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[—Abstract

A STUDY ON THE EFFECT OF AMALGAM CAVITY
LINER APPLICATION ON THE MARGINAL
LEAKAGE AND RETENTION OF AMALGAM RESTORATIONS

Tae-Sung Kim, D.D.S., Jong-Soo Kim, D.D.S., M.D. S,
Yong-Kee Kim, D.D.S., M. D.S., Ph.D.

Dept. of Pediatric Dentistry, College of Dentistry, Dankook University

In this study, we tried to evaluate the effect of Amalgambond liner application on the
degree of marginal leakage and retention of amalgam restoration by comparing with that
of the Copalite and All-bond 2. The results obtained from this experiment were as follows ;
1. Tensile strength representing the bond between amalgam and tooth structure was the

highest in Amalgambond, and All-Bond 2, Copalite in descending order. There were

statistically significant difference between each group(P<C0.05).

2. The degree of microleakage in Amalgambond was lower than that of All-Bond 2, and
Copalite, but no stastically significant difference could be found(P>0.05).

3. The liner such as Amalgambond or All-Bond 2 were evaluated to be superior to the
conventional Copalite in bond strength as well as in microleakage. But the result of
this study could not show the superiority of one material over the others; Amalgambond
and All-bond 2. Besides the results of the study, other factors, such as practical convenie-
nce, should be considered in determining the selection of material. The support of well-
designed clinical studies on this subject are in demand.
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tp Xolo] HAEE Bx7E mlofFstd
nAFES A de dRFoUT.

e @3 glo] Z2F§EE FUATNEA var-
nish®] 715& 7 B7% A5 Mgo] A+
"1 A dentin bonding system 2] -5-& 75 ©]
Baus7)e ol2xth &3td XE-g 78shy)
At HaAA 9] AR#o] 1976'd Denehy}t Tor-
ney'V ol 23] A0 2 A9+, Staninect
Holt?& ol olzte] o] FA= H2Hg g
& A3 Staninec, Shimizu®, Sta-
ninec”, Ilanzano %<& 4-META AE¢ 3
ol o5k Aol o] op g FEEo] F}
A3 S0 Bustdoh. Cooleyst
Tseng, Varga%®, Ben-Amar 5% g1
Liberman %% 4-META based adhesiveZ
ofRZ FEA o] FAE ALEPLY mAFE
EF APy Basto.

Nakabayashi ¢ <J3] 71'#¥ Amalgam-
bonde Aeld HFA, g2olq opitztyl
FHAE A& 2FANE F dE AEH
Fotd AgtA|olt}. Christensens*-& Copal
varnish 419 AmalgambondE ©]-&3% MOD
obF o FEAl AT spEAgo] HA 3
SRS S Bag vk glon, tge 494
AP E E3la] Amalgambonde obE7ta}
FHAE #Ze] AREYANA vATES 7
EAFIL, olER FEE FHY tHFES
ZotAE 539 9% oA ti4lel Amalgam-
bond2 A 23] ZAAAHS] B3H v}
Ut..

Cassandra5*”2 Scotchbond 2, All-Bond,
AmalgambondE& AHE-std #H Ao i |7
X9 A =g F33 A3, Amalgambond”}t
All-Bond® o E3tvha B dt¢ 1, Perdigao
5492 Scotchbond Multi-Purpose, All-Bond
2, Amalgambond Plus, Prisma Universal
Bond 3§ AM&-sle] X Zo oigh @A A
3=E 238 23, Amalgambond Plus7} All-



Bond 29} Scotchbond Multi-Purpose, Prisma
Universal Bond 32t &2 AUALE HY
g B a3k}, Tjans-& @A X ofof] ol izt
AAE =X F ojIhg AR E W,
A= £4Z23 Amalgambond All-Bond
28T M =rt #dva Rudgth. Ha-
davi¥*-2 All-Bond 2, Amalgambond Plus,
TMS Minim pins< ©[-&3%F Aol @3 o} tzhe]
238 s d7dd, AGAEE All bond-27}
Amalgambond plus®t TMS pinX.t} 5783
T4 A =3I sk}, Roth 9 Boyers
Q7xl] MODSHsS 34 & 28AE =
¥&ta obt-g FHF o2 8mm AEY 7
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7Vet7] A Ao 2N Z o)A ExFE &
AE o} FEAY BY FEE 5 AE
712 23S F sEd 9dg FAF AR
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2. Amalgambond2] AN A=

NakabayashiS? ¢ 3] 71'&¢€ Amalgam-
bonde “FolaAd HBFA, oo o}ny
E3EAE AFANESF e AEE ot
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e AME-E 4 it} AmalgambondE A
ZEAQ]  4-Methacryloxyethyl  trimellitate
anhydride(4-META) 9 712& 2 gt ¢
F8 A2 & activator(10% Citric acid, 3% Fe-
rric chloride), adhesive agent(HEMA), base
(MMA, 4-META), catalyst(TBB), polymer
(PMMA) 7} Qith.

Amalgambond& ‘hybridization” 3ol <]
3 X347 Z¥= 3 hybrid layeres A AX"
4ot2UE monomerd] A ZFFo] o3
%480}, Acid-resistant hybrid layers 5 me]
F7 2 adhesive resin, collagen, hydroxyapa-
tite2 FAET}. Amalgambondd] &3 o}t
2o 2% F2 NAF AFolm, opnz
54X Amalgambond¥ wet(unpolymeriza-
tion) 3ok, oftziztel AL I £
7t F¥3oF @}, o2z Amalgambond
Atole] AY7E= FH A} amalgam particle
Atole] Z1AA Aje] BESFE Fukgic), of
273 Amalgambond®] ZFe gzol9
AR g wel GEtANE ke, TAE
28] Hlgo] ¥&4E Amalgambonds ZE
=7t ¥9. Amalgambonde QAFolA 39
AA HEHI Y 1 94 F BY; o,
FHAE 4, =4, FHAE o], ot
AE A old, ¥Fd € 7|E FEE
W HZAL, AN FolA g A8 FE] 74
R A ol F&HSo] Urh
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Misra® < Amalgambond$} Aol A zte] A
< 7143 2gelgtn QF89 L, Copal var-
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T oMEF FEA, 1F9 wEAg o] Copal
varnish(98kg) 2t} 57kg Z719 k1 2 g u}
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FATES AHRE, Amalgambonds 4719
amalgapins(1.597N) 3 regular TMS pins (1.
259N) BT}t 2 @AY (1.834N)S vehd
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oo A= T AFAFA 1991
Cooley, Tseng® Barkmeiers 3.31MPa, 1991
d Masakaw 17.7MPa, Pasheley5-< 3.1MPa
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AR T8o] s, #0 2(Clean warmer, AAAA}, =) AX
AlF}.

Liners] 95Uy =X

1. o5 CH&H Group 1€ UWZERTLE ol AYE 3R
o, Group II+= Copalite, Group II-&
TAXNEE 93 SAE NFEX S8 § Amalgambond, Group V= All-Bond 22 2}

Ao S0} Fe Hevk g AWF O 4] AAAC) me N A=A
T 16018 tAclz Agstgen, oF

A2 3%Y FEs € AAANEE AHS-3IRT @otz g 4
(Table 1). Flat headed casting nail®] head¥-9°l Co-
paliteZ ¥4 =33 % nail headE pulpal
2, ¢t gy floor 3l $J*]A17132, small diameter conden-

serg o] &3t & ol B A O FHAI AT
1) Retention Test
O d=]ote] ¥
Ag2dsd Bad i o5-x(8071) 9
A#g AHAMet &, CEJFHE discE °l&
st et A #E Bt ngE A
7teE R FHE =EAZ dEE g3t
Aot =29 ¥ HIFEL 600 grite] e
AIEE Antetsict.

@945%A

JEFHe) FASE Aske] Sws mare
Isoparallelometer milling device(Fig 1)l &l
AE8¥e 14PA 713, #701 highspeed car-
bide burZ tiArxole] @) 3.0X3.0X2.0 Fig. 1. Diagram of the retention test assembly
mme T3 E 5F9%L A 5, =84 designed and used in the experi-
2 7130 AN BEBo] o)A gL & ment

Table. 1. Dental materials used in the experiment
Material Component Manufacturer

Solvent
Thinner
Activator

Copalite Cooley & Cooley

Adhesive agent
Amalgambond® Base Parkell
Catalyst
Polymer
Etchant

All - 2 Bi
Bond Adhesive 18€0

804



Table 2. Scoring system for the degree of microleakage

Score Extent of dye penetration
1 &4 17274
2 =49 1/2& AW axial wall FA7}A]
3 axial wallS <7t 28
4 axial wall 255 A9
5 axial walldlA pulpZo 2 <t HH
6 pulp7kx] ¥

(Adopted from William P. Kelsey ; 1988 Quintessence International)

Fig. 2. Schematic drawing of scoring method
of the degree of microleakage

1L carving® burnishings A3 3 § 37C
SR 2442 2AIR L, 5°C9+ 55T A
5003] thermocyclings A8 %k & 37C =54
o BRIt

ONE pA R

Zt & FEY JAFAEE 4371 e Uni-
versal Testing Machine(Model No.4204, Inst-
ron, USA) 2.2 full load scale 50kg, &% 2.0

a

mm$} cross-head speedZ ZH 3}t

2) FAAA AHA B2

B 5AE BN g8 AzH 3
A17)(ISOMET, USA)E A43te] d#g 3
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AtAal, BEE 37CoA] 6417 AEAZ &
SEM coater (Biorad, England) & ©]-&3} 20
nmmé FAZ FHES AYE oL FAEA
dAv)F ez 7H5 A 20kVEte A 500, 7004 2]
&2 #AGG.

3) Microleakage Test
@i Rkl £4
Az gl Bad g dlx(8071) ¢

A#E XBAF F, CEJRYE discE o] &
ato] Husie] A& REElstyh

@534

#701 highspeed carbide bur® tj/Fx]o}e]
Fdoll 3.0X2.0X20mme] 553%5S AT
3, 3% hydrogen peroxideZ 10%7F A&
SR, FHFFE ARl MAFIL BEEo|
41014 %}% 2% 2.2(Clean warmer, AlA%

AL, 3 ARA A

@A HA

Group I& HIRTOE XA sA] &k
o™, Group II &= Copalite, Group -2 Amal-
gambond, Group IV= All-Bond 22 Z+2te]
A A Aol whep XA 2] st

@op g A

small diameter condenserg ©
€ obtzte g FAAAY., I carving®
burnishing® AlA§ F 37C FHF5 244
B3y, 5°C9} 55Cell A 5003] thermocyc-
Algd & 37C FFSd 2As
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FEEYN FH ImmE A9 ZEA nail
varnishE 3% o YA =E3Y F#3)
2N % 005% basic fuchsin dye&<9l
24717 BE3tTh

OEEAGH vAFE FF FA

EE-L basic fuchsin& oA AY Z=&
= A& tf F=x3] H47](Velnus, Japan)
9} Abor diamond wafering blades (Buehler
Isomet, USA)E AM&3le] Pdwoz Ad
it AY3 TEE stereoscope(Nikon,

AATEE Fe TREF e FH0A
i AR Fxd g8 dH 2L 6DAR
wHrol Z AR (Table 2).

V., o7 Z3}

1. Retention Test

Amalgambond9] ARZEI} /M &gk
9 Copalitew©] 718 ¥& JAZAAEE e
. ol AEE EUE Z AdYFTY F
Jatg AE37) A% TAEA Z7(Table 5)
EA 1T 0T AboldAe fr9apt Il

Japan) 3ol A} ¥l g 45¥1 2 BFEH. S (P>005), Izd WM&, IEH NE,
Table 3. Tensile bond strength values measured in each group
Group I il I I\
Sample
1 2.362 2.644 8.268 5.235
2 3.503 3.933 8.644 10.480
3 6.040 3.852 9.624 5.732
4 2173 5.544 14.720 5.208
5 2.953 4.295 10.460 9.799
6 1.638 5.315 12.027 8.349
7 3.987 6.872 12.161 3.208
8 7.570 3450 19.050 7.356
9 5.020 6.711 12.320 6.550
10 8.772 1.584 7.960 8.792
11 8.121 5.369 13.020 17.920
12 7.530 3.356 12.540 8.362
13 9.376 5.490 13.290 7.074
14 1.221 2.886 10.640 8.201
15 5.480 2.631 12210 3.302
16 8.282 1.812 8.899 8.859
17 2.107 4.188 10.100 8.362
18 3450 8403 14.160 10.360
19 1.341 2.510 18.860 9.201
20 5.221 5.034 10.120 7.772

Table 4. Mean and standard deviation of tensile bond strength values measured in each

group
Group I I il v
" Mean + SD 481 + 271 429 + 179 1195 + 3.08 8.01 + 3.12
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Bonding strength Value

Fig. 3. Bar graph representing the mean ten-
sile bond strength values(kgf) with
standard deviation in each group

Table 5. Statistical analyses on the differen-
ces in tensile bond strength values
between groups

L jul m v

I
II -
il * *
Iv * % %

: Statistically significant difference
(P<0.05)

-- . No Statistically significant difference

(P>0.05)
from Scheffe’s Multiple Range Test

Table 6. Microleakage scores obtained at both occlusal and gingival margins of samples

in each group

Group I II 1) v
Sample occlusal | gingival | occlusal | gingival | occlusal | gingival | occlusal | gingival
1 5 6 4 4 4 0 4 4
2 3 6 4 4 1 1 1 4
3 4 6 4 4 1 1 2 4
4 6 6 4 4 0 1 4 2
5 6 6 4 4 0 4 4 4
6 6 6 4 4 4 4 3 2
7 6 4 4 4 4 3 4 4
8 5 6 4 2 3 3 4 1
9 4 4 4 4 1 1 4 4
10 5 6 4 4 1 1 3 2
11 5 6 4 4 2 5 1 6
12 6 6 1 2 4 2 4 4
13 4 4 4 4 4 6 4 4
14 6 6 4 4 1 2 4 4
15 6 6 4 4 4 4 2 4
16 5 6 4 5 0 3 3 1
17 6 6 3 3 4 4 2 4
18 5 6 3 2 2 3 4 4
19 6 4 4 4 2 2 2 4
20 6 5 4 4 4 2 3 3

g



Table 7. Mean and standard deviation of microleakage scores obtained at both occlusal
and gingival margins of samples in each group

I Il

. 1 I m v
roup 0 G 0 G 0 G 0 G
Veanesp| 440 | 567 | 374 | 368 | 223 | 265 | 317 | 344
FAESY] 1900 | +082 | +073 | +082 | +168 | +169 | +£1.10 | +1.29
7
§ 6
S s
g 4 B OCCLUSAL
< B GINGIVAL
Q
S 2
(&)
S 1
0

[11

Iv

Figure 4. Bar graph representing the mean microleakage scores with standard deviation
at both occlusal and gingival margins in each grpup

Table 8. Frequency of various microleakage scores in each group

Score) 1 2 3 4 5 6
Group

I 0 0 0 0 2 0 18

I 0 0 0 2 17 1 0

it 0 5 3 3 7 1 1

v 0 0 0 4 15 0 1

I3 M, &3 V&, IEF3 V& Aol
GHe 47 27 AQTHP<0.05).

2. FAL WX} sHOlH 2R

HEE AAE FAAA @nEez 3
23, All-Bond 2& #Z3 Zold B Ale]
oA 3}Ad adhesive failure patterng B
on gotdde] Bol =&EHY e RS E
F7F 3ok ¥HH, AmalgambondE= b7}
#x AtololA FHHE cohesive failure pat-
terng 2 2™ amalgam particleo] #3 A}
ol ¥ Sl e EFUT AR
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3. Microleakage Test

Amalgambondi*°] Copalite$} All-Bond 23
o}k wjAF&0] 8311, CopaliteT o] v|HF+&
£3 7 ZA JeEgd. 47 oAyE &
B9 NEE YERl = F9F 2= (Table 8,
Figure 5) 24 Amalgambond¥°] score 15-E
6714 FLF F-x 5o gle ¥, Copalite™
All-Bond 27 FZ score 49 HEHY ¥
X3t glekh, 2 AP FYAE AS3)
3 SAEA 23 (Table 9) 22X 173 T,
I3 M 133 NE Aloldlde 4317}
VAL (P<0.05), UT3} WMTE, UTFH V
T, I I I3 VT AldXE F2371 Itk
(P>0.05).
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16
14
w
%‘ 12 Control
g 10 B Copalite
s 8 [J Amalgambond
z 0 - F3 All-Bond2
4
2
0 L i

0 1 2 3

Score

4

Figure 5. Bar graph representing frequency of microleakage socres in each group

Table 9. Statistical analyses on the differen-
ces in microleakage scores between

groups
I I JUi v
I
11 *
11 * -
v * - -

: Statistically significant difference
(P<<0.05)

-- . No Statistically significant difference

(P>0.05)

Sfrom Kruskal-Wallis one way Anova Test

V.

%I’.L oj

Z o qol

obtzt A%E #lX%F Amalgambonde A
obds} WPd, g=Rold oI FoAE
S AFANZE F e AEY Aopd 2
HAZA, HAuAFEE aago s 7FAA
7131, ou7ry) FXEE F/MAY. FAL
A2 activator(10% Citric acid, 3% Ferric ch-
loride), adhesive agent(HEMA), base
(MMA, 4-META), catalyst(TBB), polymer
(PMMA) 7} Sith. & A4 A48 Amalgm-
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bond Pluse 4-META, MMA/TBB system>
2, dotdE 10-389(10% citric acid +
3% ferric chloride) 0.8 ZAAE TFozH &=
=30l AAHAT, 3% ferric chloride”} &3]
99 AHFE s AA, o] RY= 4-
META, MMA/TBB resinc] I%Ho] ng
Afet vA ZIAHez A¥H hybrid la-
yergE HATOE A AL o] FAE hy-
brid layer< 5um®] 57| £ adhesive resin, co-
llagen, hydroxyapatite2 TA¥@ch o]& 3t
hybrid layer= Fotd o] ZRAEE F7HA]
Z B ol AR tistey AL 7
Aol XzAH{uFy o3 ¢-AFS R
UE JFE ¥t} Nakabayashis* o)
, ©] systeme] ZujA|¢]l TBBE X7
off 2tael ito] YQIET FE0]
Fotdol X gAY BT olz X4
A S| AFEOE HoldZo =
Ho] k5] 054 HEox .

obEzt ARE HIE AFEEHE W Ao}
Aol tig oty AGEY Axe A¥Y
R AFol wEF & xo]E Roledl, 8.3MPa,
14.6-15.3MPa, 9.5-12.1MPa, 10.53MPa, 4.73
MPa, 245MPa%o2 tdstgdovt 71Fo]
He 28T B dFe ok vFdy
oJ=Agxe] APYA=I FFAAE A= 3
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Charltons"-& o} ZZtFEE3 2 FA}o]d
A] Copalite, Prisma Universal Bond 2, Amal-
gambond, Panavia EX9] P|A5Z& 74 et
239 A U IA7E QY. AZAE
A %47 Amalgambond$} Panavia EX7} 7F%
*< 37kgfE YEMHIL, Prisma Universal
Bond 2= 31kgf, Copalitex 22kgf, R
26kgfE YeL T vATE AE 2 Amalga-
mbond®] WAlFEe] 71 HYdm K1 s
A}, Al-Moayad® %S Amalgambond, Pana-
via EX, Vitrebond®| obda3 xjd3}te] A
ol gk &2t tis] AFsded, AL
A3 Z3 Amalgambond”’} 109N 2 Panavia
EX9] 82NH T Etttd R8T, Pash-
ley5®# Tjans*€ amalgambondS o] &3+
dotdst ol dzte] AG AR} T} 3.1-4.7MPa
olATHAL Bt u} g},

Lo%*3 HasewagaS*S amalgambond
Plus§ ©]&3% Aotda} obizre] Ad A
%7t 87-153MPa ©lAtie Bi 3R,
Staninec(1993) 52 Amalgambond® =X¥3
F oldE FEIYLS o FolRd 93AY
4=33 A Amalgambond® 3.7MPa, amalga-
mbond Plus& 8.3MPaE velyjtt.
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6. Representative photomicrograph of fracture surface in Control group

7. Representative photomicrograph of fracture surface in Copalite group

8. Representative photomicrograph of fracture surface in Amalgambond group
9. Representative photomicrograph of fracture surface in All-Bond 2 group
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