CHEkx| Dl R = EtS| x| 41(1): 9~18, 2014

Nedsti Aelstystel Annzsad, ARAAARRRA, st Asgsn ARy 27

Assessment of torque and apical load during root canal preparation using reciprocating
nickel-titanium files**

Yeon Jee Yoo'?, Bum-Soon Lim*’, Jin Woo Kim4, Seung Ho Baek'?, In Bog Lee'” *
Dept. of Conservative Dentistry’, Dept. of Dental Biomaterials Science’, School of Dentistry and Dental Research
Institute’, Seoul National University, Seoul, Korea,
Dept. of Conservative D@H[I:S‘[Ij/4, Kangneung National University, Kangneung, Korea,
(Received: Jan, 14, 2014; Revised: Mar, 17, 2014; Accepted: Mar, 17, 2014)
DOI : http://dx.doi.org/10.14815/kjdm.2014.41.1.9

ABSTRACT

The purpose of this study was to investigate the torque and apical load generated during root canal
preparation using reciprocating nickel-titanium (NiTi) files in reciprocating or continuous rotating
motions, Twenty resin blocks with simulated L-shaped canal were pre-prepared and randomly assigned
to four experimental groups for canal preparation: Group RPR, Reciproc R25 file in reciprocating
motion; Group RPC, Reciproc R25 file in continuous rotating motion; Group WOR, WaveOne Primary
file in reciprocating motion; Group WOC, WaveOne Primary file in continuous rotating motion, The
apical load and torque generated during canal preparation were recorded using the laboratory-made
load-torque measurement device, and analyzed with the torsional properties of the files, When the files
were used in reciprocating motion, the number of pecking stroke, the peak apical load and peak
reverse apical load were significantly higher (p<0.05), whereas the peak torque was not significantly
different (p»0.05). The peak torque and peak reverse apical load in Reciproc R25 were significantly
higher than in WaveOne Primary (p(0.05). The peak torque and peak reverse apical load were
positively correlated. The two NiTi files showed bi-phasic elastic deformation under torsional stress, and
Reciproc R25 maintained elastic property to higher rotational angles compared to WaveOne Primary
(p€0.05). The torque values at yield point and maximum point, and toughness value under fracture
point were not significantly different between the files (p>0.05). In conclusion, the torque and apical
load during canal preparation differed according to the files and rotating method, Within the limitations
of the present study, Reciproc R25 showed significantly higher torque and reverse apical load in both
reciprocating and continuous rotating motions, thus requires caution in clinical application,
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1074). Jeh} Sae] sjRetel Px vl B
o

o] 7B okt fxlol ve 7RAaL &
Z1AAel A F ledge, zip, AP, =%Hs o] So]
gate] 2@ xge oFs BRYE & 5 b

(Peters, 2004; Jafarzadeh®} Abbott, 2007). ©]2f3F =d
A YA-Elelag(Nickel-Titanium) 3(file)& ZEA &
e AT 3o} B FRONE % 30] hsal
fo] 42 2 AN Aaw ANES 2 )
A 28 F9E 7Fssl skIrKGaripst Gunday,
2001; Peters &, 2001). A FEI tEo] olF E7}
S 717 BT 2L o= EslaL olE SE31)
el A= YA-Eleke e 2AE o83 Hefs o
AR1E 71 AlFEe] PRI Qi

2 g e YA-Helg 9de GEIHoR AR8s)
of A ZEAE sk Wl AVHHEAL (Yared,
2008), dAIAQl &84 3 AR wiol Aol
FeEa ot UA-Helg 34 dE3dor g
AL A AR FA, centering abilityd] S}
tio] Tz W 2% 34 Aol ke Rl ol
Aol ERIEALE (You &, 2010; You 5, 2011;
Berutti %, 2012; Gambarini 5, 2012; Kim %, 2012;
Plotino &, 2012). @A 45344 YA-Eleby 99
A2 T2 A S 7}AE Reciproc (VDW GmbH,
Munich, Germany)®} WaveOne (Dentsply Maillefer,
Ballaigues, Switzerland) 5 7}AI7} E&A1=o] ot o]9}
2o sAse 3 sle 7177} AAlsior sk X2 Ao}
o] ool e WE Teslel BEA Bl Yo 7}
ARk pitcholl W2 Fo) QAL EUAATL, WA
Moz Sshua 2uve A7 ¥ gelde sl
3 A BBz S 7 298 S8 P
AA FEE CARIHC ot (De-Deus 5, 2013
Pedulla &, 2013). 953|702 UA-EHebr 39S AR
ab7] flsf achd Qe Fr1HoR 33 wWEke vt
A AR Awel Sr 9s IANTIES A E o
Ak, AR B kel SEIH YA Heks
e AN A e e A B2, o
AL Qo] B3 WEks vk w] RE ) 3Rt #A
o] WAsk=d] 71Q1gitt. EAls o] jlo] A=z}
LS Foke] b Wk ofyel 2 Wl Hajx] o}
A& 71l S ERRE = 7 vk Zlolth
e} b ThsAel & dFE WAL gAte] B4
fele adle s 2@ ¥ Aol e
ol o3 AAorquerele, B APAEe]
o2tk BlHshes 7€ HUAES olgste] 2 34
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DA sl Edldck Blum So] 24 23 34
Ao S FHEel sAH s Bk o]%

(Blum -5, 1999), Peters 52 YUA-Elehs 34 AREgH
W a3 94 AHe des A Fdge 24
3 v} At} (Peters$} Barbakow, 2002), = AAFdA=
a9 94 3 wAes HheE sdel wslel ojs 3
AdH o2 BAEdtt (Diop 5, 2009). 2L A7}
Aol Ao $B394 UA-Elehr 502 olgF o
2 84 A Aokl wase Aol M nad
a7k Qe 3 olfs vlee] sbpold AMgE Hhe Al
Az sl A9 AEsHe $E3192 sl ol
WS see]l MalE 258 5 g] el

ool Axe W ek se WARtoR 34
g & Qe Ame 34 AN Adeer & I
BAe Y FHEIAY 24 FAE olgslel, ¢
23 UAEEE G0e 434 = asd ¢
Fom Agste] 23 G4 A Aotel] A8ske 42}
saee 24, vastan sec AT M g
A4 UAHER B0 9usa) dasd eFow
g3k A9 2B G4 A MK e 50
& Aot gkl
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W ERCTT

SB35 424 YA-Eeks 3¢l Reciproc R25 (VDW
GmbH)¥} WaveOne Primary (Dentsply Maillefer)g o]
ste] 2 W4 A WASKe 2999 e, el sl

Z4A| o] BlE" A 3H(torsional resistance)S =73}

1, g=sHy Uz ElEks TiUS 0188 2B
B Al st ST SiHe 5

ANz JiEE 348 AM9} load cell, data acquisition
board, UA-EJeHg 2t 758 d=v|s, T2jal goly
Ae] AZEYOR FAHATKFG. 1a).

Load cell 9fel 24 3] AXNE oA 5ol o
A== 1AEAL, 1SO 15/0.02 taper 42| v o3
< 7= 917 E5(Endo Training Block, Ref A 0177,
Dentsply Maillefer)S YALZ 318 AlMo] HAasiAl 1
Askct, M=3|~E linear motion guideZ ©]-&3}e]
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Figure 1, Schematic diagrams of the instruments, (a) Apical
load-torque measurement instrument.  (b) Angle - torque
(forsional resistance) measurement instrument

FHE Gz BE 20 e 23 Aol AMEE 9]
ol wEh PR 10 71 et 2ol 7 OFeR
welek 74 aFe 3 el wek oA
subgroupS & UFo] Zh mtlS ESH e A&l
o7 ARgste] o] gAd THs IAdskeith

Group RP: S-shape ¥ &E]S 7}A]:= Reciproc R25

(ISO 25 tip, 8% apical taper).

Group RPR: Reciproc R258 94E3|7 o2 AL

Group RPC: Reciproc R255 &38| o2 ALg-

Group WO: Concave triangle ©H FHEE 7[A&

WaveOne Primary (ISO 25 tip, 8% apical taper).

Group WOR: WaveOne PrimaryS 453702 A&
Group WOC: WaveOne PrimaryS 91438402 ARg-

AzAlN TR e ol we B se
Pathfile No. 1, 2, 3 (Dentsply Maillefer)E ©]-83}<]
glide path &1 g ov] FA(pre-flaring)3}ict. <&
W 94 T AArE ol8atel 215 A4S T 4
¢ 2 apical patency® AERIstdct. FHlE HH £
22 3 mm A4 S olgstel S22 AN Ax
37 AR =, 29 84 A SBS g8 2w o 2
# AFdoz AAdrE Y ¢ FEo| RC-Prep
(Premier Dental Products, Norristown, PA)S At}

<% ¥4 VDW SILVER FE|(VDW GmbH)E o]&
sto] Zh opdel wheh vt 22 4 stoll Aldstlrk
B3] HL Reciproc R25&  “RECIPROC ALL" mode,
WaveOne Primary= “WAVEONE ALL" mode 3ol A}
43}%12 M, continuous rotating motion< Reciproc R25
I} WaveOne PrimaryE 2} 300 rpm, 350 rpme] &%
2 W o aslustel AR el
o fAHA 23 9F 0.5-13]2] pecking motion© 2 3
Evjag W1 2 TR 7 sle] 29l wge
7z SA=EE A8 FHAES data acquisition
board (USB-6361, National Instrument, Austin, TX, USA)
£ ©]8314 1000 samples/sZ AFE ] A3},

2 Azl BES 94T it A SIS A
BE 4 34 e 2 AEE e 3 B &

Apel] ofaf] 1Y = At

2. LA-E|Els mio| HIER Mgt =™

HEY A% 5 Pl

= 1 [e]

step K], 3]A2 AlA, data
acquisition board, 12|31 HoJE] Az AZEYSZ F
7J=|QAck(Fig. 1b). Step RE | spiolle= wtds AAE
T & metal chucko] 9x[8taL, 3|HE Alxoll= U
sto] AZet AEd s ==E LGS =5 AR
= A& 5 mm, Zo] 3 mme| ¥F F3 e A3t
o 2= QJuE & ok key holeS &AM}

9] tipo] WY AAjel] 1FE I == viE
9= step BHQ metal chuckol] o] shankE 1A
3la 2o & om] E571(2250, 3M ESPE, St. Paul,
MN, USA)& A9 ¥ F5gete] stdo] 22 3 mm
£ 3AdY AlAol ?‘_10}7“ gstodet. AxAPE AlEst
= AR Wl wel F 7HA] reciprocating 3249 flute

o)

_1

WES skl whAAl ko g B MAIZL. Step HE]
= 1.8/59 dAE SE2 IHAIFAL 3|3 angle) ]
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e} FHEE 78S data acquisition boardE E3
BFElo) A sale] hae wEd saztel 2
il w2t sjele] Svlelbt FAel aslel O
o) s Ao Skt HAz-HAY Tz
APHo & (phase transition point), - (yield point),
- (maximum poiny) ol 34 Zte d 3|dEs 7]
3193, A (fracture point)7FA] UZA-EJels 3do]
73k dlU|9] 91 (toughness) S AltsHITE

3. &4 =4

7123} d|o]ElE Kolmogrov-Smirnov HAEZ o3}
of HolH ] Attde Mg F, sPSS A ZRIAS
0]-8:3}4(SPSS v19.0, IBM Corp, Somers, NY, USA) ©]
e 22 (two way analysis of variance)¥} ARSI
X (Duncan post hoc comparison test) 02 TIFZF 20|
g wmss. 28 94 F e AU 29 94
ol sk A o reverse 72 Alo]o] gt

Al(Pearson correlation analysis)E #-13}tHe=0,05).

[o%

1. YEEFA LH-ElEts mig olgd 23
Y Al Lasks Sz Bln

<o FA FFelN ke FEEH g AR
2 W3} 4L Fgure 29} 2t} 7} pecking motion
9o s sele] 4 BEe] Agsh 542
o2 k) pasigen), AUg ¥4
7= el 2 v WO R reverse 477

o] SN thAl 27 Fel= BEEIIH.
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Figure 2. Representative apical load-torque curves vs. time
auring root canal preparation, (@) Reciproc R25 in recjpro-
cating motion. (b) Recjproc R25 In continuous rotating
motion, (c) WaveOne Frimary in recjprocating motion. (d)
WaveOne Primary in continuous rotating motion,
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Table 1, Peak apical load, peak torque, peak reverse apical load, and time delay among them during root canal preparation

Files Peak apical load (N) Time delay (s) Peak torque (Ncm) Time delay (s) Peak reverse load (N)

Group RPR 207 (0.28) 0.38 (0.09) 226 (0.35) 026 (0.02) 391 (1.77)
Group RPC 162 (0.19) 0.88 (0.07) 235 (0.47) 023 (0.05) 299 (1.14)
Group WOR 217 (0.25) 0,11 (0.04) 134 (0.23) 022 (0.11) 2.75 (091)
Group WOC 1.81 (0.21) 048 (0.12) 1.36 (0.30) 0.29 (0.19 209 (0.68)
* Number in parenthesis is standard deviation,
2P o8 PP gEshe dole 4 sle ARkl mhE 58slae 349 2 pecking motion

FEI AT &3 HoR AMESRs 49 Reciproc R25%=  stroke 7RI Ao} 2 HjsdY, Ao 314
Z¥z} 14,16+1,16 3¢} 8.60+0.89 3], WaveOne Primary 2 A reverse FAE Aololl= A7 #ERESCH
2 15.83t1.83 3|9} 8.6+1.14 3|9 pecking motion©] (Table 1, Fig, 2).
ge3tdia, e Aedd UA-Helks 399 spEe 7} Aol SAE FAEY IHES 44 XY =
WAsEA] ek ARESIAY FdelA Ak 83 o =aigh A= Figure 40 VERAT
&L= Reciproc R25% Hi 8,72 cydle/s, WaveOne
Primary= %3t 10.40 cycle/s it Reciproc 2 recprocating motion
o] IHfX|EAHEA AT} pecking motion stroke T HE
2 529, 39, 223 reverse T HIF2 3t
Aol Fwet B el wt freofgt xfolg vl
(Table 1), <% A A] pecking motiondl] &J&f 7} %
Hof FAEe F 7] 9l B GEIHeRE ARE
w froletAl A SN (p0.001) FUe] FFel
2 2ol §ITH(p)0.05). Active filing Al @7 %
of 7Flzl Hdl 3]AELE Reciproc R259014 o8 =
SN0 (p<0.001) 22 FtdelA] 3 W ol| uf
apol= HFEA] EIHp)y0.05). ] reverse 2]
Reciproc R257} WaveOne Primarye] BI&] f-2|5Hl
A SA=EAH(p<0.001) 7} S YEI|HSR A}
48 o A& sk Aol vlE fofsiAl A 54
ATHpP(0.05) (Table 1, Fig. 3). 4% ¥4 A7 23
I T sk HEHR reverse T Aloldlls

o] g AT FRAIEATH,=0.320, p(0.05).
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the two NiTi fles auring root canal preparation with
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Figure 4. Lissgjous plots of the apical load and forque of
NITi files auring root canal preparation,
(@) Recjproc R25 in recjprocatig motion, (b) Recjproc R25
in continuous rotating motion, (c) WaveOne Primary in recr-
procatig motion. (a) WaveOne Primary in continuous rota-
ting motion,

2. LA-ElEks mdo| HIEE NM&

T YA-gehs vde vlEY W3 (torsional strain) 3}
A 2F A1 B4 W3 FTHelastic deformation phase
1) — AHo|H(phase transition point)— A 2 B HE
T Helastic deformation phase 2) — &2 (yield point)
— FPAH(maximum point) — IEH(fracture point) 2
A4S 7FA= bi-phasic elastic deformationS UERHTH
(Fig. 5).

Zh spde] ARleld, &, HdidelM e 3z 4
339, eja spdAdelM el Q1432 Table 29} 2t} 4
Holell A 7 7HA] mhde] B-Ze frolgh Abolrt 24
A 2 H(p)0.05), FHHNA Q] 337k Reciproc
R25¢] WaveOne Primary®t} foJsHA 34 SAEJCH
(p€0.001), zpdo] doupr] A HfjHolM ol 3dz 4
39, Zga spdd wgbA] stdo] AE oAl
2 F 7HAl oA ol xfol7h veEhtA] e3sktt
(p20.05).

Maximum point

Fracture

Yield point

Elastic deformation phase 2

Torque (Ncm)

KPhase transition point

Elastic deformation phase 1

Rotation Angle (")

Figure 5, A representative rotation angle-torque curve of a
NITI file,

n E
£ AForE 53 UA-EER 3tds olgst
<0 I T eke 749 2 IJHgs HAxE 54
shoith < 34 & wAEkE IHgs S48 sl
ojde] AFelr AMgHE AME 3H W (rotational
strain)o] dojuolgt 3)HES AT 4 glon AlA A}
A7y JE 7HA, wE S5 31 Weko] Hele Y&

374 UA-Eeks el Idgs 34+ gl
(Blum 5, 1999; Peters®} Barbakow, 2002; Diop 5,
2009; Bardsley &, 2011), & ¢I9to|4|+= force rebalance
transducerS 0]%—3]-04 B ke ZEAo = uA|st
2 e B Hdee) MR AAoR 29T
PR S i

golg %537 98] ARgE A=y 2E linear motion
quide® ol§31o] 21718) 4ot $BW F5EES A
wol, <@ 4 Ao Aotell 7ieiE & Qe S8
= WAk A AR jIN ABSHEE sto] W) o
A sse] WSS S,

o] Aol AHEE VDW BEle] 1§ o] Thw
WaveOne#} Reciproc A2 T2 &% 2 Z4=2 3|4

Table 2, Torsional resistance of NiTi files, Angle-torque values at phase transition point, yield point, and maximum point, and

toughness of NiTi files,

Phase transition point Yield point Maximum point Toughness
) ) Torque 5 Torque )
Angle (°) Torque (Ncm) Angle (°) (Nom) Angle (°) (Nom) (° Ncm)
Reciproc 36.90 042 238.05 247 88 158 Reciproc 321.82
R25 (1.837° (0.05¢° (183527 (19.82¢ (0152 R25 (71777
WaveOne 3503 0.46 203.25 254 93 164 WaveOne 365.82
Primary (1.32 (010 (3.33P (37982 027 Primary (75277

* Mean values with the same superscripts in column are not significantly different (p ) 0.05).

* Number in parenthesis is standard deviation,
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=2 Ao} rh(Reciproc 300 rpmlOZ 150°CCW
9} 30°CW; WaveOne2 350 rpmO.Z 170°CCWe} 50°CW),
ol Tpe| AxIH T3 W] Bxzts aEste] At
3l 9E3]d FFES Reciproc modeol|4] 10 cycle/s,
WaveOne modedl] 9.55 cycle/soluf, ofwl QItolr A&
HolHE 7jEer &A% 237 FF4+= Reciproc
R259A B3t 872 cycle/s, WaveOne Primary®] %3t
10.40 cycle/sz2 thaxe] Apol7p ERIERTE, oA 5
54;5 ;ﬂ% dlze Z(_]'-E 7]74_/] x].;q]xqo A = A
o] ofgFom oi&Ao] 3F|A wleF A w 7].4_ 7+eso)
]°ﬂ 7Rk Aow AYztEm, 33zt

9 Suol e 4T FF At e Ao 4R

S 7(4_1,:_; o]
s JJrJ—*oi :LJ’M] IAgE ¥

: % & releaseHHA 3t HF
HAH o] A FAlol L] AA E Apold
7111 & yrog oA Hot weps <
E3dsl= BHdolA o9k e F7IHQl pecking
motion 717l Z=dt HlER SHo] TRIAlE S

ulAst 4= gt} % 37 WAoo g e dAeR= A
£ SE3)H B8] FHL o] pecking motion® 2 <3
e v g QAL TBlAlE A A 3
HAEH], ol 554 e A s e 9
= MR8k A& Al SEBIH Hoh A 280 o
Fo} screw-in B AAIBE] el APt FolAH e
2 FAYS Sole A o] vk Aeg A7
ok 3% FAEs 24 e duvx T |
£ F71 3ol Jad Zlotk

Fu3)94 UA-Elehr 9ol 3% acive 543
e 2 WA e slishea A3 A
o] ol F Aol A3 g A Wow
sadste] HIEY S W3S O AFHo el Z
T 9ke Rl o Aol ARl We SEE-3)d
o wislel 24 A% Bum 5o A7olMeh o] (Blum
5,
e

oft dlo

N

1999) SHEZ 38 718k & okzte] ARAE T

3¢ dX BS54 H o] FAHIeH, 1
o H reverse A EHo] AL o]= <atolA]
%27} pecking motion© 2 < AT o] fdg I3
AN7le EFol% screw-in Gk o] o] L B
Jla]‘—‘ z‘st} 7Loe 1—77]‘— )\]-jgj-o] :LEHE' ‘ﬂ'ooﬂ?]_ 753,/]_
2 E 7 At o 23 34 T e g
FAEe gy 2 9 Alojo] wpE EE

¢

o}

reverse

screw-in effecte] ZAilE HFET} Screw-in effects=
UA-Elehr 99| flute®] pitche} A deof efol]
S ko] (Diemere} Calas, 2004), UA-Elelg 9]
3719} taper, radial land®] % = A= Yehd
T} (Ha®} Park, 2012), o] AgelA AM&SH F 714 3t
do T 22 tip size} taperE 7HAARE £F 3o
FP2 Bl T 71x] YEIAA UAEer 39 2
U3 flute pitchE 7}zlc}, FE3 Ao o]9} 7+

w39 Eate] deieh spole] £499) Bl Fepol
2783 F 714 FuslE Uaeek g oled
=% g4 Al Jx=3 reverse T3 i
effect7} YER}= Aol #A=Eul= Aol
Hd 25 H reverse FHE A Y Ho 2
As veblaL, Ao 3dEs o A WAE Bl
H(1,=0.320), Reciproc R259|4] WaveOne Primary XU}
V] Z@ﬂ Joh 23] glide path EE 2 ou] A
< Z7 tl S8 slEthd o9k 22 screw-in effect
= %‘3—:1 T Ug Ao o=} o] B single T
technique®] 774 7|tfd # i, E‘E‘ A X|ofHTh
At 2 Yl B85S ARESH ZF} screw-in effect7}
o] B PsAE wiAlE S glonk el
ot TS HFol Folof 3, B} HE3k Hr}
2 Sl AR Aol ol8® F5 I 4ag Aoz
Azt

HIEE A3 Z4oXE 15O 3630-1(2008)914 A AJé}
2] %é.\— chuck® 2 3 mm levelS 133}
IAH= %é} chuck #A|e] do
A wo] wiFo] dojut HIEH Al WslE =

mhtoll 54 chuck thal ﬁ%liﬂ?ﬂﬁl o] &2
mmE  Frfjste] Zgsk= ol A EHIA
(Park 5, 2010; Yum %, 2011; Kim %5, 2012), o] ¢
Toxde el o Ak Zﬁﬁé, 3 mm F5
A 7} Bhle] flued] Bl sk T M
Hes IvjAA HEd AFE Sgsilen 1 Ad
Peters$} Barbakow?} AA8F UA-Elebs dhae] A3 Aol
3|73 A8 ZA13} 7ro] bi-phasic elastic deformation
okrto] #2E I} (Peters@} Barbakow, 2002).
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Ao FIAEE 2Hshs §82 o AlAg Felx A
45 S e 4 tkBauschinger effect) (Orgéaset
Favier, 1998), o <Iollr] & A 4 F Reciproc
R25= EAolMe] SHEs Zdksle Ho 3xEol
HIHsHA SA=HA o] }YS ol&shs A9 WA=
& Erbsst 3l1de 9 oscrew-in effecte UA-EJElHT
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