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ABSTRACT

Objectives:

715 M3 rotary #1 M3 Pro Gold
files UMMM BT HM

Materials and Methods:
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Results:
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Gold files BHEES X M3 Rotary files
(P<0.05) - ZEDSCHIZ3 4T M3 Pro Gold
files £ heating curve B—AS & (
peak) * £ cooling curve B21& peak -
H#H - M3 Rotary files £ heating
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Conclusions:

M3 Pro Gold files tE M3 Rotary
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7138 B ") - M3 Pro Gold files & #f
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INTRODUCTION

Niti rotary sz ERRERBE
B BEENtSEAREOEMELEE
%ﬁTﬂZE’JW%EﬁF_TETET’EJ: FERBEONE
- RERRGEREW - BEEEEN
Fﬁﬂil)?lze HAJE 55 (cyclic fatigue)
HFE S (torsional stress) - & g3t e
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RH prepare canals - THZEMM
canals - 31 M3 Rotary #{Em M3
Pro Gold - Efiles BRI
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MATERIALS AND METHODS
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RAR/MEET -

M3hedE R~ 20, 0.04#E ; M3
ER~125,0.04#F ; M3 Prosz K~120,
0.04%E ; A;IM3 Pro R~125, 0.04%&
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FIBEAEXHER25Z2XK - BEH
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I pRIAERE - W HEARE 1SO
3630-12EM EFI R E R & & =8 10 IE
EHAK -

1 R B 2N B R PR D B R 2R AV
TG EEH T RERRIHIMME -
ZEBH TN EE R BELY AT EE
TRENAHEENRED - FFEAENX
HR288 /588 R E s IR R & 5 @ e
RS B e b

FEZER (21°C+1°C) NEAHE DG
(Sabri Dental Enterprises, Downers
Grove, IL, USA) E&EE A B =
(N-cm) NAERE (°) - UKHRH
EmELRRAYRNREAE -

WMpIFRt - ERHEHREETEIR
REAE  ZRENDFTUEERERT
ENESEHEPHEMW -
FAEIREMR T MEEREIEA
Z2E tmAasmmiEHEAR6O HE
AAMSmMmMmERFENSEEND - A
B ZEE T EFE (Silver, VDW,
Munich, Germany) 12 #t&1 0896 : 17
ZHF# (Sirona, Bensheim, Germany)
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Co.Ltd., Elizabethport, NJ, USA) -

[REMAERFEZREHH - BE
BmRAALER  —HBRERG  7H
AETIE - EEERIBRFEREGF LS
- RS EE:S  B—ERFERGT
e AV R ENNETHERE - 8
BRAYNOER (M) KUSHHNE
HNBIRB KT EBREESNRUE
RRE - EFAHEBFMEST (Mitutoyo,
Kawasaki, Japan) RIS Ry T] 5
mIERE -

£ 1% 1 B F B R (ZEISS Supra
35VP, Oberkochen GmBH, Oberkochen,
Germany) N@BEPBE R WETHE
H - DU RER R MR SRS = -

Differential scanning calorimetry (DSC)
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Statistical analysis #&5T 55 P

B7t# A Kolmogorov-Smirnov
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RESULTS &t
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Table 1 B2 BHRESE MM (Cyclic
fatigue) ~ RN ETT (Torque)
Er AT hesE B E (Angle of rotation) -

S EER AR AN MRS - B
HIR S5 (Cyclic fatigue) BB # st
FHEERE (p<0.001) - HRIEMS3
Pro Gold & M3 Rotary files F&RIFHE
SHEES M (p<0.001) - BE -
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tt 25/0.04 2R EESWEBRREE N
# (p<0.05) - &5 - M3 Pro Gold
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BB MO MmEHASERREER (
p<0.05) - B25/0.0448%3/£20/0.045
REEENERAHAIRE (p<0.05) -

tEE AR EIHE AR MR zs M - M3 Pro
Gold files FAEERIFEHE KW EE
HEAE (LE] - HERARBEERN
BIFRGR) - HER M3 Rotary files
(p<0.001) - BE  Btt®WEHEA
ME M - 25/0.04 B E 5N EHH
HEABE( p<0.05) - 55 - M3 Pro
Gold 25/0.04 ZIRE e T &AW
ZETRBEAE(p<0.05) -

FIHEHEE HOER 3 mm
for torsional - BRI SEIZ © 5.1 mm
for cyclic fatigue) IR B uas il B A

RHEAIBEFEMR N  J8BRE
WS IE RS S5 sk DR S 2 R -
PERELBEHRINEE - BERES
% R (Fig.1% 1 BDFH) 2 Z#B A&
(crack initiation area -  f&/R &) 148

Table 1. Cyclic fatigue, torque, and angle of rotation of the instruments tested

Instrument Cyclic fatigue (NCF) Torque (N-cm) Angle of rotation ()
M3 Rotary 20/0.04 564 + 2% 0.53 +£0.02* 295 +1°
M3 Pro Gold 20/0.04 961+ 2° 0.56 + 0.01* 494 £ 9°
M3 Rotary 25/0.04 452 + 2° 0.71 + 0.02° 392 + 2¢
M3 Pro Gold 25/0.04 836 + 9¢ 0.75 + 0.01° 596 + 14

Data were shown with means + standard deviations. Different superscript letters in the same column indicate statistically significant differences among groups
(p <0.05).
NCF, number of cycles to failure.

Table 1. B3 & [FHELZL L) ERENZHEUAEN EAZF O, X R EHE2 A A
FEHEE£HE(p<0.05)°NCF> ZHi & o #% -
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Figure 1. Scanning electron micrographs of the fracture surface of the separated fragments. (A, B) M3 Rotary size
20/0.04; (C, D) M3 Pro Gold size 20/0.04; (E, F) M3 Rotary size 25/0.04; (G, H) M3 Pro Gold size 25/0.04. (A, C,

E, G) The left column shows the images after the torsional test, with the circular box indicating the concentric
abrasion mark; the skewed dimples near the center of rotation are typical features of torsional failure. (B, D, F, H)
The right column shows images after the cyclic fatigue test, with red arrows indicating the crack initiation origin;
the surface pattern shows dimples and cones observed in the same fracture plane.

Figure 1. XN EBE TE A 2 B @ - ZMACEGZ# /M &% - OAZ3 [ LB 48 F7 3T (concentric
abrasion marks) ; ¥ 8 2 2 37 45 90 S w0 R AL 0 A B RV S ) - A ARBDFH A B #E
& > { %5~ H & MR IE (crack initiation origin) : AH Bl B 2 W 7 RO ACHE SR B R T B E -
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& RIERETZ T (overload fast fracture
zone) - BEHEIBEER (Fig. 14 #
ACEG) Z[RI/MWEEBENED (concentric
abrasion marks - OfZsE &) M#FA
B /O 1Y R & A 4 R ALED RS (fibrous
dimple marks) - 2325 Figure 1 -
DSCEMTIELER (As, Af, Rs, Rf, Ms,
& Mf) &2k Table 2 - M3 Pro Gold
SIRNMEHMARBE—IREIERE - 812
A E S EREIEE - HEHW - M3
Rotary files IINEREIAR S B —LEHIE
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& ; M3 Pro Gold BERIEED B AL
% 20/0.04 2 -8°C - B 25/0.04 2

-25°C - B i H AVAH B 2R
YEHE - M3 Pro Gold RERIEER
RIA% 20/0.04 215°C - 81 25/0.04
220°C - HERKRELZXETHEN
fZ% - M3 Rotary files fFYEREIDSCEt
#ri54&E (Fig. 2C & 2D) /2 AlEANEL
oh . o] REAMEME —IEE - LEIEE
RKERB R MBEE R (martensitic) -
YR E/BIR Z R EN X ETHE
MmmHEAEERRE -

[l

Ho - Fig. 2A & 2B % M3 Pro BT
Gold files WELEIDSCEATIAHIAR -
RDSCEANTAEE S - EFEHRES M AR/N - EE - BUERIR
MEA R B - 2% A8 A2 o RO il H AR AR it RER ST ETEUHHRE

(martensitic) 2 & ; THEHE AR HRIE S5 B NR9BE] -
HRE BENALCRBEEDNFFE EARBEMEFREE T M3 Rotary

and new M3 Pro Gold WBHIE &5
it (Cyclic fatigue) ~ RAH AT
(Torque) EHETATREAE (Angle of

/EIR - IEHEMEEME (martensitic
phase) @ [EIZR4E (rhombohedral

phase) /5 X (austenitic

Table 2. Transformation temperatures (°C) for the nickel-titanium rotary instruments that were tested for 3 samples of each instrument

Instrument Cooling Heating

R, Rf M, M; Re R¢ A A
M3 Pro Gold size 20/0.04 32.49+0.20 12.36 +£0.22 3.70+0.17 -31.52 £0.23 23.58 +0.12  44.50 £ 0.18
M3 Pro Gold size 25/0.04 23.22+0.19 13.40+0.24 -11.58+0.16 -33.05+ 0.22 24.98+0.15 36.39 £ 0.17
M3 Rotary size 20/0.04 - - 17.22 £ 0.16 2.65+0.22 - - 6.01+014 20.48+0.16
M3 Rotary size 25/0.04 = = 17.71+ 018 111+ 0.21 = o 517 +0.12 21.26 = 0.19

Data were shown with mean + standard deviations.
M,, martensite transformation starting point; M¢, martensite transformation finishing point; R, R-phase transformation starting point; Ry, R-phase transformation
finishing point; A,, austenite transformation starting point; A;, austenite transformation finishing point.

Table 2. 8 kBB HMZ BB EE(C) > ZHMBMA=ZKE - BHE A FHEFELEL] - REBHE 2
(martensite transformation) &y B 4 78 & Ms#r £ 1k 38 B Mf 5 T R-phasef¥ % # B %4 i £ Rsfn 4 1k 38 ERf
T & #if H 48 JE % (austenite transformation) # B 46 15 B AsFu #2178 B Af -

[FfizE - é%%’%ﬁﬁk%ﬁﬁ’]@%l‘éiﬁiﬂﬁ?ﬁ%a EHE HE ST HNREBEEE 0 A E KR HERE
BERETENR - FIRHWRKTESLE -
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Figure 2. Typical differential scanning calorimetry (DSC) diagram obtained from (A) an M3 Pro Gold size 20/0.04 file, (B) an M3 Pro Gold size 25/0.04 file, (C) an M3
Rotary size 20/0.04 file, and (D) an M3 Rotary size 25/0.04 file. Blue circles indicate the austenite transformation finishing point (A;) temperatures for each file.

Figure 2. $# R 0DSCHAT 2 48 [ - B B O 71 & 4 ot By R B B 6 4 4 0k 0B B Ar -

rotation) - Z M3 Rotary and new
M3 Pro Gold KIEBRWREEERE
mtEsR i A EER AR T ER AT S M
BERATRSEREPLBANREE LR
@ - FRAEMEZERZRLREE - MR
EbE e AR AN S e £t (0.04
taperERU20E2255%) - 895 ma {E & 2R
EEBERAEAK EBREEA -
RERXRHRNER - SHETRE
# M3 Pro Gold & M3 Rotary b8
5 - M3 Pro Gold BREFRIBHERR S
it (Cyclic fatigue) B AIEERE
(Angle of rotation) - BE2E&RAHA
BEEMETEBREER - SR
BEEZENREOJEEMENNITIE =
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HEEAE - RBEHEBLHNEN
M3 Rotary ER— BB FEENIE
EERMTERE - SERMEERE M3
Rotary BLLBIFHWBHES MK - B
AIM3EEEBHEENITAZ - R
MIRBAX PDSCHIMENGEREBER
M3 Rotary FRfEFBRINITIS £ B E#HR
FINITigZ 4B Ll - M3 Rotary & &
mEBEMRINITIzEW - = REOPH
Z austenite structure - HH¥H M3
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& - M3 Pro Gold 205822557942 IE
mE (Af) 2 5l1244.05°CE136.39°C -
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Gold FF - M3 Pro Gold EE£9# 5 1E
martensite IR austenite FIES KB
(ABREXRZDZE37°C) - M3 Rotary
205REA25SRAZ IERE (Af) 2 AIZE
20.48°CE121.26°C - EAREZEER/A
OAEER M3 Rotary 5 - th24FE
austenite FIAREE -

FEHRAREN CM wire B2 - £B
MRS MEARR - ERARREST
MHRECBEER B ERIEBIEPFAS
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W/ fileRE MBI - M3 Rotary
EA M3 Pro Gold W1 /158 I & AH
M ER - FLUSMiESileFIEARANE
BT AEEMWMENERE - AW
BLEMHERIEE CM wire Wi & E
Ztb M wire REUE—LE - ERRIEESE
R R X o] BE =2 R A5 P ZE FHAINITigs
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NiTizgs A ET R A REAE (Angle
of rotation) fCERENITizs M EXFE
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RN W#EHE - FEHRIRBNBE R
FE AR G 3 F B A AR R -

NiTigg Y EAE RN EBRA
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