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Fig.3 Total amount means of removed resin(mm) at the different levels after root canal
preparation for a 10° apical curvature canals by ReciprocR25, WaveOne P,and  ProTaper F2.
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Fig.5 Total amount means of removed resin (mm) at the different levels after root canal
preparation for a30° apical curvature canals by Reciproc R25, WaveOne P,and  ProTaper F2.
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Fig.6 Total amount means of removed resin (mm) at the different levels after root canal
preparation for a 10° apical curvature canals by Reciproc R40, WaveOne L, and  ProTaper F4.

*:Significant difference between ProTaperF4 and Reciproc R 40 (p <0.05).

**:Significant difference between ProTaperF4 and WaveOne L (p<0.05)
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*:Significant difference between ProTaperF4 and Reciproc R 40 (p<0.05).

**:Significant difference between ProTaperF4 and WaveOne L (p<0.05)

Inner side Outer side

0.10

I

measurement point (mm)
W

0.054 ———i ————1 0.053
2.4 0.048 —— 0.088
0.0339 ——— 0.084
ReciprocR40 i
p o2y — | 0.077
1 mWaveOnel. b.036 b.132
W ProTaperF4 0.023 — 0.152
I |
0.3 0.2 0.1 0.0 0.1 0.2 0.3

Total amount means of removed resin(ilmm) at the inner and outer sides

Fig.8 Total amount means of removed resin (mm) at the different levels after root canal
preparation for  a30° apical curvature canals by Reciproc R40, WaveOne L, and  ProTaper F4.



Z %

WD~ VT T 7 AN AT N THRE TR
THNI-TI 77 ANE T INT 7 ANMILED
TRETRRE NI T 2, SESFFFen
EESN TS, ABED PIE v VT 7 A
Reciproc &~ /L5 77 AV ProTaper D UJHIFf
PEZSIHI A C Ll U7 fE R, SN HIIH]
AT, PIBIEIA]EIX Reciproc 23
BENMEINZ 8> 7o b D OARAE 2N 51575
Yl HER LT, Berutti & ' I IARE TR AT
OARE POMTEZBIE LRGSR, vy
74 /L WaveOne 7* ProTaper JDZE( A3 D721
ZEEWEL. &BIC, Birklein ', ER
Pt 80 AR A FIL ) 30 o ith
AR TERA% OARAE B LA HERE L TR R,
S V7 74V Reciproc & WaveOne |3,
ProTaper DIRE EMYbEFIREE TH DO L%
WL, GPEUIHIA OBRENRD S
WZEDBEIHIZhRAMEI, FAAHINZHE O
RETERRE N A EZEDTRNEHREL T
%. ZEHD % ReciprocR25,
Small & Primary, 332U} ProTaper F1 THRA
TR DRI S I 236 1 DAREREZS
(LA HELIAE R, NS EICHE
2T, INTBRIZENL &1 X ReciprocR25
AL, MAHOOWE D& 3R /R T
Holz. WITNDL TN T A~V T
T 7 AN L DIRE TER A LI L TR 36
WTh, 77 AL EBITASROIRE e
HERELTARE TR FTRE T DT LSS

WaveOne

10

MTWDHN, HREOE A I ZSU72 Ni-Ti
77 AV OYIHIRF A AT LT 13720,

ABFZETIE, ARISFBIEHE 10, 20, 30 &
DIILDT T AT JIERI ] A7 %Al
UC, EHOALEIC L DARE IR A T
UToitidR, SR8 1ISO25 D 1, 2, 3
BECRANERBEAY ISO#40 D 4, 5, 6 BET
IR RENL B R EZRAED FRDO A
AR REZSAT | T HBARAE 0D PNTEHRI -SRI
([ZBWTHIEL TS, ISOH2S D FEEREE
TILE RS /A 10, 20, 30 FEE4_TOR
BIZHBUWT, AREDD 1~5mm OB L
OSNERIZAT ZOFHANEIL 0.1mm LU T Th
STEZEDD, T_NTDOT7A /NN TE
ith £ BE DAV A UIHI R D 2N R B2

(IFEOHNRN ST, T35, BHIERS
K 1ISO#25 DRBRIETIE, o7 NT7A4
JNE= VT T 7 ANV ERBRICASROIRE
REZAfER L TARETERDS FTREZR Z &V RS
7z,

— 15, BHEHEI BN ISOHA0 D FEBREET
1%, 77 A/VOFRECTE AR E A L2 L~ T
REREGHI &N 2T ENPIENITSN

. 10 EEE AR, HR50D Imm OHIE
HNLTT R TOT 7 A /U TINE I
ALET U CBIIAEAL R B L Tz
LRSI
(X BN A1) DA TR 2D L
TPIA RN IMEM 2R LTz, ZAUSxL,
Reciproc R40 & WaveOne L 13 K&72 28013

ProTaper F4 DANERIZENL &



7R ARRDD 2~5mm OREFRALT 0.1mm
LI T O¥)ELRGRIEZRL, XREETHD
ProTaper F4 JOANERIZER EITHINL TV
DB RIZENL B TR 2R LTz, 20
R, 10 LSRR T
AL T& 5 Reciproc R40 & WaveOne L DIEH
73 ProTaper F4 &L CNIERIDNT AR
— T =L ar RIS DT ENVREN, TR
D Ni-Ti 77A/LVEHHEL T, Ni-Ti A4
INTALBRL R FHICZAHASE T2 M-Wire TS
Reciproc & WaveOne OARE IBHENMEA ) L
TNLZEDFRD LI

20 BB HIARE T, X TO7 711
BOTONBEN BICH B2, N
RIZEAT &1 Reciproc R40 & WaveOne L A3k
&<, ProTaper F4 3 B/ NSNWZEDRS
iz, HRAE OIS/ 5 L, ProTaper SX
T AN L RE LT VT —TEREATOZ
ET, SREORYE G R L AR DS
SHURAE 7 1Al L [RERODAREBE (AR — T A
) DIRERRS IV AE R, Lo T T AV e
#:LC ProTaper F4 O PNIZAIIH B4 &
WHTEDRIBSILE.

30 FEE HIARAE TIE, 10 FERS L UN20 FEVE h
TR LIRIERIZ, AR Tmm ORIEENL T
T RTOT7A/NZBWTINBHIZENL &l
%L CPTBIIZENL BN L CODZ e R
S, HRGAA] 2~5mm TIFXINBIZEA &

A EAETROLNh T, —J57, HRARM 3
~5mm CTOPERIZL &E Reciproc R40<

X, Ty

11

ProTaper F4<<WaveOne L DNEIZHEIIL, 1F
ER CIRE TR EATOL L TNV T 7 AV
Reciproc R40 & WaveOne L 73 10, 20 D%
HARE CIIFFREE ORRE AL EA7RL T

COIZHL, 30 FEE IR Tl WaveOne L
EHEHEL T Reciproc R40 OAREEELNT B8
BRI NSNZED RS, PIEELT &
DAREREISNT B 7 7 AV O TR O Wit
JERELZ LU Db, IREREIS 3 pUCHEmL
BHEI§~% ProTaper F4 & WaveOne L 73[7] U
MR, 2 R COIEI3 % Reciproc R40
(I E AL ChReb UIRIZE N DA E )3 )
Iotz. Kim HOHE 2 )¢l Reciproc
& WaveOne D4 @)% 57 M ANEE LU AT
4 (Torsional stresses) 7% ProTaper V=<,

\\\

Reciproc & WaveOne f#] Tl WaveOne D #al
PRHIMED S, 30 FEEEHIRAE 1236V VTR
5 3~5mmOPNIBHIEIHI &S Reciproc
R40 ELE#EL T WaveOne L 23 NL7-Z & &
—E7%.

AMFECTxf FEE L Cffi L 72 ProTaper |
HREFAAINC SX 7 7 AL DIRE
TVT AT T E DB AT A
THD 0. 20 S HIARE O FEBRFE R Tl
B EEZ7 LT — BRI AR 5] 3~5m
m COWNBRIEN BN TN T 7 ANV EL
WL TR BN DT LRSI, 30
FEVE AR I3 Mg A 2R L, AR 1
m COINBRZNL Eb I K2R TNDT

£, ProTaper F4 ORIWEIZ RIS TE7R



Mo B Z NS, A RIDFHER LY
FFOIVTARETE HhE DENZEY, b IRE
TEREEARFFCED T 7 ANV ERINT 572012,
METRIRBAAARTI AR O Hh EEZ IR L,
YNTF T FANE LT NT AN AR
DL TRy INROREBELNT CTIHRETE
RS ATREIZARY, SHZR DM ETEREDREA
I CEDEB BN

Y =A
i=] i3]

HAEEBN LD BRE 92 Ni-Ti 7L~
71V Reciproc & WaveOne D4 HIFRE TR
IRFOARERE AN B2 A CIRE TR & AT
9 ProTaper & HLESFRFTUIZAE R, LU T Ok
Tz,

1. BHAER IS Ha2s Tl Bl 10~30
FEREIZBNT, S I T A Ve LT
T ANARETERR IS B IR BEAEDTRO5
AVAVIESSY

2. AP R S H#40 TI, TEHEE 10 FER
BIX 7 V77 AL Reciproc & WaveOne,
TEHhEE 20 FEARAE 1T ProTaper, 12 #HJE 30
FRE 1 Reciproc 23 EebARE BEZ 3
L, AROBE TR RFIL TODTEDVR
Shiz.

3. 7 )V 7 7A )L Reciproc & WaveOne
1%, /LT 77 AV ProTaper &[RIERIZIEHEFA
JEDAREIZ DT, @R T AR/
ZATHT L CTIEMEARETERN FTRE T DT
LRSIz,

12

AMFFEO—HEE, AARFAHRE SR TSR
Fo i Bh 4 R IE(B)GRER B 22390358,
25293378)DEAkIZ I > T iz,

X K

1) Walia HM, Brantley WA,Gerstein H.  An
initial investigation of the bending and torsional
properties of nitinol root canal files. J Endod
1988; 14: 346-351.

2) Kazemi RB, Stenman E, Spangberg LS.

A comparison of stainless steel and
nickel-titanium H-type instruments of identical
design: torsional and bending tests.  Oral Surg
Oral Med Oral Pathol Oral Radiol Endod 2000;
90: 500-506.

3) ParkH. Acomparison of Greater Taper
files, ProFiles, and stainless steel files to shape
curved root canals.  Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2001; 91: 715-718.

4) Schafer E, Florek H.  Efficiency of rotary
nickel-titanium K3 instruments compared with
stainless steel hand K-Flexofile. Part 1. Shaping
ability in simulated curved canals.  Int Endod
J 2003; 36: 199-207.

5) Johnson E, Lloyd A, Kuttler S, Namerow
K. Comparison between a novel
nickel-titanium alloy and 508 nitinol on the
cyclic fatigue life of  ProFile 25/.04 rotary
instruments. J Endod 2008; 34: 1406-1409.

6) Roane JB, Sabala CL, Duncanson MG Jr.
The "balanced force" concept for
instrumentation of curved canals.
1985; 11: 203-211

J Endod

7) Yared G.. Canal preparation using only one
Ni-Ti rotary instrument: preliminary
observations.  Int Endod J 2008; 41:339-344.

R, AHEZ, FhEdk. TaT
— /=2 L DB IR ETERRAES DB E )
. A#RIEEE 2006; 49: 297-302.

8)


http://www.ncbi.nlm.nih.gov/pubmed?term=Walia%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=3251996
http://www.ncbi.nlm.nih.gov/pubmed?term=Brantley%20WA%5BAuthor%5D&cauthor=true&cauthor_uid=3251996
http://www.ncbi.nlm.nih.gov/pubmed?term=Gerstein%20H%5BAuthor%5D&cauthor=true&cauthor_uid=3251996
http://www.ncbi.nlm.nih.gov/pubmed/?term=walia+HM
http://www.ncbi.nlm.nih.gov/pubmed/11027388
http://www.ncbi.nlm.nih.gov/pubmed/11027388
http://www.ncbi.nlm.nih.gov/pubmed/11027388
http://www.ncbi.nlm.nih.gov/pubmed/11402288
http://www.ncbi.nlm.nih.gov/pubmed/11402288
http://www.ncbi.nlm.nih.gov/pubmed/11402288
http://www.ncbi.nlm.nih.gov/pubmed?term=Sch%C3%A4fer%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12657146
http://www.ncbi.nlm.nih.gov/pubmed?term=Florek%20H%5BAuthor%5D&cauthor=true&cauthor_uid=12657146
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schafer+E+%2C+Florek+H
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schafer+E+%2C+Florek+H
http://www.ncbi.nlm.nih.gov/pubmed/18928858
http://www.ncbi.nlm.nih.gov/pubmed/18928858
http://www.ncbi.nlm.nih.gov/pubmed/18928858
http://www.ncbi.nlm.nih.gov/pubmed/18928858
http://www.ncbi.nlm.nih.gov/pubmed/3858415
http://www.ncbi.nlm.nih.gov/pubmed/3858415
http://www.ncbi.nlm.nih.gov/pubmed?term=Yared%20G%5BAuthor%5D&cauthor=true&cauthor_uid=18081803
http://www.ncbi.nlm.nih.gov/pubmed/18081803

9) BHT, FJIEt, 75, S
B =T H T 7 A L Mwo OV

MRS 2 UIHIREE.  H R {75 2008
51: 550-556.

10) Ersev H, Yilmaz B, Ciftgioglu E, Ozkarsli
SF. A comparison of the shaping effects of 5
nickel-titanium rotary instruments in simulated
S-shaped canals. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2010; 109:86-93.

11) Madureira RG, Forner Navarro L, Llena
MC, Costa M. Shaping ability of
nickel-titanium rotary instruments in simulated
S-shaped root canals. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 2010;
109:136-144

12) Alves FR, Almeida BM, Neves MA,
Moreno JO, Rogas IN, Siqueira JF Jr.
Disinfecting oval-shaped root canals:
effectiveness of different supplementary
approaches. JEndod 2011;37: 496-501.

13) Goldberg M, Dahan S, Machtou P.
Centering ability and influence of experience
when using WaveOne single-file technique in
simulated canals. IntJ Dent 2012; 2012:
206-321.

14) Birklein S, Poschmann T, Schéafer E.
Shaping ability of different nickel-titanium
systems in simulated S-shaped canals with and
without glide path.  J Endod
2014;40:1231-1234.

15) fam VRS, Brf AR, ks ERF
TR B I T A NEE LT T
7 A JVEIZE T DIEMHRE |2 2 K
RO GIHIREMEIZ B9 2898, H iR 1758
2013 ; 56 : 526-536.

16) Himfl, BEAER, SP5E, B
. = VFH T 7 A )L Reciproc DL
AR GIHIRFE.  H s PR feE 2012 ; 55 ¢
381-388.

17) Giuliani V, Di Nasso L, Pace R, Pagavino G.

13

Shaping ability of WaveOne Primary
reciprocating Files and ProTaper System used
in continuous and reciprocating motion. J
Endod. 2014 ;40: 1468-1471.

18) Biirklein S, Hinschitza K, Dammaschke T,
Schafer E.  Shaping ability and cleaning
effectiveness of two single-file systems in
severely curved root canals of extracted teeth:
Reciproc and WaveOne versus Mtwo and
ProTaper. IntEndodJ 2012 ;45 : 449-461.

19) Berutti E, Chiandussi G, Paolino DS,
Scotti N, Cantatore G, Castellucci A, Pasqualini
D. Canal shaping with WaveOne Primary
reciprocating files and ProTaper system: A
Comparative study. J Endod. 2012 ; 38 :
505-509.

20) BEEEE T, JERET, TRk Y,
AHEZ. HEEEERIC LS 7L
Ni-Ti =—% U —7 7 A /L ORECIHIFH.
—WaveOne & Reciproc OYIHIEHE—. H
{35 2013 ; 56 : 610-616.

21) HHPETR, BRMZE, AHMEZ. N
PRI C 3T DR CT 2 vv2 3D 2
WroOBRERAFEAf.  H PN RE 2011 ; 32 :
11-18.

22) Kim HC, Kwak SW, Cheung GS, Ko DH,
Chung SM, Lee W. Cyclic fatigue and
torsional resistance of two new nickel-titanium
instruments used in reciprocation motion:
Reciproc versus WaveOne. JEndod. 2012;
38 :541-544

23)Kim JY, Cheung GS, Park SH, Ko DC,
Kim JW, Kim HC. Effect from cyclic fatigue
of nickel-titanium rotary files on torsional
resistance. J Endod. 2012 ; 38 : 527-530.


http://www.ncbi.nlm.nih.gov/pubmed/20416526
http://www.ncbi.nlm.nih.gov/pubmed/20416526
http://www.ncbi.nlm.nih.gov/pubmed/20416526
http://www.ncbi.nlm.nih.gov/pubmed/19969482
http://www.ncbi.nlm.nih.gov/pubmed/19969482
http://www.ncbi.nlm.nih.gov/pubmed/19969482
http://www.ncbi.nlm.nih.gov/pubmed/21419297
http://www.ncbi.nlm.nih.gov/pubmed/21419297
http://www.ncbi.nlm.nih.gov/pubmed/21419297
http://www.ncbi.nlm.nih.gov/pubmed?term=Goldberg%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23118749
http://www.ncbi.nlm.nih.gov/pubmed?term=Dahan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23118749
http://www.ncbi.nlm.nih.gov/pubmed?term=Machtou%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23118749
http://www.ncbi.nlm.nih.gov/pubmed/25069939
http://www.ncbi.nlm.nih.gov/pubmed/25069939
http://www.ncbi.nlm.nih.gov/pubmed/25069939
http://www.ncbi.nlm.nih.gov/pubmed/25146035
http://www.ncbi.nlm.nih.gov/pubmed/25146035
http://www.ncbi.nlm.nih.gov/pubmed/25146035
http://www.ncbi.nlm.nih.gov/pubmed/22188401
http://www.ncbi.nlm.nih.gov/pubmed/22188401
http://www.ncbi.nlm.nih.gov/pubmed/22188401
http://www.ncbi.nlm.nih.gov/pubmed/22188401
http://www.ncbi.nlm.nih.gov/pubmed/22188401
http://www.ncbi.nlm.nih.gov/pubmed/22414838
http://www.ncbi.nlm.nih.gov/pubmed/22414838
http://www.ncbi.nlm.nih.gov/pubmed/22414838
http://www.ncbi.nlm.nih.gov/pubmed/22414846
http://www.ncbi.nlm.nih.gov/pubmed/22414846
http://www.ncbi.nlm.nih.gov/pubmed/22414846
http://www.ncbi.nlm.nih.gov/pubmed/22414846
http://www.ncbi.nlm.nih.gov/pubmed/22414843
http://www.ncbi.nlm.nih.gov/pubmed/22414843
http://www.ncbi.nlm.nih.gov/pubmed/22414843

Shaping Ability of Nickel-titanium Single-file Systems in Simulated
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-The Relation between Curved Canal Shapes and Canal Transportation-
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Abstract

Purpose: The purpose of this study was to determine the shaping ability of the reciprocating
nickel-titanium (Ni-Ti) single-file system (Reciproc: VDW, Germany; WaveOne: Dentsply Maillefer,
Switzerland)and rotary multiple system (ProTaper: Dentsply Maillefer) by measuring canal
transportation.

Methods: One hundred and twenty-six J-shaped canals in resin blocks were used in this
experiment. The J-shaped canals had three different apical curvatures (10 (n=42), 20 (n=42), 30
(n=42)degrees) and were randomly classified into 6 groups : Reciproc R25, WaveOne Primary,
ProTaper SX-S1-S2-F1-F2, Reciproc R40, WaveOne Large, and ProTaper SX-S1-S2-F1-F2-F3-F4.
Each group consists of a model of 10 (n=7), 20 (n =7), and 30 (n=7) degrees. Canal transportation
was assessed by comparing pre-instrumentation and post- instrumentation images under an Olympus
SZX16 with digital Camera DP71, and the superimposed images were analyzed by WinRoof .

Results: After adjusting for the level and canal wall side, the mean transportation was not
significantly different between Reciproc R25, WaveOne Primary, and ProTaper SX-S1-S2-F1-F2 in
the final preparation size of ISO#25. A significantly lower deviation was found with Reciproc R40
and WaveOne Large for 10 degrees curvature, by ProTaper SX-S1-S2-F1-F2-F3-F4 for 20 degrees,
and by Reciproc R40 for 30 degrees in the final preparation size of ISO#40.

Conclusions: These findings suggest that reciprocating Ni-Ti single-file Reciproc and WaveOne
are suitable systems for prearing curved canals, the same as the rotary multiple system ProTaper..

Key words:Ni-Ti single-file system, reciprocating motion, apical curvature, canal transportation
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