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ABSTRACT

A STUDY ON TRANSPORTATION OF APICAL FORAMEN AFTER
OVERINSTRUMENTATION BY PROFILE®, PROTAPER™ AND K™ {N
SIMULATED CANALS WITH DIFFERENT CURVATURES

Hyun Yang', In-Seok Yang', Yun-Chann Hwang', In-Nam Hwang',
Suk-Ja Yoon?, Won-Jae Kim?, Won-Mann Oh'*
"Department of Conservative Dentistry, ‘Oral and Maxillofacial Radiology,
‘Oral Physiology, DSRI, 2nd stage of BK21, School of Dentistry, Chonnam National University

This study was done to evaluate transportation of the apical foramen after 0.5 mm overinstrumentation by
ProFile, ProTaper and K® in simulated resin root canal.

Sixty simulated resin root canal with a curvature of J and S-shape were divided into two groups. Each
group consisted of three subgroups with 10 blocks according to the instruments used: ProFile®, ProTaper™,
and K™, Simulated resin root canal was prepared by ProFile, ProTaper and K* with 300 rpm by the
crown-down preparation technique. Pre- and post-instrumentation apical foramen images were overlapped
and recorded with Image-analyzing microscope 100X (Camcope, Sometech Inc, Korea). The amounts of dif-
ference in width and dimension on overlapped images were measured after reference points were deter-
mined by Image Analysis program (Image-Pro® Express, Media Cybernetic, USA). Data were analyzed
using Kruskal-Wallis and Mann-Whitney U-test.

The results suggest that ProFile showed significantly less canal transportation and maintained original
apical foramen shape better than K* and ProTaper. (J Kor Acad Cons Dent 32(2):87-94, 2007)
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(transportation) 2 AF (perforation) 52} EAR o] &
A g m2kA Schilder’7t 4% <% dFEEH
7 FLaHA 7HeolRA = A7) B o) 3 <& 4
ol B2 ol gl gt

1988 Walia 5% 98] Ni-Ti &&°] &7ME o),
Ni-Ti e o) &3 23L& o) HZ 2HX8Y
Zoldll de] AHEHo] A3 itk Ni-Ti FLL 28 @~
28 1Y Hrt 2 - 369 B4 {4l e B4 A
7t B v EE e tid Age] & Ao 2
A AP, Ewg 2gQlE 2~ 28 Fdr A4 e 48
o] ¥l Y Y FEHE AAHA A ZHdo 2
A gL BAE 7HRA & Jhen whad 23 A4
SATNAY A, F 2 BE 5F {88 sheAdel § &
Aoz ET®,

A Ni-Ti o] &9 g, AAE Fo met M=

2 &84, AYY, 94 T B4 JehllE o
%3 Ni-Ti gde] AAHAA T it} YubH 2 Z non-
cutting tip® Ad Ni-Ti #d& BH97e ATdF e
A8, cutting tipE A'd Ni-Ti #9-& eld39 2
T3S IABe o gRA U, BALY AIEE
< AEHAE o] &3] FHo] LolAnl Bl Y X2t
FL FHo| AHGY BE FA4 7]F (rotary instru-
ment)E 558 A2 (active cutting blade), £5E%
Al (semiactive cutting blade), £%& Al (pas-
sive cutting blade)& 7Hl 7172 &/ & b, o
A1l A AL ProFiled 2059 negative rake angle
% radial landE Ad 753 AALE EFHH, 553
AAgE 71 3 (o, ProTaper, HERO 642)o|y} &
53 AAES 7 #Y (o, Quantec)dl H|st Z#

A. J-shape resin block

$ 49 A% R ARG, ProTapers radial land7t
9l positive rake angle 2t modified guiding tipS
Aoz 3P K'e £%5%% A2 £/E Quantec
7} )58 B S Ze Sd2H 52 radial land$} posi-
tive rake angle® 53 0.2 3c}?,

o|d9] HnEo] FF tjdd Ni-Ti Hg& o[ &3 &
g Al 23 gu) Wzl g A7t FE o] FUY ¥,
Ao ge| wgle] g d7e BA ¥tk wetA
B A7 ProFile, ProTaper ¥ K*& |83 #<4 7|+
zzd) og 2% A¥ A 2¢ W e} Ni-Ti 729
Z7ol weh X ZdFo] oA MY HEAE vla 243
A} Al At

I. 88 M2 Loy
1. 43 7 % 2 4

B AR E gRAREI RO R 2T Fo|7t 16 mo] 3L
oF 11 muollA] Wk3ro] AJzks]E Jke} SAHe] 23 FE 7L A
d¥ ENDO-TRAINING BLOC (Dentsply Maillefer,
Ballagiues, Switzerland)& AHE-8I9 3, X odtolA] &
AL W) 7 JPE B3 9&E Outer , WS
Tnner 2 A3Yth (Figure 1). &% 4% 7|72+
ProFile® (Dentsply Maillefer, Ballagiues, Switze-
rland), ProTaper™ (Dentsply Maillefer), K™ (Sybron
Endo, Glendora, USA) & AH&-3l3t,

% 60719 AP HE AHge e, AHE HRE
Yo% 9 Ni-Ti 349 FF7 wel oS3 2ol 10744
6718 Fo 2 Uro] 2/ E & AlFstsitt.

B. S-shape resin block

Figure 1. A and B diagrams indicate inner and outer side of canal curvature,
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- J/ProFile Korea) & ©] €3l <& 4% A ov[x& ﬁi‘ﬂr
JA AR EY2HE ProFileZ 24 dol®t} 0.5 23 ¥ e ZE Ni-Ti #2<S 300 rpme €38 &%
mn 7 717 238 2 3 Aste 158 JdA (Tecnika, Dentsply Maillefer,
- J/ProTaper Switzerland)oll st} Akt thE S o] &3 Az
JA AAREZHE ProTaper? 244 Zolut} ALY 2 Ao Wl 23S Agslsien (Table 1), 28 &
0.5 mm 7 7] 223 T AYL & Al el o8 AlFET AT A
- J/K (apical patency)& #10 K-9¥z Zlglon, ]’k %
JA AR 2 RS K2 94 dolRdt 0.5 m 3 @7 AAHo| 27 o] welA] LA w dART FE
o) 7)1 %235} ko] AedldsE 22 gauged Syringe (Becton
- 8/ProFile Dickinson, Gumi, Korea)& °]&3ld <#& AR
SA YA LY ZH-E ProFile® A4 AolHTt 0.5 3L, RC-Prep™ (Premier Dental Products Co, USA)=
mn 24} 7)1 22 o] &8l 2#S &ttt Ni-Ti H29 AME HFE 5
- S/ProTaper 32 Agsidc].
S AA B IHE ProTaper® 2173 ZolHth
0.5 mn ZHJ7)F 22he 2. 23 MY 5 o|o|x| SET Hot
CS/K A
SA AR 2 2HA-L KR 294 ZolHt} 0.5 m 28 A8 T 23 Yol X A4 (disclosing agent)
ol 714 A € FY3t2 Image-analyzing microscope 100X
Round burZ o|&ate] @R 23 A A - (Camcope, Sometech Inc, Korea) & o] &3t =% 43
F oA E FHE o s1Fe] 2 MY EAH (land- T oA & 5] 2/ AY A - T on|A|7} FEH
mark) S THERT 2% AY Ao gRnygsde] 2@ A Atk A8 A - 3o AZHF FHE &8 FHE
Wel wlgdadl BF (Methylene blue)E F%8t1 Image- 71 o8 AR THE efol= Fepag ol detd P4
analyzing microscope 100X (Camcope, Sometech Inc, e Yo nAgo N FHA YR E FLUA LAA

Table 1. Shaping sequence of ProFile, ProTaper and K2

OS #25 ’ coronal 1/3 of WL

OS #20 coronal 1/3 of WL
.06 taper #25 middle 1/3 of WL
ProFile® .06 taper #20 middle 1/3 of WL
.04 taper #25 1 mm short of WL
.04 taper #20 WL
.04 taper #25 WL
SX apical 1/3 of WL
ProTaper™ S1 WL
S2 WL
F1 WL
F2 WL
.10 taper #25 (0.9) middle 1/3 of WL
.08 taper #25 (0.9) 3 mm short of WL
K™ .04 taper #35 2 mm short of WL
.04 taper #30 1 mm short of WL
.04 taper #25 WL

WL (Working length) = CL (Canal length) + 0.5 mn
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Figure 2. Procedure measuring the dlfference in width and dimensions of apical foramen. A. Measurement of
difference in width of apical foramen after overlapping pre- and post-instrumentation images. (L1; A mesial
width, L2} A outer width, L3; A distal width, L4: A inner width) B. Measurement of difference in dimensions
of apical foramen after overlapping pre- and post-instrumentation images. (a; inner dimensions of apical
foramen before instrumentation, b: outer dimensions of apical foramen before instrumentation, ¢; inner
dimensions of apical foramen after instrumentation, d; outer dimensions of apical foramen after

instrumentation)

Aok =3 o) 34 A] #ojyo] Ay a9 BUYF £FS
Image-analyzing microscope 100X (Camcope, Some-
tech Inc, Korea)& | 83le] 1 ZA0)& 243 T 2& 3
< e ARer £AF A& FLA A
Photoshop 7.0 program (Adobe System Inc., USA)=
o] 83l HARFYTH Aol TAT M9 AP E NF
o2 3o 2R Y A - F oAE FHNA :L?)f 3
A AZEFAA 294, U - 93] F 928 AY
T FHN0) o) FE AANAEY FAFE HEY X]E“?PZ"
o] F4l oz A, onlx| %@‘ 2239 (Image-Pro®
Express, Media Cybernetic, USA)2 ©]-&d}o] ]EL?_}%’-
FHOE FHY Y A - T ATdT U - 9= &

44 A7 Wz BA wslEs S8 (Flgure 2).

3. A=Y

Y A - T Aody FA A3 2 Az wslak] 7
AR el 7§:% 218} Kruskal-Wallis test®} Mann-

W3} (Table 2, Figure 3)
JA AREY TR B ProFlle-J wsteko] 71 AR
on K, ProTaper £2.2 ¥W3lgo| Z71st%ith. ProFile

90

o] ¥ig}g2 K, ProTaperst #94 Sl Aol & e
Tt (p ( 0.05). ProTaper®] ¥3tgo] KErt 27 eyt
o #9148 e Aleje VERA] st

SA YA EPZANAE ProFiled] W3] 714 A
Uepgter K, ProTaperst o4 Sle Atol& YR
o} (p € 0.05). ProTapere] ¥W3lgo] K*ET} A eyt
o 94 dE Aole vERA] ettt

A 7K 3t 254 SAF FR R Z3o] JA} gAY
TAET 29T FHCZRE S Wsgo] A yE
st

2) A 2Fe v ﬂ]—f‘ 27 W3} (Table 2, Figure 4)

JA HRA R 2R 7 K'Y wiskeko] 714 AA YEL
o, ProTapere] ¥Wsl&ol 7174 A vebs o Al 7t
2] 3 Atolol] {9 & whet Aol 7k VERRA] @bt

SAF G278 7 ProFiled] Walako] 7H4 A
ou Kl oA e Aol & HolA| ggfom, 7Pt &
3}#-8 Jehd ProTapers ProFile, K29 494 & A
o] & eI (p € 0.05).

ProFile® KA E SA dA 28 2o] JAl gARYZ
HEG A2EF FHOE —r-F4° ﬂi}%h’] AA epd v
A, ProTapercl M€ Sa #7282 4] ¥slae] o

A ViersT)
3) 29z BF & - YAE A4 W3l (Table 2)
RE DU 2R 49 A - F - 24 A3 AP

2 A dEpgen, 5jel Alolo] felg Aol gl



Table 2. Mean values of difference of outer, inner width and dimensions in apical foramen

| J/ ProFile 0.072 £0.036* 0.081 £0.026  0.043+0.029 0.048 £0.037 0.0301 = 0.009° 0.0334 + 0.01

ProFiie®, ProTaper™ & K™ Ni-Ti THUQ| TpJ|F ZTEOf AZEHE HRY0f DfAl= FEt

(Mean + S.D)

J/ ProTaper 0.170 £ 0.082"  0.108 + 0.0068 0.066 + 0.050  0.030 £ 0.024  0.0765 + 0.058  0.0385 + 0.0230
J/K 0157 £0058 0.079+0046 0042 +0.013 0.032+0.02 0.0511 +0.018 0.0298 £ 0.0001
S/ ProFile 0.152 £ 0.064*  0.024 £ 0.008°  0.030 +0.012  0.042 +0.022  0.0522 £ 0.01°  0.0111 £ 0.002°
S/ ProTeper 0.367 £ 0.058  0.127 £0.103*  0.069 + 0.042 0.024 £ 0.018 0.1213 £ 0.03  0.0374 + 0.03(
S/ K 0.338 £ 0.066°  0.028 +0.015*  0.038 £ 0.019 0.028£0.020 0.1010 £ 0.02>  0.0107 £ 0.005°

Other letters mean significant difference (p € 0.05).

mJ-ProFile
2J-ProTaper
mJ-K3

M S-ProFile
8S-ProTaper|
BS5-K3

Figure 3. AQuter width of apical foramen between
pre- and post-instrumentation according to the
types of files and curvatures.

0.18

B J-ProFile
@ 4-ProYaper
mJ-K3
B5-ProFlie
N §-ProTaper!
B$-K3

e
2

/1 Outer dimension {mm?

L

Figure 5. AQuter dimensions of apical foramen
between pre- and post-instrumentation according to
the types of files and curvatures.

B .J-ProFile
BAJ-ProTaper
uJ-K3

B 5-ProFile
B S-ProTaper|
E5-K3

4 inner width {(mm)

Figure 4. Alnner width of apical foramen between
pre- and post-instrumentation according to the
types of files and curvatures.

W.J-ProFile
BJ-ProTaper
my-K3

& S-ProFile

2 inner dimension (mm?)

Figure 6. Alnner dimensions of apical foramen
between pre- and post-instrumentation according to
the types of files and curvatures.
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1) A %94 gt 942;.‘— W& W3} (Table 2, Figure 5)

JA AAREZH] 7S ProFiledl Wslako] 713 A A
YJehtorn K2, ProTaper o2 Wgldko] 2718l A}
= B9k ProFiled] Wal#e K9 o4 & o2
VERAT (p ( 0.05).

SA HREY TR E ProFiled] W3}gko] 714 A A
UEtskom K°, ProTaper& o2 Walegko] Zrlsle o4t
= 29t ProFiled] ¥gtake K2 ProTaperdt 94 4l
= Aol & VeI (p € 0.05).

Al 1A 3 BFeA Sz AR
THEY X 20T T4 02 HE) 9] W3}

o3o] JA HA R

AA e

2) X 2ge] w ? WA W3} (Table 2, Figure 6)

JA HARE IR A A 7R Y Ao)d] @ s}
o] o] & whet Apo) 7 ehA] @it

SAb AR 2] A o-r ProTaper®] B4 Wsg}io] 7}
& 3A vehse ”1 K, ProFile®} #214 Q& o2 1}
ERAA} (p € 0.05).

A A B F— A SAF HNEEZHe] JA} YRR
TRET X 2GF FA o2 HE o] Hzlgo] A A vebyict.

SEREE R R RE EE PELE PRt
Ni-Ti s 0|88 22 Jqo] 28] TS #A4
St PR o AT T 2 WolE B fielE Az &
217l ol thekdt FR/e] Hdo] ALEY T 1 B84
3 b B 2H AT Fol U 2L A7 1Ey
01 %D‘I_l'] 19>'

T8 Wole Y9 T2} #Ho] k. Ni-Ty
< 1 EA wal ‘Passive instrument ¢ ‘Active
instrument 2 %2 4 It Passive instruments=
AR @3} | Atold radial land F2EF 79, o]& 9
S 23 Ho) FA3) HE8A 5o :LJJr LH OiW A4
F AERE 2 B¢ g FLg Foale] e
A st goldul 2 el e ﬁféke ui"lfq Zrt. vk
o active instrument radial land7} Q& 22 o3
B gk vhaS A7) 2 A E84S ZA

£ Ao AHEE ProFile2 ©o] Ul 29%0]H radial
landE Zt= tlE4 Q) passive instrumentolth, & 20%
9] negativedt A O 2 Q&) Jold-& AAelr) Hoje
T E7%E Uehid?| o]d) ¥]g)] ProTapers gio] &
E8 A48 BYold radial landE 23 ¥E active
instrumente]tt. o|# stde] Fe| v Eo Jold S o] &
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HH o AAsta npdHo] AojA H|EH 815 (torsion-
al load)& A Wetha o2, Ks“ ProFileel] ®]3]
HolR radial land®} positive A4S 2t E3S AY
9, radial land relief7} &3 Hulo] nfza & 2009,

9 3Pl ospd <zl ‘?553 Ni-Ti 3491 ProFilec] &

# 4% F A2 Helaq 2% dae) Fept 93] 7}
e Vg S48 ARE YeiTD S o9 43

A= ProFileo] X|2& #9lolA ¥g|go] 713 2 A}
£ Hoioh 2 AFAE o]de] AP 2ol ProFile
o] 7M¢ A& WM FE Boln thE ey} Wtz TF A4
g F 22939 A4 2 w4 ¥l ProTapers K
Hg ZA Eght}. o]+ ProTaperd K7F 92 uj5oj
Tapered central coreE 71% ¥HH | ProFile< parallelled
central core T2E AHoa2R §AXE 2771 22
%%9] HE A Z7] W ol

€ YAEZZANA ProTaperd] X2z W97} 7}
%} Eﬂ o] A& ProTaper® A=% 4% o] BHAI: &
Aol Z7] W] 2L MBI o] o FA
Uehd 2102 BRIYY & 2R Y T 23] wo] 2
ASpEEA E Aol 95d 0.5 mEt § 71 Zo|2
#4717 2FHAE 7ol e aee A9 gde
7BAVE7L 7V & ProTaper® o# A8 Al X 2dt3e] ¥
ol 74 ZA Ve Aot KPe A2dF A4 € W
sl glo] BE A$ ProTaperEth A velyton J
YR RE IR WS 27 4 i wskEa SA HRAR
I W A7 WgEs Xﬂﬂ@'& BE ASAA
ProFiles B|&etAY 9zt 2 WskdE Uepd. o&
ProFile] 34 < radial land& %:“C Fz24 A
A9 radial land& zte Kool vl&] 23 oA 4L +
Aghe o] o 87| o2 AlRHT)

2 AR AHE B3AM & of ghaE 2# Y Alde
ProFilec|Yt K*7} ProTapercl Hl&l] X|2¢3 F4o28
B Ul -9 A2eF A7 9 WAl A,
ProTaper®] £53% 4439 v 7271 gda} AJopd
Afole] HE S A= BAld SR MAE §2
he QQlo] HER slen o] A 239 4 Al A
T oA A7 Aol 7 1% o] AHEElA] FE Ao
FAEH?, A2 TN FAZAA AHEEH Ao
ProFile, K* 53 3A 43A f&a1A AHE 5 )&
ﬁiﬁ AR

AqoA AREE @7 2B FFE} Solsle ZH
"é‘ﬂ - 54 s E“O]T‘_—i‘ ﬁ:r“a}% 2l %%5}711 ARE-E o
AA| A 2k
o Fel= H ﬂ'"‘OL\_ Qxﬂ A2dEH 2y F2
AN Fo2 AU A 2YE B g old)
gt & dFlA S X TadY & 9= 34 Wl

(3

2l



3.0
o
A 20 okl 2 48 4 ol g 42
2 WAg AZse PEoE A2 WY =S 37}
S AZse T L YT 5 Az, JA9A
Q Pyolme o te @78 8 AeAd A7) 2

& 9% ProFile, ProTaper 2 K'g &g =] 7|+
ZA o LAY Al el W eel Ni-Ti e
TR WE AT A4 2 WA Hg P e B
s3te] Therst e B3E Qe
1. 239 T3] 3Agle] 23 4y +

w2 1A transportationed] 2| R LJ?J_r nhae] o=
R M HEE JeEeH, B sty
ProFilec] 714 A& A0 2 vy},

2. A4 HRARIIR B 95 A7 L 9 agEde
ProFilee] 7} 2%lo™ K°, ProTaper ¢2.% W3}ek
o} Z7FstHt (p € 0.05).

3. 87 AR YR Ay oS A 3 WA e
ProFilee] frel4d Al AUeH K,
W gkl Skt AT (p € 0.05).

4 A2weel 294 WATE o
AHEE Btde) TR wE
o}o]—\;].

ProTaper £

A7) ergen),
F94 e Aok Bl

ogel ke NiTi shael Felt B4 et A e
2 W3t Pyol theA Uehdel, 9% Fo % A4S
R TekE 2ae B3Yuel get A2 $40
2 e 47 2 W8 Wakgel ed vehd 4 929
HelFuh i Y 280 48 A A2ue] F2 v

o gFe i HYHS v, ProTapertt K'Hth=
ProFilee] 2% A48 A vhgz3l 7] 79 & AALs)
ZHuEH
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ProFile®, ProTaper™ % K™ Ni-Ti ot 2|
o717 =30l x| 2cks Helof o)xle g

o B ol R - Hold - REK - LUAF - 22
FHad, TRALY R,
T4, 2 ‘_71] BK21 Akl

& A% ProFile, ProTaper 2 K*& o] &3] 7o) 7|7 23 o8] 2# 43 A 289 3369 Ni-Ti 3
o] FR wet 2G| oA MY HeAE v E4 A Al

2 AgdXE gArgLaos JA¢ sAe 28 Fe7t A9 ENDO-TRAINING BLOCE A3ttt o3

¥ 7192 ProFile®, ProTaper™, K& AHS-8199t % 60719] AR 2HE AMEsI e, AMSd RS
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