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Effect of internal stress on cyclic fatigue failure in K3

Jun-Young Kim, Jin-Woo Kim, Kyung-Mo Cho, Se-Hee Park*
Department of Conservative Dentistry, Gangneung-Wonju National University School of Dentistry, Gangneung,
Korea

Objectives: This study aimed to evaluate the relationship between the cyclic fatigue
of a K3 file and internal stress intentionally induced until the activation of the auto-
stop function of the torque-controlled motor. Materials and Methods: K3 (Sybron
Endo) .04 and .06 taper, size 25, 30, 35, 40 and 45 were used in this study. To give
the internal stress, the K3 files were put into the .02 taper Endo-Training-Bloc (Dentsply
Maillefer) until the activation of the auto-stop function of the torque-controlled mo-
tor. The rotation speed was 300 rpm and torque value was 1.0 N-cm. K3 were grouped
by the number of induced internal stress and randomly distributed to 4 experimental
groups (n = 10, Stress 0 [control], Stress 1, Stress 2 and Stress 3). For measuring the
cyclic fatigue failure, the K3 files were worked against a sloped glass block and time for
file separation was recorded. Data was statistically analyzed Statistical analyses were
performed using two-way ANOVA and Duncan post-hoc test at p < 0.05 level. Results:
Except .04 taper size 30 in Stress 1 group, there were statistically significant differ-
ences in time for file separation between control and all experimental groups. K3 with
.04 taper showed higher cyclic fatigue resistance than those of .06 taper. Conclusion:
In the limitation of this study, the cyclic fatigue of the K3 file was influenced by the
accumulated internal stress from use until the auto-stop function was activated by the
torque-controlled motor. Therefore, clinicians should avoid the reuse of the K3 file that
has undergone auto-stops. (Restor Dent Endod 2012;37(2):74-78)
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Figure 1. Representative image of cyclic fatigue test
(inclined glass plane).
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Table 1. Time for file separation of K3 .04 taper
Group #25 #30 #35 #40 #45
No.  Mean (sec) No. Mean (sec) No. Mean (sec) No. Mean (sec) No. Mean (sec)
Stress 0 10 445.49 +100.48" 10 660.93 + 81.60° 10 954.21 + 60.04° 10 1254.44 +76.18° 10 1157.71 +170.99°
Stress 1 9 332.54 £92.90° 10 670.69 + 74.74° 10 762.72 +116.69° 10 782.90 + 214.35"° 10 965.30 + 61.36"
Stress 2 10 339.38 +50.08° 10 576.69 + 103.61° 10 644.92 + 129.37° 10 882.27 +139.30° 10 753.94 + 68.22°
Stress 3 9 266.89 + 74.72° 9 513.15 + 105.36° 10 586.37 + 143.62° 10 701.91 + 287.60° 10 812.48 + 68.83°

Same superscripts shows no statistically significant difference in same size.
Stress 0 group was not induced internal stress, Stress 1 group was induced internal stress 1 time, Stress 2 was induced internal
stress 2 times, and Stress 3 was induced internal stress 3times by activation of the auto-stop function of the torque-controlled motor.

Table 2. Time for file separation of K3 .06 taper
Group #25 #30 #35 #40 #45
No.  Mean (sec) No. Mean (sec) No. Mean (sec) No. Mean (sec) No. Mean (sec)
Stress 0 10 131.50 + 31.80° 10 204.30 +30.04® 10 152.81 +42.42° 10 152.78 + 31.25° 10 146.29 + 51.86°
Stress 1 10 87.44+19.87° 10 116.62 +22.43° 10 76.79 + 10.59° 10  99.02 + 13.09° 10 98.13 + 20.95
Stress2 10 88.74+7.18" 10 101.45+26.43° 10 91.43+18.51° 10 103.60 + 16.97° 10 90.97 +7.37°
Stress3 10 95.72+12.73° 10 100.77 +12.14° 10 81.18+9.58"° 10 97.61+9.34° 10 84.97 + 26.49"

Same superscripts shows no statistically significant difference in same size.
Stress 0 group was not induced internal stress, Stress 1 group was induced internal stress 1 time, Stress 2 was induced internal stress
2 times, and Stress 3 was induced internal stress 3times by activation of the auto-stop function of the torque-controlled motor.

Figure 2. FE-SEM view of K3. (a) Torsional fracture of K3
.04/#25. Central dimples and circular abrasion mark (white
arrow) (x200); (b) Torsional distorsion of K3 .04/#25;

(c) Torsional distorsion of K3 .04/#30 (x30); (d) Cyclic
fatigue fracture of K3 .04/#45. Radial striations linked at
a point on the edge (black arrow) (x120). The surfaces of
cyclic fatigue fracture in all experimental groups showed
same patterns. FE-SEM, field emission scanning electron
microscope.
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