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REMOVAL PATTERNS OF SMEAR LAYER
ACCORDING TO APPLICATION TEMPERATURE AND TIME
OF EDTA

Jang-Shik Shin, Yong-Bum Cho
Departnent of Conservative Dentistry College of Dentistry, Dankook University

The purpose of this study was to evaluate the effect of EDTA irrigant according to application time and
temperature.

31 human mature extracted teeth with a single canal were sectioned with microtome in 3mm thickness
and gained 62 samples of root canals. They were distributed randomly into 6 groups of 10 specimens each
and control group of 2 specimens. Each specimen was prepared with GT rotary file (Dentsply, Maillefer
Co., Swiss) and irrigated with 3 ml sodium hypochlorite every minute. Then smear layer was removed with
EDTA solution (PULPDENT®, PULPDENT Co., USA.) except two control specimens. Specimens of each
group were irrigated with 17% EDTA.

The time and temperature of application were as follows:

Table 3. Open sandwich vs Closed sandwich

Application time Application temperature n
Control 2
Group 1 8T 10
Group 2 2 minutes 22T 10
Group 3 50¢C 10
Group 4 8T 10
Group 5 5 minutes 22°¢C 10
Group 6 50C 10

All specimens were split longitudinally and prepared for examination by scanning electron microscopy. A
set of reference micrographs was used to award a debris score as follows: 0 = no smear layer, all tubules
clean and open; 1 = no superficial smear layer, tubule openings visible, but some contain debris plug or
soft tissue remnants; 2 = moderate smear layer, some tubules open and others closed; 3 = heavy smear
layer, most/all tubule openings obscured. Results were evaluated with Kruskal-Wallis test to determine
whether there was statistically significant difference among six groups. Pairs of groups were analyzed using
the Student-Newman-Keuls Method and Mann-Whitney test..
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The results were as follows:

1. Control specimens showed heavy smear layer at the canal walls.

2. Among the groups applied with EDTA for 2 minutes, group 1 showed the heaviest smear layer, and
there was statistically significant difference between group 1 and the other groups(p<0.05).
3. Among the groups applied with EDTA for 5 minutes, group 4 and group 6 showed smear layer, but

there was no significant difference between them.

4. Among the groups applied with EDTA for the same temperature, group 1 showed heavier smear layer
than group 4, and there was statistically significant difference(p<0.05).
5. Among the groups applied with EDTA for the same temperature, group 2 showed heavier smear layer

than group 5 and group 3 showed heavier smear layer than group 6. But there was no statistically

significant difference among them.

From the results above, it could be concluded, EDTA solution is effective in removing of smear layer when

it is applied for 5 minutes. If EDTA is applied for 2 minutes, it should be applied above room temperature.
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538



=7 Zhe
Aol 2o o) %“élﬂﬂ] %\ﬂr

o] mtZel FRE %—A}Xﬁ}dﬂlﬁ T FA Yol ALY
sl estal S Yz dohe, C‘ﬂa‘%ﬂ
TR 772 2 1 de IAEAY AgEE 7R

A4z Q3 Aoz fr1de] ko] gAY Hap 1
H|Fo] Zasta §7)1do] 7kt deA o, 4
JAE2 7€ 0.5~0.15um B} ¥ Zzte] JAs
2 % 0.05~0.1um L2 A5 2t #4339 22 Aat
(subunit) 52 o] FA oMY 1 FAE 1~5m A=
2 gyA YAT ole 713y F M=, agln
ofA o] e (“foldo] FoldEA] T AxH] SER l
g} g

EEFE A F FEeR 7EEH A WA 2 £

o3 % WA F& bR o] FYY FolTk. oA
B B9 2ol 40m Fmoln ol ol nat mus

QRS Aole] AG ool AR 2AH Bl /)7

—Z] 0} o. 03]6]: U] h;]-”
e FAFEY] AAE S8l o
ik ‘}’U} 78 del AHeEE
EFNaOCD< & 5 8
EFd E9 %ﬂ‘ﬂ hypochlorous
acid(HOCD 7} A€, ol& 7et 4tslAlQl chlorines
F3+ata 9t} ©] chlorine EHe|glote] thAFaHg-d ’404
3= JJ/\ 5 5\__04 -SH group ] H] ].oﬂxqo A}g};@ﬁ.
oA g aHE Yehdtt, E3t Alotd 4t YEFS "gﬂ
Agut JAF AF RS LaE ¢ glon 23 73z
A a2 2-g T Aol Zhake] A A §-re AE 71

ol

o AR mTEe] AAdE SAE e Aew Ky
L
3 ARl A et Ikatga (Ho02) = Z8A A = A}

grlu 4A95e A9E BEd WA ades
A3 gha, s Sael ASE ABERE A8 2
WAAE Bg BHHOE § $E AT oF BF =Y

o AAdE ol HA] R

EDTAS &HE 2Z9f AZI0] IHE =2Zo| H72kat

olgf gt =u3e] AAE Hal L Bt citric acid, poly-
acrylic acid, lactic acid, phosphoric acid, EDTA 52|
TES ZWAHA S| AFEA st

Wayman™ <] g7l &8 10%, 25%, 50%<] cit-
ric acid 902 TS AP S v BF =H=o]
AAY FFE Jehla, o]F 10% citric acid &93}
2.5% NaOCl €9, 12|31 A 10% citric acid iy
TAHOR AR A7 7HE @ Z3E et
e citric acide AAHEAQ 23] FHE Welste
AdES 2HE dAi

T3 50% lactic acidg AHEsle A -folle vty o=z
TZo] AAR AR 2 S o} oAl
7F 5] E P HolAl= kTP,

Bitter”'& ZZA A2 25% tannic acid &92] A}-&
= aNstG e o= Ttslraet NaOCle] E3AEA]
Hod g% ARt g 23S vepiglon] =
9 A AN = Efjrﬂ Aok &kt

McComb 5*& 5%, 10% polyacrylic acidE A4
A2 ARS8 2 A e ol @A "2 b
gk FofellAfnt 2] A A E3E YA St
=3

Ty ol fIES 2
o]59] & pHE 3 A2 ‘Er 9 =4 l
7}%‘_/\4 o] o]q,zﬂ

Zg A8AIQ] EDTAE 23S AAR] 9 234
A T 7P AR o® gEA it o= Aol

Zg o] ¥Hgste] &3 7Fb€?} aa A S 4T
t}. Fehr9} Nygaard-Ostby”+ EDTAE 537t 244

20~30un F=9 ol & E3AZItty Hushl oy
Fraser” & <9 22 1/3 F9]dA & o] AHo] A
o E3p} glvka Bagh vt glv}, =& EDTAE #7144k
= 98 EUFE AASHE B¢ pHe WskE doA Ao}
Aol g3 =9} $3l5 e 2 Attt G A Ao

ol2]gt EDTAE T =453 &350l AHE7=
gkt}h. Urea peroxide’} 3718 RC-prep®(Premier Co.,
USA)] A2 SHUHERE Hobd e 272 3
ARk, aeiv A&E 77243 AlFd e B8 o]
EgEo] 2 zEAH 1 A AU 2HFA
= °)& F gl Eg”.

EDTA® quarternary ammonium bromideE 3 7}2t
REDTA(Roth International Ltd., Chicago, 1L, USA)
o] AMg- FHAEE Hasta §do ARE e s
Ht}. McComb¥} Smith™ & 7] F24A] o] & AH-gF A3}
S| A2 FHE AL OE R A e BEFe] &
kA FRTha Basieitt.

2 A 23 E AuE v EDTA 94L& &8%

lo

A

539



LHEIX| 22 Z=S}3| A :Vol. 27, No. 5, 2002

Aol %48 25 HBAth GT" Profile(Dentsfly,
Maillefer Co., Swiss)< o] 8¢+ 3&1te] 2Hdd-& djx
T I A FEI g9 =S Y 2o
AAZS el AH2E 17% EDTA €99 PULPDENT®
ol muxS gz or AAsYY. 8T erE
EDTA €9& WAad 23S vjo] =2 Yehln(l
T3 4), 22CE AEA Yo 255 Yepdt 23 5
). T3 50CE (377 61) Bt} 1204 BagS s
Uee Aoz oz Zé‘& £olt}, o] A3 A 1
F(2%, 8T)M Be =TFo] A3l olf=(Table
4,6) @2 222 93 EDTA &4 w*Ol LMML ’—é}

2 AtgEg. AR Jgd e 01*0 M= #e ﬂ%*l
o

S
e
P
)

NOR=
—
2y
[
HE e
o
&)
o

o o X
oo
>
e
3

o,
)
O,
il
[t
o,
ME
=)
P
S5
DO
~y
S

M
>
P

M
DO
DO
e
&
Al oJo
3
M
DO
[N
S
w
Hd
o
S
a1
o O
e
o
'y
R

=2
> 2
o
(e}
ot
By
o
it
i I
_O‘ -
>
O
2
3
SUEY
rl
il ro
=yl
o 2 o
N S
Lo

2,

A A = *}%’3}EH] 101X
F9lel| o A
g% oljgt 7‘]:“4 1/35-2 tigh S & A7} o] F
ojzjof & Ao 2 At HT

V.2 E

EDTA $o] A& 2%9} A|7lo|| u}2 ko) xﬂﬂOk
dE GolEy] 98] 17% EDTA €491 PULPDENT®
(PULPDENT Co., USA)E 2%% 52202 Yo 7tz
8¢, 22¢C, H0CE A& =& Gejst] &3 F A
AN A2 ol gate] ELFo AAF S HAs] oy
I 2 ATE A
1. EDTA €945 #8354 &2 iz
o] oM, BE HETA EDTA
AAskE 23 Ve
2. EDTA LAE 287 AL S Aol 17(8C)A

3. EDTA % 0 5%{? Zi%é&—% ZA8o = 47(8C) 2
Z(50C)dlAM = Z

540

Ashe TEZF] AAd e
2t A ztE] oA
L= 0w Lo BHdlE 1 I ajo

!

o] 3ol Hasl= AL

10.

11.

12.

Ao
,804 EDTA €9& A43F A9o& 283 283 1
| =

.22¢9 EDTA €98 &3 27 (2%8)3

(22C)elM & &

FE =TS0l BEHA Fgrot Al L3t
FAA FedL gle
o

AL = ey

2ol 587 A43 4z W3] 2RHAN AF wUE
o o wo] BATIOM ol FAHCE 40| 9

= o2 Uepdth(pd0.05).

=l
(53
A

rlo
2y
3T oo &L =

5
50ce] EDTA £4& #43 3¢(28)% 67 ()
ol 2] 57 ¥}, 181 3ol
Ueplow ol A4
o},

ol AT Ads EE & v 2l 7| F2so s E
EDTA 42| Aol E2p4 o]
|8 EDTA 49 587 743 74
7k gle
2 =Y 4Fde EDTA 895 d&

Jléﬁolt g Aoz AtgH ol

_4

z%ﬁ_A]7}° 2L

. McComb D, Smith DC. A preliminary scanning electron

microscopic study of root canals after endodontic proce-
dures. J Endodon 1975:1:238-42.

. Vojinovic O, Nyborgh H, Brannstom M. Acid treatment

of cavities under resin fillings: Bacterial growth in
dentinal tubules and pulpal reactions. J Dent Res
1973;52:1189-93.

. Diamond A, Carrel R. The smear layer: a review of

restorative process. J Pedodon 1984:8:219-26.

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

Scanning electron microscopic study of the efficacy of
various irrigaing solutions. J Endodon 1975:1:127-35.

.Yamada RS, Armas A, Goldman M, Lin PS. A

Scanning electron microscopic comparison of a high
volume final flush with several irrigating solutions:
Part III. J Endodon 1983:9:137-42.

. Pashley DH, Livingstone MJ. Effect of molecular size

on permeability coefficients in human dentine. Arch
Oral Biol 1978:;23:391-5.

. Uitto VJ, Haapasalo M, Laakso T, Salo T. Degradation

of basement membrane(Type IV) collagen by proteases
from some anaerobic microorganisms. Oral Microbiol
Immunol 1973:3:97-102.

. Pitt Ford TR, Roberts GJ. Tissue response to glass

ionomer retrograde root fillings. Inter Endod J 1990;
23:233-8.

. Ingle JI. Endodontics, 3rd edn. Philadelphia, PA, USA:

Lea and Febiger, 178-80.

Rubin L, Skobe F, Krakow A, Gron P. The effect of
instrumentation and flushing of freshly extracted teeth
in endodontic therapy: a scanning electron microscope
study. J Endodon 1979:5:328-35.

Moorer WR, Wesselink PR. Factors promoting the tis-
sue dissolving capability of sodium hypochlorite. Inter
Endod J 1982;15:187-96.

Seidberg BH, Schilder H. An evaluation of EDTA in
endodontics. Oral Surg 1974:37:609-20.



13.

14.

15.

16.

17.

18.

19.

20.

21.

Patterson S. In vivo and in vitro studies of the effect of
the disodium salt of EDTA on human dentin and its
endodontic implications. Oral Surg 1963:16:83-103.
Nikiforuk G, Sreebny L. Demineralization of hard tis-
sues by organic chelating agents. Science 1951:
114:560.

Gianluca Gambarini. Shaping and cleaning the root
canal system: a scanning electron microscopic evalua-
tion of a new instrumentation and irrigation technique.
J Endodon 1999;25:800-3.

Brannstrom M, Nordenvall KJ, Grantz PO. The effect
of EDTA-containing surface-active solutions on the
morphology of prepared dentin: an in vivo study. J
Dent Res 1980:59:1127-31.

Cameron JA. The use of ultrasound for the removal of
the smear layer. The effect of sodium hypochlorite con-
centrations: SEM study. Australian Dent J 1988:33:
193-200.

Eick JD, Wilko RA, Anderson CH, Sorensen SE.
Scanning electron microscopy of cut tooth surfaces and
identification of debris by use of the electron micro-
probe. J Dent Res 1970:49:1359-68.

Pashley DH, Tao L, Boyd L, King GE, Horner JA.
Scanning electron microscopy of the substructure of
smear layers in human dentin. Arch Oral Biol
1988:33:265-70.

Mader CL, Baumgartner JC, Peters DD. Scanning
electron microscopy investigation of the smeared layer
on root canal walls. J Endodon 1984:10:477-83.
Cengiz T, Aktener BO, Piskin B. The effect of dentinal
tubule orientation on the removal of smear layer by

22.

23.

24.

25.

26.

217.

28.

29.
30.

EDTAS| XE 29 AlZto] e =230] H7{2kat

root canal irrigants. A scanning electron microscopic
study. Inter Endod J 1990:33:193-200.

Perez F, Calas P, De Falguerolles A, Maurette A.
Migration of a streptococcus sanguis strain through
root dental tubules. J Endodon 1993:19:297-301.
Kennedy W, Walker WA, Gough RW. Smear layer
removal effects on apical leakage. J Endodon 1986:
12:21-7.

Wayman BE, Kopp WM, Pinero GJ, Lazzari EP. Citric
and lactic acids as root canal irrigants in vitro. J of
Endodon 1979:5:258-65.

Bitter NC. A 25% tannic acid solution as a root canal
irrigant cleanser: a scanning electron microscope
study. Oral Surg 1989:67:333-7.

McComb D, Smith DC, Beagrie GS. The results of in
vitro endodontic chemomechanical instrumentation-a
scanning electron microscope study. J British
Endodontic Society 1976:9:11-8.

Takeda FH, Harashima T, Kimura Y, Matsumoto K. A
comparative study of the removal of smear layer by
three endodontic irrigants and two types of laser. Int
Endod J 1999:32:32-39.

Fehr FR, Nygaard-Ostby. Effect of EDTA and sul-
phuric acid on root canal dentine. Oral Surg 1963:
16:199-205.

Fraser JG. Chelating agents: Their softening effect on
root canal dentin. Oral Surg 1974:37:803-11.
Biesterfeld RC, Taintor JF. A comparison of periapical
seal of root canals with RC-Prep or Salvizol. Oral Surg
1980:49:532-7.

541



L{3tA| 22 Z=515| X| :Vol. 27, No. 5, 2002

—
r3-1 L] Kl BES 1lE- |

Fig. 1. tizre] FARAARRA AR (x1,000) Fig. 2. 131(2%, 8C)2] FARAAAR A AR (% 1,000)
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Fig. 3. 12(2%, 8C)9] FARARNZ A1 (X 1,000) Fig. 4. 27(2%, 22°C)9] FAPAARENA AR(x1,000)

Fig. 5. 33(2%, 50C) ] FAREARAR|Z AR (% 1,000) Fig. 6. 4(5%, 8C)<] FARAAAR A AR (% 1,000)

Fig. 7. 5(5%, 22°C)¢] FARAARED|Z AR (% 1,000) Fig. 8. 6(5%, 50C) 9] FARAARE |7 AR (% 1,000)
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