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L5TL7 oAM= <3 wb=o o2 vepwe £33, o3 T3k 59(1L4716)

o A1 Protaper” ¢} RaCe®7} Hero642°¢} K3l tlale]

%07 (p<0.05) L6914 Protaper”¢} RaCe®7} W W30 29] 4] o] % o]

o] Z7}38te] danger zoned W 7leAol ¢ =t
AgHo 2 T Ni-Ti fileE A& AL43] B x50 &

HeRo642%¢] 7% wha ¥ 3o A zip, ledge 5

o
of
o,
=2,
N
o,
oft
i)
2

]
—
o}
oL
A

Protaper’ ¢} RaCe®?] 7% whar yZ o2 HubAel 24 S8 Fxut
danger zone? W 7}TAlo] mor g oo FE V| Fojof T Zo R AR

H




o
JH
Hd
o
rH
b

ol M Hero642® K3®° Protaper Universal®,

RaCe®el Z MY s3o st vlm A7

T
LA e
SR4EY BHEe 2RAET 43 AL 2] & FAY 5 JES

=9 FES AW FFF Ni-Ti fileo] 7IEHACH ojgfdt 74+ Fi W

Z g 23 oy e Fol=d THA oYt} (Thompson T 1997, Wu %
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1995, Zmener 5 1996). sFA Tk o] H gt Ni-Ti file® F53 dod w3 21 A=
T g A w3 g Zel Ao Z#e] A 2uF FoeA 2@ WYE
el (Schifer 5 2002, 2003).

ofel wAE siAsy] A w2 AxAE] tipel FH, radial land®] i,
rake angle®] Zbo], tiA A w= HgiA ARl A T FHE GEste] thd

FAdES A5 dtH(Powell 5 1986, Kosa 5 1999). dAl A= e of

e}

9 Ni-Ti file 2 non-cutting tipe 7FAx doew Z} AFAELS F=2

1

rake angles 2 dto] A5 ¢S WASAY, radial land® #54 F&

AA sty e WMo A % ogde] d HAEE =4 7

a

oo Zsa

%
=

3o,

o
2

AdtA © 2 rake angleo] %9 & 7 A 29 #HS 7 A A9 planing
actiono] oy} cutting actiong 7FAA 2FAl50o] ETolAW radial landE 713
B o]l (1S WEY 23 AW Fol 2w W9 A= Av (Camps 7,
1995b, Averbach &, 2001).

Hero642° file(Micro-Mega, Besencon, France)& T o] triple-helix & B 2 37
9] positive cutting edge® non-cutting tip= 7FA ™, UAE ©WS 7}2 Profile
o ¥]3) cross-section diameter’} 30% A= © & FXo|t}

K3® file(SybronEndo, West Collins, CA, USA)< radial land relief 2 slightly
positive rake angle® @7 flattened non-cutting tip< 7F2th. dod e Fege=
o eF et helical flute®} Zol WA S 7Hx& vdlA A JH & 7FE Y (Schifer &,
2003, Ayar &, 2004).

Pro-Taper® file(Dentsply Maillefer, Ballaigues, Switzerland)& 7129 U3

Wro] 7bzl F4 Helo] wWae] ol 471 v RAFES AAY F4L A



7] flef dde] deErt T A4¥ Fx= abF AT 04, 06, 08-taper 59

oo

A4 tapers 7MR file® AZFEE A FLId file] HAFHom Rt
taper(multiple taper)E& F g o2 /A EH A filed AlE 3AFE Folx, %
7] AAF} AL FAEY 2HAAY A fileo] AYof = AFHE Fo] A
et AEAdS S99, Ruddle(2001)2  ©]# 3 Protaper?] design® @ 213
planing action®.th cutting actions eIt s 9tk 2 Protaper Universal®
fileo] &A1¥ WA T ApQlde] WE7E gtk (West 2006). S2 file®] F37F oF3F
AAHA S1 file?t o] 73S o] FQ 3 Shaper fileol A Finisher fileZ ¢ # 3}o]
F ¢ B=g YAt 3 Finisher file®] tip design®] "modified guiding tip” ol A]
“rounded safe tip"2o = wl# Qo F3 fileo Al cross-sectional bladed] ¥ 7}
v A T A o] zrobA] fAA o] Frbek T

RaCe® file(FKG Dentaire, La-Chaux-de-Fonds, Switzerland)< alternating

cutting edges(straight sector varies with twisted sector)E 7}A= 4239 o

W 22 LA ol 7179 screw in S WAEl] A EAY EA S
ANt e A7) 384 ¢l (electrochemically) T A 2 AbA| 5 H o] A E ¢

t} (Paque %, 2005).

oo B I E active cutting actionS Holw A& T2 u¥ FHS A=
a7 T3 Ni-Ti file?l Hero642®, K3°, Protaper Universal® @ RaCe® & A}&

3l Exo] gle 589 &A7F A7 Ni-Ti files o83t Fa w3 & <3 3

TR =

ol

HE 7HAE Az &5 ZedAd 284 dE &S W] 395 Al



I 4748 2 39

Ao s vt ® 2@ dggog ZuRe 2ol SO B 27| 16 9
=93 6070e HF9W3 HH EZ(Endo Training-Bloc, 0.02 Taper; Dentsply
Maillefer, Ballaigues, Switzerland)S AF-&3t9th. d A EZF9 Zol= 17mmeolH

12mm A @A wkxo] Al ZE v}l Schneider ¥ (Schneider 1971) 28 24 A

4TS 4N TOE BRHD 509 AFAL A TY MY A BEL
Agstel & 60hS AALFS 2@ AU AGAE F 18AANY A
2490 A 6719 F9 Profile® Ni-Ti fileS AL&£3] e A E Fof AT

of 3@ E Ni-Ti file AHE AgdlnE ATdE2 HAAFFoH, 2 AFo o
A el Aol vt Zhz 3N 9] HAEES o] 835t A5t

it Hero642® (Micro—-Mega, Besencon, France)

T

Ki*: K3® (SybronEndo, West Collins, CA, USA)
Pa*: Protaper Universal® (Dentsply Maillefer, Ballaigues, Switzerland)

R RaCe® (FKG Dentaire, La-Chaux-de-Fonds, Switzerland)
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BE A EFRET AFHcIZE offste] HIEFS How 74 Ni-Ti

e

filee 33 Alg T ARz wASA. $ZAZ RC-Prep " (Premier Dental
Products Co, Canada)Z AF&3t3 3 7 fileS wlE wivity G52 A4 3
5 #10 K-files ol &sto] 22 /MWS FAGAY. ¥4 FS E47F 245 =
1619 %% A=dx2s F2F A7 2EH(X-SMART'™ ; Dentsply Maillefer,
Ballaigues, Switzerland)Z ©]€3}o] 300 rpm.8 £%E2 APl Pt. e ZH LS
crown down techniques Al&@stgom, 7] X B3 AL 948 Hero642®, K3°,
RaCe®oll /1= Pre-RaCe(08/35)5 0] 43}91 3 Protaper Universal®ol A% S1, SX
fileg o]&stol Z@PFoNA 10mmAH7A FAAHE stk vhA = A 2SR
28 Hero642®, K3° RaCe®oll A #25(.06) Ni-Ti file ©]-&3t% 3 Protaper
Universal®e| 4= F2 file® w}ia]st ek on] 28 Al Azt AAd e &

NE 2B YL 9L 4o screw in effect ¥ =3 ez A3 fileo] A%

o

g3 dste] wAte = A7t waon ledgedt zip =3I thg @A Avh whet

A, 2 Ao e o A Z2a2 249 Hed

Aol g ol gakglth
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Table 1. Preparation sequences of Ni-Ti files

Hero 642 K3 Protaper Universal RaCe
1 08/35(PRE-RaCe) 08/35(PRE-RaCe) S1 08/35(PRE-RaCe)
2 06/20 06/30 SX 06/30
3 06/25 06/25 S1 06/25
4 04/25 04/30 S2 04/30
5 02/25 04/25 F1 04/25
6 06/30 06/30 F2 06/30
7 04/30 04/30 06/25
8 06/25 06/25
9 06/30
10 06/25

<HAY A, Fo BGFE vuwstr] fste] U fAo ddEES vgAd
ZhletE AT F e FIHE AL & A% & Fol 47 e A7
o AEE FYTF HAXNESS AT AAd ST FAsA #FG A vz
2 #:Z(EF 100mm /2.8 MACRO USM; CANON INC., Tokyo, Japan)& 723t
tx4g 7}d 2 (Canon EOS 350D digital; CANON INC., Tokyo, Japan)Z o] &3}
of  IIFLE(2496x1664 pix) & H, & F ouAE AS5FHHoH
Adobe®Photoshop®CS2 (Adobe Systems Inc., San Jose, CA, USA)E o] &3}

EERES WE A2 e 4749 onAE FHAAG

2R Rofo Hrri: olu AR A 7] (Image-Pro® Plus, Ver 4.5, Media

Cybernetics, INC., Silver Spring, MD, USA)Z o] &3} t}t. WA Fig 13 #o]
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Fig 1. Superimposed Fig 2. Drawing of the measuring method
image of a simulated
root canal after

instrumentation

4) 7179 o4 2 Ay

CHAY =T fileo] HAEHAY MAHUNS A MEL fileZ HHo] A SAR

B oAl 23 Adetdon sl g wgo] g V5 FE 7S

rr
>

B9 A 28 AtE AR old files WL HolE A6}

% Ay & T 289 wF %= Schneider® (Schneider 1971)% o] &3l =
AeRon 24E & A AL AN & F WUy E w gS olgde =@



7) Canal aberrations
& Ay & T FHHE ol AZ uEOE gapical zip, ledge?t Z& canal

aberrationsd] A FE =2 AT (Thompson %, 2000b)

SHAY A, 23 AdE Ax v o, 9 A, T AAY 28 F
A oolE el st 2t 2F e W vae BARAS oj&stden AS A
4o 2 LSD(Least Significant Difference) "™ & o] 8stvt. e, 7|49 3

2 W3 Canal aberration®l ulsle] 2zt Z1F el WA W] &o] gk F4L2

Fisher's exact test® sttt A4d FA

[l

29L& SAS Ver 91 (SAS

Institute Inc., Cary, NC, USA.)o]t}.



I 2438 2%
.2 Y E 2 AlE (Amount of resin removed at the
inner curve)
4 Fd v S A 2 foAd A4 2= Fig 39 2o EE
A gkSpol Al A E = Leo A AbA eFo]l 74 Wgkal L4R Za & AbA| o] & A 6
DAt A T LITL3 Ao A &= AbAl o] A Aoz rastdlow L1, L2, L9 A
AL Ads dwA AHAA FATAA FoA7E AT AF HA A
L3718 A Ptk Rt ghell= EAA fFoa7F glgles Pt R 25 H
T Kt B 2 Al ge Bk (L Aol A A"7x9 Ag)
/\\ — Hero642
S [ | |—k&3
= Protaper Universal
—*— RaCe

at different inner measuring

0.35
0.3
L8 L9
the distance between the

0.25
e 0.2
€015
0.1 —
13 L4 L5 L6 L7
(L :

0.05
L2
Fig 3. Mean width of resin removed (mm)

0
L1
points after preparation of simulated canals

_‘IO_

point of measurement and the apex in mm)



2. W3 9= A A% (Amount of resin removed at the

outer curve)

AR W 92 AAg R 504 44 Aa: Fig 49 2oh w3to] A

e
Hr
i

o

s = Lol A AtAl ol 7bd A glrhrh L5838 Aes wopAE A¥e nilth
L6 olate] A Mol RTol b AL AAZFE RAvh L1304 Hito] the

5o vl Fo9Ad A B2 AAE 2RHom(p<0.05), L2, L3, L5dA P}

o
)

el

A

o947k ek,

Ho

R Froll= 57

0.35

0.3

0.25 /\\ o ; —— Hero642

g 02— = —K

= 0.15 ,/-//V/ = Protaper Universal

0.1 —— RaCe
0.05

L1 L2 L3 L4 L5 L6 L7 L8 L9

Fig 4. Mean width of resin removed (mm) at different outer measuring points
after preparation of simulated canal (L : the distance between the point of

measurement and the apex in mm)
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Fig 5. Centering ability at different measuring points.
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4. 4 AAAAY F AAF (Total amount of resin
remov ed)

F Al @el WF AdE Fig 69 2rh 4 AWz mE FdA BAA

oAz A AbFAA A3 Los A9 d ymA BE A HA Pudt R

0.6
05 — Hero642

0.4 = / — K3

/ = )——' = Protaper Universal
=

0.2 - RaCe

0.1

0

L1 L2 L3 L4 L5 Le L7 L8 L9

Fig 6. Total amount of resin removed.

(L : the distance between the point of measurement and the apex in mm)

5. 71+9 w4 9@ W3y ( Instrument failure)

SHY £F hAEAY 9T APR /17 S Table 29 2t} 7179 %

A2 stux gllew 719t WE S HaolA 2707F Aotk 71979 wd el gl
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o)A 7t & 7t

1l

of
o
i)
a
‘O,

BA AA q (D:02373)

Table 2. Number of fractured and permanently deformed instruments

Group Hero 642 K3 Protaper Universal RaCe
Fractured 0 0 0 0
Deformed 2 0 0 0

6. <3 A Y

Al 7¥ ( Preparation time)

AP HZY AL Table 37 Zo)h F o 7ol SAEAA FIAE §A
ot (p = 0.1639)
Table 3. Mean preparation time
Protaper
Group Hero 642 K3 . RaCe
Universal
Preparation time(sec) 260 245 209 222

, = F Rl AolE o] §3to] A

_14_



Change of curvature(degree)

O =N W0~ 00O

Herob42 K3 Protaper RaCe
Universal

Fig 7. Mean degree [Changes of pre and post-canal

curvature(®°)] and comparison among test groups of

straightening ( * : statistically significant at p<0.05 )

8. Canal aberrations

Canal aberrationol] g A3+ Table 49 #t}. Zip¥ Ledge’} AT H] &S
g o, 2% 2 & 1Y FAGHAd F9A7F At ( Zip ¢ p=0.0004, Ledge :

p=0.0472 )

Table 4. Incidence of canal aberrations

Instrument Hero 642 K3 Protaper Universal RaCe
Zip 6 0 0 0
Ledge 4 1 0 0

_15_
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Lim¥ Webber(1985)

21 tH(Weine 1996).

Itk Aol
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AeE %
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=

stainless-steel file
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of 1 e
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=¥ ARg
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= ¥°o7 & v (Baumann ‘5, 1999). webA, AAd A o= & A5 AA 9

o,

Zol EAsH7] wiitel] AA Lol =@ AY Aot HludE FoE V]
$ojoF & Aot} (Thompson %, 1997).

 dFdAe ddESH gAd JHdaEs Fdd A 1A F de #F
AE AAE] 2HAEE A, T ouAE nfFE=e HAE s E ZF st
%o, o] & A Aolxl tA4 ol A & ey Zg2 9
Adobe®Photoshop®CS29} o] 1] 2] ¥4 7] (Image-Pro® Plus)S o] &3l 2 A9
e JHlE B Ags Hwsty skt A7 HFH ZEaHES ol 8T H

ol AFEH HAAIE THA = A= @AE dste] Aol HojAH,

o
o

= k

Fo AR

e

e
td

BEetE FAGAM 227 AZE F dvteE R 3(Gambil T,

1996)% slov, A= AFEG B sxe waww A AW 2 o4 1
4w AL Az Bdael ouAe APEES FANA onA oy
A oAel wrh AEE T A8E AA soto] Abed A EH AS YA =

B Ao E RE oA A GAE coronal flaringS A FsgE=d, P
S1, SXE ol &st9g o ymA o A= EF Pre-RaCe orifice shaper(08/35)%
o] &3+ ). Bryant 5(1999)2 <& Z7]d 23 YFE T tapergs 7HA file
= gAgorn 749 stdo] AJrta skl o9k ¥¥ kol Rangel F(2005)
% crown-down technique°l A %7] 2 taper file®] Al&o] &3 Hojg}tar AT},
ol Ao E Z7] 08 taperd orifice shapers A& o2 xR 7)o =4 3}

Mol maA Aottn AZArh

_17_



W ool WS AbAl el oA diFE el A ML3TL8)NA P, Rtol H, Kt

woh woh §o4 oA B AASe Bt (p<005). 2@ W] oE AP
o AEel Aol QAW WE FolA ATw 1/3049 935 Aol wol v

som Rl 7ha e AAFe wgth A9 1304 Hel 9% A%

o] 53] ¥ o]f zip, ledge Tol Wol MMV WEow FolEt

rl
e
o,
ofl
o
E
ofl
i,
ol
)
32
2
w
wn
=
o
i)
Z
o
=h
o}
)
b
<
rl
e
filo
=
ol
>
N
D)
d
=

ofy
&
=
>
rle
rl
ach
=
AN
o
T
S
N
)
Mo
o
o
ftlo
s

oltta &9t (Thompson % 1997, 7 olek H-43F 2000).

B AFo A= HeodA & =02 zipd ledge7} @o] wAsto] L17L3ol A
<@ vk 93 A A o] T E LEET FoA A Beol vEwt. s vhet
Zol F-E9 Ni-Ti fileo] A2 FoolA 9 AtA o] HopAnm JF F
Aol AAHA g Aopdo] EAste] THAR] AAZQ o FE "ojrxd

Atk wekA who] AZtE = AHE AUA A2 Fee o]27] 7AW
AA 7 A A o] FoA = fileo] T SHAF S BAYAL T 5 9]

T4 olT#FE HUbe) BW LITL3d A= K, P, Rete] Hat ol vs] 4 o] ¢l

o4 A AR (p<0.05). LATL6I A= P, Rata} H, Kt Abolel #2174 S+

kel & B o1 (p<0.05) L6olA = P, RurollA 3w YH o= F4]o]s o]
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Bol F7Fste] danger zoned W he Aol =mokth webd, @ W oo
ATGE(L3D)ol e WS A e P, R¥e] & ¢85 B & 232 g

WA XBRZ ZdFE LeodA dZF Aol dA A3 WeolA danger zonel]

et

W gl 9o

=

3 4 Y. Bergmans(2003)= A Ao wH S #EA
K3®9} Protaper®?] cenetring abilityS H] & 218 o A, mid-root curvature %-+*
o] 4= 9F&E centering abilityE ¥ 901}, mid-coronal 3]l 4= Protaper” 7}

A BAF Z 0 29 transportation®] FEH A A Bkt At Calberson

™

Z(2004)& @7 2E @A Protaperte @AY S Hrra Ao F2

F3 filed A& Al W= wkxol A =3 2kA7F 4 o]y} danger zone

o

>_]4‘
o
sk
do

o] 9gJoma Fog= g3t ).
7t A 8, = A dolA PEI R AtoldlE tiREe] AHAA £
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Abstract

Comparative study of the shaping ability of Hero642®,

K3®, Protaper Universal® and RaCe® in simulated root canals

Jun-hyung Kim, DDS
Department of Dentistry.
The Graduate school, Yonsei University

(Directed by Professor [7-voung Jung, DDS, MSD, PhlD)

In this study, the shaping ability of 4 different Nickel-titanium rotary file
systems (Hero642®, K3®, Protaper Universal® and RaCe®) which have active
cutting action and different cross—sections was compared by examining the
narrow and curved simulated root canals made from plastic resin blocks
when instrumented by clinicians with no prior experience in using the
aforementioned file systems.

Five clinicians used Her0642®, K3®, Protaper Universal® and RaCe® file
systems to instrument a total of 60 simulated 35°-curved canals. All the
canals were prepared up to ISO size 25. The pre— and post-instrumentation
images were recorded and superimposed. The assessment of the canal
shape was completed using a computer image analysis program. The
material removed was measured at 18 measuring points, beginning lmm
away from the apex. Using the superimposed images, the following data
was recorded: the amount of resin removed at the inner and outer curve,
the amount of movement of the central axis, the total amount of resin

removed, and the degree of canal straightening. In addition, incidence of
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canal aberrations, the preparation time, instrument failures were also
recorded.

The amount of resin removed from the inner curve were considerably
higher at most points (L37L8) with the Protaper Universal® and RaCe®
than with the Hero642° and K3%(p<0.05). (L : the distance between the
point measures and the apex in mm).In terms of the amount of resin
removed from the outer curve, all the groups showed outer widening in the
apical region(L17L4). Hero642® showed significantly more resin removal at
L17L3 than the other groups, subsequently resulting in a greater incidence
of zip and ledge.

In general, the central axis moved toward the outer curvature at L1714,
and was shifted toward the inner curvature at L5 L7. Protaper® and RaCe®
showed a significant difference from Hero642® and K3® at L47L6 (p<0.05).
At L6, the deviation of the central axis of the canals instrumented with
Protaper® and RaCe” increased, and there was a greater risk of reaching
the danger zone.

In conclusion, clinicians inexperienced in using Hero642® need to take
particular care to prevent forming a zip or ledge in curved canals. In the
case of Protaper® and RaCe®, the cutting ability of the inner curve is high

but there is the risk of invading the danger zone.

Key words : Nickel-titanium file, Curved canal, Canal preparation
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