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ABSTRACT

COMPARATIVE STUDY ON MORPHOLOGY OF CROSS-SECTION AND CYCLIC FATIGUE
TEST WITH DIFFERENT ROTARY NITI FILES AND HANDLING METHODS

Jae-Gwan Kim?, Kee-Yeon Kum?, Eui-Seong Kim**
'Department of Conservative Dentistry, Yonsei University, *Department of Conservative Dentistry,
*Dental Research Institute, Seoul National University

There are various factors affecting the fracture of NiTi rotary files. This study was performed to evaluate
the effect of cross sectional area, pecking motion and pecking distance on the cyclic fatigue fracture of dif-
ferent NiTi files. Five different NiTi files-Profile® (Maillefer, Ballaigue, Switzerland), ProTaper™ (Maillefer,
Ballaigue, Switzerland), K3* (SybronEndo, Orange, CA), Hero 642* (Micro-mega, Besancon, France), Hero
Shaper” (Micro-mega, Besancon, France)-were used. Each file was embedded in temporary resin, sectioned
horizontally and observed with scanning electron microscope. The ratio of cross-sectional area to the cir-
cumscribed circle was calculated. Special device was fabricated to simulate the cyclic fatigue fracture of
NiTi file in the curved canal,. On this device, NiTi files were rotated (300rpm) with different pecking dis-
tances (3 mm or 6 mn) and with different motions (static motion or dynamic pecking motion). Time until frac-
ture occurs was measured. The results demonstrated that cross-sectional area didn’t have any effect on the
time of file fracture. Among the files, Profile® took the longest time to be fractured. Between the pecking
motions, dynamic motion took the longer time to be fractured than static motion. There was no significant
difference between the pecking distances with dynamic motion, however with static motion, the longer time
was taken at 3mm distance. In this study, we could suggest that dynamic pecking motion would lengthen
the time for NiTi file to be fractured from cyclic fatigue. (J Kor Acad Cons Dent 31(2):96-102, 2006)
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Table 1. NiTi rotary files used in this experiment
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Manufacturer size
Profile® Tulsa Dental Products, Tulsa, OK, USA #30/06
ProTaper®” Maillefer, Ballaigues, Switzerland F3
K3® SybronEndo, California, USA #30/06
Hero 642° Micro-Mega, Besancon, France #30/06
Hero Shaper® Micro-Mega, Besancon, France #30/06
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Figure 1. Photograph and schematic diagram of device used in the experiment.

Figure 2. Sliding metal block with having guiding path.

T 472 42° (3 )9 51° (6 mn) ST}
2 1070 AlH o2 AE QT g A9 EE Al
A

.z =

1. ChHo| FARNAtSD|EY 2

=

Profile®, ProTaper”, K3, Hero 642%, Hero Shaper®
o] FARAL Al A Figure 3 - 72 23kt

Profile triple U2] ¥E]]™ negative rake angles
7HA 3 9T}, ProTaper™ convex triangular cross

98

section®] FEj=E o] Fo 7 gl em, Hero 642°% Hero
Shaper®-< triple helix®] ©H-g 7827 helix angle©]
thekslal, positive cutting angles 7M. K3% L&k
triple helixZ 7]¥ F+2& 3} positive rake angles 7}
o™ radial land7} Bt 0.2 HolAl= JH = land
widths®} flute depths= ¥ 34 &ton, THAE v

B A olglet.
2. 57|50l 22l
Aze) A2 34 B WA el BRAL 2 BEA

2= Table 291 Ve 91t}
3 m FAT (3D)oIAM = 519 gL Aol BAA ]



TZ0| NiTi ME 1f2! B SEf Hla % pecking motion?] ALSEHEI0] L= IfZo| 0/xl= ZE

Figure 3. Cross-sectional electronic microscopic pho-
tograph of Profile”.

Figure 4. Cross-sectional electronic microscopic pho-
tograph of ProTaper™.

Figure 5. Cross-sectional electronic microscopic pho-
tograph of K3

Figure 7. Cross-sectional electronic microscopic pho-
tograph of Hero Shaper®.

Figure 6. Cross-sectional electronic microscopic pho-
tograph of Hero 642°.
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Table 2. Average fracture time and standard deviation(second)

. Profile® ProTaper™ K3® Hero 642 Hero Shaper®
Time (seonds)
Mean SD Mean SD Mean SD Mean SD Mean SD
3 mm Dynamic (3D) 352.8 1486 239.0 142.1  309.0 57.5 233.1 748 2299 56.3
Static (39) 157.8 29.7  89.0 28.2 1054 11.6 105.2 18.3 8.9 17.7
6 mm  Dynamic (6D) 393.0 53.9 68.0 169 271.0 449 252.3 228 200.6  31.5
Static (63) 152.5 31.0 30.0 10.3 66.7 242 93.4 9.7 105.6  18.5

0.05).

u]

=

NiTi 40| <%
] NiTi A%
T o] o] whet
24 it

Turpin
A= NiTi

R
bl
2

>~
s

ojgff oy thE
skom NiTi

¢

el
=0
1

e N oft

JEa
fas
h=i
RAo=

50 ©Hol triple U} triple helix +2% 7}
A% o] vEd = (torsional strength)
(bending strength)oll tigt A& F 7}
o] ME tE ZeE Yepdta B3t

TEE TEA YehiA F
of gt} &3t

o912} positive
rake angle 9! K3%, Hero 642° & <% A3 &27} w2
Enn =
o] T& GT* ¢} Profile” o 2 A% & &
A3 GT AH Al 28] W7k o Avta B
=3
2 AFdAe FARAER AR AR AlEE M=
OE ol /< NiTi 4594, = Profile®, ProTaper”,
K3®, Hero 642, Hero Shaper” | @ 2oFs #4319
<), 2t 99 & P o we} g Ao v & thEr
Turpin 5'"& @] FE|7} triple helix (Hero 642%)
9} triple U 91 NiTi file(Profile®)< ¥ wdte] triple helix
el 9] fileo| triple U &) B} ©H o] ¢ 30% Adw
kb Stk 2 AFoM e 7 57HA filed] ©HA Hl&S
FAFER A3l A Image-Pro Plus SoftwareE A}-8-5}]
48t @iel el g BleE JEpd wA
H&-2 Profile*e] 60.4%, ProTaper"= 56.1%, K3"&
74.2%, Hero 642"< 75.0%, Hero Shaper*< 49.5%%1

H]
s

R

X0, ok

100

o

o] A o] Hl & F7]4 ] Ro W st ef oA A7t
of AHAAE Ay E o, ZE FoA Profile®&
ProTaper”, K3, Hero 642", Hero Shaper*E.t} 34
Hed o @l Algte] &8st} ol Wkl ProTaper™
£ Profile, K3, Hero 642, Hero Shaper®t} 314 7|7}
A o e Akl 285 AR Hop o] TR
A71e 3 AgARME ARBAT gle As ¢ 5 4
t}. Pruette 5”2 Haikel &7 NiTi A& 3d¢] =
el gk AgolA 39| 342 rake angle, variable
pitch, variable taper, variable helical angle, point of
maximal instrument flexure 52| Th2 HA}Ql E4 ] <]
3 dEE WS g dvka ek ek 2004 4l 5P
NiTi spdell 3 Agto] e 4+ = gpdo] Bt A
dold 4= glcka Buskict.

2 ATNE @A A7) 94U s ks T
A4 ot TaAe] moke JEks v How Bl
t}. Negative rake angles 7FA& triple U FEj<
Profile®& A&7 254 triple helix@ Bl & 7F4] & K3,
Hero 642, Hero Shaper® 2.t} 3pd A QA]7to] A9t}
ol thZ o Fejo wlgt AEYAE e H TE O
1271 5 AlARHEE. Turpin 599 Aol % triple
helix FE}9] NiTi A& L& 2E# 27} 59 do
working angle?} helix9] flute Abelell Hatd oz Fx3}
W, triple UZEHS] NiTi 9dor= 2E#H 27} fluted
JzHAqtta st F gtdo] Whe ~Eg A F7] I opy
gt 59 9 A= Aot s & AT

o]de] 714 2| gt AFE2 pecking motions
T2 &1, 34 £54U angle of curvature, radius of
curvature, instrument taper 3% HgAIZl o] tjF-E
ol - E ALl A = pecking motion®] EIHE A
T3 Li 510 AdwE nefste] notEded, 2 o
T dils T4 FATEYG 3 HY7A] o B
AlZto] A8 %lom oA Li 5V AdArtet Y3t
ok FATAAE gdo] A& o g AEYAS W= A
o FAYAT FHTANE FUo] 2EY2E W}



TZ0| NiTi ME 1f2! B SEf Hla % pecking motion?] ALSEHEI0] L= IfZo| 0/xl= ZE

3158 Algto] A7) wiEolgta s e 4 glth Li &
o] Ao = 0.04 taper Profile®s AR&slo], FATHE
T} 3 mn pecking wollA 2 A7to] 40%09l14 109% 3 =
57}5}03 om it T3%E VAo B ATolA]
AL HTh AT 3 ARkl et 162.4% 7t
0}919—‘31 el met 90%014 306%71A1¢] theFat Afo]
o T7Fe Btk 423 AT o7t VY 2 7
= K3"2A] pecking distance® 6 mZ g+ o] &1
Hlel sbd AlZto] 306% S7ketilaL, 71 A& Aol & B
3+94-& Hero Shaper*®] 6 m*C.2 F& el Bl
4 AR }01 90%7}% S7tstsitt.
Li "<& pecking Al 717} 34 Al7kE 714171
rJr 7 o}odr/} TJEAE 2 APA peckingZ 2ol whE
SAA ke g9t Li 579 AddoA = pecking”]
1“4* Omn, 1 mm, 2 mm, 3 m= SFAAT, & Agel|M= 4
A AFAQ gl 7MEE pecking AZE 3 mo}t 6
mmz 3}t o]2ldt 238l = ProTaper™E Al£lst
i peckingZAe7b 38 Ajztel] FEFE FA &t
ProTaper™ = 3 mm 4Tl IA= 7|74 Hat 239z%
Ao 6 m FH T = Hit 68271 A8 YA
AHEAT 3 mm Ui €] 9] &2 pecking A2l 2 AHgdl= Zlo] 3
2 3pd Ao frejsitia & 4 Al
2 A7 M= NiTi Aeohd o] o 2zt Alg- dhy o
e 3] 32 s nX= G Gotir] fE Al
gulo] @] WA o A7E Alolol = AAAAE WA
& gloloy, ¥Ho] B = filed] FEiA] SAF= A
THAA} de2 AT F ATk FF e ojd 54
5919 geja SA o] spdel| Fokekx], dHA o}
3AYAH o ol B g7} 9lE Ao},
T3 2 ApdA pecking motione] 3 A|7HE Ao
A sh=dl F83 92 AT pecking Azl (3 mme}
6 mn) 9} 3P AJZE Ato]el= A ATA 7} %’it Ao =2 e
SRl BATEL 5 AJte] 71 A2 gkl A
E2Q1 lo] 7kl A ghobxetar At pecking &
AE 2e SR oty @ o 479 6 mt B} 3 m
o] ”}%101] 7FlZl glo] 354 "]7}"] Tl Bom 6 m
o = J-Ei'a‘}‘ﬂ jerq

e, r1r

“ o

o)

O

= 6 mmiLOﬂ ]OH
8 mmo] A radius% 7HA17] WEe2 AztEm gk
pecking A2l ol 2EH A 3 & ARl gk

< AR 7] WEd = glov ofe AETE 3 m,
=
o —

mm, 5 mm, 6 mm
297} 9 Aoz A
et

10.

11.

12.

13.
14.

15.

. Serene TP, Adams JD, Saxena A. Nickel-Titanium

instruments: applications in Endodontics. St.Louis:
Ishiyaku EuroAmerica, Inc., 1995.

. Yoneyama T, Doi H, Hamanaka H. Influence of compo-

sition and purity on tensile properties of NiTi alloy
castings. Dent Mater J 11:157-64, 1992.

. Walia H, Brantley WA, Gerstein H. An initial investi-

gation of the bending and torsional properties of nitinol
root canal files. J Endod 14:346-51, 1998.

. Stoekel D, Yu W. Superelastic NiTi wire. Wire J Int
3:45-50, 1991.
. Glosson CR, Haller RH, Dove SB, del Rio CE. A com-

parison of root canal preparations using NiTi hand,
NiTi engine driven, and K-Flex endodontic enstru-
ments. J Endod 21:146-151, 1995.

. Cohen S, Burns RC. Pathways of the pulp. 7th ed.

St.Louis: Mosby Year Book, Inc. 255, 1998.

.Serene TP, Adams JD, Saxena A. Nickel-Titanium

instruments: applications in Endodontics. St.Louis:
Ishiyaku EuroAmerica, Inc. 62-3, 1995

. Zelada G, Varela P, Martin B, Bahilo JG, Magan F,

Ahn S. The effect of rotational speed and the curvature
of root canals on the breakage of rotary endodontic
instruments. J Endod 28:540-2, 2002.

. Pruette JP, Clement DJ, Carnes DL. Cyclic fatigue

testing of nickel-titanium endodontic instruments. J
Endod 23:77-85, 1997.

Turpin YL, Chagneau F, Vulcain JM. Impact of two
theoretical cross-sections on torsional and bending
stresses of nickel-titanium root canal instrument mod-
els. J Endod 26:414-7, 2000

Li UM, Lee BS, Shih CT, Lan WH, Lin CP. Cyclic
fatigue of endodontic nickel titanium rotary instru-
ments: Static and dynamic tests. J Endod 28:448-51,
2002.

Afm, Ao, AT F7194. Effect Of surface defects
and cross-sectional configuration on the fatigue frac-
ture of NiTi rotary files under cyclic loading. 3322
E813]2] 29:267-272, 2004.

uket7] o] 8] 34 Sahping ability of NiTi rotary files.
i okx] 7} H 2813] 2] 29:44-50, 2004.

olg %, Az, ARl o]$H W3, Evaluation of
canal preparation with NiTi rotary files by micro com-
puted tomography. ferx#E 83 29:378-385,
2004.

Haikel Y, Sefaty R, Bateman G, Senger B, Allemann C
Dynamic and cyclic fatigue test of engine-driven rotary
nicketl titanium endodontic instruments. J Endod
25:434-440, 1999.

101



LHBHX| BHEZES}S] ] - Vol. 31, No. 2, 2006

102

&2 NiTi 85 ot oM Yef vl ¥ pecking motion<]
AtEgo| o2 oA I:'|7'<|E A

ArE - 527108 - gy
A gt A et HEdtwd, A etheta 2|0 g ek HEstud

B A7 @A Al#52 Profile®, ProTaper®, K3*, Hero 642%, Hero Shaper®s WS H]wdlal o]& 574
NiTi L7} AR o] 2 32 344 28 A|7hs v astaa) AP = gt

ZF NiTi As32 9] A2 1/3< temporary resindl] "l=A17]aL thojop2E WA e]E M2 Aehfo], 2595
olgato] MF T, FARAAARA R WS ALt F714Q & S TPk 9, SAEE, pecking
AL E AsH R 248 & e A E Adsta U2 waE FeHE Adst] st 155 AAR 54 B
AAA7) 2 7 300819 SER IHAA stdo] HE friA Y Agte ST AR e AETS
AT AATFOE UL pecking Agl= 3 mn, 6 mE It ARAY FAT ke FATe 929l 40X
Zro] EAG A o7 o3k QA &k 3 mm, 6 me] pecking distanceo] WE JeFE UYERYA] Tt AEFH o R

NiTid 53U & pecking motion -2 AHE-3HE Zo] J 234 & ZolEd Eo] @ Ao AlgH

F20{: y23pd WHA THRF Pecking motion, Pecking distance



