present 
study. 

Many studies are available on the cyclic fatigue 
life of various files. The majority of these studies 
have been performed at room temperature, but this 
does not reflect clinical conditions since the in vivo 
intracanal temperature is approximately 35°C.26 In 
recent studies, body temperature was simulated, 
and cyclic fatigue tests were performed at body 
temperature (37°C). de Vasconcelos et al18 reported 
that increasing the temperature to 37°C, simulating 
the body temperature, decreased the fracture 
resistance compared with room temperature (20°C). 
Dosanjh et al27 evaluated the impact of different 
temperatures (3°C, 22°C, 37°C, and 60°C) on cyclic 
fatigue and found a significant effect. According to 
these studies’ results, it might be concluded that 
cyclic fatigue resistance experiments should be 
performed at body temperature. In these studies, a 
water bath was used to simulate body temperature. 
A similar method was used in the present study, and 
the body temperature was simulated. This method 
might yield more appropriate results similar to 
clinical conditions.18 

Figure 1. Experimental design.
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Conclusion
Within this study’s limitations, continuous irrigation 
with saline solution increased NiTi instruments’ 
NCF, and decreasing the saline solution’s temperature 
increased this effect. 
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