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The aim of this study was to compare the efficiency of gutta-percha removal from
the obturated root canals between the following instruments: D-RaCe, ProTaper Universal
Retreatment, ProTaper Next and ProTaper Universal. Materials and methods: Eighty
extracted mandibular premolars. All teeth were decoronated to reduce the specimens to a
uniform length of 13 mm. Canals were instrumented up to size 25/.02 with RaCe NiTi rotary
instruments. Root canal obturation was performed with gutta-percha and AH-Plus sealer by
vertical condensation technique. Specimens were randomly divided into four groups of twenty
each and assigned to one of four NiTi systems. 2.5% NaOCI was used as irrigating solution
while removing gutta-percha and 17% EDTA was finally flushed after the retreatment
procedure was completed. Roots were split longitudinally. Photographs of root canals were
taken under light stereomicroscope at 20X and calculated the percentage area of remaining
root canal filling. Statistical analysis was performed by One-way ANOVA and the Sheffe's test
at P<0.05. Two specimens from each group were observed under scanning electron
microscope to evaluate the smear layer. Results: None of specimens showed totally cleaned
root canal walls. The percentage of area with residual root canal filling materials in ProTaper
Next and ProTaper universal retreatment groups were the least, indicated by the result
of 2.20 + 0.99% and 2.62 + 1.12. D-RaCe left the area of filling material 10.63 + 1.50 which
was statistically common among most groups. Conclusion: Within the limitations of this study,
NiTi rotary ProTaper Next and ProTaper universal retreatment effectively removed gutta-
percha from root canals. D-RaCe left more gutta-percha remnants than other systems,

especially in the apical third.

Keyword : Ni-Ti rotary system Root canal retreatment Gutta percha removal
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3.1 Januazainsm
3.1.1 alnsaissanaaaIs Ny
3.1.1.1 W dafinaA (Dentsply Maillefer, Ballaigues, Switzerland) 2414 10
uay 15
3.1.1.2 Iafininalnn Lﬁﬂmﬁmmu’m’wLﬂ%w:uuiwam \wasifind (Dentsply
Maillefer, Ballaigues, Switzerland) auawdnd 2 (X2: 25/.06) 1&ind 3 (X3: 30/.07)
3.1.1.3 WdinAalnmidanuunmuionstesssun namilefylineasivi
WU (Dentsply Maillefer, Ballaigues, Switzerland) YRR 1 (D1: 30/.09) A2 (D2: 25/.08)
3.1.1.4 WaTnAamidauuunnauiaeeiesrsunRies (FKG, La-Chaux-de-
Fonds, Switzerland) 211aA815 1 (DR1: 30.10) Aa13 2 (DR2: 25 /.04)
3.1.1.5 latinifialn LmﬁﬂmLLuum\;uﬁqmﬂ%wqumm wasyilinegea
(Dentsply Maillefer, Ballaigues, Switzerland) aunataW 2 (F2: 25/.08) 21U atan 3 (F3:
30/.09)
3.1.1.6 WaAnAa e LU Ut ASe 997 ULT (RaCe, FKG, La-
Chaux-de-Fonds, Switzerland) 2141a 20/.02 LazIuU1a 25/.02
3.1.1.7 ¥ansadatlare@auinaauniniwgsd 16 (D16: Taper Diamond bur)
3.1.1.8 ansadamannén Fatiuginas
3.1.1.9 nezAnduzLngaeuuaN (paper points)
3.1.1.10 WaNLANDLIE WUNA 2
3.1.2. gunsaiaenaas Ny
3.1.2.1 nrzuanamewazidiaina 30 (Ultradent, South Jordan, UT, USA)
3.1.2.2 dnsazanslmpanlallraelssd Amnudiniuienas 2.5
3.1.2.3 @13azan8@aanie (EDTA) Audinduiesas 17
3.1.3. JaauazalnsianaanssIinu
3.1.3.1 AN nWadnI (FKG, La-Chaux-de-Fonds, Switzerland)
3.1.3.2 TaLaelaleTnag (AH Plus; Dentsply, DeTrey, Konstanz, Germany)

3.1.3.3 A9 (Cavit'"; DeTrey Dentsply, Konstanz, Germany)



18

3.1.3.4 1A789GAAAEITINHUBELY)3Y (Obtura II; Kerr, Fenton, USA)
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Wafunau Adindy 10% Ngoungidies thiunsutiesaraneunssaulininidniiugu
di/ = | = o | o o @ o 1% -
waziliaitiesan Munnagninlloianmisdmeiransurresnaassniulinsanmueinig
A a ' A o d’j
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Schneider (40)
IS a o
2. AUNNN9IATEY 1099 NANY TS
3. lldfsaeEondaiuizasniu

4. panssntulduauvranusiy uazldnglFiuniasneTnAaes Nt

3.3 MaLazaNNy

o v 1 all I8 A o o Y ¥

UINUNTINUBL A NDBUNATILNUANITAAN AL ﬁ]ﬂﬁ]’]ﬁulﬁiﬂﬂ’ﬂﬂﬂﬁ'}LQW’]z‘J‘Wﬂ

a a % o < A = o ;: [ o dgl dl
13 HAALNAT AETINIABIUALADLARBLNINLNTTIRIAR 16 UAIAINTUNIAALHALES 11
1% o o A all ] c A % 1% a K

AN LATINIUUAAITNEIININTU mmwxﬂzﬂw'amummemmm 10 AMNABINAION
o 1 dl T Aa a a 1 o
[5]’]LLMM\‘I‘V]‘W‘LI‘]Jﬂ’]ﬁllli/\l@‘]_l?LQMﬂ@Wﬂ?WﬂWuﬂUﬂ@ﬂ 1 Faawms LWUAIAINEIINIINY

(working length)
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a o 5 =2 ¥ as L c (41)
TRALATLIA 15 NRIANNUWAIVELAARITINR WA AF191IA191T (crown-down)” Tasl
INFENAS TN LU UA8LATEIIT UL IIN A ULATAT NS NF AN TINA S (X-
SMART® PLUS, Dentsply Maillefer) A1 uaA218139 300 saUaau1? Atuwseda 2 Hapu
IIURLNAT TUIA 20/.02 LAY 25/.02 ANNAIAL T NNIFIL AL ULATANNDLNUARRIIINAY
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'8 1 o A v al '8 o v o 1 v di A o
ASTLYINVANLARALAILTALADTLBLRTNAALAI TN LA luAa a9 NAY haz lELATa9N 21N
v N o o -9 o og/ Y o ¥ =3 !
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HennaiulugauANangi 37 avAmaITad wasANTUANANSTatay 100 Wwan 7
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3.7 msdsziiutFanadagiiuaanigluaaassiniu
1. wuarnWu ka9 (longitudinal) tnelddansadalanaaeuiaaauninuns
1 v % 1 v Qg/ 1 =X = [ o ni// Y o
nsasassuLfinuazsasiuaniaslinsaanisiananaaassniluy nasainiuldiansaunn

784 (groove) NANMULANBATANLALNENMUATEALIR9TINEBNITY 3 91 AR LFIAREY

Y v
o A=K

] o ' ' Y KR gy ) o ' ¥ v
TIMNAUAIUAY AUnaNLazaIULlae LL@Q“’N%JN@WWHN\‘] (wax knife) mﬂmmﬂuimmmmu

yiraduauiadalFRuLAnaananfudy 2 49U munIndszna 6

ANUsznau 6 11uAaRNITwLNII NN TLLUEN9

2. dmgﬂ%”mmwi@zﬂ?qmﬂﬂ?ﬁmfg@mmﬁuuﬂfﬁmeLm@?‘iﬂﬁqﬁwmﬂ 20 in
(Olympus, Tokyo, Japan) Aaaldsunsuiufn8uiuanaa (Motic images plus) A niiutin
ninidinglilsunsu@ninata (Imaged : National Institutes of Health Bethesda, Bethesda,
MD) Lﬁ@ﬂﬁ‘uﬁuﬂ?mm%@@qmﬁmﬁﬂmﬂ‘l,uﬂ@mmﬂﬂu%mﬁlwmﬁu WAIALATIT891
fuazuiian1sAuaniudiily 3 o TEud Aeeesnudiudn daunatsuazdoutans
ﬁqmmﬁmmmmfmQammmsﬁﬂﬂuﬁmﬁﬂuumﬁqﬁ@mmﬂﬁmﬂuﬁﬁ@ﬂ@mmﬁ”uﬁLwi@x
dan warAuinenazyesiuing ”mqmmmmﬂﬁumﬁ@mmLwi@z?ﬂ”uﬁfmfjw Ine
AunnuA R eIAaeIT NTTIdILEY daunatauazdiulanaueia 2 Aasaniy

3. MNNIGUFABENNAINNANNAREY NFHAY 28 JnAEn NN (fixation)
Tnelfansazanangmisan las(glutaraldenyde) Aansdindiufasay 2.5 iluaan 1 T

4. W uNA NI T IIUAN TSRt (dehydration) Taaidluianiuea (ethanol)
ANENdWTasaz 30 50 80 WAz 100 (Tousimis®, Rockville, Maryland) agingas 1 A% A%

o

Az 10 W ANNAIALNgRMARTIDY
5. NI UA2RE1NNILRIAENES (Gold-Sputter coated) M 12.5 WrTuiums fag
wWradanunesn 2.2 dlalaas , 20 Fadweni 1uwnan 3 uah waatnldnsadqandes

f«g@miﬂﬁﬁLﬁﬂ[ﬁlifaul,m‘]_lzﬁ@\‘m‘mﬂ (JSM-6610 series, Joel, Tokyo, Japan) ANA9381E 1000
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W1 e L IR UAN MR T LA LN S N7 AUARRII I NAUAI WAL daunatalazdiuians Au

33019299 Hulsmann wazAnsy“?

o a 1% L7 = ¥ a '
vinsdsziiunadonfauawnen Tnaflszidivazly
neudnduanudaatnsagngu iy wazdsziiuaanuiasnialusagilesiiv (Intra-rater

Reliability) 1aaN15 181U 1N1A 8N uARZ T UAN UL 2 ATS WiazATInNeil 1 dlad

3.9 N959UTINUAZILATIZUT DA
v Yo 1 e‘oI/ o
fayaaclizunisuanuasiunannuylaalilsunsy SPSS nafdl 23 Nnnmaant
o v 1 v al o a a 1 o =K
n1snszaneflresdiayanudndeyainisnsratasadniuariadnnulsdsauminiuag
a a e 1 v d’j dl [ % e dl A
W UELLAZIATIETRNAANNLANAIYD 9508 A2 U INUN VRS ANINE ST N UAILNA
neluraessniu lneldadmnis3mansiaannlslsaunianan (One-Way ANOVA) tile
WUIH AN LANA TR NN TR AATYNNaRAATAINIIARE LA RAE B ARIENS
Waenauny AN (Multiple Comparison Procedure) Inadgnisnaaauaasiawiid (The
Sheffe's test) NszAuEdAty 0.05 waztlsziiudnwuzaesiualiaivesngusioat19us
v
azngulnsindusinetslldesnislfindasqanssAiaIanmaTaULLILAIINIIA NINIFT LN

NAAYIADFLTINNTTOLN (Descriptive statistics)
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unN 4

NANTSANEN

o

! a 9 & A o PRy a
M1919 1 ﬂ’]L@@ﬂ?’ﬂﬂ@:ﬁﬂ’ﬂ\iwumN‘LNﬂﬂ'ﬂﬁﬁ‘qﬂﬁuVINQ@ﬂq'ﬂqﬂﬁ@@ﬂ?’]ﬂﬁulﬁ@'ﬂ

nau U Fnadtbetas + z@'qulﬁw,uummgm
D-RaCe 20 10.63 + 1.50

PTR 20 262+1.12"

PTN 20 2.20 + 0.99"

PTU 20 416 +0.95

o o

o A o =< ' dl 1=l ] 1 A o o Qadl
A ANBIUNAWAUNNILIN ﬂ’]L@l@ﬂhJNﬂ"J’]NLL[Z‘]ﬂ FNNAEUNNULANATUNNANANTEALAINN

4 oy
FIRNUTREAT 95

D-RaCe &R ALsd; PTR nunaa Ingwmitlafztinadaasvisniuuid; PTN nunaa Tnaw
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1997 1 waznnilsznaud 7 uansiayailiunneuazaasianganivaaaslu

ARBITINAUIBINGNNARBITY 4 NGH WUINAsIINHURTangARaRIINHWINAaat

a A o

nanIwamidesildng (2.20 + 0.99) waznquinanidedyiiinaaaasvisniiud (2.62 + 1.12)

c A

winedanganaessniulieaga mufanguinsniladyiivnesen (4.16 +0.95) Lazngw

Kl
1

ALt (10.63 + 1.50) laBFNNUTangAAARIIINRUNINTIgR InanguALsaaeiFunns

1 =

JananAaesIINRuNINNIINgNauatilBd AN eatsa nquinsuitledytinesesinag

Buudanaaaesnifuninndinguinsmilafgiinesessvianuuitaznguinamiles

Windataltid1Aynieatsa waznguinsmidedyiinegeasvianmuinaznguinamied

kYl

o o

WindwaeiBunudananrasssniuliuansneiueseltedAnynisala

oAy & Ao oo = o
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ATUIU AABNTINAUAIY | AREITINAU | Aaa9IINy ALaae
Fitd ATUNATN dquilane

1 2.042 2.648 4.031 2.907
2 2.022 3.156 4.864 3.347
3 2.144 2.062 4.207 2.804
4 1.282 2.126 3.682 2.363
5 2.002 2.364 4.286 2.884
6 2.634 3.056 4.754 3.481
7 2.014 3.012 3.622 2.883
8 3.412 3.112 4.685 3.736
9 2.701 3.685 4.021 3.469
10 3.021 2.087 5.043 3.384
11 0.842 2.276 3.462 2.193
12 0 1.086 2.062 1.049
13 0 1.968 3.014 1.661
14 1.968 2.064 4.467 2.833
15 0 0 0 0
16 3.211 2.862 3.641 3.238
17 2.046 3.032 5.034 3.371
18 3.034 3.65 4.095 3.593
19 2.183 2.482 4.705 3.123
20 0 0 0 0

AnLaAY 1.828 2,336 3.684 2,616
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iwlasiindg
ATUIU ARBNTINAUAIU | AARIIINHY | AaB9IINHUE9Y ALaae
Fid AUNAY lane

1 1.578 3.612 4.058 3.083
2 0.462 1.862 2.862 1.729
3 0.869 2.136 3.259 2.088
4 0.576 3.486 4.209 2.757
5 0.682 2.485 4.105 2.424
6 1.483 2.89 3.223 2.532
7 1.032 3.542 5.496 3.357
8 0.462 3.314 4.971 2.916
9 0.341 2.788 5.027 2.719
10 0.682 3.312 4.368 2.787
11 0 0 0 0
12 1.468 2.184 3.217 2.29
13 1.064 3.008 4.024 2.699
14 0 1.984 2.962 1.649
15 0.764 3.055 4.056 2.625
16 1.328 3.874 4.364 3.189
17 0 0 2.062 0.687
18 0 0 0 0
19 0 2.024 2.862 1.629
20 1.242 3.708 3.987 2.979

ﬂ"]Lftl?]IEI 0.702 2.463 3.456 2.207
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1979 5 dsunndfasazaesiuiiniiinaassniunidanganaessniumaesenguiney

wWefyilnasas
ATUIU ARBNTINAU | AREIIINAYL | ARasTInAUdIU ALaae
ANUpiU ATUNATN lane

1 2.864 3.681 4.896 3.814
2 4.086 4,592 5.102 4.593
3 2.962 4.082 4.673 3.906
4 3.122 5.012 5.987 4.707
5 4.533 4.585 5.243 4,787
6 5.087 5.145 5.823 5.352
7 3.529 5102 6.003 4.878
8 3.302 5.071 4.136 417
9 2.441 5.132 5.524 4.366
10 2.034 4.97 5.073 4.026
11 3.749 4.591 5.036 4.459
12 3.024 4.089 4.63 3.914
13 0 2.026 3.062 1.696
14 4.246 4.694 6.316 5.085
15 4.094 5.359 5.405 4,953
16 4.202 4.354 5.41 4.655
17 0 2.052 3.453 1.835
18 4.214 4.264 4.217 4.232
19 4.118 4.027 5.251 4.465
20 0 4.314 5.863 3.392

AnadY 3.08035 4.3571 5.05515 4.1642
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A7 6 NTAATzifnaaialagld One-Way ANOVA uaz Sheffe’s test iNaldeLinay
FnNUsas Az 1IN UNIIAREII I NHUNNTAR R AAABIIINHWMABTN AU ARSI N
Adubiv

One-Way ANOVA

Sum of Squares df Mean Square F Sig.
Between Groups 62.259 3 20.753 17.630 .000
Within Groups 89.463 76 1177
Total 151.721 79
Sheffe’s test
95% Confidence Interval
(1) group (J) group Mean Difference (I-J) Std. Error Sig. Lower Bound Upper Bound
drace PTR .65435 .34309 311 -.3266 1.6353
PTN 1.78060° .34309 .000 .7996 2.7616
PTU -.59810 .34309 .392 -1.5791 .3829
PTR drace -.65435 .34309 311 -1.6353 .3266
PTN 1.12625 .34309 .017 1453 2.1072
PTU -1.25245 .34309 .006 -2.2334 -.2715
PTN drace -1.78060° .34309 .000 -2.7616 -.7996
PTR -1.12625 .34309 .017 -2.1072 -.1453
PTU -2.37870° .34309 .000 -3.3597 -1.3977
PTU drace .59810 .34309 .392 -.3829 1.5791
PTR 1.25245 .34309 .006 2715 2.2334
PTN 2.37870° .34309 .000 1.3977 3.3597
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A7 7 Nsaamsifnaaimlagld One-Way ANOVA uaz Sheffe’s test iNaldeLinay

% & A o Ao A Ao |
lE‘N’]M?@ﬂﬂzm@\iwumNUQW@@Q?qﬂWuV]NQ'&ﬂ@qmﬂ@@\j?qﬂﬁulﬂﬂ@@mm’]LLVU\?@@@Q?'W]WH

A2UNAN

One-Way ANOVA

Sum of Squares df Mean Square F Sig.
Between Groups 119.539 3 39.846 35.140 .000
Within Groups 86.178 76 1.134
Total 205.716 79

Sheffe’s test

95% Confidence Interval
(1) group (J) group Mean Difference (I-J) Std. Error Sig. Lower Bound Upper Bound
drace PTR 2.84965' .33674 .000 1.8869 3.8124
PTN 2.72285 .33674 .000 1.7601 3.6856
PTU 82895 33674 118 -.1338 1.7917
PTR drace -2.84965 .33674 .000 -3.8124 -1.8869
PTN -.12680 .33674 .986 -1.0896 .8360
PTU -2.02070° .33674 .000 -2.9835 -1.0579
PTN drace -2.72285 .33674 .000 -3.6856 -1.7601
PTR .12680 .33674 .986 -.8360 1.0896
PTU -1.89390" .33674 .000 -2.8567 -.9311
PTU drace -.82895 .33674 118 -1.7917 .1338
PTR 2.02070° .33674 .000 1.0579 2.9835
PTN 1.89390° .33674 .000 9311 2.8567




42

A1719 8 NTAATzifnaaimlagld One-Way ANOVA uaz Sheffe’s test iNaldaLinay

1Bunbasazaadny

dqutlang

One-Way ANOVA

NulaAaeesIn

AN Ta0DAAREITINHUUABTAILMUNARDI3INHY

Sum of Squares df Mean Square F Sig.
Between Groups 6123.162 3 2041.054 335.860 .000
Within Groups 461.860 76 6.077
Total 6585.021 79
Sheffe’s test
95% Confidence Interval
(1) group (J) group Mean Difference (I-J) Std. Error Sig. Lower Bound Upper Bound
drace PTR 20.53585 77956 .000 18.3070 22.7647
PTN 20.76400° 77956 .000 18.5351 22,9929
PTU 19.16445" 77956 .000 16.9356 21.3933
PTR drace -20.53585' 77956 .000 -22.7647 -18.3070
PTN 22815 77956 .993 -2.0007 2.4570
PTU -1.37140 77956 .383 -3.6003 8575
PTN drace -20.76400° 77956 .000 -22.9929 -18.5351
PTR -.22815 77956 .993 -2.4570 2.0007
PTU -1.59955 77956 248 -3.8284 .6293
PTU drace -19.16445' 77956 .000 -21.3933 -16.9356
PTR 1.37140 77956 .383 -.8575 3.6003
PTN 1.59955 77956 248 -.6293 3.8284
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A7 9 NMsAaTzifnaaimlagld One-Way ANOVA waz Sheffe’s test iNaldeLinay

k2 1

naTmARALSe Az RN PAB T INTLTISangAARB N AR TR R Az NG
o '
FABEN
One-Way ANOVA
Sum of Squares df Mean Square F Sig.
Between Groups 916.721 3 305.574 226.387 .000
Within Groups 102.584 76 1.350
Total 1019.304 79
Sheffe’s test
95% Confidence Interval
(1) group (J) group Mean Difference (I-J) Std. Error Sig. Lower Bound Upper Bound
drace PTR 8.01328" .36739 .000 6.9628 9.0637
PTN 8.42248 .36739 .000 7.3720 9.4729
PTU 6.46510 .36739 .000 5.4147 7.5155
PTR drace -8.01328 .36739 .000 -9.0637 -6.9628
PTN 40920 .36739 744 6412 1.4596
PTU -1.54818 .36739 .001 -2.5086 -.4977
PTN drace -8.42248 .36739 .000 -9.4729 -7.3720
PTR -.40920 .36739 744 -1.4596 6412
PTU -1.95738" .36739 .000 -3.0078 -.9069
PTU drace -6.46510" .36739 .000 -7.5155 -5.4147
PTR 1.54818' .36739 .001 4977 2.5986
PTN 1.95738 .36739 .000 .9069 3.0078
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