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[Abstract] Objective The purpose of this study was to investigate the differences in the anti cyclic fatigue perfor-
mance of Woride KS (WKS), Proteper Gold (PTG), and Hyflex CM (HCM) nickel titanium instruments with different tip

diameters in curved root canal models, and to provide reference for the targeted selection of suitable nickel titanium in-
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struments in clinical preparation of curved root canals. Methods Three kinds of new nickel titanium files with 20#
and 25# (0.20 mm and 0.25 mm) tip diameters were selected, including WKS (20/0.06), WKS (25/0.06), PTG (20/0.07),
PTG (25/0.08), HCM (20/0.06), and HCM (25/0.06), each with 20 files. According to the recommended speed and
torque of the motor, the anti cycle fatigue performance of the nickel titanium file was tested in 30° and 60° stainless
steel root canal models. The time from rotation to fatigue fracture (TTF) of the nickel titanium file was recorded with a
camera and timer, and the fragment length (FL) was measured and recorded with a Vernier scale. Results Com-
parison of TTF of the same type of file. (D WKS: the TTF of files with the same tip diameter in a 30° curved root canal
was longer than 60° (P <0.05); The TTF of 25# nickel titanium files in the same angle curved root canal was longer
than that of 20# nickel titanium files (P < 0.05) . @PTG: the 20# nickel titanium files had a TTF longer than 60° in a
30° curved root canal (P < 0.05), while the 25# nickel titanium files had no statistically significant difference in TTF be-
tween the 30° curved root canal and 60° curved root canal (P > 0.05); In a 30° curved root canal, the TTF of 20# nickel
titanium files was longer than that of 25# nickel titanium files (P < 0.05). In a 60° curved root canal, there were no sta-
tistically significant difference between the TTF of 20# nickel titanium files and 25# nickel titanium files (P > 0.05) . 3
HCM: the TTF of files with the same tip diameter in a 30° curved root canal was longer than 60° (P < 0.05); The TTF of
20# nickel titanium files in the same angle curved root canal is longer than that of 25# nickel titanium filea. Compari-
son of TTF of different files: in a 30° curved root canal, there was no statistically significant difference in TTF among
the three types of 20# nickel titanium files (P > 0.05). The TTF of 25# WKS was longer than that of other files (P <
0.05); In a 60 ° curved root canal, the TTF of 20# HCM was longer than other files with the same tip diameter (P <
0.05), and the TTF of 25# WKS was longer than HCM with the same tip diameter (P < 0.05). The FL of 20# PTG, 25#
PTG, and 20# HCM in the 30° curved root canal model is significantly longer than that of 60° (P < 0.05), while there is
no statistical difference in FL among 20# WKS, 25# WKS, and 25# HCM in the 30° and 60° curved root canal models.
Conclusion The anti cyclic fatigue performance of WKS is significantly superior to PTG and HCM in a 30° curved
root canal. In a 60° curved root canal, 20# HCM had a significant advantage in terms of anti cyclic fatigue performance
compared to other files, while only 25# WKS had a significant advantage in anti cyclic fatigue performance compared to
HCM.
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The cyclic fatigue experimental device is equipped with a simulat-
ed root canal with a length of 19 mm and a curvature radius of
5 mm. The angle of group A is 30°, and the angle of group B is
60°. The inner diameter of the root canal above the bending point
is 1.5 mm, and the inner diameter below the bending point is
0.7 mm. The bending center is located 5 mm from the end of the
simulated root canal

Figure 1  Cyclic fatigue experimental device

B ST A

1.3 %4

R i R R 2 Y i 288 SO (] Qv LA 4 52 3 43
64, Bl WKS 20 4 (20/0.06) . WKS 25 #H (25/
0.06) . PTG 20 4 (20/0.07) . PTG 25 &1 (25/0.08) .
HCM 20 41 (20/0.06) \HCM 25 41 (25/0.06) , £} 41 1)
PR BRI 20 32, KEF A 21 mm, DFSEEL
AL 300 K 60° 25 i A5 HUL AR A8 v, 204 1 254 11 3 F
BRER PR RS M 57 MR RE Y 22 R
1.4 FEH7k

PP I R BE R 40 185 T, A AR B 1 T 3
SERETCH o MR ER LR T 6 LI T | 6 T

BLi% #2 T Denjoy FHHE 2 il 53K | B 2 5 BR A4 A
MR A B0 19 mm , PHEE AV B T AR A oy, [
HRAE T3k B 4 R AR AU AR A | B0RT AH AL AR B TR AR
M, e FEUORE BRI, WKS 2041
25 21 H4 % B N 3 500 rpm . HL%H 2.5 N - em; PTG
20 41 15 ' R F 3 300 rpm (LA 1.5 N - em, PTG 25
2 B i 300 rpm JFHAE 2 N em; HCM 20 4 |
25 I M FEE 500 rpm FHH 2.5 Neem o

WA R EDTA T 4@ BODUR A5 45 BE | LAV
R R AR G B MR A RE 2 [ R B4R L AR iR S
B 4 R OB WKS 20, WKS 25, PTG 20, PTG 25,
HCM 20\ HCM 25 4% 20 3235075 2 Fi A 5 I AR 45 A
Alrbr, B 300 &% 60°25 [ AR AE A5 AL v B Rk 45 10 32
Ja SRR S 3k, TR I g8 1B, Fp R gk
PRTERE EYTWIG , TT I R SRS 1k o HT TR a] Y
105 RFH 0.25 15 B AL, A — AOULE 3 3,
SR T R T 2 B35 57 4 e 1) sk ] P (6 Ry e 4%
W 57 P W B ] (time from ratation to fatigue fracture,
TTF) , K 8 2] 0.01 s 5 i F Ui A5 = RO & ) 887 K
B AT W R ) K (fragment length, FL) |, R 7 3]
0.01 mm,
1.5 %5 o

K SPSS 27. 0 AT Ge it o, A
BRI A LA, VS B AR e 2 3R, 4
[B) b 55 SR FH AR ST REAR ¢ K656 5 22 2 8] b 55K Krus-
kal-Wallis H 5, P <0.05 825 A G5 L.

2 7F R
2.1 FRREAREE o A BTG TTF shdk

WKS 204 \WKS 2541 PTG 2041 \HCM 204 ,
HCM 25 2SR L7 30° 1Y 25 il AR AS B AL v TTF 2
K F7E 60°19 25 AR BB AL TP (%) TTF (P < 0.05) 5 11
PTG 25 21 7F 30° & 60° 1) 25 AR A A v, 21 [] TTF
TG it (P>0.05,K2),
22 RE R % B AREARAR AL H TTF ik

FE 30° 19 25 AR A A A, WKS 20 18R R 1Y
TTF %5 F WKS 2541, PTG 20 21 2 HCM 20 21 /) TTF
100 WK T PTG 25 40 % HCM 25 41 (P < 0.05) . 1F
60° 1 25 it AL A AR, WKS 20 2H BBk B 8 TTF Ji
T WKS 25 41, HCM 20 41 ) TTF K F HCM 25 4
(P <0.05), 1M PTG 20 21 1 PTG 25 4 [A] Jo 4t if25 22
2(P>0.05,K3),
2.3 RE I A48 TTF thik

FE 30° 1Y A5 i AR A AR A Hh ) WKS 20 41 PTG 20



b

ARERmBIE 2024528 $£32% H2H
+ 104 -+ Journal of Prevention and Treatment for Stomatological Diseases, Feb. 2024, Vol.32 No.2  htip://www.kqjbfz.com

2 000-
1 500
= 1 0004 =
= =
500-
04 0-
@ WKS20 PTG20 HCM 20 @ WKS 25 PTG 25

a: cyclic fatigue resistance of 20# files; b: cyclic fatigue re-
sistance of 25%# files. Three types of 20# files have better
resistance to cyclic fatigue in a 30° curved root canal. Ex-
cept for 25# PTG, the other two types of files have better re-
sistance to cyclic fatigue in a 30° curved root canal. There
was no statistically significant difference in the anti cyclic
fatigue performance of 25# PTG in the root canal with an-
gle changes. NS: P> 0.05; **. P <0.01; ***. P <0.001.

HCM 25 TTF: time from ratation to fatigue fracture; WKS 20: Woride

KS (20/0.06); PTG 20: Protaper Gold (20/0.07 ); HCM 20:

Hyflex CM (20/0.06 ); WKS25: Woride KS(25/0.06); PTG 25: Protaper Gold (25/0.08 ); HCM 25: Hyflex CM (25/0.06 )

Figure 2 TTF comparison of nickel-titanium files at different root canal bending angles
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a: cyclic fatigue resistance of WKS; b: cyclic fatigue resistance of PTG; c: cyclic fatigue resistance of HCM. The cyclic fatigue resistance of 25#

WKS is superior to that of 20# WKS in both 30°and 60°curved root canals. 20# PTG has better cyclic fatigue resistance in a 30° curved root ca-

nal than 25# PTG, and there is no statistical difference in a 60° curved root canal. The cyclic fatigue resistance of 20# HCM is superior to that of
25# HCM in both 30°and 60°curved root canals. NS: P> 0.05; *: P <0.05; ***: P <0.001. TTF: time from ratation to fatigue fracture; WKS 20:
Woride KS(20/0.06); WKS 25: Woride KS(25/0.06); PTG 20: Protaper Gold (20/0.07); PTG 25: Protaper Gold (25/0.08); HCM 20: Hyflex CM

(20/0.06); HCM 25: Hyflex CM (25/0.06)

Figure 3 TTF comparison of nickel-titanium files with different tip diameters
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a: cyclic fatigue resistance of three kinds of 20# files; b: cyclic fatigue
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° =PTG 20 2 000 o =§T]E}b2255 resistance of three kinds of 25# files. In the 30°curved root canal, there

15001 NsgNg ~ —HCM 20

= HCM 25 is no significant difference between the three types of 20# files, but in

» ° ° = 1500
E 1 000 o ° s E 1 000 the 60° curved root canal, 20# HCM has a significant advantage in
500 A NS .—*—,O 500 NSNS terms of cyclic fatigue resistance among the three types of files. 25#
3 o R o B o C . . . .
° f&iﬁ 0 G e my WKS has a significant advantage in the anti cyclic fatigue performance
0 T T
@ 30° 60° @ 30° 60° of the 30°curved root canal compared to three types of files, and the an-

ti cyclic fatigue performance of the 60°curved root canal is better than
that of HCM. NS: P > 0.05; *: P < 0.05; **: P < 0.01; ***: P <0.001. TTF: time from ratation to fatigue fracture; WKS 20: Woride KS(20/0.06);
PTG 20: Protaper Gold (20/0.07); HCM 20: Hyflex CM (20/0.06); WKS 25: Woride KS (25/0.06); PTG 25: Protaper Gold (25/0.08 ); HCM 25:
Hyflex CM (25/0.06)

Figure 4 TTF comparison of nickel-titanium files in different technological requirements
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Table 1 FL comparison of nickel titanium files with different

canal curvatures x+s,n=10

FL of 30°canel FL of 60°canel

Groups 3 P
curvature/mm curvature/mm

WKS 20 5.36 +0.31 5.58 £ 0.61 -1.008 0.327
WKS 25 5.04 +0.22 479 £0.71 1.063 0.311
PTG 20 5.48 +0.19 423 £0.32 10.636 < 0.001
PTG 25 4.90 +0.13 335+0.24 17.723 < 0.001
HCM 20 5.04 +0.25 437 £0.23 6.389  <0.001
HCM 25 5.09 +0.30 473 £0.78 1.369 0.188

FL: fragment length; WKS 20: Woride KS (20/0.06); WKS 25: Woride
KS(25/0.06); PTG 20: Protaper Gold (20/0.07 ); PTG 25:Protaper Gold
(25/0.08); HCM 20: Hyflex CM (20/0.06); HCM 25: Hyflex CM (25/
0.06)
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