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— ABSTRACT

SCANNING ELECTRON MICROSCOPIC STUDY ON THE EFFICACY OF
ROOT CANAL WALL DEBRIDEMENT OF ROTARY NI-TI INSTRUMENTS WITH
DIFFERENT CUTTING ANGLE

In-soo Jeon, Kee-yeon Kum, Seong-ho Park, Tai-cheol Yoon
Departnent of Conservative Dentistry, Yonsei University

The purpose of this in vitro study was to compare the effects of root canal debridement following rotary
Ni-Ti instruments with positive versus negative rake angle. Seventy sound, extracted human anterior teeth
& premolars were randomly divided into four groups. The used rotary instruments were Ni-Ti HERO
642 (Micro-Mega in France, 20 specimen), Ni-Ti ProFile(Maillefer, Ballaigues, Switzerland, 20 specimen),
stainless steel engine reamer(Mani, Matsutani Seisakusho Co.,Japan, 20 specimen) and negative control
group(10 specimen) was only extirpated with barbed broach(Mani, Matsutani Seisakusho Co.,Japan)

Group 1 & 2 teeth were prepared to a #40 at the apex followed by 1 mm using crown-down technique.
Group 3 teeth were instrumented from a #15 to a #40 in sequential order. After preparation and final irri-
gation, the roots split longitudinally into a bucco-lingual direction. Root halves were cross—sectioned in api-
cal third portion again. all root specimens were prepared for SEM investigation & photographed. Separate
evaluations were undertaken for smear layer on prepared walls with a five score-index for each using refer-
ence photograph in root halves. the penetration depth of smear layer into dentinal tubules was also esti-
mated in the other halves. the following results were obtained :

1. Smear layer was observed on all the prepared walls with three experimental groups except negative

control group

2. Smear layer characteristics

1) HERO 642 groups showed snowy & dusty appearance & were observed only few some dentinal tubuli
open on the prepared walls, and the penetration depth of it into dentinal tubules may be 1-2¢m thick.

2) ProFile groups showed shiny & burnished appearance & complete root canal wall covered by a
homogenous smear layer with no open dentinal tubuli and penetration depth of it into dentinal
tubules may be 1-2#m thick.

3) Engine reamer groups showed obviously file’s passed tracks on the prepared walls & were observed
complete root canal wall covered by a homogenous smear layer with no open dentinal tubuli.

The results revealed that a completely clean root canal could not be achieved regardless of positive &
negative rake angle, which is in accordance with the majority of studies on root canal cleanliness

In conclusion, throughout irrigation with antibacterial solutions or chelating agents is recommended to
remove the smear layer on prepared canal walls.

Key words : smear layer, positive & negative rake angle, debridement, HERO 642, ProFile
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Hedstrom type 3943 positive angle® ¥0]3l0]
2 71

curette effect(pumping motion) & Z+ Al 719 cutting
edgesZ ztugitt. aglste] 27 YollA 2% H3} cut-
ting edge contact= ©]F7] wliEel] Ao} AlFH Wz =iE
= A9 "ol 97 ¥=thu A A,

ProFile(Maillefer, Ballaigues, Switzerland)< 370¢]
radial land areasE 2t U-shaped 3+ tizRl-S 2to
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planing action®Z <& WE 360" TL 3l A8 A]
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A g 470 AAats Zhet
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Specimen selection
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255 98 EAE 70709 T2 (single canal)< %

st} 272 (mandibular premolar )& Aeste] 2070
FALR M) oz BRa L, 1079] Aoks vz
7o AMstgen A8 A Aot= 4T 0.5% sodium
azide &-<ol] WA B3}

2180 AF4-¥ engine driven file & HERO 642( Micro-
Mega in France)Z} ProFile(Maillefer, Ballaigues,
Switzerland) % engine reamer(Mani, Matsutani
Seisakusho Co.,Japan)$ barbed broach(Mani,
Matsutani Seisakusho Co.,Japan)& AH-31th.
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Table 1. Comparison of smear layer score

Group AR (p<0.05)
1 HERO 642 B

2 Profile A

3 Engine reamer A

Hze JFS BT & Aoy 27 Hlste] F=g
olo

(by Kruskal Wallis test & Duncan test)

** Same letters are not significantly differenl 71<]
Z & A% A3 HERO 6428 AH-3 3 ProFile
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ozt Zotd AL 23 "o #A 2= et ofd
e FHE FSERE AlF dof X £ T &olst
A A= 22t AztEdt,

S 2 AZelA Ao 2] 83 AFHEE
SAstl o AtE AA #FEQ. ol FHE Y

oﬁ’,

]_



+59| dF TS LH-E0lEkE BFTLYY HAZ G2 2BYE ET0 B HA0IZE 017

A chipsg9 2717} AopAll#e] AT AAY 22 2
ol B34 Fejwolel| wE ZH Y o] FEo] o] Fo
AR gk Aol 1 YRlo R AlsHY gy, EUFe] T
7%= engine reamerto] TFE 7ol H]&) AthA o & A7
HAE A= o] HERO 6429} ProFile ol H]s) <%
274 G840 WAL on|sl= Aoz AlgHT

AWt o R EUFE FARAER st HEA S
o 5% (amorphous)®] E72s YA FehE 2=t

o]l e TH AP Et 28 ¥ FHS °1—Er‘—; 74
SAEE YFstn A2 B 9 719E Ao &
o debdo s ZRYY A EESe Adobd Bt
ofgl 2o}l AEZE7](odotoblast process), 4%
(pulpal tissue)2} /‘ﬂﬁ «] T, T8 E BT X3

3 er Zolt —r"ﬂ ‘gopAl ol Lt

]_ %:/ﬂﬂoi N—o]-/lﬂ‘»]— Lﬂi /ﬂ }-7—”

whepa] =] Al Eofof ”"W iy =

= HGA AAZ F e Aot Eg o E‘Q%-: A3

ofnjo] "oyd (protective barrier) S A= Sait),

Uitto™?& gHeF oW Alqtel] & #u

(protein hydrolyse)ell 2l&] o] =%3Fo] & (degrada-

tion)%r/}‘?i, FAA RS 28 ¥ Alolo] 52 FAsH H
oS A= 334‘ G w}a} dopA e 74 24 Wz

29 s 25 F4HE (by-products)d] % (leak-
age)= o gt ©rta EJ—OW‘:}

/\}o].x."q. ‘Hi ;q ZHE-/] x]E‘— o]}\}ﬁ og 1 %.Jg_/\é]
o] AA} Az 1 U}, o]= Aot} ofe] FFY sealer,
pastes, plastics or cements Afeldll= 3}eta Zgt
(chemical bond)& 9= 4 $132 714221 &4 (mechan-
ical block)Bte] 7Fgat7] Wiel] 2= 2239 AA= o
XA o i A5 298tk & 4 9

2 T M.
garel A4 2@ A
=

W

T2 S E4 (cohesive
fractures)i’ﬁ = 433 FA (integral mass)E 43
of A &M ¢ 2L YAR Fee FAAY, 23 B
O B2HE A AF oA ’%OV chips2 I & A& e &8
8% g el 2 AR G5 QD} a2y o] ¢
2 Yzt e d AR & BT g st
ymnl, mepa] 23 Ak o8] FAE L:.‘?a} o
= 1 34 71d B oekg AR 71 FEe] At
= %3}04 7Fssttt.

Toll AH¢E HERO 642 system(Micro-Mega,
Besencon, France) < ISO #20- #30 942 747} 2 4,
6% ©| BAAIEE Ztom #35, #40, #45 HI-E& 2% 9] 74
AERES Zh=t) T3 cutting edgedllAl positive rake
angle?} no radial land2 ¥ oJA & Ni-Ti &=
Aol vlaf 2 87| Hujg npEdS AAZ F glon

o

o)

=4

o o
o
£

o Sl

o o
p
Blopo f

o,

}
]

:rL

r

jus)

> OlNI

N

il

Fﬁi

triple-edged sectiono.Z = o1glo] Al 7H€] cutting edges
ol oY AEY2E ALIEE AAE ATt Al xd]
A= FAsa 9k

B ol A3} HERO 642 Fol|A #2249 Aold chips
S35 (cohesive fracture)FFoz FAFoH o2
ol Hlg & o Attt YAt FE B o= 3ol
<& B2 curetteX AT 4 JEE positive cutting
angles ZE=5 AAE CARQld| 7118 Axeta A2
=3

olgl= UlZ2H SR ProFile &< negative cutting
angles 2t= 3709 radial landell 2lajA] 2tAld “dold
chipsE°] 24W 3 (plastic deformation) ¥ YAFE]
A2 hFEo)A BHEoldl HEAT = ¢ B85 39 &
FE BT ol FU9 cutting edgecl A LAE Fol
’dold chipse 99| cutting edgeol] Sl 3}04 b
do] 7t FEE WA AR EES AR
Azt Y7HE

a3 Alzbgle] AT S ZE= engine reamere square
blankZ #obx AZEong wdo] RE Hojox o
23 4709] A2 (cutting angle)< ZEEt). 3] A
Al A= Htaper) ZFaL cutting blade”} straight line
angle® |01z th& oo Ble FiEek 2o AR 7} o] F
ox|7] gkol diFHT AL JolAd Y2 mEE A%
Fe Bt 3 3d o Ajdo] Stainless-Steel 352
Z o] Foixa 1 a9 EelA 5AQ stiffness WA
o] Azt EA o] Fglo] #AEH R om A T oA
T oAy e AoldA S HF (lateral perforation)©]
HEH AT T2 AF Aot A apical transporta—
tion = #AEJTH A3 o]d false ZHo] 2 AP F
2o} AGBG A A5 =S T UL o]3°] Qﬂ"}i
o} o] Fel|A o] AA PN A= ol 7t

(¢

o 2 AFE AR FEY NITI file o] AHA1E7e] Apo
o ME EUFY H E ok YR ARzl ¢
HAAZ 0.5% sodium hypochlorite Tt
AMESIR Y BE oA o dEn Be =S Hat
A e 4 ol ek & A2 SEM
Al dof oJal FEHA &2 2o Hol
A dA o e oel AAEA] ek
‘Fotdolt isthmus 5ol Holgle 7454 2&d
smear layers 53 Al 407 Q3 F T 2T
o] Asjo] Yolo ] F9ona dATLEY Ni-Ti g2
A AREAlOlE liquid EDTAQ} 5.25% NaOCl &9
gslo] FEH 2 AH 2 dllF= Aol AT,
2 A7E 2R3 Gyt ool FolE A2t F
w3 2% A7} o] FolAtta A7E = Tk A4

ﬂl
hﬂl

581



LHBHX| BHEZES}S| ] Vol 27, No. 6, 2002

A3k ol 742 W (22 2780 S8 Ao, Ag
oI Y, AEL A oAl 35 5) o o4 o9
Ge At Ue F Ues R,

4@ 4859 S UL Hh‘& W Zol] FARAIE A
(SEM)9] =912 2o 2 HE Aol ZAl(debris)E Al
Aste 58S Hrkske AF JEE AFd F9a o)F

Al A, o A7 "*‘4 B3
% Belo} Ao Wzsl AT 2olE Skl B

g
& ofelgel g, e £F 2ugsl dobidt gz

T2 s Ao 1
< Aetede e A

O AR Zol&E A3 AT & U= AP A ¢ 4}
Zﬂ” 7ol Apolo] whE 717+ B Ay 23 F-9follA
o] M5 dolie AFE Warlojof & Aoz A7td
o

AEACR ¥ ATEH BE BddA 2BFo] 445
Rom 23 AFPA liquid EDTAY Aold AMES

59 2# AHY FagE EIFAAL, positive rake
angleg %= HERO 642 $a342 Jobd S 7oA
AAehs Wl Bz 2] kA 7HE AoloA] £
a7AQl 2% A7 8FHE A9 E =25 E F Ao
= Az,

b 9 Foll AAE 2
=3 q] ;G)\L tqoﬂ ﬁﬂﬂﬂ
ST oAl B Y2 AFE A
7V GobEy] Sl FAREAL
< o]g3stod vl w A& Bk}
St 7070] TS Zte TXE ALY 92X E ¢
g e ] 2to]E Kol positive cutting angle
= HERO 642 3¢ 3} negative cutting angle® @
ProFile 3¢ 9 S-S3+ 39 = ¥ Engine reamers ©|
3“}04 747k 23 39S § A opdFe B EelAlzl
T AN FES FARAL A S o] &AL AobAl#
Wi«] AFE H o] Hrhe Adet XolE T X2 1/3
oA RobgSdd A A EeAZ] & 1 e

N

0

10 %ko

=

it

1. 23 AP ALed dATEE g5 ddo] 2 7
o] zpolo] BWAGlo] BE T4 ExZo] FAHTH
2. 2% AYF A Uehd =93
zto] Apolof| wh 7zt F7tel|l FEjgtA el o] S HYlo

d

582

A

EDTAU Zold AM}EE S

ARHo R H A A
huss

o, A FolAL positive cutting angles %
£ HERO 642 °] ProFilex*® engine reamerw2
vl walo] Aoz AL ool mutE gAS Bth(p
(0.05).

o oko] wuk=S Hojoma 23 A -o}‘loﬂ hqujd
=1

AlS T2 L, positive rake angles

2yl o AolA S ZtomA sl Hlolng 23

o]

THE A 2 =8 =

Zo| ol Uze] F ol 48 24T 5 Ut
AR AL 8 A A9 Aol W 717 3 4
ZAol} 24 Belolqe Ws A% 5 o Be At £

A EE Holol A EY aapHel 23 A7 2
Rog Yzteln gto 7 it

7} o] FojAof & Aoz A7t}

10.

11.

. Kennedy WA, Walker WA,

. Pitt Ford TR, Roberts GJ :

ikal

b

Ho
I

. Williams S, Goldman M. : Penetrability of the smeared

layer by a strain of Proteus vulgaris. J. Endodon 1985;
11: 385-8.

© Smear layer removal
effects on apical leakage. J. Endodon 1986; 12: 21-7
Tissue response to glass
ionomer retrograde root fillings. International
Endodontic Journal 1990; 23: 233-8.

.Baker NA, Eleazer PD, Averbach RE, Seltzer S:

Scanning electron microscopic study of the efficacy of
variious irrigating solutions. J. Endodon 1975; 1: 127~
35.

. Yamada RS, Armas A, Goldman M, Lin PS : A scan-

ning electron microscopic comparison of a high volume
final flush with several irrigating solutions: Part Il. J.
Endodontics 1983: 9, 137-42.

. Orstavik D, Haapasalo M : Disinfection by endodontic

irrigants and dressings of experimentally infected
dentinal tubules. Endodontic and Dental Traumatology
1990: 6: 142-9.

. Haikel Y, Gasser P, Allemann C : Dynamic fracture of

hybrid endodontic hand instruments compared with
traditional files. J Endodon 1991: 17: 21718.Camps
JJ, Pertot WJ. @ Torsional and stiffness properties of
nickel-titanium K files. Int Endod J 1995 28: 239-43.

. Vulcain JM, Calas P : The three wave concept of Hero

642. Endodontic practice 1999; 4: 20-30.

.Thomson SA, Dummer PMH: Shaping ability of

Profile.04 Taper Series 29 rotary nickel-titanium
instruments in simulated root canals. Part 1. Int
Endod J 1997: 30: 1-7.

Hulsmann M, Rummelin C, Schafers F : Root canal
cleanliness after preparation with different endodontic
handpieces and hand instruments: a comparative SEM
investigation J Endodon 1997; 23: 301-306.
Brannstrom M, Nyborg H. @ Cavity treatment with a
microbicidal fluoride solution: growth of bacteria and
effect on the pulp. J Prosth Dentistry 1973; 30: 303-
10.



12.

13.

14.

15.

>
(U7
1o

Uitto VJ, Haapasalo M, Laakso T, Salo T : Degrada-
tion of basement membrane(Type N) collagen by pro-
tease from some anaerobic microorganism. Oral
Microbiology and Immunology 1988: 3: 97-102.

Heard F, Walton RE : Scanning electron microscopic
study comparing four root canal preparation techniques
in small curved canals. Int Endod J 1997; 30: 323-31.
Cameron JA : Factors affecting the clinical efficiency of
ultrasonic endodontics: a scanning electron microscopy
study. Int Endod J 1995: 28: 47-53.

Peters OA, Barbakow F @ Effects of irrigation on debris

16.

17.

| X FS& LZ-Ef0|EHE BIEEiYe] BAZ0 nE ZHYE 2o Het MAE0IZE AT

r

and smear layer on canal walls prepared by two rotary
techniques : a scanning electron microscopic syudy J
Endodon 2000:26:6-10.

Bechelli C, Zecchi Orlandini S, Colafranceschi M :
Scanning electron microscopic stydy on the efficacy of
root canal wall debridement of hand versus lightspeed
instrumentation Int Endod J 1999; 32: 484-493.
Liolios E, Economides N, Parissis-Messimeris S : The
effectiveness of three irrigating solutions on root canal
cleaning after hand and mechanical preparation. Int
Endod J 1997; 30: 51-7.

583



LH3tA| 22 Z5E5]X| :Vol. 27, No. 6, 2002

Fig. 1. Scanning electron micrograph of Fig. 2. Scanning electron micrograph of
canal wall prepared with Ni-Ti HERO canal wall prepared with Ni-Ti ProFile(X
642(x1,500). 1,500).

Fig. 3. Scanning electron micrograph of Fig. 4. Scanning electron micrograph of
canal wall prepared with stainless-steel canal wall extirpated with barbed broach
engine reamer(x1,500). but not instrumented(x1,500).
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Fig. 5. the penetration depth of smear layer into dentinal tubules was observed on canal
wall prepared with Ni-Ti HERO 642(x 3,000, x5,000).

Fig. 6. the penetration depth of smear layer into dentinal tubules was observed on canal
wall prepared with Ni-Ti ProFile(x 3,000, x5,000).
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Fig. 7. the penetration depth of smear layer into dentinal tubules was observed on canal

wall prepared with stainless-steel engine reamer(x 3,000, x5,000).

Fig. 8. the penetration depth of smear layer into dentinal tubules was observed on canal
wall extirpated with barbed broach but not instrumented (x 3,000, X5,000).
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