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A STUDY OF IONIC DISSOCIATION ON VARIOUS CALCIUM HYDROXIDE
PASTES USING MOLECULAR SIEVING MODEL

Kyoung-Sun Lee D.D.S., M.S.D., Seung-Jong Lee, D.D.S., M.S.D., M.S., Ph D.
Department of Dentistry. The graduate School, Yonsei University

The purpose of this study was two—fold. First was to evaluate whether the molecular sieving model was
appropriate for ionic dissociation experiment. Second was to compare the dissociation of calcium and
hydroxyl ions from five types of calcium hydroxide pastes (Pure calcium hydroxide paste, DT temporary
dressing®, Metapaste®, Chidopex®, Metapex®) in three vehicles (aqueous, viscous and oily) and the
antibacterial effect.

Each calcium hydroxide pastes was placed into 0.65ml tube with cap and then 15% polyacrylamide gel
was placed onto calcium hydroxide pastes. After the gel was hardened, the tubes were filled with tridistilled
water (pH 7.14) and closed with cap. The tubes were stored in 37°C, 100% incubator. The pH reading and
the concentration of calcium ions were taken at 1, 4, 7, 10, and 14 days. The brain heart infusion agar
plates with S. mutans and A. actinomycetemcomitans were used for antibacterial activity test. Middle of
agar plate was filled with the calcium hydroxide pastes. The plates were incubated at 37C and observa-
tions were made to detect the zones of inhibition. These data were evaluated statistically by use of the
analysis of variance and duncan test.

The results were as follows.

1. In fresh mixing state, the pH of five types of calcium hydroxide pastes were measured between 12.5

and 12.8.

2. The pH was increased in all five types of calcium hydroxide pastes compared with control group. In 14
days, Pure calcium hydroxide paste (11.45) and DT temporary dressing” (11.33) showed highest pH,
followed by Metapaste® (9.49), Chidopex® (8.37) and Metapex® (7.59).

3. Calcium was higher in all five types of calcium hydroxide pastes compared with control group. In 14 days,
Pure calcium hydroxide paste (137.29 mg%) and DT temporary dressing” (124.6 mg%) showed highest
value, followed by Metapaste® (116.74 mg%), Chidopex® (111.84 mg%) and Metapex" (60.22 mg%).

4. The zones of bacterial inhibition were seen around all five types of calcium hydroxide pastes. Chidopex®
and Metapex® groups which include iodoform were observed significantly larger zone of inhibition in A.
actinomycetemcomitans compared with the other calcium hydroxide groups (p{0.05). However,
Metapex” showed the least antibacterial effect on S. mutans compared with other groups (p<0.05).

The molecular sieving model was found to be acceptable in dissociation experiment of hydroxyl and calci-

um ions when compared with the previous tooth model study. But this model was not appropriate for the
antibacterial test.
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Table 1. The solutions for preparing 15% polyacry-
lamide gel (10ml)

Components Volume (ml)
H20 24
30% acrylamide mix 5
1.5M Tris (pH 6.53) 2.5
10% ammonium persulfate 0.1
TEMED 0.004
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Ohio, USA)9| H#3lsict.
2. AT ME

T84 AA PCH (Pure calcium hydroxide paste,
Junsei chemical Co. Ltd, Japan)¢} DT (DT tempo-
rary dressing®, Dental Therapeutics AB Nacka,
Sweden), AN AAQA MTP (Metapaste®, Meta
Biomed. Ltd, Korea)9 CHP (Chidopex®, Meta
Biomed. Ltd, Korea) 2] &4 A MTX
(Metapex®, Meta Biomed. Ltd, Korea)2] 5%F2| 4+
g AHESI o Fskdge ¥4 ¥ 25 iz
T (control) &2 3ttt

3. pH &H

7 AT 207048 F 100709 E2EE Al&st] 1, 4,
7,10, 149l pHE Skl e fzroz 5o &2
< 23389t} Digital pH meter (Orion Research, Inc.
Beverly, USA)& combined pH electrode (27 5mm)
£ T4k Olgol 429 SFF (tube 47 7.5mm)l| ¢
A5t pHE 243199tk pH 23] ¢ 3 2% meth-
ylene blue (Shinyo chemical Co. Japan)® 2] nlA|
FES Wlete] mAll o] e A FEE AYsta,
N2 FEOE HEa5it)

g Ao AHEE 59 S AlA 50uE 5004
o] ZH4 (Metapex® &< alcohol) 9 £33le] &5 418
Aol pHE HEg 23390

)

Tridistilled Water

15% Polyacrylamide Gel

- Ca(OH)2

Fig. 1. Molecular sieving model using 15% polyacry-
lamide gel



Table 2. The components of the calcium hydroxide paste(%)

ZAH 2L2 0/ TF9 TisiZE A9 o2 S0 Hat AT

aqueous vehicle

viscous vehicle oily vehicle

Ratio(%) PCH DT MTP CHP MTX control
Calcium Hydroxide 50 N/A 40 40 37
Todoform 20 36
Barium Sulfate 25
Polypropylene glycol 35 40
Silicone oil 27
Aqua (D.W) 50 N/A
* N/A : Calcium hydroxide and distilled water are mixed , pH 12.6
4. 245 s &3 € 3 iR & 37°C W] (Jeio Tech, Korea) 914 2%
& AT W 3 55 SR s Al A
147,10, 1490 2% 558 23900 398 24 oMl 42& 2Fan
Wit} 27 AT S 20he] EEES ARE] £ 500 S2dd 0@ 93 AR 99 570 nme] FAE =
e FEE AHESIGiTh tixae S e @it 5704 AHO R A actinomycetemcomitanse] 3 THEE =
£ o509 WS AR, pH 28 AWH bR Bale] 53R A A FREg Fsie
Ago] ¢ T 2% methylene blueZ A9 1A F&& FAEAE AAE YA Lo YT dAE Al Z240]
w7kete] wla ] TE0] e T BELS AQst, A=E 2l A R e &%

HEO T HEET

24 FEE Sigma Diagnostics® Calcium (No. 587)
Al°F (Sigma Diagnostics, Inc. St. Louis, USA)= o] &
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cresolphthaleing 7FA| 3L glojAM 2 Thid F2 AS
YEeh =8 spectrophotometry (Parmacia Biotech,
UKE o]&sto] 3t 575nmel|A] o]2jgh #-& Aol e
& 343t g sEE ALt

Calcium +o-cresolphthalein complexone

Alkaline

Vedi um Calcium-cresolphthalein

complexone complex

44 #714< S. mutans$t A. actinomycetemcomi-
tans 3712 Brain heart infusion 3+ iAol 20044
=% O}E 2 wjA] 7Fed 174 3.5 mm, Z°] 3.0 mm
o] & oA 2 <ol 55F (Pure calcium hydrox-
ide, DT temporary dressmg , Metapaste®, Chidopex®,
Metapex )2 sk a4 AAE At gz A<

=2 st gt AAE A Skt Aol =T

6. 84 =4

1) pH ¥ig 2 255

5E5e) 49T tizEe] FAGA F98S At
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AT (p0.05). T3 AdTE3e] Bl wE Duncan] o
ZH| D g o] &3lo] AFFE7LY 2jo] S B89
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(<]

TH sl AAe] Fat pHtel Table 301 W
e ot 53/ Fatslds ARl BFoA tizad] v
3 pH7} S7Fekath (Fig.2). 199A, Pure calcium
hydroxide paste®] pH7} #8kem 1 th52& DT tem-
porary dressing, Metapaste®, Chidopex®, Metapex®
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Table 3. pH values in released solution of calcium hydroxide (mean+ S.D.)

pH value
Time(days) aqueous vehicle viscous vehicle oily vehicle
PCH DT CHP MTX Control
1 8.60+0.12 8.33+0.08 8.02+0.14 7.80+0.33 7.65+0.15 6.40%+0.07
4 10.46+0.03 10.33+0.08 8.88+0.44 8.11+£0.55 8.14+0.51 6.64+0.02
7 10.67+0.07 10.67+0.09 8.98+0.58 8.07+0.69 8.23+0.63 6.65+0.01
10 11.07+0.14 10.98+0.18 9.14+0.69 8.52+1.04 8.17+0.59 6.79+0.02
14 11.45+0.13 11.33+0.23 9.49+0.91 8.37+1.21 7.59+0.57 6.71+0.02
Za2 A8 7)17HE<t pH Wst AL gl
H 2 Agd AHE 53 FAsEdE AAY &EA717]
: ) A9 pHE 1257914 12.85% YERIT (Table 5).
" = 2 2 =g &
' ; ! ’ !
e i H . : 5EFY Fistdg AAe B 2w T2 (ng%)7t
- ' Table 6ell 2 vieh} Qe 19614, 484 AA Pure
calcium hydroxide paste’t WA 4F79] FAtsld4
Time(days) AAES Zg T2t = vepger (p<0.05) 1 v
2 DT temporary dressing” 72} Metapaste® o] =k

Fig. 2. pH changes in released solution of calcium
hydroxide

T oo BE e foe Aolg YESIT
(p€0.05). 4, 7, 10214 84 AA Pure calcium
hydroxide paste®} DT temporary dressing” ¥<] pH7}
=%ko1 Metapaste®, Chidopex®, Metapex® ¥ T2
e

A AA Metapaste®™t ChidopexE HH
Metapaste® ¥ &4 AAL Pure calcium hydrox-
ide paste¢} DT temporary dressing” tH=°.2 pH7} &
%o Chidopex*= 4, 7, 10€ll4 Metapex® w2} <]
ot 2ol & YERNA] Ut Metapex® 2 3% Alvt
O Uz bE 479 FAsEE A RS pHF 7Y
siekon 58], 7Y o|$5E @A pH #aE Holtrt
14dell A= 1A 9] pHO HstG T miARte 2 23
g (149Y) pHE H& A= BH, +84 AAQA Pure
calcium hydroxide paste (11.45)¢} DT temporary
dressing® (11.33)¢] 7F¢ =9ku 1 thgo= JI94
AAQ! Metapaste® (9.49)¢} Chidopex® (8.37) 2121
44 AAQ Metapex® (7.59) T £22 A Ul
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© Chidopex®, Metapex® & 2.2 Uehgth 4QA,
TR s E AA B5 Zg vt 2 FoR F
7}at9 3 Pure calcium hydroxide paste®t DT tempo-
rary dressing” & 149744 Z< w27t FeotA 7t
AT (Fig. 3). 7, 10€A 4843 AIAIQA Pure calci-
um hydroxide paste®} DT temporary dressing® °]
7P A vEb e 1 oo s FAAd AAQl Met-
apaste®¢} Chidopex® 28]l 4 A4 Metapex“
TO 2 UEyth 14YelM ZF 27t & SAdE B
H 484 A Pure calcium hydroxide paste
(137.29 mg%), DT temporary dressing® (124.6
mg%), AN AAQ Metapaste® (116.74 mg%).,
Chidopex” (111.84 mg%) 18] 7 A AL Metapex”
(60.22 mg%) & T2 YERSITE

A A Metapaste™ @+ Chidopex® w2 104 7H]
£ 84 AAA Pure calcium hydroxide paste¢t DT
temporary dressing® 2t ZH &7t ¥%oy
(p€0.05) 10 o|$of AA F7tete] 14DAM = F84
AAE Fozb= At A AN Metapex” & 1,
4, 7,10, 14¥ =4 Alvtt} Pure calcium hydroxide
paste, DT temporary dressing®, Metapaste®,
Chidopex” &R freld 24 =7t 7HE A0en 14



Table 4. Statistical differences between test groups in pH

(p{0.05) are shown by *.

ZAH Zeg 0/2E

TZ9 itstztE ML of

2 &8

of @ o7

by duncan test Statistically significant differences

PCH DT MTP | CHP MTX  |Control PCH DT MTP | CHP MTX  |Control
Control * * * * * Control * * * * *
1 Day 4 Day
PCH DT MTP | CHP MTX  |Control PCH DT MTP | CHP MTX  |Control
PCH % % * % PCH * * * *
DT * * * * DT * * * %
MTP * * * * * MTP * * * * *
Control * * * * * Control * * * * *
7 Day
POL T MTP | Crp MTX | Control Table 5. pH values of calcium hydroxide pastes (fresh
mixing state)
PCH * * * * . . . . .
aqueous vehicle  viscous vehicle  oily vehicle
DT ) ) * ) PCH DI MTP  CHP  MTX
MTP * * * ¥ * pH 12.82 1274  12.85 12.76 12.57
Control * * * * *
14 Day
Table 6. Concentration of calcium ion in released solution of calcium hydroxide pastes. (mean = S.D.)
calcium ion released (mg%)
Time(days) aqueous vehicle viscous vehicle oily vehicle
PCH DT MTP CHP MTX Control
1 17.23+6.37 12.48+5.55 13.64+3.78 9.36+2.19 7.50%£1.60 0.00+0.00
4 60.68+5.65 64.33+5.08 54.73+12.63 59.63+16.62 19.25+2.79 0.00+0.00
7 78.19+£16.67 79.55+5.63 60.56+22.00 62.79+£12.22 28.45+11.06  0.00%=0.00
10 104.41+17.86 108.45+14.32 80.74+8.12 70.08+19.17 32.27+14.77  0.00%£0.00
14 137.29+46.41 124.60+25.58 116.74+24.97 111.84+30.34 60.22+17.05  0.00%0.00
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Table 7. Statistical differences between test groups in concentration of claciumions. Statistically significant differ-
ences (p<0.05) are shown by *.

PCH DT MTP | CHP MTX  |Control PCH DT MTP | CHP MTX  |Control
CHP | * . . CHP . .
Control |  * * * * * Control |  * * * * *
1 Day 4 Day
PCH DT MTP CHP MTX  |Control PCH DT MTP | CHP MTX  |Control
Control * * * * * Control | * * * * *
7 Day 10 Day
PCH DT MTP | CHP MTX  |Control
DT * * .
MTP * % Ca++ : - :
(mg/dL)
CHP | * . . S
-__.r L} i
MTX * * * * * _,-"L . M -
Control * * * * *
Time(days)
14 Day
Fig. 3. Changes of calcium ions in released solution of
calcium hydroxide
doMe 84, AN Fsze AN 2g =9 3. & HAL
Ak o AuA] sttt e A3 71390 149 F

ot Zsgo] &% HA| ¥kt S. mutans$t A. actinomycetemcomitansel tat 5%
of FAtstdE AR g S A, BE oA
Aol $4 dAdE #2E F Ut (Table 8). Pure
calcium hydroxide paste, DT temporary dressing®,
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Table 8. Inhibitory effect of calcium hydroxide pastes on proliferation of S. mutans and A. actinomycetemcomi-

tans.(mean=*S.E.)

aqueous vehicle

viscous vehicle oily vehicle

Bacteria
PCH MTP CHP MTX
A. actinomycetemcomitans 12+0.52 13+0.29 13+0.63 34+2.63* 28+5.86"
S. mutans 14+0.38 14+0.43 14+1.53 13+0.88 5+0.72*

* ! Statistically significant difference, p¢ 0.05 by Mann-Whitney U-test

% The data is expressed as diameter of inhibition zone (mm).

Metapaste® & AT F2 A7} v =619 oH
Metapex®9} Chidopex*2 A. actinomycetemcomi~
tansol M 53] Aol S4 JAUZE A e
(p€0.05), S. mutans"ﬂ’ﬂ-’& Metapex*e] T 4714
AT (Pure calcium hydroxide paste, DT temporary
dressing®, Metapaste®, Chidopex®) EXET} Alite] S
AA N7} A FEE AT (p(0.05).

2 49 mde wude Pelsie E20lad opols
AL 0|63 BAA BEE FA80% AL AE 348
felslE aEst 8 oleg BrnA sgom,
w7k Sl 94 BelS tube o] gajo] WolE LA
o &5ebl frelsl A8 olex A% oleg 29
) & BdolA eht

T2 %‘Wr. v‘i‘*z}?ﬂ 2L X|obg o] &
© A oAl e g, Aol e A7, Adotde]
A, #9 } ag]3 Ao} AA UM o= T & F
oheke s Hﬂxﬂ & 4 glom A2 a5 Hre A
T A7)9) o8t} B4 (molecular sieving) &2 3t
Al = A FAA E7= AS 7438 bisacrylamide
<} acrylamide®] At} =2 AQH = 7Y A7]9 9
3 27€t.

2 Ao e 15% A /\]'%'5 A= °le 12,000~
43,000 Dalton«] A S et FeE .
b 2 (A 40. 08)4 A} o] (EAHEF 17.0)
< obre A3 glo] T ok

Tamburic™ %= 2|o}7} obd sintered glass membrane
(90~150 micron® porosity) < F&sl= g 2 Ak}

o] &% jon-analyserg °©]&3t] 43t} Larsen™

T A%l 2 mmel g FEE AREsto] FAks)

Zg ANZEE felHe £ ol 25 46kl e
Beltes™ & dialysis tubing ©]-&-3te] Abslz4 |42

EZ ]_
E_1

o|¢} #o] of ] 712 Ag Rdo] AFHG
7} BE7)7) o]Fa BB }x]fﬂgt}{— o 1 W} a
Ei”r 15% Ee]ofad ofnjel= AL O]%'J 'E‘X]'xﬂ g
< AFe7|7h e B ZEE 53
1L H]-&o] Adsitts HelA 2 A
2 A8 AHE 57 FRe -’F’L}ﬁ}% xﬂxﬂ Ry
A kgl o] o] fElH T 53] 84 Sl SR
9} 234 Pure calcium hydroxide paste®t DT tempo-
rary dressing"v 4¥9lA5E pH7F 10.46, 10.33%
Fa 14Lel= pH7F 11.45, 11.33& YERIH. Fava
Ve E AGF, A3 vy, IAds 236 84
&1l (aqueous vehicle) 9 E3et A AAE 24
Ak} o] o] whe] fEjEa 223 HFA] B &9
Tzttt otk A 8l polypropylene gly-
col?} EH Metapaste® T 14%¢ Eeot &3 43}
9.499] pHE YERYor Chidopex® ¥ 8.37¢] pHZ
Metapaste” 5T pH| S717F AUt} whdel] A&
FE I3t Metapex* 12 T€lA #1 pH 8.23< K
I, 3 F A #ashr] AlFste] 149 (pH 7.59)°0+ 1
o (pH 7.65)°l1419] pH} HS=5k%{Th.
9] A= Hol 2R Y o=, AEAS AEE 24 79
dE 28 X 57 54 Agole FAEE o] o] ke
gH e 84 v AR Fastde AT} bkt
g 7o g A7t w9 bR FAsEE AA BT
197 = 2 ioi pH7} *7}0}33\2‘4 7‘” o] 5 -E]
TrrsE Al
T 40] Eﬂrﬂolﬂ}l kagal
o B A9 5’—@% 94T9H A%l gl duE 7oA
HgS VR 7] wiel] AA| Xotdl A B pH
7} ey 2| &2 02 §RAEER = W] oy} x| #e
A 2, ol HE Bo A2 e dF, A2d F
olu} 23 (accessory canal)9] & 5O2 A} o] &
o WA 4= 1 X|of A4A| 9 ¢ AL Slo] AA
Z ool A FAIZHESE =2 pHE FA &A= Y EsHA]
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(¢}

o 28y, Bystrom$ S FAteEES 23 Yl 30
7t golE Fof| 23 WellA] Algto] THHA] efgkon
el pHZE 12.5 o)deldvta 3Fith. £33 Sjogren
e 7Y Bt 2 Yol FAksEEE AAE YolE 2
AS BAed ¢ ¢SS Husnt. old Adg 2
12 71 Holol| A 23 WiF= HaE 31t 2o
T g Aoz Algdr}
Fasbdg A vlaAl JAA AAJA Met-
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