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INTRODUCTION 

r ,  I he 1iterat.iire on sealing with clerital anialgarri shows that the results vary to  
some extent with the examination methods used (Granath, 1967). A f t v  

direct comparisons of the results ohtainetl in leakage studies with the results 
of teats according to stanclard specifications have heen performed ( S z ~ a r t z  j;. 
Phillips, 1962 ; Cranath, 1967). These authors found leakage with different 
hrancls of arrialgam under varying conditions to agree less well with the 2 4  
hour values for cliniensional changes recortletl during setting. It may he 
assiinied that 111r cpality of the seal depends on a nuuiher of factors such as 
the elasticity of the material of the mould and the adaptability of the amalgain. 
It was therefore thought worth while to  carry out a special investigatioii of 
the influence of adaptability of the filling mixture on the seal ohtairiahle with 
different braritls of silver amalgam in experimental cavities in moiilds whose 
mechniiical proi)ertics were approxiniately the same 3s those of human dentin, 
arid to place the results in rclation to  the valucs found on  measurement of 
tlie tliniensiorial changes registrrecl with conventional testing methods. 

Rrecix ed for pul~lieation, June 29, 1970. 
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MATERIAL AND METHODS 

The following commercially available alloys were used. 

I. DAB Argos Alloy, 

111. DAB Argos non Zinc 

IV. STA Arnalgani- 

Svenska Dental Instrunlent AR, hatch no. 0601 
11. DAB Standard Alloy, 0 D 4026 

Alloy, R P 4018 
Guldsmeds Alitiebolaget i 

legering 68, Stockholm, GAB, )) 8640 
V.  A K D E N T  Alloy, Alitieholaget Ardent, )) 661001 

VI .  ARDENT Alloy Extra, H )) 260504 
Aktieholaget Nordiska VII. Dental Alloy ANA 

68, hffirieriet A.N.A., Y 92 

non zinc, >) H 516 

ALLOY mediurn, Anialgamholaget AH, not given 

VIII. Dental Alloy ANA 68 

IX. ROYAL DENTAL 

Alloys 11 and V1 were coarse-cut, the others medium-cut. Moreover, 11 
and V I  were r io t  pre-amalgamated while the others wTere. All except I11 and 
VIII contained zinc. As for the ratios hetween the alloy and the mercury, 
it was 5:5 for I, IV, V, VII, VIII, and IX, 5:8 for 11, 5:6 for 111, arid 5:7 
for V1. 

Test bodies used for measuring dimensional changes were manufactured 
according to Grannth, Bladh ck Edlund (1967) with a condensing pressure 
of 70 kp/cm2 and a condensing time of 30 seconds. Mixing times were selected 
so that they were somewhat longer than the time necessary for the alloy 
particles to be visually conceived as amalgamated. Three minutes after 
starting trituration the test body, adjusted to a length of 10.0 mni, was 
placed in a box with thermostatically controlled temperature. Measurements 
were made at 37°C -+ 0.1" with a microcator (Mikrokator type 531-1, 
C. E. Johausson, Eskilstuna, Sweden). The measurements were obtained after 
another 2 minutes by photographing the dial of the microcator. Changes 
in length were recorded after further 10 minutes, then every 20 minutes 
for 3 hours, and finally after 24 hours. Details of this technique are described 
elsewhere (Grannth, 1967). 

The test bodies studied for leakage consisted of cylindrical moulds of 
dentin of the sperm whale with an outer diameter of 16 mm, an inner diameter 
of 5 nirn, arid a thickness of 5 mm. The cutting properties of dentin of the 
sperm whale are qualitatively coniI)arable to those of human dentin (Lindhe, 
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1966). This presupposes, among other things, that tlie elastic and viscous 
properties of the substances are approximately equal. Alloy and mercury 
were the proportions prescribed by the maniifxturers and mixed as in the 
preparation of test bodies for investigations of dimensional changes. The 
data are given in Table I. The amalgam was inserted according to the wet 
technique (Jorgmsen, 1967), which, among other things, means that all 
excess mercury was removed during I he actual packing process. This utilises 
the adaptability of the amalgam to a maximum. 

Leakage was recorded with the method of Grnnath & Svensson, (1970). 
With this method measurements are made, in a thermostatically controlled 
chamber, of the amount of air that passes per unit of time between the 
mould and tlie restorative material. The amalgani was packed into thc 
moulds in the chamber where the moulds had been kept dry for a long 
period. The test hodies were not removed from the holder during the first 
24 hours during which leakage was measured. 

After all the %-hour tests had been made, the test bodies were exposcd to 
changes in temperature. The test bodies were first placed for 15 minutes in 
a refrigerator and then for a similar period in an oven. This was repeated 
10 times. The temperature of the refrigerator varied between 6 and 7°C and 
that of the oven between 47 and 58°C. Before the final measurement of leak- 
age, the test bodies were placed in the holder for 2 hours. 

air stream was never below 36.9"C antl never above 37.1"C. 
During the experimental period the temperature of the chamber antl the 

All of the tests in the entire investigation were performed as paired tests. 
Every amalgam test body was examined for average mercury content according 
to a complexometric titration procedure (Cranath et nl., 1967). 

RESULTS 

The results are given in Tables I and 11. The mechanically manufactured test 
bodies showed high precision in the paired tests as regards mercury content as 
well as dimensional changes. The precision of the test bodies in the paired 
leakage tests respecting mercury content was not so good. 

Amalgam 111, VII, and VIII contracted during the %-hour period, while 
the others expanded. The expansion values obtained in standard tests for 
materials and reported by the manufacturers were nearly always higher than 
those given here. The leakage during the 24-honr period was substantial only 
for amalgam VIII and to a certain extent for amalgam 111. One test hody 
with amalgam V1 showed only insignificant leakage. After changes in tem- 
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Tahle I. 
Datn nbout prepurntion o /  amc~lgnin urrd dimensional chtrnges a n d  J'inul mercury content 

of IJrcmds qf umrrlgnm used 

I 
I1 

111 
1v 
V 

V1 
V l l  

Vl l l  
IX 

1.35,l,1.35 

1.25/1.50 

1 .:35;1.:3.; 

1.10/1.76 

1.35 1 . X  

1.1.5,'lhI 
135,'l 3-5 
1.3.i:l .35 
1.35; 1.35 

(50.0) 
(61 5)  
(54.5) 
(50.0) 
(50.0) 

( S O . 0 )  
(50 .0)  

(.iH.4) 

( .50.0)  

I .5 
20  
2 0 
15 
1.5 
20 
1 5 
20  
2 0 

1.75 
4.0 

1 1.5 
- 1.7.5 

~~ 2.3 
1.5 

-10.5 
-1 0.73 

3 5  

0.5 
1 .o 
1.0 
0.5 
0 
0 
0 
1.5 
0 

+ 5.0  
~ 17.0 

~ 3.75 
5.75 

+ 3.0 
-11.0 

5.0 
~ 7.25 

1 6.75 

1 .O 46.5 0..5 
1.0 57.5 0.5 
0.5 ,502 1.4 
0.5 44.1 0.4 
0 46.3 0.1 
0 35.1 0.3 
0 46.8 0.,3 
1.5  45.9 0 
0.5 47.4 0 

- -  

Kvgistration started 5 minutcs alter Iicginning of amalgamation. 
ILL = mvan of :I vairrd test d = diff'erencr: 

Table 11. 

test hociies 
Lenkrzge*) in ml a i r  x per minute nt 100 mrn H g  ooer-pressure and mercury content o/ 

'it maximal initial 24-hour vcdurx after changr of mrr rur j  
uiiitraction tcmprraturc ( % I  

0 . ( 2 )  
0 
0 
0 

16.2 
224.8 
0 
0 
0 
0 
6.3 
0 
0 
0 

171.3 
0 
0 

545.8 

(I.(:?) 
0 
0 
0 
0 

0 
0 
0 
0 
6.9 
0 
0 
0 

376.0 
100.2 

0 
0 

28.2 

- ~- 

11.0 
1.1 

52.0 
96.0 
86.6 
45.6 
10.1 

121.7 
114.0 
106.5 
135.3 
94.3 

113.1 
362.11 

1ffl2.tl 
122.7 
119.7 

3oon.o 

~- 

4.1 .n 
42.8 
51.6 
51.2 
47.4 
46.5 
37.8 
37.6 
40.1 

49.3 
49.5 
40.4 
40.4 
42.2 
43.2 
42.1 
43.4 

40.1 

*) For practical reasons lcakage smaller than 1.3 x 10 nil per minute was rankrd as no 
leakage. 



STUDIES ON MICROLEAKAGE W I T H  SILVER AMALGAM 69 

perature leakage was insignificant for amalgam I, extremely high for amalgani 
VIII, arid substantial for the other types of amalgam. 

1 he average content of rncrciiry in the test. hodies for leakage studies was 
invariably lower than in the rneclianically condensed test h l i e s  nsed for 
exmiination of dimensional changes. 

r ,  

DISCUSSION 

Judging from the lit erature, it is widely believed that leakage occurs aroiind 
newly inserted amalgam restorations. The present investigation ~iroduced no 
evidence for this assumption. This should he ascribed to the superiority of 
the wet t.echriiqiie for securing good adaptation of the anialgam to the cavity 
walls. The results clearly showed that the plasticity of the amalgani at the 
time of insertion is the factor that mainly decides the quality of the seal. 

The degree of plasticity was evaluated during packing and is reflected hy the 
difference between the original and the final mercury content. Immediately 
after preparation amalgams IV, V, a d  VII were especially plastic in view of 
their original amount of mercury. The least plastic, according to  the sanie 
judgement, were amalgarris 111, VIII, and IX. 

The zinc-free amalgams 111 arid VIII were definitely less 1)lastic than the 
others. The consequently poorer adaptahility explains the higher %-hour 
leakage with these anialgarns. 

All test bodies showed leakage after change of ternperature. Anialgam VIII 
was clearly inferior to the other amalgams. The general deterioration in seal 
was probahly due to that a greater expansion of the amalgam than of the dentin 
during heating caused plastic deforrnation of the surface profile of the amal- 
gani as well of that of the dentin. The leakage should, houTever, be evaluated 
with caution. The dimensional changes of whale dentin as a consequence of 
change in temperature is dependent partly on the structure of the dentin, 
which may have undesirable effects on the contact relationshil) between the 
amalgam and the mould material. 

The less good correlation found between dimensional changes dnririg setting 
and leakage was pointed out in the introduction. This poor covariation was 
still more striking when the wet technique was used. This is apparent front 
Table I1 which sliows that there was a siihstantially lower mercury content of 
the test bodies used in leakage stndies in comparison with that of the cor- 
res1)onding test bodies for measuring dimensional changes. This certainly 
resulted in lower values for the dimensional changes of the amalganis in  the 
leakage studies than those given in Tahle I. The ability of a contracting amal- 
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gam to give a seal preventing leakage depends probably on that an effective 
packing of the arrialgani utilises the elasticity of the rnould material. When 
the amalgam contracts, the elastic recovery niay compensate for the effect 
of the contraction. 

Alloys containing zinc are usually more plastic than others. Since the pre- 
sence of zinc also reduces the tendency of the amalgam to corrodc, the obser- 
vations made in the present investigation argue for the use of zinc-containing 
alloys. 

Summing up, the observations niade appear to warrant the conclusion that 
high plasticity of the amalgam and proper utilisation of this property during 
insertion are factors of greater importance for obtaining a good seal of the 
cavity than is a decrease in the positive dimensional changes during setting. 

Acknowledgements. I thank the manufacturers of the batch-numbered products for kindly 
placing at my disposal samples and accompanying data on dimensional changes. Special 
thanks go to ship-ownrr Anders Jahre and to the shipping company A/S Thor Dahl, Sandefjord, 
Norway, for generously supplying thr  sperm whale teeth. This work was supported by the 
Swedish Medical Research Council (Projects Nos. K66-24X-62-02 and K67-24X-62-03). 

S U M  MARY 

The purpose was to study the effect of adaptability on the seal in a series 
of various brands of silver amalgam in experimental cavities in moulds whose 
mechanical properties were approxiinately the same as those of human 
dentin, and to place the results in relation to the values obtained for dimen- 
sional changes found with conventional testing methods. 

Nine commercially available brands of alloys were included in the investiga- 
tion. Two  mechanically manufactured test bodies of each alloy were used for 
studying dimensional changes. Analysis for mercury showed the precision of 
the test hodies in the paired tests to be high. The precision of the test bodies 
concerning the dimensional changes also proved high. 

The test bodies used in the leakage studies consisted of rnoulds made of 
dentin of the sperm whale with a cylindrical cavity. The cavity was filled 
with amalgani according to the wet technicpie (Jwgcnscn, 1967). Leakage 
was measured with the compressed air method (Granath & Suerisson, 1970). 
Paired tests were made with each brand of amalgam. Analysis for mercury 
showed that the agreement between the test bodies in the paired tests was 
not quite so good as that found between mechanically manufactured test 
bodies. 

The results showed less good agreement between the dimensional changes 
of the amalgams during setting and the respective degrees of leakage. It was 
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clearly deinoristrated that it is rriainly the degree of pIasticity of the amalgam 
at the time of iiisertiori that decides the quality of the seal. The zinc-free 
amalgams were much less plastic, as was reflected by the degree of leakage 
found. 

R ~ S U M ~  

~ T U D E S  SUR LES D ~ F A U T S  MICROSCOPIQUES D ’ ~ T A N C H ~ I T ~  DANS L’EMPLOI DES 

M A T ~ R I A U X  POUR KESTAURATIONS DENTAIRES 

III. E X P ~ R I E N C E S  IN VITRO SUR LE JOINT OBTENU AVEC 9 MARQUES 

D’AMALGAME D’ARGENT 

Le but du @sent travail a 6th d’6tudier sur une sCrie de diffkrentes marques 
d’amalgame d’argent l’action de l’atlaptibilitC sur la qualitC du joint tlans 
des cavitCs expCrimeritales situCes clans des moules dorit les propriCtCs 
mkcaniques Ctaient h pen prirs les m&mes que celles de la dentine humaine, 
et de comparer les rCsultats aux valeurs trouvCes pour les changements de  
dimensions en employant pour les essais les mCthodes classiques. 

Les essais ont CtC rCalisCs sur neuf marques d’alliages existant sur le march& 
Pour chaque alliage, deux Cprouvettes prCpar6es mhcaniquement ont servi 
aux Btudes sur les changements de dimensions. L’analyse concernant le 
mercure a mis en Cvidence un degr6 61evC de prkcision dans les deux Cprou- 
vettes utiliskes. De meme, uri degrC 6levC de pr6cision a 6th mis en Cvidence 
en ce qui concernait les changements de dimensions des Cprouvettes. 

Les essais concernant 1’Ctude cles dCfauts d’Ctanch6itC ont CtC faits en 
utilisant des rnoules de dentine de cachalot prbsentant une cavitB cylindrique. 
La cavitC a CtC obturCe A l’amalgame suivant la technique ))mouillCer (JG~T-  

gensrn, 1967). Le dCfaut d’CtanchCit6 a Ct6 mesur6 par la mCthode de  l’air 
cornprim6 (Grunath & Svenson, 1970). Des essais doubles ont CtC faits pour 
chaque marque d’amalgame. L’analyse concernant le mercure a mis en 
Cvidence que la concordance eritre les Cprouvettes dans les essais doubles 
n’6tait pas aussi bonne que la concordance trouvCe entre les Cprouvettes 
prCparCes mbcaniquement. 

Les rksultats ont mis en tividence une concordance moins h o m e  entre les 
changements de  dimensions se produisant pendant la prise de  l’amalgame 
et  les diffbrents degrCs du dCfaut d’6tanchCitC. I1 est apparu nettetnent que 
la qualit6 du joint depend principalement du degrC de plasticit6 de I’amalgame 
au moment de l’insertion. Les amalgames sans zinc Ctaient beaucoup moins 
plastiques, ce qui se refl6tait dans leiir dCfaut d’Ctanch6itC. 
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Z U S A M M EN FA S S LI N (; 

ST U D I EN U B E I% M 11.; R 0 LEC K A C :  E M I T  VEKSC 11 I ED EN E M F U 1 .I, l i  N C, S MATE KIA I. I I I .  

IN VITHO EXPEHIMENTE UBEK DEN VERSCIILUSS YON 9 SII,BEK.2MALGAMSOKTEN 

Die Aljsicht war, das htla~ita~~ilit~tsveriniigen verschiecleiler Ainalgamsorten 
als Verschliissniaterial in expcriirieritell gescliaffenen Kavitiiten hei E’ornien, 
die ~ialiezn gleiche niechanische Eigenschafteri wie tlas rnenschliclie Ihn t in  
zeigten, zii iintersuchen urid die Ergebrii in Iielation zii den Werteii voii 
tlimensionelleri Veriritlerungen, die niari iiiit koiiveiitioiiellen Testmethotlen 
fest stelleri ltoiinte, ~ I I  bringen. 

Neun irn Hantlel befintlliclie Ainalgarrie wirtle Lei ilieser Uritersiicliung 
angewandt. Man stellte zM-ei Testltiirper voii jeder Ainalgainsorte auf niecha- 
nischem Wcge her, urn tlirriensiorielle Veriiiirlerinigen xi1 untersiichen. (2iieck- 
silheranalysen zeigten, class die PrLizision tler Testkijrper hoch war. Was 
die clirnensiorielleii VerSritleriiiigen hetraf, so zeigten (lie Testkiirper ehcnfalls 
liolic Prizision. 

Die Tcs thrper ,  (lie zur Uiitersiicliung v011 Leclcage verwendet wirtlen, 
wiesen eine zylindrisc-11 geforriite Kavitit anf. Dabei wurde Deritiri vorri 
S1)ermazetwal verwandt. Die Icavitiit wurtlc rriit Rrrialgain nach tler n 
h’lcthorle (Jorgciasen,, 196’7) gefiillt. Eventiielle 1,eckage wiir t le  niit 
tler Dri~c:l<luftrrietho~le iiacli Grcincrth & Swnsson (1970) bestirnirit. Man 
fiilirte zwei Teste init jetler Amalganisorte am.  Qiieclt?ill)cranalysei~ zcig- 
ten, dass die beiden Testkiir1)er nicht so gilt iibereinstinlmien, als jeiie, die 
a d  incchanischern Weg liergestellt waren. 

s dic cliniensionelleii Veriiiiderungen des Ainal- 
games wiihreiicl der Abhindung iintl der Grad der Leclcage weriiger gut 
ii1,ereiIi~tiriirnteri. Man ltonnte deutlich veranschauliclieri, class hauptsichlich 
tler Plastizitiitsgrad des Ama1ganlr.s wdireiirl tles Iriserierens die Qualitiit tles 
Verschlusses he? tinimt. Die ziiiltfreieii Arrialganie waren becleuteiid weniger 
plastisch, wic tler verschietlene Grad ;in 1,ec:ltage wietlergal). 

:)it! Resultate zeigten, ( 

REFERENCES 

G‘ronath, L.-E., 1967: Studies on microleakage with restoratiLc materials. 1. 1ntrotlui.tiiry 
experiments on amalgam. J. dent. Kes. 46: 1331 

Ci,innth, L.-E., E. Bladh & J. Edlund, 1967: Amalgam specimen technic. I. Studies on 
comparable specimens controlled hy  complexometric titration of mercury content. 
J. dent. Kes. 46: 4 1 7 4 2 3 .  

Cronarh, /,.-E. & A .  Suensson, 1970: Studies on niixolcakage with restorative materials. 
11. A ncw air pressure method. Scand. J. dent. R w .  78: 353-366. 

1336. 



STUDIES O N  MICHOLEAKAGE WITH S I L t E R  AMALGAM 7 3  

Jorgensen, K., .&.eyer, 1967: Structure study of' amalgam. 111. The marginal structurr of  

Lindhe, J., 1966: Evaluatirin of pcriodontal scalers. 111. Orthogonal cutting analyscs. Odont. 

Swnrtt, M. L. & R. T. IJ /dLips ,  1962: Influence of manipulative variables on the marginal 

Class I1 amalgam fillings. lZcta odont. scand. 25: 85-104. 

Revy 17: 251-273. 

adaptation of certain restorative materials. J. prosth. Dent. 12: 172-181. 




