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— Abstract

THE INFLUENCE OF SMEAR LAYER UPON DENTIN
DIFFUSION OF CALCIUM HYDROXIDE IN BOVINE TOOTH
IN VITRO

Byeong-Goo Kwon, Tai-Cheol Yoon, Deong-Soo Park

*Department of Conservative Dentistry, School of Dentistry, Yonsei University

Eighty two of extracted bovine mandibular incisors were sectioned transversely through
the cementoenamel junction(CE]) and instrumented to a size minimum-# 110 file at the
working length by 5.25% NaOCI irrigation. The roots in group 1 were received a final
irrigation with 10m! of 17% EDTA followed by 10ml of 5.25% NaOClI, group 2, 10ml of
40% citric acid followed by 10ml of 5.256% NaOC], group 3, 20ml of 5.25% NaOC], and
control group, 20m! distilled water. Canal walls of four roots in each group and control
group were examined by SEM(x3000). Calcium hydroxide was placed into all experimental
roots except control group. Each root was placed in nalgen bottle containing unbuffered
distilled water. The pH level of the medium surrounding tooth was recorded at 0, one
hour, and daily for lweek, then l4days, 21days, and 28days using pH electrode. At 1, 3,
7, 14, 21days, and 28days, four roots from each group were split longitudinally and the
ratio change was recorded using spectrofluorometer. The results were followings :

1. The smear layer was totally removed from canal walls in group 1 and 2, but was observed

in group 3 and control group.
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removed from canal walls.

of presence of smear layer.

periodontium

ption

2. The hydroxyl ion diffused more rapidly through radicular dentin when smear layer was

3. The hydroxyl ion derived from calcium hydroxide began to diffuse from the root canal
to the exterior surface of the root at 1day, and continued to 1~2weeks.
4. The pH level of dentin near the CE]J was not different in all experimental group regardless

It is clinically advisable to place calcium hydroxide into root canal for 1~2weeks for
the purpose of expectation of diffusion of hydroxyl ion.

But, after the placement of calcium hydroxide into root canal, the consequent pH level
of external root surface will be futher studied with respect to it's effect on the root and
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Group 1: 10ml of 17% EDTA (pH 7.8) and
10m! of 5.25% NaOCl

Group 2 : 10ml of 40% citric acid (pH 1)
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and 10ml of 5.25% NaOC]

Group 3 : 20ml of 525% NaOCl

HF ZBAHA AT ZE AR LE
OAl ZHFF 10mlE Ao 2@AHE
Al 3 ¥ paper point® HRAIZTH FAMA
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AANE EFF BEHAoH dz2F 674
ot ZBHFHE AY3A] Fuk. F 20
3 §71%¢ A s IRM® o] A3td¥F
A2 XNARE HAdHS X3S F 2~3
mm AE7A], 11 2EF L £33} 2~
3mm FE7A nail varnishE 33 =¥, A
28T FHFA S5EL AAANIDF & Aot &
40ml F 57571 £+ 50ml 2719 nalgen
bottleoll ¥ I TWE 3t 4ol A BHA3I T},

2, FAMXIEHO|E 2HE

Y 7FEFAF HF ZRAHA Y 9
g 2@y =8 F AA 9FE A3
A3t 7 FolA A 1he] Xo £ g=F
17h9] X|ol & g2 HH 3] Xo}e] A&E
wet 2 FadF @Yo JHgE FA)
AR Aoz AEsLY o), (S-800, Hitachi,
Japan, x3,000)

3. pH &3
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4, Spectrofluorometer

AgHoke) A2 Fobdol N pH WEHE &
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Fig. 1. Schematic drawing of experimental tooth(A), and observed site using spectrofluoro-

meter(B)
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1. FAIRNXIEOIE 2HE

(1) 17 (EDTA and NaOCI M%)

L@ o rFo] A A0 Aol e
QTFEA7} FRsA BAEAoY 2t
sghFo] AdolHE YT AleldA BFEEHA
}(Fig. 2 3=).

(2) 22 (Citric acid and NaOCI M%)

1TE2Y 62 £330 ol g7 #
FEPon 2R3 BE YA #F
H A &k (Fig. 3 F=X).

(3) 32 (NaOCl M%)
FE YA =TFo] #BFFRoH
E 2BFo] Alolz AolMBe Y+t

#ZHAG(Fig. 4 F2).

(4) =T (BFT MH)

3T A9} vl 2 ZHY FHo g8
Z=gZo] #FAHNeH FopAH dFE B
Z=A FRG(Fig. 5 F=F).

2. pH &3

(1) &3 1A12t2| pH is}

<8y FAdZEs $AE 17 2 38,
a2 Qz2ToA FA 1A3E pHAE 24
A5 wdt Z7}1319 oM (p<0.05), 27
< pH ¥37F A9 gIAtH(Table 1 3F=).

(2) & 7Y2t9] pH w5}
1¥ 9 332 F4szds 4 339 v
WA pHZF A 293 71A Z718t9n 1

Table 1. The pattern of pH change at one hour

Group \Tlme 0 1 hour
Group 1 6.40 7.55
Group 2 5.62 5.68
Group 3 6.27 7.26
control 6.52 7.24
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Table 2. The pattern of pH change for the 1st week

Ti
er 1day 2days  3days 4days 5days 6days  7days
Group 1 6.40 8.09 822 8.09 7.99 7.84 7.71 7.49
Group 2 5.62 6.18 6.45 6.46 6.60 6.70 6.72 6.78
Group 3 6.27 8.39 8.40 8.29 8.09 7.87 7.69 7.52
control 6.52 7.56 7.49 7.44 741 7.38 7.33 7.32
9
—o—Group 1
—&— Group 2
—A—Group 3
=~ control

day

Fig. 6. The pattern of pH change for the 1st week.

ol%Ex FA 74AA ZadFen, 2L
4 195 334 79714 pH/t A&FH o=
F7HIAt. 28y FaskdE 331 59%
8 7974 7 ££2t9) pHE #9371 §
Ak, 3 dx2TL 1Yol Fo AsHoz
pH7F & d o} 190 ¥ 79 Ale] 9 pH
H3te FRE BolA ¥3hth(Table 2, Fig.
6 F2).

7HA] pH7Y Z2d R o F4 250l % 34
F7tA Al pH7Y F7h8ke Y-S BRYo
M, 2¢-& pH/F 34 1F0lF 4 4F 74X
ALHOR F718le $4E BYn, 328
FAEAE 4 1F01%F 24 253713 pHAF
#asgoy 24 332F 24 45717 ¢t
F7Hloy, 4+ F EF 34 13039
pHE T3 fYxE Rolx ¥kt(p<o.
05). HZTL 1Fo|F o= pHe W37} A
o] #F= A &kd(Table 3, Fig. 7 F=x).

Table 3. The pattern of pH change for 4 week period

Gmup\T’me 0 7day 14days 21days 28days
Group 1 6.40 749 7.09 7.27 7.35
Group 2 5.62 6.78 6.82 7.09 7.16
Group 3 6.27 7.52 7.08 7.26 7.22
control 6.562 7.32 7.09 7.04 7.00




9 —e—Group 1
8.5 | —&—-Group 2
8 —&— Group 3
—¢ control
75 ¢t 1
STy
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6
55
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0 7 14 21 28

day

Fig. 7. The pattern of pH change for 4 weeks period

3. spectrofluorometer

(1) AlZtol| & 2t 2| ratio P35}

FAAE FH 19%F 17 ¥ 279 ratio
W3l e 2oy - FolA(XAHD
o A o} — Ao} 7 A K-$) o] Aot A (X7 10)
B ol FLFE ratio’t BAdtd AAH 13 A H
10te] Fozx1E8 HYom (p<0.05), 37
17 2 239 ¥ 3o ratior= I A YEIGOH
(p<0.05), W3tFFe A9 HAEL &
T3] A A @& ratiod EAF fAte
ARk $4 39Fde= 1~379 WIS
S FA 19%F 9 wigke FASIH A A1
X 9] ratiox 1T ¥ 3TA FE 4F70F
Zvzy 74 2A FFHAL 179 A 1000
X &) ratioZ} 2 2 37l B3l FL 2} QLA
A Jegow (p<0.05), A 7¢4% 9 W

3 FARSEAI T 22 A A19A4 9] ratioZ}t
279 EE A¥E7LF R A BFEHID
17 2 379 Bdte {4 A & Aoz
YEbH(p<0.05). 379 HBEE 17 &
270l HEe 7t FAsE FAAS BYr.
Z73 1493+ ratio’} BE T A )R 9
kgl vl3ted A1 A H 1071 A 9
A A A7) ARRer 4 219
T 2 3 28U o= AA1AA X -1071 119
W37 b gadte oz #EHJeH
ZA 14¢01% F7A 2899 2z F7H9 ratio
H3E FoAE Bol X &y, 28y A
13 2109 ratios FAF #9xte U
°2 0 (p<0.05), HETY A$e & WIS
el R E3les Aoz FEH QA (Table
4~9 FJZ).

Table 4. The pattern of ratio change of 3 groups at the 1lst.

Site
2 4

6 7 8 9 10

Group 1 1.8580 1.7056 1.5538 14310 1.3428 12585 1.1429 1.0592 0.9748 0.9104
Group 2 1.6842 1.6120 15620 14904 1.3628 12727 1.1386 1.0415 0.8938 0.7790
Group 3 22310 2.1521 2.1127 1.9889 1.8422 17858 1.6958 1.6114 1.5491 1.5209
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Table 5. The pattern of ratio change of 3 groups at the 3rd.

Site

2 3 4 5 6 7
Group

8

9

10

Group 1 33693 29118 25455 2.1498 19018 1.7413 1.6175
Group 2 22196 2.0788 1.8816 1.6956 14703 13182 1.1661
Group 3 2.3943 2.1973 2.0000 1.8593 16974 16128 14719

1.3370
1.0762
1.3030

0.9755
0.9296
1.1901

0.7662
0.8278
1.0633

Table 6. The pattern of ratio change of 3 groups at the 7th.

ﬁ 1 2 3 4 5 6 7
Group

9

10

Group 1 22292 2.1429 19108 1.7540 16335 1.5873 1.5190
Group 2 3.1638 3.1169 2.7036 2.6255 2.2794 19697 1.7021
Group 3 1.8814 1.7802 17072 15493 14029 12675 1.1381

1.2237
15033
0.9013

0.9275
1.2669
0.7605

0.8124
1.1168
0.6592

Table 7. The pattern of ratio change of 3 groups at the 14th.

% 1 2 3 4 5 6 71
Group

9

10

Group 1 15212 14086 13592 12746 12043 11407 1.0633
Group 2 1.8945 1.6477 15423 13802 12536 1.1832 1.0915
Group 3 17113 14577 13241 12114 11758 11196 1.0634

0.9928
1.0283
0.9366

0.8874
0.9646
0.8380

0.8450
0.8684
0.7677

Table 8. The pattern of ratio change of 3 groups at the 21th.

ﬂ 1 2 3 4 5 6 7
Group

10

Group 1 12475 11059 0.9727 0.9000 0.8129 0.7566 0.7274
Group 2 1.0772 1.0169 0.8303 0.7000 0.6419 0.6419 0.6094
Group 3 11197 1.0281 0.9226 0.8033 0.7746 0.7394 0.7254

0.6371
0.5850
0.6549

0.5662
0.5234
0.5634

0.4710
0.4750
0.5141

Table 9. The pattern of ratio change of 3 groups at the 28th.

w 1 2 3 4 5 6 7
Group

9

10

Group 1 1.0714 0.9999 09745 0.9012 0.8451 0.7958 0.7606
Group 2 11197 1.0281 0.9226 0.8033 0.7746 0.7394 0.7254
Group 3 11971 11578 1.0564 0.9507 0.8099 0.7042 0.6127

0.7176
0.6549
0.5564

0.6565
0.5634
0.4929

0.6094
0.5141
0.4296

4, 2t o] AlZtoll mE ratio HE}

(1) 12(EDTA and NaOCl M%)

2R FAsgE F3H 1~39 % spectrof-
luorometer2 X Z4FotA Y AGHE SHA|
Z2aYd] Q-g oA (RNH DA Yol —
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ot BAR-919 A (AAH10) 2 o] F§ol
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Zadte FFE BAH(Table 10, Fig. 8 #
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Table 10. The pattern of ratio change of

Group 1 for 4 weeks period

Site
2 3 4
Grok 1

5 6 7 8 9 10

lday 1.8580 1.7056 15538 14310
3days 3.3693 2.9118 25455 2.1500
7days 22292 2.1429 19108 1.7540
l4days 15212 14086 1.3592 1.2746
21days 12475 1.1059 0.9727 0.9000
28days 10714 1.0000 09745 0.9012

13428 1.2584 11429 1.0592 0.9748 0.9104
19018 1.7413 16175 13370 0.9755 0.7662
16335 1.5873 15190 1.2237 0.9275 0.8134
12043 1.1407 1.0633 09928 0.8874 0.8450
0.8129 0.7566 0.7174 0.6317 0.5663 0.4710
0.8451 0.7958 0.7606 0.7176 0.6565 0.6094

ratio

~o— 1day
—&— 3days
—& 7days
~»~— 14days
—#—21days
—o~ 28days

S|

te

Fig. 8. The pattern of ratio change of Group 1 for 4 weeks period.

(2) 27 (Citric acid and NaOCI Al%&)

279 M FFL TH1¥9F 24 79717
AN ARF107tA ) wsH s} Fhe}
Rem FA 795N AH10M AAH107+
A ratio®] ASAF =7} 713 Flow 1 o)F e
Hsle] Axrt HAA Zadle Y4E HYa
3 2199 4 289 A 2L ¥

Table 11. The pattern of ratio change of

A& B (Table 11, Fig. 9 #%).

(3) 37 (NaOCl MH)

17 %2 239 H3lddgde 37 e @
AL Holed AH1AAM AH1071A 9 ra-
tioWAEE £ 39% 714 =24 #&H
Aoy 3 1959 Foxte glen o

Group 2 for 4 weeks period

Site
1 2 3 4
Gm

5 6 7 3 9 10

lday 1.6842 16120 1.5620 1.4904
3days 22196 2.0788 1.8816 1.6956
7days 3.1638 31169 2.7036 2.6255
l4days 1.8945 1.6477 1.5423 1.1802
21days 1.0772 1.0169 0.8303 0.7000
28days 11197 1.0281 0.9226 0.8033

13628 1.2727 1.1386 1.0415 0.8938 0.7790
14703 13182 1.1661 1.0762 0.9296 0.8278
22794 19697 17021 15033 12669 1.1168
12536 1.1832 1.0915 1.0283 0.9646 0.8634
0.6424 0.6419 0.6094 0.5850 0.5234 0.4751
0.7746 0.7394 0.7254 0.6549 0.5634 0.5141
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—— lday

3 T —#— 3days

—a— 7days

—»— 14days

~#— 21days
—e— 28days|

1 2 3 4 5 6 7 8 9 10
site

Fig. 9. The pattern of ratio change of Group 2 for 4 weeks period

Table 12. The pattern of ratio change of Group 3 for 4 weeks period

% 1 2 3 4 5 6 7 8 9
Group

10

lday

3days

7days
l4days
21days
28days

22310 2.1521 2.1127 2.0000 1.8422 1.7858 1.6958 1.6114 1.5491
2.3943 2.1973 2.0000 1.8593 1.6974 1.6128 14719 1.3030 1.1901
1.8814 1.7802 1.7072 15493 14029 12675 1.1381 0.9013 0.7605
1.7113 14577 13241 12114 11758 1120 1.0634 09366 0.8380
0.8827 0.8477 0.8027 0.7676 0.7394 0.7113 0.6831 0.6408 0.6056
11971 1.1578 1.0563 0.9508 0.8100 0.7042 0.6127 0.5564 0.4929

1.5209
1.0633
0.6592
0.7677
0.5986
0.4296

—e— iday
~&— 3days
—&— 7days
—— j4days
——21days
—e— 28days

ratio

site

Fig. 10. The pattern of ratio change of Group 3 for 4 weeks period
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Table 13. The pattern of ratio change of control group

Site 1 2 3 4

5

6 7 8 9 10

ratio

0.9196 0.8684 0.8310 0.7793 0.7606 0.7183

0.6808 0.6244 0.5775 05165

ol e ZAdE ATS HolAW FAF
Foae gXd. 2y AF1090A 9 ra-
tiox 3 143 & AYS RE #F 7T
3¢ 1E, 27F & Aol & HolAE ¥t
(Table 12, Fig. 10 #&3%).

(4) =2Z2(BEFRT MH)
2T A H 19 A A AH107FA ratio®] 2
W3E HolX e ¥kt (Table 13 FF).

ZF al

v, &F k-

E A3 A48 pH electrodes Z+E A
Ho) pH, o1& F %, mv, ¥ 49 ¥
ZA% F e 7IVIE &E, §EF F4
g4 A P Gd¥3E Y ot
E43 P32 QA pH &3] 75ty o
Aol o] &= o B HEAAME A
2l pHE A3,

agla F EEA ARE Foy spectrof-
luorometerE ©]-§3tw WHL ) AEY
pH 2 Ca** & 37 f13ty 2494 %
Hog B AYPqME XZ4otd9 pHE
ZA3l7] $isted AHg3ided AR orE
Ao} AEg wel doluh £ FEgU
o] Hastn o] W JFE He
BCECFH & 5779 4] d3F & =X
F o] AHE 7]7IYA AMAB] o] F S
AZS Y BRIAN FASLDEo] FA
d ZHozRE Wopdg ¥FF XY
A7 X9 pH WEE &H .

2ol dol A FArstel 2o EHE F
A XNF7A pHE e = AA Yo}
Fo], AolA S 7ol AF pHE S48,
Aolg FEYo At pHE FHd=
ZEAQ Aol ALEH R ghr}, #ovssw
a8y pHE YeEhg & AA Yo Fo] 55
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BHe A8 pHE AVEbe
= A 7be) okl 1 pHe) |97} 0.8~2
AEE JET, XotE #§9E Yo pH
g P H o2 s L pH/t &2 Y
FET F99 B3zt ARIsHA ¥Hg-3)
, Xol& ZotA Aol o] pHE FH 3=
= gol 9% pH ¥ 8ke] 7t AS wAE

itk 284y spectrofluormeterE ©]-& 3}

WHe £33 1A e 99 pHE A
g3 281 A48 0E dojd £ Joy
AgAole] AHo] Hl=A] AP ol 3=
1A EA7F 839, GEtA ol & 3
A% HEY iAol g9 Xolo A do

© pH ®¥3E gold F e WYY =
gk, 23y B Ao E x2AtAL
73] YA ddste] A dIHE cover-
glassoll RHAI 7= Aol BrHEsl L o9
2 XZAdolde pHE &3 #HAs))
ol g a3 ATANAL 490nmS} 440
nme A& JHA F RFREY &S T
3Rt

T B Ao AR E A9 Xole] Mg
Tagami 5% QT4 HHFHFK] &9 A
Lol e EAEE A7te] aRH fAME
e HiE AR sged Aty X
Aol A AolAl ol A Bl vl &L X
Fol A 7t7hE F-99 AdolddAE 78%,
a3 XA dE Hojzl weold R
GqME 19% BEE Ao xZAtolrle] z
7%, 19% 9 GAMeR Ao] Xobe] X @
FoldoA EREE A7te WEdA gL
AU TR A Q] 2R vjwA] 1/6~1/8 A
Zolv XgolAdA e FEARre 1Y
A o} A &} FA}3tTE,

CBAXET oA FAFLELS gutta
perchag o] & % ZTHF A o]HY AAFA
AR FAs D FAA] N2t s T3

i 4y o



TAgo| 2] B2 st 2w pH
7 ®olA A2 2 Ao}F Yz XgE
FAAAGE Aotk Y @Yo
FELEE FANIE %S Bad wa
kel ApolE Holm gitt. 19953 W=
VA8 Bud p2d? 443 Hsw
Aot 7 Ao FASLEL 6~12
AEFd SHY 2842 Ag 3359
21} Hammarstrom 2% 9Z A3 2§44
cHNR FA} FA3BHo] N2FSFE
GErE Joy oY FAsHE 4%
Ol RE VR AF A¥HE AL AN 5L
H71deg sty 238 XNKAAH W)
g g A Boleta RasP o, Lenghe-
den =% FAIR APAHE BudYEy
€771 5o A2 X olol] A A# S 3F
R 5FFL AN A 57T A 22
B8 8 % replacement resorption®] Z7}3t=
A& #23H). Esherard 29 a3z
& 28U FA3ZE AF F48l0) 0]
FotdE 8o Bt Hn O 2xE »
AT 1208 FE7A o] o]e Exr}
A&A o2 dojuf 229 Ael A pH} W35}
ot By,

Y A2 FFe M 2A59A4 Yoy
ol o acid hydrolase7} &4 35 o] =2 9] pj-
neral A¥o] 3=, ST 2
AstH FEFHEZ A3 95 A lactic acid
%°l %3159 mineral ¥ 2 €37} ¥
A ged. g$7] x2dddA e pHe)
de€& FZYE pHt 5~558 FIFA X9
acid hydrolase®] AEE W34 9 A=
2] Ao 583 98& 3} alkaline pho-
sphataseE A3 7|1A € = Sidzn B
IEI o} ® E3F Sjogren 5L FALE
S Y AELo0z ALE Ay Fa
EES T8 1FEFY AN A
7N|FZFAF Y dolsle ATEE a9
Hog AAL & ARG 3.

2 A3dA FAHAAENE 2dES 3
3 TB/AHA=R 17% EDTA 10mis}t 525%
NaOCl 10ml& AH&-3F 173} 40% citric acid

10mi®} 525% NaOCl 10mlE AF&3 2F&
525% NaOCl 20mIv+& AM43 33RT &2
HAEF 2 =2E A £43
ARE ZE Ao HAXHY, 37 A=
THAHAZ FHFE ALLE z2TEH A
o e FxE Y LS9 AA
AH}Ho|R] B},

oz B o3 Z#/XNE8A oY
ZNFERFoE Q3 oYY AP =
S 2839 7713 AEQ AolAT} che-
lationg 3= A HA st A A}
5o & 4389 27+ Yamada$t™ Baumgar-
tner 59%° AT A}l FAMSITE, §H Ya-
mada $& HF BAHAY AEEATL
@Y =dF A & Fodu i
N &1 Baumgartner & o] 213 Al £ A &=

CEEF AA & Aolg UEiA gon
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HF ZBAHAY Fo] ELZe AA
YEFE FE o AR, E§ Bys-
trdm < 15% EDTA® 5% NaOCle %7
AHE-3tE 39 NaOCle 9502 A48 o
o) ¢5% §FF4E 2Edu Busty
o, 25~50% citric acid® 5.25% NaOCl
Ho} 7282 X5k NaOCIs 37 AM&
g B¢ 2 a9 $48 AeF Ruya
glq_'m)

cT8Y ) =&y A ZUXEA XS
dolde ERrE ARsle Fad 942
© Aot 57 & R0 at& Aol R
BHE E F Ut 2#AEA "aFow
Fotds) FAe ZFAaEA =9 ole ua
A Zgolde Faxd 4TS FA P,
EG ol FE X2 B A 42,
000 tubules/mm?, X]ZGELNME 8,190
tubules/mm’E X AR A 2@RYg=z 7}
duet Zadis, FolMEe AR XF
U B E 1.07um, AFEHAE 1.
56um 2 XA HojASE o] Fo}
Ex 27| FRE JE.® 2yEE A2
o] FFH oA gl AI2dMe A
ol AL T3 FIAEE NFRYe Aopa
AME A =He XFoA Ha dojd A



nail varnish& =¥ X9 X H 59
AZGEAE AYS X2y FIEHE A
et Ay #EsH .

Zurbriggen 5% @A gF xgold
ol o 4% 9 FHRAHAT dol A= A
o2 Byudger B dfdMe 2RAE
EF AHE-H = 525% NaOClo] pHell v A&
FEFE HA43)E7] f8te FHF ZBANHA
E AME3F A 10mle] FHRFE ALE
sl -8 A3 813 29 Baumgartner &
v olg} 2 HAFo] ZTHAXNEI THAF
AR Asted @Yo Foll e = e 2
AA 9 AA EARAY F Aok Q.

AN adstEE 2485 AL 14
+Fo] A o}E pH electrodez &A% A3
1 % 379 A pHY F43 5ol Aoyt
= o)A /N NFRF} FAZF A}
€% NaOClE 10mlY] THFFE ANF RS =
E73F3l NaOClo] X E/dopdel zhF3hof
=RFe EAFFl @Al XN
pHell 43& & Ao g AZEHY 27dM =
citric acid®] 93] XZdolAd] Folgle
NaOCle] &3t71 o pHe W37l A9
ElR] e Ao g FEHEHY, Iy £4
e 33 193 5EEHe 4 FolA pHY
ZF7tH e Aoz #AEA=E TH YA £
gloj o] X9 GRS 3l XZ9)
Ho g Fise A0 E AlgdY, o9t
FAgto] o] Exe A 125 E7A
i waA AP I o]FE wl$ A
A8l FPE e, olg@E Hi= Esbe-
rard®+"® Nerwich®] QT2 I 3l=
Ao} A ut Esberard®t Nerwich® GFdA=
HolHo] gl FHNA #FE APz B
Ao Ao vufEA Yoldo {Ho
BAglo] FAslo] 29 Ajzte)| ME FxoF
A FARE Ao g B, E3 Hasselgren
T2 2R S EE FHA A Aot
oMo pH W37l FH 1~349F71A &
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Z7hld e $38 749%d e ZAade AL
g Hded AL B 49 A &

Avsi.

B Cury S 23ta Aoraue 4
A3 FEARgA 2T Zo] Fg
%E}_.zs)

Caw(PO4) s(OH)zS 10Ca** + 6POS + 20H

olwl chelating agentE A}&3W g3}
#Zo] ¥kg-gh},

Can(PO)«OH),S 10Ca** + 6PO; + 20H"
+
chelating agent
\
chelating agent-Ca

g AgA 4 4929 Aole 4%
Yol Qlt FR4ol RuFREY AR
of Wek 4PAHE WolE ZH4 pHI

238t Wang 2% 2ot =415}l
e ol il A3 SEeHS
Zkal oK oftA|qt S4bsto] o thdt
A $4EF58S e 2R $£484913)
A9 o H& &A3E 7R phosphateE X
grozH dold £ g Aoz w3
om weta] FotAd A e £4itglol 2o B
B= AA3 dojuyA Bdn [t &
AYolA dPAolE BoAE FHF2 pHL
ZAag AL Xote FAEA X9 &g
& gFadsa AAHE FopddA e
Fatglol 29 s ZAY o AolA B
el WHold el Exjd R HA Qo] Aol
Aol A F4glo] &9 $5o] dojdtE: 9F
 £x2 dojddn B § ok gopd
AN A ] o]elgt Fitslol 2o i H$F%
& 424319138 4 9 hydrated layerol A1 H:PO,
", H:COs, HCOs™ 9} 22 UAFTFLNA
HILHQ dAE AF3e BE F4ksol
2 AotAd A F3o] Ho] FolA9 pHe
WA FAHT o7 H4FFYo] X3



go o]g B FotA#e F3 £ A
A3 AP HA He Rolt,

T8 7 F9 AZYHY pHE 3 45
Foe FYA7E e Ao vFo] B o
Holdo] HAF AL TR =gxo
EA QR FAslo] 9 xITHo 2
Eid & 9%S FAe €L Aoz 4
", olgt2e AFE Fuss TY2* Antg}
A3 A| 7t spectrofluorometer2 B&3 2
#, Azt g A Zdobde pH w3l
dojupe AL E B ) F4tslo] 0] u) sty
AZotAo] BERA vo g AT S e
Aoz AZEY ZWoA pHZY ZA
F7H3HA £ = & 4 2@ F
AAIZ FAstdge] A A g A
32 E F o o2 s AolAFo 29
AFHo] ZAAE = Ud.

B A¥8dy o3 Fisgs 234
A2 pH WHAFEE E2FY 57
AARe), YolAe] WA ZAfde A2
9] o] pH W3lA X7} Tronstad 5%, Esbe-
rard 5", Hasselgren 52}°° Zyrrc} &7
LEs 0 ™ Fuss 59%* ZAAH T okt F7)
YeEstth, a2y AW d e 224012
oA FisldFo] $FARE AIF A2
A pHE F7HA71dgt® 2 o] ¥d] &
ot oAUl doigle £:x Y
Aol F99 xHA 71¥3E CO9
ol o3 pH E317} oj=HE o] &
T Qe 259 pH7t 239 AFFHA o}
AZFgel oJgA, 2 o= FEg V)
g8 F UeAe oz x ALFHA A7)
2aF Aoz A EY,

spectrofluorometer 2 x| 2 Aol A& AR
A Aot A @y AHF A -1
AN ratiod F7te ERFo] AAR 1T
(EDTA) T 2% (citric acid) A 4 149%
FH doixta 747 F31 34F €L 79%9)
714 3A vEs o o] it e Aol 27 9
AE HEF ZBAFHAZ ALEF citric acid7}
FopBol] Rt FAstol o] T
dx B3 olE F3}37] Y3ty A
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Ao 2 e ratiod] W3l 48 FUdA
Ao 2 AZHEM AH10NHE g B
7+ W3 QY AL nlFo] wWol Aol
EFAA o2 98-S & oz gy,
8 1739 ratio W3y FxE = H
on 3 23%de 2 AE7 ¥ =9
= o] RS Tronstad 5%, Esberard 59,
Foster 5% Z¥9+= dag, dxv B
A Aot A 3F0]F 9 ratio
7t dzIH A9 e Az el
+Ul, Esberard & ¢ 120¥ A=A %
A 2gotE oA pHZF 7M1y Haishy
2 AgdE U8 29 E BYed B 4ge
AAg Wolde) ERENAY "wog AL
stod X ZAobAe] pH Wl J3e FAHAY
APH g ATFE d FHF AL B
HFoZN Azte] A wEl FRFAAN
FAksto] 9] 23171 doju} ¢ o]4te] pH
H3E S48 4 g 7IsAE AT &
fNe Ao,

TH =HFo] Folgle 37 (NaOCD) ol A
T T4 19F ratio W3R 28 AY
7N1bF b FHE Re g uFo ZIY V)
TZAA] AR R Y NaOClo] =%3o] 4
M AYTE I o] FHF AT =
HA = BT oA Bl 2F3
A S#Y e =g Zo] FAksloj2 ol
dotd F(E WIdId RAoeE AoE
FZ49d. 53] 33 193 AH109A ra-
tioZ7} ZA YEIRE e APEF JF 2
HAHAZ AHE3F NaOClo] xZ9j®olr}
Wol— Aol BARAY ot {3
ratio W3te] FEFE 7] Aoz Alg o).
Ay 2 o) 9e) A1 A R H 10004 9] ra-
tiot 53 14F& AY3 ZE FANUF
H37E Y Ao ZE nFo] x2E SR
WHolAo] Fitsto] 2o EAE BHE Ao
A&,

T AT o3H HF ZDANFA
ApE-Fof| AobA B ] smear plugi calcium
phosphate, NaCl 5¢ AAA Aoz
ato] FAkglo] 9] X 2ot H ] FHd o



S A JFsAE o B v g,

2 Agdy Woldoe] AAE L9 Ao}
A 2RAsA Y WAAHE EEF
& 1 &AL ST S48 E FHA
2ot Ao A FAkglo] &8 T 4L
Z & Jou AL R Yopd e F4
slo]&d taly EFHY oz (TS
e Aoz veEgt, X 2ol Wi
309 FaE 2UF EAAF A
Zbol Agel we & FFE Holed,
ZaYPo g Ry 2%F AAA FATE
27 193 8H o 3~7¢ Fx7A ¥
waA E371 g9 ¢ 1~25F A= F3H{st
Pol A wk 1 o) F & =g A o] Fo] Hon,
EdE SN FAatslol o] X /totd
EdE 2@ S0 odte JFE Wol =g A
gojue Ao g AzE,

geta SR gE S FAsY FH23F
o} XY AFKE FE37] A F
A dE 2AFE Ha 12545 HAAF
= Aol AR F3 1 o] VIZbERt
FAs A S 3Y JAHANIE AL F4F
o] 38 Zdidte HAd M=
g duje ge = 39 /4 FH€
FA G 93t JEG A9 e pH
7} FHxFog NIZAA vXE QY
o gty o8 SHY A7 a4y A
o2 Alg ¥t

A

v =

-

AR wopdg 7 LAY &e Hop
AN SRARF HF VAR o)
2@y B39 450 ne SAUH
& AT 4T AS AW 2 A2obdY
pH ¥3lE BA3e g 2e Zoe
e,

1. 4 2AAFAZ 17% EDTAS 525%
NaOCl& AF&3 1737 40% citric acid ®
525% NaOCl& AHE-3F 27l A &9 ¢
=2gZo] AAHULH 525% NaOCl&
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AHE-3 378 E@Eo] A AR
o},

2. T8 =TE S AAT 1T € 2T 04
FAk3lo] 2.9 A FAgold BHeE &2 S
o] EAste 3T w3t wEn ZA
Aol 5ttt (p<0.05).

3. FAsldE A 19FREH F4t5lo] Lo
F@e ol 7t7hE Aol A A RE Wol—
dol AARS Y FoldE FRFUeH
old EHYFL FA 1-25:F7A A
ROy I o]FEe FHHZ ZE39Y
t}.

4, Wol—7ol FAF- Aotd e WolA
o] A% A% pH W37 glld.

AN B £.4

X34

wHA FAsEES F
o} X9 AFE FEIV dddE F
A A FAE Fa 1~2F AE YA
7le Aol ARAA X3 1 o] 7zt
T FAE RS B FAANIE AL
FAatsloj 2ol £ 73te A X4 3o
Ae 2 due gl F39 AAdAAE
Aoy FxFoA 7dste COo, 59
FFoz Z@U FAH FatdgdEo] 2
st} YEld A2 pH7F FH A o}
XA A ol WX = 9T Fol thdte E e
WY A7V B8 F oz AtgEY,
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Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

ARl S M

Scanning electron microscopic view of cannal wall of Group 1(17% EDTA and 5.25%
NaOCl) tooth, superficial smear layer was removed and patent dentinal tubular
openings were observed, but some smear layer was remained( X 3,000).
Scanning electron microscopic view of canal wall of Group 2(40% Citric acid and
5.25% NaOCl) tooth, superficial smear layer was totally removed and patent dentinal
tubular openings were observed(X3,000)/

Scanning electron microscopic view of canal wall of Group 3(5.25% NaOCl), typical
smear layer was present and a few of tubular openings were observed(X3,000).
Scanning electron microscopic view of canal wall of Control group(Distilled water),
typical smear lyaer was present(X3,000).
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