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Table 3. The tested materials

. dzxz % Y
I, 7N

£ Add AL AEe A FHdA
g A Qe AF F FFEY 2¢g=A
9 Silux plus(CS), 34F¢Y sldoz Hi
-pol(CH), Clearfil F-II (CF), %A% Glass
-Ionomer AW EQl Fuji Type II(GI), Xd -
dTFA YA Fissure-seal (FS) & 2u}o] o}z
ZHAM), <lAtoldAIWE(ZP) ¥ gutta-per-
cha(GP) ¢ 8%& A8t} (Table 1.).

2, ATYHY

I. &84% 9 &8¢ &4

1) W7 15.0mm, 7 1.5me8] Teflon
rings AH§-3ld A7) 8F9 AsE A=A
9] AAHE &3}, FAIXE feEHug do] ¥
A st AR AEE AMANL A}F
FolA AlHg FIHI AuFE 100%
37ColA visigon, LAY 248 A9
€ AE 9 A H=2 344 F 24709 A

Materials Brand Code Manufacturer Batch No.
Composite resin Silux plus cs 3M, U.S.A. OBAT1
Composite resin Hi-pol CH Boo-Pyung Dental Chemicals B:61011
Co., Korea C: 60108
Composite resin Clearfil F-IT CF Kuraray Co., Ltd., Japan 53126
Sealant Fissure-seal FS GC Dental Industrial B:140982
Co., Japan C:140982
Glass lonomer Fuji O Gl GC Dental Industrial P:281291
Co., Japan L:170101
Amalgam Cavex 68 AM Cavex, Holland
Zinc phosphate Crown bridge and 2P GC Dental Industrial P:AT13
cement inlay cement Co., Japen L.:280491
Gutta-percha Stopping GP GC Dental Industrial 90203

Co., Japan
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Ion chromatograph (4000 i, Dionex Co., U.
S.A)E A&ttt
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NaNO,, NaNO,, KH,PO,, ¥ Na,S0,& 4}
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regenerantt 256mM H,SO,& A}&3}4c}.
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chromatograph® A}-&3lgon] Z2AxA9)
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Fig. 1. Taflon ring and a specimen used in solu-
bility test.
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2 7479 4AZFEEA4E 1,000 PPm ZF4]
ok (Junsei Chemical Co., Japan)Z AM&3}d
Mg?, Ca?*, % Sr?*& 717 5,109 30ppmo]
HES Az ZFELPoR AEdged
eluantZ ¥+ 48mM HCl® 16mM DAP.HCl&
regenerant+ 100mM tetrabutyl ammonium
hydroxide¥ A}&3t5ict.
detector”t #A-&3 ion chromatographa A
3lden, olu] guard columne HPIC-CG3,
separator+ cation micro-membraned A&
3o,
ok Holg& ¥4

Pb, Cu, Cd, Co, Zn, Nio]&E&& ¥4%
FHe2 AAEF % ¥44 1,000ppm E
FAokg  Ag3Fd . eluant: 50mM oxail
acid®} 95mM lithium hydroxideE A}&3}%
©ovr postcolumn reagent+ 0.4mM PAR
(4- (2-pyridylazo)resorcinol), 1M acetic
acid ¥ 3M ammonium hydroxideZ¥E<
AHg-8H 3 o}

£ AL &AL UV/vis detectord 33l
ion chromatograph® Al&3tgom o]uj
guard columng HPIC-CG5, separator
columng HPIC-CS5, £37|+ membrane
reactor 3L detector wave length® 520nm<%
k. 7 o] EHA9 7171271-& Table 2%
Kige B

II) &si&9 &4

A71A A" 7 AEg 4Ade] AH,
=% 249 A" A=z7] dellA 37C, 244
Zr ARAZ] ¥ AAAH (Sartorius, West
Germany)olA 0.lmg 2= FAE A3
3 A4 (dental folss silk, unwaxed) ©fjo}
0.01 M lactic acid 20ml7} @70 £7] Z+ 27
Aol 24217 AA AR F ARA Az7)H ol A
ICR 24417 Azx% BAE AFAsa,
T AeFE HAER sl ofs g 41—%

A2 conductivity

o) &l S g2 Ashalch
%sﬂ%<%>:—-—-(w"vgow‘) X100

W,: Az ¥ Az 4

W, S A2 F AzA7 $A



Table 2. Conditions of ion chromatograph

Anion Divalent cation Transition metals
Sample Loop Volume 50 uf 50 uk 50 44
Guard Column HPIC-AG4A HPIC-CG3 HPIC-CGs
Separator Column HPIC-AS4A HPIC-CS3 HPICCSs
Eluant 1.80mM NasCO3 48mM HCL SOmM Oxalic acid
1.70mM NaHCO3 16mM DAP. HCL 95mM Lithium
Hydroxide
Suppressor Anion micro- Cation micro- -
membrane membrane
Mixing Device - - Membrane reactor
Eluant Flow Rate 2.0m¥min 1.0m%min -
Regenerant 25mEH,S04 100m{ TBAOH 0.2mM PAR
1M Acetic acid
3M NH4OH
Regenerant Flow 3m&/min 10m%/min 0.7m%/min
Rate
Detector Wave - - 520 nm
Length

) Hdv% %7t
1) AlA=

4344 oA LAZ FAA oo HaA
339 ylo]7} 8X8mH £ & discE ALY F
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1) &% Sl
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Table 3. Anionic concentration leached from tested materials which immersed in deionized water (cummulated

data, in ppm)
Code Day F Cc1 NO, Br NQ, PO3 SO,
‘ 0.110 - - - - - -
cs 3 0.210 - - - - - -
0.250 - - - - - -
0.179 0.110 - 0.060 0.129 - 0.287
CH 3 0.220 0.200 - 0.060 0.129 - 0.471
0.240 0.260 - 0.060 0.129 - 0.911
1 2.941 0.344 - - 0.009 - -
CF 3 4425 0.622 - - 0.012 — -
6.664 0.702 - - 0.014 - -
1 0.099 0.427 - - - - -
FS 3 0.013 0.550 - - - - -
7 0.013 0.550 - - - - -
1 15.920 0.546 - - - - 14.090
Gl 3 22343 0.895 - - - - 18.845
7 27526 1.310 - - - - 23.222
- 0.008 - - - - -
AM 3 - 0.123 - - - - -
- 0.150 - - - - -
1 0.022 0.062 - - - 3.220 -
zP 3 0.022 0.018 - - - 5.038 -
7 0.035 0.018 - - - 5.970 -
1 - - - - _ - -
GP 3 - - - - - - -
7 - - - - — — -

ZPol A"k 7947 A A A 5.970 ppmo] 455
Ak, SOz & CHe GlojA=t £&s3ich
(Table 3).

0.0IM lactic acid SX oA DR 7 7h%t
F~= AM3 GPE A% 659 Asod &
Z35%2e9, Cl, NO,” % Br & nEA]gd
A &&HA ¥gten adlel NO; ¥ CH,
CF, FSolld #2593 PO, = CS, FS,
AME A3 5% A golA slom
ZPoll A 7947k AR A] 48.484ppmo] &5

+F
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4. = Cl, NO,” ¥
|25 %ot (Table

0.005M KOH-& o] 747k FAAAE =
9] Zo] &% F 9o £4¢& CF, GI ¥ ZPolA
gt velgtony, oute] AgoAd Lol £
2= A %9k (Table 5).
2) &% 27} ol FHAH
Bo] 24 0.01M lactic acid ¥ 0.005M



Table 4. Anionic concentration leached from tested materials which immersed in 0.01 M factic acid

{cummulated data, in ppm)

Code Day F C1 NO, Br NOs3 POj3 S04
0.150 - - - - -
cs 3 1.350 - -~ - - -
1.677 - - - - -
1 0.204 - - 0.484 - 0.164
CH ‘ 3 0.234 - -~ 0.507 - 0.317
7 0.234 - - 0.612 0.507 0.413
0.970 - - 0.285 0.065 0.122
CF 3 1.715 - - 0.331 2562 1.358
2,888 - - 0.331 6.236 2.466
0.082 - - 0.936 - 0.296
FS 3 0.082 - - 0.957 - 0.427
7 0.082 - - 0.957 - 0.514
1 22,300 - - - 0.737 12,790
Gl 3 28.645 - ~ - 0,802 26.739
7 34.211 - - - 0.802 38.289
1 - - - - - 0.199
AM 3 - - - - - 0.199
7 - - -~ - - 0.199
1 0.038 - - - 21.818 3.685
zP 3 0.138 - - - 35.438 6.947
7 0.341 - - - 48.484 9.759
1 - - - - 0.108 0.474
GP 3 - _ _ - 0.108 0.688
- - 0.108 0.688

KOH o4 8% A89) 27} oo] L2
&3 742+ Table 63 7},

"ol 24 A=A Mgne ALE CS, ZP
d GPollA $2=glon, ZPol4] 7Y% A=)
A] 6.050 ppmo 2 713 &7 Jehton (.01
M lactic acid WollHdE AME A3 729
Ao Mg*s}l §25i%lom GPS} ZPoil4]
72k 797 AR 4] 8.122 9 3.707ppmeo] &2

Hol 744 wede Vet Cave ol

24 AAA, AMe GPE AQdd =E Ay
oAl &%=glewd 0.01 M lactic acid el A
€ CFolAl Ca*7}.797 A A] 86.75ppm>
2 7R gL oko] £&59.
3%2 AAA WelA Sr+e& RE A zolA
4552 skt (Table 6).
3) AolF<ol e 2AAH
839 ATUAAEE =Hol24 (.01M
lactic acid % 0.005M KOHel IAA)71 & 1



Table 5. Anionic concentration leached from tested materials which immersed in 0.005 M KOH (cummulated

data, in ppm)
Code Day F C1 NO, Br NO3 PO; SO4
cs 3 - - - - - - -
1 - - - - - - -
CH 3 - - - - - - -
1 1.067 - - - - - -
CF 1 1.057 — - - - - -
7 1.266 - - - - - -
FS 3 - - - - - - -
1 12.520 - - - - - -
Gl 17.346 - - - - - -
18.258 - - - - - -
1 - - — - - - -
AM 3 - - —_ - - - -
0.221 - - - - — -
ZP 3 0.233 — - - - - -
0.233 - - - - - -
GP 3 — - - - - - -
7 - — - _ - - -
» 39 W 7d7e] £2EE AoFE o] M ge 458 1y

RO

&t =47 3= Table 7, 8, 99 R},

8% AME2=2HEe Pb, Cd Co ¥ Ni &%
< 3N AR el A 33 AE=A ggteon
Zn 8% 87}t 3% HAAY oA nF
SEHAR Cur "ol AA WA AMd
Aal 2Eglem, 0.01 lactic acid F=]A)
GIL, CF, AM % GPol|Aat &2 5|9t}

Zne 3% AAAJNA T3 ZP9 GPollA
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2.0.00IM % 0.01IM lactic acidel <3k
L3808 vla

471 A=A 84 A5 AdHRHEG 4A0)&
0.001M = 0.01M lactic acidollA] 24417 A
A7 %, 2AH LaEe %2 At &
&S &A% A3 Table 1034 7o},



Table 8. Divalent cationic concentration leached from tested materials which immersed in deionized water,
0.01M |lactic acid and 0.005M KOH, respectively (cummulated data, in ppm)

DI Lactic Acid KOH
Code Day
Mg Ca Sr Mg Ca Sr Mg Ca Sr
1 0.023 0.112 - 0.212 0.155 - 0.009 0.071 -
cs 3 0.069 0.257 - 0.611 0.410 - 0.022 0.123 -
7 0.096 0.425 - 0.823 0.494 - 0.032 0.178 -
- 0.167 - - 0.260 - 0.027 0.524 -
CH 3 - 0.340 - 0.029 0.509 - 0.056 1.128 -
7 - 0472 - 0239 0688 - ' 0056 1354  —
- 0.290 - 0.060 23,738 - - 0.857 -
CF 3 - 0.637 - 0.116 45546 - - 1.559 -
- 0.721 - 0.168 86.752 - 0.027 1.896 -
- - - 0.025 0.368 - - 0.328 -
FS 3 - 0.120 - 0.300 0.869 - 0.040 0.784 -
7 - 0.260 - 0.312 1.326 - 0.077 1.097 -
- 1.266 - 0.031 6.133 - 0.020 3.392 -
Gl 3 - 1.466 - 0.031 6.476 - 0.065 3.912 -
- 2,102 - 0.056 6.778 - 0.127 4.658 -
- - - - 0.112 - - 0.171 -
AM 3 - - - - 0.465 - - 0.397 -
- - - - 0.480 — - 0.512 -
2.289 - - 21.210 1.446 - 1.992 0.291 -
zP 3 4530 0.213 - 43.430 2.758 - 2.901 0.533 -
7 6.050 0.383 - 69.420 4,959 - 3.707 0.720 -
0.476 - - 8.197 0.446 - 1.181 0.332 -
GP 3 0.810 - - 15.055 0.446 - 4,339 0.659 -
1.690 - - 22.010 0.900 - 8.122 1.090 -
0.001M M.} 0.01M lactic acidel H =4 75% % 0.57%AEL 5 £8 ZFol4 AMo]

¥ &l&2 2glow, 0.0IM lactic acid 0.01%2 7b4 2 &3&< vl
AAAS ZP 3 GIelA 77t 5.40%9} 4.82%

24 MR e £3€L el 0.001M 3. Zn 7% 2345
lactic acid F=]A)9] &g GI7} 2.87%=
M wdem ool ZPs FSz #7 1. 49 Aol o5& HA3a glabolad Ajmi



Table 7. Transition metal concentration leached from tested materials which immersed in deionized water

{cummulated data, in ppm)

Code Day Po Cu

Cd Co Zn Ni

CS 3 -~

0.184 -
0.565
0.802

CH 3

0.046
0.073 -
0.199

CF 3 - -

0.195
0.238
0.414

FS

a.198
0.262
0.364

Gl 3

0.036
0.096
0.114 -

AM 3 - 0.007

0.009

0.075
0.152
0.244

ZP

- 0.062
1.254 -~
3.064

GP 3 -

0.834
1.6568 -
3.566

E= olAg & CS, CH, CF 4 GIZ &A%
Algg 247 0.001M 2 0.0IM lactic acidell
AAANA FEEE Znd G 2T AE
Table 113 2%t} CS, CH, CF ¥ GIZ 0.
000M lactic acid ¥ HAA#A Zn +5FE
244 23 CSe CFe4l& 217} 0.048 ppm
+ 0.011 ppme 2 A= on] CH 9 Glel
A= Zne £Z0] glieh. 0.01M lactic acid

9%

A= Aol CS, CH, CF 9 Gl 7%, 77
0.199, 0.137, 0.046 % 0.107 ppme2 ek
siet.



Table 8. Transition metal concentration leached from tested materials which immersed in 0.01M lactic acid
{cummulated data, in ppm)

Code Day Pb Cu Cd Co Zn Ni
- - - - 0.295 -

CS 3 - - - - 0.975 -
7 - - - - 1.762 -

1 - - - - 0.112 -

CH 3 - - - - 0.229 ) -
7 - - - - 0.467 -

1 — 0.017 - - 0.286 -

CF 3 - 0.036 - - 0.409 -
- 0.051 - - 0.513 -

- - - - 0.313 -

FS 3 - - - - 0.405 -
- - - - 05156 -

- 0.006 - - 0.224 -

Gl 3 - 0.009 - - 0.394 -
7 - 0.010 - - 0.612 -

1 - 0.019 - - 0.186 -

AM 3 - 0.019 - - 0.354 -
- 0.045 - - 0.667 -

- - - - 196.950 -

zP 3 - - - - 417.870 -
- - - - 675.970 -

- - - - 209.170 -

GP 3 - - - - 394,520 -
7 - 3.130 - - 585,830 -




Table 9. Transition metal concentration leached from tested materials which immersed in 0.006M KOH
{cummulated data, in ppm)

Code Day Pb Cu Cd Co Zn Ni
1 - - - - 0.011 -

CSs 3 - - - - 0.045 -
- - - - 0.124 -

1 - - - - 0.069 -

CH 3 - - - - 0.169 -
- - - - 0.253 -

1 - - - - 0.057 -

CF 3 - - - — 0.179 -
- - - — 0.280 -

1 — - - - 0.338 -

FS 3 - - - - 0.434 -
- - - - 0.526 -

1 - - - - 0.178 -

(¢]] 3 - - - - 0.222 -
- - - - 0.291 -

1 - - - - 0.067 -

AM 3 - - - - 0.112 -
- - - - 0.196 -

1 - - - - 3.049 -

ZP 3 - - - - 4.693 -
- - — - 5.650 -

- - - - 0.423 -

GP 3 — — - - 0.590 -

- - - - 1.112 -

Table 10. Solubility of tested materials in 0.00TM and 0.01M lactic acid (% W/W) for 24 hours

Lactic Acid cs CH CF FS ¢]] AM zP GP
0.001 M 0.26 0.10 0.16 0.57 2.87 0.01 1.7 0.43
0.01 M 0.26 0.16 0.33 0.76 4.82 0.01 5.40 0.55
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Table 11. Zn concentration in 0.001M and 0.01M {actic
acid in which restored teeth are immersed

{in ppm)
Lactic acid CS CH CF Gl
0.001 M 0.048 0.000 0.011 0.000
001 M 0.199 0.137 0.046 0.107

Iv. 52 « 2%

EE FEAE AAE 2 o AE2dHe
2 AAs A48 ARAE Y 28 T
ol A galAdo]l Ra A AR AANA W
Aol HAY glojof Ao, I 2 4y
3 2ol LFHA ghotop ] FAWeA
F+AEAE vdepd 4 ot o § wtExe

Aoz 4#A gla Ldsd o
2 AzAA o FAH] glon] 4
l= $74wW3r cdofstez it
b olEl FAL A5 oz zAAY
e FEA +9¢ 3= 8210
YR, £ dFdAEe 23 2EddeA
dy] AgEE AMEE Yslo A4, FA 9
dzely z2AsA SHAEE 2 2438
dod, 7AF o] ££u4L FAHIo AF
7A e deEFEg HIE A5 gy AA
3t '

TEANEY §£2EH ZAHd dlsled Chew
%03 Takahashi®V+ 2474 /4 4 43 &
Ho| o3 Hgel Felzkg ZAEm3lglon
Ferracane 52 42| A4 Ag, Cu
9 Hg& &4 ¥3% vl 932 Class-Ionomer
Al el &84S Fukazawas®™® s 71 530
o] F, Al, Ca ¥ Siol oig s e o
e FHel =g 7 HE L=k,
Soderholm®s9.& E-ga|Ale] &3 AE5F Si,
Sr % Bao] 25 Y-S 21g v} ot

a2y ol e AFAFNE ¥FFY Am
€ dAdez F8 FAA Y distednt 5oy

A7 EEEold 4 AR S=d
g 2AE ZPA71A dgtenz 54 =22
oA Az o 849 &5 AEE vn
Z 4 gl

2 A4 AgAzg Hs WA 15.0m
=7 1.5m2] Teflon ring& AH43 olf+ o
FA 8% gutta-percha(GP)7} Z¥slo] 32
m Az He] LFE 20mE A7) A E
WA a7 27597 sfEeld.

Lol ZF FEA HE FAYHL
Fukazawa 59 w3} 5d3 X4 (dentd
floss silk) & AH&3}%ch.

8229 Agol dsld ®eolgs, 0.01IM
lactic acid, 0.005M KOH-g4o A A7 F
ol ¥A4AF No, v &£=HA 4o
Br-= CHE ®ol&Fo] AAAZ 7-Folzut
ZA4=9x PO, % SO+ 0.01M lactic
acidell X A7 ZP9 A k& A5 ¢}
o ®lad g $ole] £&HAY, oA
2 AFEFY £AV|FN vag e .
ol it

<ol %% F F & 224 % 0.01M
lactic acidel AA4 AM % GPE A3 6
F9 AEoA §F=H+=d CF 4 GIE A ¥
g 4 A5 AL, Az Z gl ¢
otz A7EE = A Faez AEHIAY
282 Fo|e &E 7] didle] Ax Ao u}
2 ¢4 Asrle 233 A GldA
ato] 0.01M lactic acid, ®°l24 % 0.005M
KOH®| ¢4 & 77 AA A7k wte} §3%
o] F71¢& el AT (Table 3,4,5).

A ol¢A 5o dulE A% Aoz duA
F& A48 A Fol Z3AINAY F4
Hx 2o uhygo g Agsa glon] 45 A5
W ogrd B35 AW 3 g 9+
1% o]lF F-§ felsles AzAle]lE Aul
E 9 Glass-lonomer AlHlEo] of3 RAlu 3
7} dla olgtel] F-& %33 H34AA, o}
D7 g QA Sl #3 dAFE HZAA A
P Qi Glass-IonomerAlsl ol 2
3 feld F = ygaduz F3tge e,
obf-AFol i AFAE ZA Holm B
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® w gled, F-9 & F o fe& F-
& FEAZ A ALY Foll SF Zo] $
A5 2 F A gaslo] A Pol] =
5= ool F-o §2ze A7ke] AF2o ¥
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Table 12. Total eluted amounts of divalent cation from the tested materials in each solution for 7 days

(in micrograms)

Code Ccs CH CF FS Gi AM P GP
Deionized 10.42 9.44 14,42 5.20 42,04 0.00 128.60 31.80
water
0.01M 26.34 18.54 1738.00 32.76 136.60 9.60 1487.00 458.20
lactic acid
0.005 M 4.20 28.20 38.46 23.48 95,70 10.24 88.54 184.20
KOH
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— ABSTRACT -

A STUDY ON THE SOLUBILITY OF DENTAL
RESTORATIVE MATERIALS

Keung Kyun Na, D.D.S., M.S.D., Sang Jin Park, D.D.S., M.S.D., Ph.D.
Department of Conservative Dentistry, College of Dentistry, Kyung Hee University

The purpose of this experiment was to measure the leaking and solubility of commonly used

dental restorative materials — Silux plus (CS), Hi-pol (CH), Clearfil F-II, Fissureseal (FS), Glass-
Ionomer cement Fuji Type II (GI), Amalgam Cavex 68 (AM), Zinc Phosphate Cement (ZP) and
gutta-percha (GP) and investigate the relation between the solubility and marginal leakage.

Disc-shape specimens were fabricated with each material and dipped into deionized water,

0.01M lactic acid and 0.005M KOH solution, thus the total ionic concentrations in each solution
was measured with ion chromatograph after 1, 3, and 7 days, respectively. For the solubility
test, each specimen was immersed in 0.001M and 0.01M lactic acid for 24 hours, respectively and
total weight loss was calculated, Also, Zn leaking through the margin of restorations was mea-

sured. The obtained results were as follows:

1.

The amounts of eluted jon from the eight materials were most in 0.01M lactic acid and
least in deionized water.

Of the eight materials, the fluoride release was greatest for glass ionomer cement (GI) in
0.01M lactic acid after 7 days.

In analysis of the divalent cation, Mg was eluted most for zinc phosphate cement (ZP) and
Ca for Clearfil F-II (CF) in 0.01M lactic acid after 7 days.

In analysis of transition metals, Cu and Zn were detected only.

The solubility rate of eight materials was greater in 0.01M lactic acid than in 0.001M for
24 hours, for zinc phosphate cement (ZP) the rate was greatest (5,4%) in 0.01M lactic acid,
and amalgam least (0.01%).

The Zn concentration of restorative material with Z.P.C base was greater in 0.01M lactic
acid than in 0.001M lactic acid.
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