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Abstract

Various types of ultrasonic tips are used with microscope to remove the debris in root canal.
However, even after removal of debris under using microscope, we can not clearly see the surface
condition of the root canal. The aim of this study was conducted to clarify differences in the smear
layer (SL) and smear plugs (SP) formed when using an ultrasonic tip under various conditions (tip
type, with/without water, and power level), and to clarify methods of removing them.

In experiment 1, sectioned human single-rooted specimens without SL and SP were divided into 12
groups based on combinations of tip type (diamond tip (DT), stainless steel tip (ST)), use/non—use of
water, and power level. The ultrasonic tip was gently (5-10 g) pushed against the canal wall and cut
surface of the specimens were observed by SEM, and then scored. As a result, a ST used at lowest
power with water produced the least amount of smear layer. Smear plugs were frequency formed
when the root canal was shaped using a DT with water. The SL and SP formation varied when using
ultrasonic tips under various conditions.

In experiment 2, sectioned human single-rooted without SL and SP were used. The SL was formed
by using a DT with/without water, and the SP was formed using a DT with water referring to the
results of experiment 1. After shaping with the DT, the specimens were prepared using a ST
with water. The specimens were observed by SEM and scored. As a result, the SL was
effectively removed using the ST at low power. The SP, however, was not removed using the ST
with water at any power level. It is suggested that the SL can be removed effectively using ST
with water, but this approach is inadequate to remove the SP.

In experiment 3, sectioned single-rooted specimens without SL and SP were used, and divided
into 2 groups. In first group, SL and SP were formed using a DT with water at power level 3. In
second groups, specimens were shaped by DT with water at power level 3 for making SL and SP,
and then prepared using a ST with water for reducing SL. Specimens in both groups were immersed
for 2 min in 2 ml solutions of EDTA at different concentrations (1%, 5%, 10%, and 15%; pH = 7.4).
The specimens were observed by SEM and scored. As a result, specimens in first group retained SL
and SP even when using 15% EDTA solution. SL was not observed when using 10% and 15% EDTA
solutions in second group, but SP was observed when 1% and 5% EDTA solutions were used. The
optimal EDTA concentration differed according to the conditions used to form the SL and SP. In
conclusion, 10% EDTA for 2 min can remove the smear layer and smear plugs when the root canal
is shaped using a smooth-surface ultrasonic tip, if water is applied and the tip slightly (5-10 g)

contacts the root canal wall.
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Group 3-2 |28V T, Group 3-1 & kg4 % & EDTA #/EH & H 5RO A X v —J@ D&
Dol lzdIT, HHRERRED EDTA Th> THAIY—H, AIY—7 77 DREIC
ol bDEBRALND. ZD, MRS TIX, EDTA {EHRNCEHDO A I ¥ —E%
STOXH e AL—R72F v 7 HHVKYEL, EDTA ZEH S E D N AIY—JE, AIY¥—
7T T DRENNRENATRADENHA LN E R0 7.

UbozZ Licky, i NgEERB ST~ 7 % Uz root canal shaping THEL 5 A
Y—J@, AIY—7 77, AT LTy ToRERIR, 1, BAKOFELEOHERT S
R KV AERENRRDFENRHONE ol T2, —EARLEZAIY—BIZELT
X, ST O X9 REIRND A Lh—R 2T v T EARH ), HAREM T CRFREICERE T L
THEE shaping 52 & CRIASED ZENARTHD Z LBHLNE -T2, Fikic, H
H T~ 7 % FV 7= root canal shaping T U72 A 2 v —J@ OBREIC VT EDTA BT, i
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WHNZER L7e Ty T oREMER, 07 EOEREFHFICE - TRR Y, REMICERL
ToERAMED ST DX 5 B EREN A L— AT v 7 THAKT, (KH ) CRAFEEICIRE I L
T shaping L7256, AIV—, AIV—77 7 D527 REICIL, 10% EDTA 120 #2H D
TERREN VLI CTH DS Z ENH LN E T,
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6.

Groove

Root canal /

Cut surface

Root canal shaping area

B 2-a. aEHERE

DD Tt MMEEBEMREHEELZ A v b —2F 2B TUIW. fEAFOMRARIL LY 1 mm
T E TEEERE L L, Ni-Ti file 12 & > TH2S £ TILKIBAR LIz, SERIERE, o
FEER A > B & TATIC 5~8 mm R IC#HR 2 DD CTHIWr L, $Eth oEfhi5mic DD TEE
HNZ 2R N—TH W, =y =& TlZREMFMIC25F Lz, ZoE%, 15%
EDTA 2 ml H1(Z 2 />R 1E, 2.5% NaClO 5 ml, PW 10 ml ONEIZHE L, BE~L—/S—K
A2 N VTR U, el o BLER 1T, M AR R VR A i & vl oo Rl s A S T
BE= o =2 ThHEIL, BUBHE LTz,

15



Handpiece

Ultrasonic tip

5~10¢g ® o
I

2-b. HEW T v TER A
B2 B B EE L, shaping JEA 5-10g i b — L LEBSENTF v 72 EH SH 7.
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3. HAXY TV RF T ERT UL ARF—LF v
A,OFAYEY RF v Fv7 DIl ELA=03Tmm, Fv 7T —3—=5%, a=22.0 mm,
b=4.0 mm, ¢=10.5 mm, & ¥ A ¥ E L NI £E 53-63 um.
B, D)AT Y VARF—LF v F v DI EHE=025 mm, T v 7T —/N—=5%,

a=22.0 mm, b=4 mm, ¢=10.5 mm.
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50um

4. FEBr 1 ARE R SEM 14
(A) = hr—/b, (B) K DT 71, (C) FEE/A DT H712, (D) FEEK DT H7 3,
(E) FEHK ST 71, (F) FEiEAK ST Hi) 2, (G) FEH/K ST 713, (H) /K DT H/)
1, () #/KDT H72, 3) HEAKDT 3, (K) 3K ST H 1, (L) K ST Hi712, (M)
K ST ) 3. (LK FEXx1000)
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100% -
90% A
80% [
70% - B
60% A m%—
50% - 1 1 1 1 1 1 I
40% —— m®mScores
Yo
Score4
30% 1 mScore 3
20% - wScore2
mScore 1
10% A
0% T T T T T T T v
> ~ o > N oS > N o ™ N o >
oé‘ 6’\é Gﬁé G‘é oéé e"\é e"\é o"\é o"\é e”\é ~I\é e"\é Q_’\é
¢ & & & & & & & & .9 £ .9
AN SR S B S SR S S & & S @& @
S S S S S S S S & S S S
& & & & & & & & & & <& &
Cd S Cd d & S R & R & & &
& & & & & N &3 - ) B & Bl
& & & & & & &S SsS S
SRR R A NS RS | |
L__LJ
. * p<0.01
Control vs all groups p <0.01

5. EBIKSRUTICBUAAI YDA T —
ay hr— L EOMT X TORETHEELZRD, dK ST #TIE, M1 LD 3,
2 EH 3 ORICAEICA T —D#EZBDT-. (p<0.01)

19



6. 2R 1 AR TR © SEM 4
(A) =¥ hr—/, (B) #EFEK DT, (C) FEHI/K ST, (D) K DT, (E) ik ST. (JaRHE
x1000) =2 b — LREECEB W THREME 0 OB 023380 5 b, (BRED) 1K DT, Ak
STHETIE, AIY—7 77 NRD NS, (BKED)
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50um

7. 328 2 Group2-1 1RE K 1f, it SEM 4
(A,B) =¥ hua—/, (C,F) /K ST 711, (D,G) /K ST Hi732, (E, H) {EXKST i/
3. (JERZx1000)
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100% -

2%

90% -

80% -

70% -

60% 1 mScore S
50% A Score4
40% - mScore 3
30% - mScore2
20% - mScorel
10% -

m o T T T T
Control(DT DT without DT without DT without
withoutwater,  water, power water, power water, power
powerlevel 3) level 3+STwith level 3+ST with level 3+ST with
water, power water, power water, power
level 1 level 2 level 3
L |
* |
. * p<0.01
Control vs all groups p <0.01

8. FEBR2Group2-1 AI VY —JgAa7—
2y hu—AREL ZOMT R TORTA 27 —OFEAEERD, HASTIERRETIE, H
J1EHA3, 2 EHI3 ORTAa T —DFERFEEBROTZ. (p<0.01)
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50um

9. 32k 2 Group 2-2 AR 1, HEWrifi SEM 14
(A,B) 2> hur—/, (C,F) /K ST Hi71 1, (D, G) #E/K ST Hi7J12, (E, H) {£/K ST Hi
77 3. (FERZFEX1000) GFMENIZA Y —7 7 7 OFEIEDNHER S D, (FRIRHD)
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90% -
80% -
70 70
60% - m Score 5
30% Score4
40% 1 m Score 3
30% 1 m Score 2
M0, -
SRy m Score 1
10% A
09/0 T T T T
Control(DT DT with water, DT with water, DT with water,
with water, power level power level power level
power level 3) 3+ST with 3+ST with 3+ST with
water, power  water, power  water, power
level 1 level 2 level 3
[ |
P
* p<0.01

Control vs all groups p <0.01

10. B 2 Group2-2 AI VY —Jgx a7 —
A2 b= AL ZOMT NXTORTAIT —OFFEEZED, HK ST FEHFETI,
HA1 N3 OMTRAaTr —DREREZZZBOT. (p<0.01)
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LDl11126 15 kv x1.08K 38.2vm

30pum

11. 528k 3 Group 3-1 RE R OBILE (EDTA 1EHIIFR: 120 FP[H)
(A) = Fr—/L, (B)1% EDTA, (C)5% EDTA, (D)10% EDTA, (E) 15% EDTA. (JL Rk
x1000)
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100% -/

90% -

80% -

70% -

60% -

50% +~ 1 ® Score s
40% - Score4
30% - m Score 3
il m Score 2
10% - % /

00//0 T 1 1 1 1 - SCOI.e 1
M &Y &Y LY P
s © © © &
Y.\C) & \e\o & 0\0 \ Qo\o \o\e
S
& 9 © $ S
Qo o
Q&

Control vs 5%,10%,15%EDTA groups p <0.01

12. EB 3 Group3-1 AI VY —Jgra7—
ar ha— & 5%, 10%, 15% EDTA {EABEDOR TA a7 — DO E 2 ZEE2BO -, (p<0.01)
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13. %28 3 Group3- 1 #EWiiE OBLEE (EDTA 1EFFEH: 120 F0IH])
(A) = hr—/, (B)1% EDTA, (C)5% EDTA, (D)10% EDTA, (E) 15% EDTA. (JE K=
x1000) B MENIZAI Y —T 7 FOIFEERD D . (HEHD)
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~ 30um
14. 3287 3Group3- 2 RERE OBILE (EDTA EHIRFH: 120 FPH)

(A) 2> hu—/b, (B)1% EDTA, (C)5% EDTA, (D)10% EDTA, (E) 15% EDTA. (Y5 K%
x1000)
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100% -
90% -
80% -
70% -
60% -
i gZ" T l 1 1 m Score 5
i
30% - Score4
20% - m Score 3
10% 4 — m Score2

OQO T T T T T
m Scorel
'60\\ Q&Y’ Q&Y’ Q&Y” Q&Y”
(_PQ 0\3’ 0\3’ 0\3’ 0\3’
v QO < D N
S X2 X2 & &
¥ ) S & &
<9 Q Q
<
o Control vs all groups p < 0.01

15. FBR 3 Group 3-2 AI ¥ —J@Aa 7 —
ay b=V ERTOERETAIT —DOFEERZEEZRDTZ. (p<0.01)
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D1 1435 1S Kkvixl.eokF 36 ekn D1114383 15 kV x1.00ky38.0sm
) b4 —

30pum

16. 28Rk 3 Group 3-2 it O#Bl%2 (EDTA /EHIRH: 120 #0[H)
(A) = hr—/1, (B)1% EDTA, (C)5% EDTA, (D)10% EDTA, (E) 15% EDTA. (LK%
x1000) BHMMENICA I Y —TF T F OIFIEZTRD 5 . (FRIRHD)
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