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INTRODUCTION 

Most dental filling inaterials are very sensitive to moisture that  
enters during handling. This applies in  a high degree to silver- 
tin ainalgains. Worner (1941) found that  :iinalg:iin contaminated 
hy moisture during iiianipulation began to expand strongly sev- 
eral days later. Skinner k Phill ips (1960)  called this expansion 
delayed or secondary expansion. This expansion did not coincide 
in time with the setting of the ainalgaiii that usually takes place 
during the first 8 -12 hours after its condensation. Thus there 
was a period of time between these two processes during which 
the roluiiie of the aiiialgaiii remained practically constant. The 
primary diinensiorial changes occurred during the first twenty- 
four hours and were connected with the setting reaction. Further 
dimensional changes were insignificant unless the ainalgaiii was 
contaminated by moisture. 

It has been established that the mechanical properties of aiiial- 
gains deteriorate greatly when delayed expansion occurs as  a re- 
sult of  nioisture contamination. Healey & Phill ips (1949) found 
that 16.6 per cent of 1521 defective dental fillings had deterio- 
rated owing to secondary expansion. Phill ips (1954) showed that 
the conipressive strength of one aiiialgarn decreased about 25 per 
cent on contamination with moisture. 

In addition, the delayed expansion of aiiialgaiii fillings has  of- 
ten led to severe pain. This was pointed out first by Rommes k 
Skinner (1938),  who concluded that the pain was due to a strong 
pressure exerted 011 the pulp by the expanding filling retained by 
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undercutting. Nachlin (1954) has suggested that the pain caused 
by a contaminated amalgain filling ”is due to an electrical phe- 
noinenon in which the filling produces enough electrical energy 
to produce pain in the tooth”. He admits, however, that ”there 
are many questions raised by this observation which are unan- 
swerable a t  the present time”. 

Schoonouer et al. (1942) showed that the delayed expansion 
resulting froin moisture contamination was caused by the reac- 
tion of water with zinc. Following this observation, several in- 
vestigations were concentrated mainly on this problem. Liebig 
(1942) found that the extent of the secondary expansion rapidly 
increased with the zinc content of the alloy in the range froiii 
0.3 to 1.5 per cent. Amalgains containing less than 0.3 per cent 
zinc did not show delayed expansion. Van Gunst & Hertog (1957) 
observed that the delayed expansion increased with the zinc con- 
tent when this varied from 0.01 to 0.06 per cent. Kanatake & Ta- 
kahashi (1960) showed that excessive expansion occurred when 
the zinc content was more than 0.5 per cent, but was not pro- 
portional to the amount of zinc present in the original alloy. 
When zinc powder was mixed with a zinc-free alloy, the delayed 
expansion increased with increasing zinc content. They also ob- 
served secondary expansion when the alloys contained as scav- 
enger silicon, manganese or nickel-magnesium instead of zinc. 

The fact that no delayed expansion occurred with zinc-free 
aiiialgams led several manufacturers to produce such alloys. 
Sweeney (1941),  Schoonouer et al. (1942) and Liebig (1942) 
have, however, considered these alloys more difficult to handle. 
The opinion of Jendersen d? Ryge (1961) and Wilson & Rgge 
(1963) was that the zinc-free alloys had poorer properties than 
alloys containing zinc. In contrast, Skinner’s (1960) view was 
that modern zinc-free alloys were fully equivalent to zinc-con- 
taining alloys. Zinc added as a scavenger facilitated the manu- 
facture of the alloy by preventing the formation of oxid. ‘I t’ ion 
products. 

Several other factors besides the zinc content of the alloy de- 
termine the delayed expansion of an  amalgam. Van Gunst & 
Hertog (1957) found that at zinc contents exceeding 0.06 per 
cent, the secondary expansion varied inversely as the copper con- 
tent of the alloy. Kanatake & Takahashi (1960), on the contrary. 
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did not find any correlation between the copper content and the 
delayed expansion. They observed that  the secondary expansion 
increased with di1i:iinishing particle size of the alloy and that the 
expansion w a s  three times greater a t  + 37’ C t h m  :it roo111 t e n -  
pernture. According to Rny ( 193-2) the delayed expansion was 
iii:iinly determined by the coiiiposition of the alloy, trituration, 
condensing procedure and the environiiient of  the specimen, 
whereas the annealing process and the particle size were of lesser 
iinport:ince. H o l s t  te Jgrgensen  (1963) found thnt the delayed ex- 
p i n  sion dec r ea set1 wit 11 incr e a s  ing con den sing pressure, was less 
in:irl<ed with fine-grained than with coarse-grained :illoys, and 
was alniost indepe d e n t  of  whether the specimen was stored in 
air at rooin teinpernture or :it + 373 C .  The delayed expansion 
w a s  marlted when the speciiiien was in :I cavity, :ind also when 
the sainple W:IS stored in ;I one per cent sodium chloride solution. 

The contaiiiinntiiig liquid eiiiployed in most investigations has  
been :I one per cent sodium chloride solution. It h a s  been found 
(Skinncr c t  Phillips, 1960) that the nature of the aqueous solu- 
tion is of no great importmce since only wi te r  reacts with zinc. 
Ktrnntnke c t  l’rrktrh(rs1ii (1960) were not able to detect excessive 
espansioii when they rontaininated am:ilgain with oil. 

I n  iiiost. of these studies the liquid w : ~  added to  the amalgal11 
before condensation during either trituration or kneading. The 
results of  the earlier investigations led the Ainerican Dental As- 
sociation (1941, 3942, 1948 and 1960) and the FCdCration Den- 
tnire Internationale (1959) to draw definite conclusions. Detailed 
instructions were subsequently included in textbooks :ind minu- 
facturers’ 1):iinphlels. For these reasons and as contamination by 
moisture c:in easily he avoided before amalgamation, the problem 
is no longer of any greater interest. On the other hand, contami- 
nation by saliva during the condensing procedure is more diffi- 
cult to avoid. In a preliminary study, Forstpn (1964) discussed 
the deluged expansion that was caused by moisture introduced 
after trituration. ‘l’his expansion was, howeyer, less iiiarked tlia11 
that referred to above. In the same study :I definite difference 
was found between the secondary expansion that occurred in 
standard;’: and pre~iiiia1g:iiiiatecl alloys. A further observation was 

:*‘The nuthclr o f  tlic present paper t e rms  amalgams which  are prepared fronl 
mercury - f r ee  :I 1 1 ny s s t a n d  :I rd :I ma 1g aim.  The prea ma1 ga ma t cd a malg:’ m s 
:ire prepared froin alloys which  contaiiis mercury ( less  than 3 per  c e n t ) .  
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that the expansion was less marked and proceeded more slowly 
at room temperature than at + 3 7 O  C. 

As apparent from the review of literature concerning the de- 
layed expansion of amalgams, preamalgamated amalgams have 
not been studied in this respect, with the exception of the pre- 
liminary report mentioned above. The effect of the zinc content 
of the alloy has been investigated in most of the studies, but the 
results have been divergent. The influence of soine other impor- 
tant factors on the delayed expansion has been discussed to a 
minor extent only. Such factors are, for example, the moment of 
contamination, the composition of the contaminating liquid and 
the storage environment of the amalgam. 

The purpose of the present investigation was to carry out a 
more profound study of the behavior of amalgams generally used 
in the Scandinavian countries. 

LIATERIALS AND METHODS 

1. Material 

The material examined in the present investigation comprised 
seven different dental alloys which are in general use in Scan- 
dinavia. Five of the alloys were obtained in both preamalgamated 
and standard forms. In order to avoid the commercial exploita- 
tion of the results, the coinmercial naines of the alloys will not 
be divulged and they will be designated by letters. The standard 
forms of alloys D, E, and F were not commercial products, but 
were ordered specially for this investigation. According to the 
manufacturer, the standard alloy DII  was from the same ingot 
as the preamalgamated alloy. The same applies to the standard 
and preanialgaiiiated alloys E I1 and F 11. 

The zinc contents of the alloys are given in Table I. The analy- 
ses were performed at the Valtion Teknillinen Tutkimuslaitos 
(The State Institute for Technical Research) in Helsinki, Fin- 
land. 

As controls, four zinc-free alloys eniployed in Scandinavia were 
studied. 



Table I 
Percentages of zinc in the cilloys 

Al loy  

Standard Zn 

A 

B 

D 

E I1 
I' I1 
H 1  

H2 

0.7 

0.7 

0.3 

<0.l 

0.4 
1.4 

0.8 

Alloy 

Preamalg. 

A 
B 
C 
D 
E I1 
F I1 

Zn 

0.8 

0.2 

0.4 
0.4 

<0.1 

0.3 

2. Preparation of Specimens 

The alloy and iiiercury were weighed with a Dentatus :iiiinl- 
gaiii balance. The niiialgaiii was triturated a s  recoiiiiiiended by 
the iiianufacturer in a mortar, iiiodel DAB, or in an  electric aiiial- 
gainator, Torit iiiodel, without the pestle in the capsule. The 
iiiixed amalgain was divided into 4-5 approxiiiiately equal por- 
tions. Free iiiercury was pressed out iiianually from each portion 
using a linen squeeze cloth iiiiniediately before the aiiia1g:ini was 
condensed. 

The aiiialgaiii was condensed at  rooin teiiiperature (+ 22" C 
2 2 O  C )  in a steel iiiold in which the cavity was 10 iiini deep and 
had a diameter of 5 iiim in accordance with the recommenda- 
tions of the American Dental Association (1960) and Fkdkration 
Dentaire Internationale ( 1959) for the preparation of amalgaiii 
speciiiiens for the iiieasureiiient of diiiiensional changes. The 
mold was placed on :I balance (Fig. 1) adjusted to 4 kg. The head 
of the condensing instrument was sinoothfaced, circular and 2 
iiiiii in diameter. The aiiialgaiii was condensed using 10-15 con- 
denser thrusts on each piece of amalgam. The iiiold was over- 
filled and the excess was triniiiied even with the mold top. The 
specimen was reiiioved froiii the iiiold immediately after the con- 
densation and stored at + 37" C. The two plane surfaces of the 
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Fig. 1 .  The mold placed on a balacce adjusted to 4 kg. 

aiiialgaiii cylinder were polished after the aiiialgaiii had hardened 
for 24 hours. 

Although the contamination of aiiialgaiii by moisture before 
trituration is exceptional nowadays in clinical work, also the ef- 
fect of such contamination was investigated. The reason was that 
differences between the various alloys and techniques then be- 
came inore clearly evident. 

The contamination before anialganiation was effected by add- 
ing one drop (about 0.04 gin) of one per cent sodiuin chloride 
solution to the weighed alloy in the mortar or in the Torit cap- 
sule. This volume of the solution was sufficient to thoroughly 
wet the amalgam. 

A number of experiments were also carried out in which dis- 
tilled water or fresh saliva was added instead of the sodium chlo- 
ride solution. 

When the contamination was effected after trituration, each 
portion of ainalgani was immersed, after free mercury had been 
pressed out, in a one per cent sodium chloride solution. The amal- 
gam was not really kneaded in these cases. Each portion was only 
made plastic in the squeeze cloth using a minimum of kneading. 

A number of specimens were contaminated during the kneading 
process. The triturated, standard amalgam 13 was kneaded with 
two drops of the one per cent sodium chloride solution in a rub- 
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her finger stall for 10 seconds. This method was not used further 
since the results exhibited considerable variation ( n  = 6, nie:iii 
expmsion during 12 weeks was 224 microns /cni and the standard 
deviation was 72 niicrons/cm). 

In order to obtain information on how much the mercury con- 
tents of specimens prepared by one person vary, the aiiialgaiii and 
mercury that had Ileen weighed on the amalgam balance were re- 
weighed on an analytical balance (accuracy 0.005 gin).  Also the 
mercury reiiioved in connection with condensation was collected. 
As all of the ainalgain was not used to prepare the specimen, the 
free inercury in the reinnining amalgam was pressed out with 
pliers by hand. All of the recovered mercury was weighed and the 
weight was subtracted to find the mercury content of each speci- 
men. The variations in inercury contents of some speciiiiens :ire 
shown i n  Table 11. 

I 

Table I1 

I’erc*enltrge o/  nierciiry in some test  specinlens. 
I = not  contrrminc,rted specimens,  I I  = specimens conl(iniinuted w i t h  

one p e r  cent  sod i i rm chloride solizlion before trilultrtiorl 

I 

.Uloy 

Standard 

-4 

H2 

H 2 

H2 

H zinc-free 

H zinc-free 

l‘rituration 

by hand I 
by hand I 
in  Torit I 

in Torit I1 
in Torit I 

in Torit I1 

Jlcrcury content 

Jlin. 

5n.s 

48.6 

48.2 

48.8 

5n. i  

49.7 

I’rea ma lga mat ed 

-4 

I3 zinc-fwc 

13 zinc-free 

I.: 
F: 

I.: 

by hand I 

by hand I 
by hand I1 

by hand I 
by ha11d I1 
in Torit I 

42.1 

45.5 

44.2 

41.3 

40.9 

42.3 

50.3 

4i .0  

4i.6 

47.!) 

49.7 

48.8 

41.6 

44.3 

43.7 

41.0 

30.0 

41.5 

illax. 

50.6 

49.6 

48.6 

49.3 

31.1 

50.8 

42.7  

46.6 

44.9 

41.7 

43.1 

43.0 
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3. Measurement of Specimens 

To determine when the delayed expansion began, two micro- 
cators (model S 510-5, C. E. Johansson, Sweden) with a scale di- 
vided in half microns were employed. The measuring load was 
between 1.0 and 1.6 grams. The instruments were located in an 
incubator at + 37O C k lo C which rested on a stable foundation. 
The temperature was regulated by a contact thermometer and 
checked in the immediate vicinity of the specimens. Although the 
measurement of dimensional changes of amalgams should begin 
15 minutes after the beginning of trituration according to the re- 
commendations of the American Dental Association (1960) and 
the F6d6ration Dentaire Internationale (1959), the measurements 
of the present study were begun when 5 minutes had elapsed 
from the beginning of the mixing. 

The progress of the delayed expansion was measured in one 
direction with a Microfix (Steinmeyer) screw micrometer accu- 
rate to 2 microns according to the manufacturer. Control meas- 
urements showed that also the amalgam specimens were meas- 
ured with the same accurancy. The specimens were first meas- 
ured one day after condensation, once a week during the first 
two months, after 12, 18, 26 and 52 weeks and after 18 months 
had elapsed from the date of the initial measurement. In a few 
cases the measurements were carried out more frequently and 
in a few cases less frequently. The specimens were allowed to 
cool to room temperature before the measurements. If the speci- 
mens were stored in a liquid, the liquid and any loose layers were 
wiped off with a cloth. In order to avoid the specimens from 
becoming warm during the measurements, they were not handled 
with the fingers. 

RESULTS 

1. The Primary and Secondary Dimensional Changes of Amalgams Conta- 
minated by Moisture 

The results in Table I11 and Figure 2 indicate that when the 
amalgam was moistened during the manipulation, its volume 
remained constant several days after the primary dimensional 
changes before the delayed expansion began. The values for the 



Table 111 

The onset  of delayed exptcnsion of amalgams conticminated zoith sodium 
chloride solzition 

35.0 
-2.0 

42.0 
-0.5 

38.6 
i.2 

Dimensional changes ( p / c m )  11 hen contamiiiated before tr i turation 

- -  6.0 J . J 

5.0 i .7  
17.0 li.1 
16.0 16.0 
8.8 10.6 
7.4 i .8  

Alloy 

5.5 
11.0 
li.? 
16.0 
14.0 
8.8 

Controls af te r  Contaminated specimens a f te r  p - 1  24 11 5 chys 2411 ’ 2days  3days 4 days 3 days 

h 
n 
C 
D 
E 
F 

i 0 . J  io.5 
25.8 23.6 
18.7 18.6 

2.7 2.3 
23.0 24.9 

6.9 6.5 

1.6 

6.3 

19.1 

23.7 
6.3 

Standard 

A 
B 
D 
E 
H1 
H2 
H zinc-free 

6.0 
3.0 

12.3 
19.0 

9.5 
9.0 
1.1 

6.0 
11.0 
13.1 
19.3 
14.0 
21 .0 

6.5 
16.0 
13.6 
20.0 
17.3 
29.0 

7.5 

14.0 

6.0 
6.5 

12 . i  
19.0 
11.0 
14.0 

7 .o 6.6 
11.4 12.8 
8 .? i.6 
6.0 3.6 

I 
0.9 

I’renninlanmoted 
~~ 

-2.0 

0.2 
42.8 

7.4 

A 
13 
n zinc-free 
C 
D 
p; 5: 

F 

24.0 
36.0 

44.0 
-05 

39.4 
i .2  

26.5 
3 i .0  

45.5 
-0.2 

40.4 
i.1 

8 .4 
18.2 

7.8 
10.3 

-0.2 
i3 .5  

4 . i  

i .8  
l i . 7  

7.0 
10.1 

15.0 
3.7 

38.5 

46.5 
0.0 

41.6 
i.1 

~~ 

Dimenrionnl changes ( u ~ c m )  when contamin. a f te r  tr i t .  (controls above) 

Alloy I Contaminated specimens after 

4 days s t a nda rd 

A 
n 
D 
E 
H1 
H? 

6.0 
14.1 
17.4 
16.0 
17.0 
10.2 

6.5 
13.3 

7.2 

17.9 
17 .O 
28.5 
15.1 

17.4 
3B.i 

13.5 

Prenmnlgamated ___ 

12.1 
26.8 
19.6 
1.i 

26.4 
6.3 

10.7 
26.7 
18.7 
1.8 

25.1 
6.3 

12. i  
27.2 

27.2 
6.5 
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Fig. 2. Dimensional change of the preamalgamated amalgam E 
triturated by hand. 

--x--K- = mean values when contaminated before trituration 
-3-0- = mean values when thc amalgam had not been contaminated 
_ - _  = standard deviation 

controls in Table 111 are means of values from two experiments 
which in each case differed less than two microns. The other 
values are based on only one experiment. The curves in Figure 
2 represent means of five experiments. 

The moisture caused not only the secondary expansion but also 
influenced the primary dimensional changes in certain cases. It 
will be seen from Table 111 that the total expansion after 24 hours 
was definitely greater for several of the preanialgainated amal- 
gams if the anialgaiiis had been contaminated. The curves in Fig- 
ure 2 are typical and show clearly that the primary expansion 
was greater if the amalgam had been contaminated before amal- 
gamation than if it had been handled dry. In contrast the pre- 
amalgamated zinc-free alloy B (Table 111) underwent contraction 
when Contaminated by moisture. 

Figure 3 shows the later progress of the delayed expansion 
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Fig. 3 Delayed expansion of dental amalgams contaminated with 1 per 
cent sodium chloride solution. Storage in air at 37'C. Amalgams D, E and 

F were triturated mechanically (Torit). Amalgams .I, H1  and H2 
were triturated by hand. 

- - _  = standard amalgam? 
~_ = preannalgarnated amalgams 
-x-x- = mean ,slues when contaminated 
-0-0- = mean values when contaminated 

24 - drttc odonl. sctrntrl. Val. 2$. 

before trituratioii 
a f t e r  t rit ura t io 11 
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as measured with the screw micrometer. The curves plot mean 
values from five experiments. The scatter of the results expressed 
as the standard deviation (S.D.) after 12 weeks is shown in Ta- 
bles IV and V. The expansion curves for the standard forms of 
amalgams D and F and for the preanialgainated forins of amal- 
gams C and D are not presented because the expansion was in- 
significant. 

The delayed expansion took place in two stages. The contami- 
nated amalgam first expanded rapidly during 4-12 weeks de- 
pending on the alloy and the method of contaminating the anial- 
gam. This initial rapid expansion was followed by a slow and 
slightly decelerating expansion which was very limited after one 
year if  the contamination had taken place before the trituration. 
An expansion was no longer detected with the iiiicroineter screw 
if the contamination had occurred after the mixing of the amal- 
gam. The division of the expansion curve into two parts was very 
marked i f  a strongly expanding amalgam was contaminated be- 
fore amalgamation. The greatest differences between the various 
amalgams and contamination procedures became evident in the 
first stage of the delayed expansion. The slow second stage was 
closely similar for all amalgams. 

2. The Effect of Various Factors on the Delayed Expansion of Amalgams 

The values given in all the tables except Table 111 are means of 
values from five experiments; the scatter of the values is given 
as the standard deviation (S.D.). The data in Tables IV and V and 
in Figure 3 reveal the following. The standard alloys with the 
exception of alloys D and F gave amalgams that on contami- 
nation with moisture underwent secondary dimensional changes 
that were from 2 to 8 times as great as the excessive expansion 
of the preamalgamated amalgams. When contamination occurred 
after the amalgamation, the expansion was only from 15 to 30 
per cent of the expansion that resulted when the amalgams were 
contaminated before the trituration. The scatter of the values was 
in general greater when contamination occurred after than before 
the trituration. 

Mixing and contamination in the Torit amalgamator resulted 



Table IV 

i ) e l f i y e d  i~.rpcinsiori ttnriny 12 w e e k s  of dental  cinirtlycims conftiininrited with 
s(.diicni chloride so l i i t ior i  before tritizrcction. Storcige in air tit X O C  

. i l l ( ~ y  Exp. ,pL/cm S.D. 

Trituration by hand (mortar)  

Alloy Exp. d c m  S.U. 

Standard alltrys 

H1 

H 2  

264 I 6 

117 1 38 

Freamalgamated alloys 

5 

8 

> 

2 

15 

1 3 

Mechanical trituration (Torit) 

I 

31.3 1 18 I !  A ' 200 ' 31 

152 1 2  

114 ) 

204 12 

19  ) 

I77 7 1  

€3 

U 11 

E I1 

F I1 

4 5 6 

3 0 7 
68 9 

81 0 

generally in :I slightly greater delayed expansion and less di- 
vergent results than trituration by hand. 

A comparison of the results and the zinc contents of the alloys 
(Table 1 )  revealed no correlation between the zinc content and 
the niagnitude of the excessive expansion. 

Alloy H2, which was the most fine-grained of the studied 
standard alloys (Figure 41, gave an  amalgam which underwent 
the greatest delayed expansion when the contamination took 
place before the mixing. Alloy H1, which was from the same 
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Table V 

Delayed expansion during 12 weeks of amcilgtcms contaminated iuifh sodium 
chloride solution after trituration. Stomge in uir cit 37CC 

__ 
illoy 
- 

A 

R 
B 

D 

E I1 

F I1 
H1 

H2 

H2 
- 

Standard alloys 

M 
M 
T 

T 

T 

T 
nr 
hl 

T 

Exp. p/cm 

41 

75 
61 

12 

32 

13 
74 

66 
62 

~ 

S.D. 
~ 

8 

23 

16 

4 

4 

2 
18 

31 

25 
~ 

Preamalgamated alloys 

Exp. plcm 

4 
B 
B 
c 
D 
E 
E I1 

F 
F I1 

33 

12 

13 

14 

3 

17 
18 

23 

12 

~ 

S.D. 
~ 

10 

4 

3 

1 

1 

3 

6 
8 

G 

M = trituration by hand. T = mechanical trituration (Torit) 

manufacturer, but coarse-grained, expanded only slightly inore 
than half as much. The standard alloys A and B were also conrse- 
grained, and they expanded definitely less than alloy H2. 

The results in Table \'I were obtained when the amalgams were 
contaminated with various liquids. Water led to approximately 
the same expansion as the one per cent sodium chloride solution. 
A slightly smaller delayed expansion resulted when saliva was 
added to the amalgam. Only a few experiments of this type were 
carried out as the results were similar to those obtained earlier 
(Skinner h Phillips, 1960). 

Measurements on the control specimens that were kept in air 
revealed an increase in length of a few microns during 12 weeks 
in a few cases, but in all except one case this increase was less 
than 10 microns; for this reason the results are not tabulated. 
Control specimens prepared from alloy H1 underwent an average 
increase in length of 15 microns (number of specimens was 10 
and S.D. was 9 microns) during 12 weeks. 



Alloy \ Alloy R 

Alloy HI .4lloy H2  

-4lloy E 

Fig. 1. The grains of thc standard alloys A, B, E, 131 and H2. The magnificn- 
l i o n  is the same in all f ive pictures. 
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Table VI 

Delayed expansion during 12 weeks of two standrcrd umalgums contuniinnted 
w i th  different solutions before t r i furnf ion in Torit. Storage in air cci 37OC 

Contaminated with 1 Alloy 1 Exp./i/cm 1 S.D. 

1 per cent xaC1 1 13 452 12 
I 1 solution 1 H 2  1 4 7 7  1 1 1  1 

I Water I B  431 1' I 
1 7  

Saliva 1 n 1 393 

~ H2 393 

3. The Effect of the Environment upon the Delayed Expansion 

A series of amalgam specimens which were moistened before 
trituration were stored separately in air, distilled water and 0.3 
and 0.9 per cent sodium chloride solutions a t  + 3 7 O  C. The mag- 
nitude of the expansion is shown in Table VII.  

The delayed expansion of the specimens stored in water was 
the same as the expansion of the specimens stored in air. 

The standard anialgani B stored in 0.3 per cent sodiuni chlo- 
ride solution underwent a greater increase in length than the 
same aiiialgam stored in air. Also the control specimens increased 
slightly in length. The standard amalgam H2 and the preanial- 
ganiated amalgam E did not increase in length more on storage 
in 0.3 per cent sodium chloride solution than on storage in air. 

On storage in the 0.9 per cent solution the standard anialgaiii 
H2 increased slightly more in length, while the contaminated yre- 
amalgamated amalgam E underwent a much larger increase in 
length and a radical change in colour. Its surface also was rough- 
ened by corrosion products. Control specimens of this anialgain 
triturated mechanically increased slightly in length, but the col- 
our change was very slight and no surface roughness was visible. 
Control speciiiiens triturated by hand increased more in length 
and showed marked corrosion. 

Both the contaminated and uncontaminated specimens of the 
zinc-free amalgams €3 (preamalganiated) and H (standard) in- 
creased in length and underwent marked surface corrosion on 
storage in the 0.9 per cent sodiuni chloride solution. The me- 



Table VII 
I k l t i y e d  e.rpension dtrring 12 n i e e l ~ s  of d e n t d  ctmtclyctms ronl/rniiritefed rriith 
.\odittni chloride sol tc t ioe~ before triturrrtion. Sfortrge in different  nieditc t i t  

3 7 0 c 

0.3 per  ccnt 
1 
I sac1 solut. 

€3 39 1 .i 

E prc I T  T ~ 9 .  7 

H2 T , 19 16 

€3 zinc-free 

R zinc-free 

E pre 

E pre 

H3 

H zinc-free 

JI  1 
T 
11 

T 

T 

< l o  
68 

-177 

<10 

463 

468 

i 
86 18 

1 3  8 

12 11  

51 1 1  

30 1 7  

57 20 

27 

14(l 

303 

35 

27 

7 
__ 

26 

16 

17 
~ 

1 2  1 
49  1 

Alean I alue o f  10 tests \\ it11 varied trituration tiiiic 
I = mechanical trituratioii, A1 = trituration by hand .. 

c1ianic:illy mixed control speciiiiens of alloy K increased much 
iiiore in length th,iii the specimens mixed by hand. 

The scatter of ihe values for speciiiiens stored in the 0.9 per 
cent wdiuiii chloride solution w a s  fairly large. 

DISCVSSION 

\Trith the exception of the preliiiiinary study of Fors fen  (1964 1, 

none of the above-iiientioned publications hns dealt with the in- 



364 LENNART FORSTEN 

fluence of liquids on preaiiialgamated alloys that have been gen- 
erally eiiiployed in the Scandinavian countries. Neither has the 
contamination by moisture which occurs after trituration been 
discussed to any greater extent. 

A s  the inaterial exaiiiined in the preliminary study was limited 
and the experiments few in member, the aim of the present study 
was to continue the investigation to obtain more reliable evidence 
from a larger material that would reveal the differences in the 
delayed expansion of standard and preamalgainated amalgams. 
Another aim was to take into consideration the influence of the 
following factors on the secondary expansion; the iiioment of the 
Contamination, zinc content of the alloy, the grain size of the 
alloy, the composition of the contaminating liquid and the storage 
environment of the amalgam. 

The delayed expansion on storage of the specimens at room 
temperature was not studied in the present investigation because 
storage at  + 3 7 O  C is closer to the clinical conditions. 

The method which was used in the present study to determine 
the mercury content of the aiiialgain specimens was crude, but 
was considered accurate enough for the purpose of the investi- 
gation. A similar method has been described by JGrgensen et al. 
(1964), but this latter method was more accurate as the conden- 
sation was carried out in a standardized apparatus and all the 
weighed alloy was used to prepare the specimen. 

The reason why the measurements of the primary dimensional 
changes were begun in the present study when 5 minutes had 
elapsed froin the start of the inixing of the aiiialgam was that in 
this way the initial contraction could be more accurately defined. 
This has been pointed out by Rantanen (1961, 1963) and F u -  
sayaina et al. (1964). In Wing’s (1964) opinion, however, the 
early iiieasurement of initial contraction was not so much due 
to real dimensional change as to flow and coinpression of the 
amalgam specimen. 

The influence of moisture contamination on the primary di- 
mensional changes found in the present study has not been re- 
ported in earlier investigations. The mechanism of this phenome- 
non has not yet been clarified. 

The most pronounced delayed expansion of amalgams was ob- 
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served to take place during the first 2-3 months; the subsequent 
expansion was so slow that it can hardly be of any practical sig- 
ni f ica lice . 

With  two exceptions, the standard ainalgnms underwent a 
111 11 c h more mark t d  second a r y exp an sioii t h :in the p re:\ imi1 g a 111- 

ated aiualgains. N o  explanation can be proposed a t  this stage for 
the ahsence of excessiye expansion in the case of the two stand- 
ard ainalganis, which, although they contained 0.4 and 0.5 per 
cent zinc, expanded so little that  one can hardly speak of m y  
delayed expansion caused hy moisture containination. These a]- 

l o p  are not coniinercially avnilahle hut the results ohtained with 
these alloys :ire of interest a s  they show that  the influence of zinc 
has  not been co~iipletely clarified. Although both forins of :inid- 

g : i m  E containing only traces (0.1 per cent)  of zinc exhibited 
marlieti secondary expi is ion,  the standard forins of niiinlgain D 
containing 0.4 :ind uiiialgaiii F containing 0.5 per cent zinc failed 
t o  show any delayed expansion. It may he noted that  also Knnri- 
take c t  Tdxhash i  ( l R f i O  reported a ”nonespanding” :im:ilgnin 
which contained 0.5 per cent zinc. 

It may he noted further that  i t  was not possible in the present 
study to find any correlation between the  extent of secondary ex- 
pinsion and the zinc content. This is in  agreement with the find- 
ing of Krrnatrtke Jt- Takrrhashi (1960). I t  should be kept in inind, 
howeyer, that  a zinc-free a i i i a l g ~ ~ i i  has never been found to ex- 
pand excessively when contaminated with moisture. 

The ohservation that the alloy of the siiiallest particle size stud- 
ied in this investigation gaye an anialgani that  underwent the 
greatest delayed expansion is i n  agreement with the findings of 
Knnntake k Tnkahrrshi ( l O A O ) ,  but not with those of H o l s t  R J@r-  
yensen ( 1963). The results were probably divergent because in  
Holst & Jorgensen’s study the :imalgaiii was containinated dur- 
ing the iiiulling procedure and in Kanatalies & Taliahashi’s and 
the present study before the trituration. If the :rnialgaiii is  con- 
taminated before the mixing the greater reaction surface of a 
fine-grained :illoy (obviously has a n  influence on the delayed es- 
pan sion . 

Although uncontmiinated specimens of one :i~ii:ilgaiii increased 
in length to  some extent on storage in air, this can hardly he con- 
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sidered true delayed expansion. The specimens of this anial- 
gain became darker than the specimens of the other amalgams, 
evidently because the surface layers of the specimens had re- 
acted with atmospheric components and this led to the increase 
in length. 

The experimental conditions in this investigation differed froin 
the conditions in clinical practice in respect of the method of stor- 
age of the specimens. In clinical practice, the amalgam filling is 
for the most part enclosed in a tooth, which in turn is covered 
by an electrolyte solution (saliva). In addition to the galvanic 
activity, which may occur in a particular filling, potential dif- 
ferences between dissimilar metals may give rise to galvanic cur- 
rents in the niouth which may influence the delayed expansion. 
Other factors such as biting stresses, abrasion and temperature 
variations may also exert an influence. It is difficult to reproduce 
these conditions in vitro. 

When an attempt was made in this direction by storing the 
specimens individually in electrolyte solutions, the results were 
very difficult to interpret. When the specimens were stored in 
sodium chloride solution a marked discoloration was observed as 
a sign of surface corrosion which presumably resulted from a 
galvanic activity between the various metals in the amalgam. 
None of the three contaminated amalgains increased in length 
much more on storage in the 0.3 per cent sodium chloride solu- 
tion than on storage in air. The greater increase in length noted 
on storage in the 0.9 per cent sodiuni chloride solution was prob- 
ably due to the formation of corroded layers which were visually 
discernible. This is confirmed by the observation that also the 
zinc-free amalgams increased in length. When the corrosion be- 
came greater, the ineasurenient of the specimens became less re- 
liable. These observations show that the storage in electrolyte 
solution did not affect the delayed expansion, although it induced 
surface corrosion which was much greater in one of the contanii- 
nated amalgams (E pre) than in the uncontaminated amalgams. 
Further experiments are required to clarify this problem. 

When the aiiialganis were contaminated, attention was paid 
mostly to the ensuing delayed expansion. If an amalgain becomes 
contaminated by moisture or other impurities dnring its manipu- 
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lation, the result will be poor not only because of the excessive 
expansion, but also because the anialgain filling becoines inho- 
mogeneous. Contamination by saliva during condensation leads 
to a porous filling with interfaces between successive condensa- 
tion layers and iiia:p also cause leakage of the restoration. When 
a zinc-free alloy is employed, cont:iniination does not cause es- 
cessive expansion, but owing to the above-mentioned factors the 
filling will not be satisfactory. Moreover, these :illoys way give 
the dentist :I false :sense of security. 

Further studies .have been carried out in order to determine 
the influence of inoisture contamination on the compressire :ind 
transverse strength of :in~algains. These results will be presented 
in a later paper. 

The aiiii of the inrestigation w a s  to study the delayed expan- 
sion of aiualgani types after their containination by iiioisture and 
the effect of various factors on this expansion. These :uanlgaiiix 
:ire generally used in the Scandinavian countries. 

Moisture contamination increased the primary setting expan- 
sion of certain amalgams. The delayed expansion began soiiie 
days after the specimen was prepared, and the greatest diiiien- 
sional changes occurred during the first months. 

With two exceptions, standard ariialgaiiis underwent greater 
delayed expansion than the preainnlgaiiiated mialgains. TWO 
standard amalgains expanded only slightly although they con- 
tained zinc. 

The delayed exp:insion w a s  definitely greater when the con- 
t aiii i n:i t ion occurred before than :if t er t ri t u r  a t ion and so1 uewh:i t 
greater when the trituration w a s  carried out in a Torit aiiialgmi- 
ator than when it v ~ a s  done by hand. 

So correlation w a s  found between the zinc content of the ainal- 
gams and the inngnitude of the delayed expansion. 

The d loy  having the siiiallest particle size ga\ e ;ti1 aiiialgain 
w it h the g r ea t e s t d el aye d exp a n s ion after it w:i 4 con t :I 1 n i n:i t ed 
before triturntion. 
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The nature of the contaminating liquid had no significant in- 
fluence on the extent of the delayed expansion. 

Storage of the anialgani specimens in air, water and sodium 
chloride solutions gave results that indicated that the storage 
environment does not affect the delayed expansion. 

NBSUMB 

RAPPORTS ENTRE L’EXPANSION SECONDAIRE DES AMALGAMES 
DENTAIRES ET LA PROAMALGAMATION DE L’ALLIAGE 

Le but du prksent travail a 6tC d’Ctudier l’expansion secondaire 
de differents types d’anialganies apr6.s leur contamination par 
I’humiditC, ainsi que I’action de divers facteurs sur cette expan- 
sion. Ces amalganies sont couraninient utilisCs dans les pays 
scandinaves. 

La contaniination gar l’humiditi: augmentait l’expansion de 
prise priniaire de certains aiiialgaines. L’expansion secondaire 
coiiiiiiencait quelques jours apr6.s la prbparation des Cchantillons, 
et les changements de dimension les plus iniportants se faisaient 
pendant les premiers mois. 

A deux exceptions prks, les amalganies ordinaires ont subi une 
expansion secondaire plus iniportante que les amalgames prC- 
aiiialgaiiiCs. Deux des aiiialganies ordinaires n’ont subi qu’une 
1Cgkre expansion, bien que contenant du zinc. 

L’expansion secondaire Ctait nettenient plus grande lorsque la 
contamination se produisait avant la trituration que si elle se 
produisait aprks la trituration, et un peu plus grande lorsque la 
trituration Ctait faite d a m  un vibreur autoiiiatique Torit que si 
la trituration Ctait faite B la main. 

Aucune corrClation n’a C t C  trouvCe entre la teneur en zinc de 
l’amalgame et l’importance de l’expansion secondaire. 

L’alliage dont les particules avaient les dimensions les plus 
fines donnait I’anialganie ayant I’expansion secondaire la plus 
iniportante lorsque la contamination avait lieu avant la tritura- 
tion. 

La nature du liquide par lequel l’anialgame Ctait containin6 
n’avait pas d’influence significative sur l’importance de l’espan- 
sion secondaire. 

La conservation des Cchantillons d’anialganie dans l’air, dans 
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I’eau et d m s  des solutions de chlorure de sodium a donnt! des 
resultats indiquant que le milieu dans lequel se fait la conserva- 
tion n’a pas d’influence sur I’expansion secondaire. 

ZCS.4MJIENFASSUNG 

DIE SEKUNDARE EXPANSLON DER AMALGAME IM VERHALTNIS ZUR 
PREAMALGAMLERUBG DES ALLOYPULVERS 

Die Absicht dieser Arbeit war es, die sekundire Expansion der 
verschiederien in Skandinarien benutzten Ainalgame bei Fliissig- 
keitskontaiiiination (FlussigkeitseinmischuIig) zu untersuchen. 
Ausserdeiii wurde die Einwirkung gewisser Faktoren auf die Ex- 
pansion untersucht. Die Ergebnisse ergaben folgendes : 

Die Fliissigkeitskontaiiiination vergrosserte die pr imlre  Erh i r -  
tungsexpansion einiger Ainalg:iine. 

Die Nachexpansion begann einige Tage nach der Herstellung 
des Probekorpers, und die grosste Voluiiienveranderung trat mlh- 
rend der ersten Moinate auf. 

Die nicht praeaiiialgaiiiierten Anialganie zeigten init zwei Aus- 
nahiiien eine grossere sekundare Expansion als die praeanial- 
ganiierten. Zwei nicht praeaiiialgaiiiierte Anialganie expandier- 
ten nur  gering trolz des Zinkinhaltes. Die Nachexpansion war 
erheblich grosser bei der Kontamination vor :ils nach deiii An- 
riihren, und etwas grosser beiiii Anriihren iiii Torit Amalgaiii- 
ator als beiiii Anriihren ini Morser. 

Eine Korrelation zwischen dein Zinkgehalt und der Griisse der 
sekundiren Expansion wurde nicht festgestellt. 

Das feinkiirnigste Alloypulver ergab Ariialgaiii iiiit der griissten 
Nachexpansion. 

Die Beschaffenheit der I<ontaminationsfliissigl~eit hatte lieine 
nennenswerte Einwirkung auf die Expansion. 

Bei der Verwahrung der Probekorper in Luft, \I‘asser oder 
Natriuiiichloridlosulng konnte eine Einwirkung der Verwahrungs- 
uiiigebung auf die Nachexpansion nicht festgestellt werden. 

REFERENCES 
dmericccn Dental dssocicition, 1960-1961 : Specifications for Dental ,l.Iaterials. 

Fourth ed. Chicago. 
Americtcn Dentcil Associufion Cozincil on Dental  Reseccrch, 1918:  Effects of 

contaminating of amalgam with moisture. d.  Amer. dent. Ass.  3 7 :  239. 



370 LENNART FORSTEN 

American Dental Associution Research Conimission, 1941 : Palming amalgam. 

->)- 1942: Excessive expansion of amalgam. J. Amer. dent. Ass. 29: 292. 
FPdCrafion Dentaire Zniernafionule, 1959 : Specification for alloy for dentaI 

amalgam. h i .  dent. J. 9: 421-42.7. 
Forsfen, L., 1964: Sekuiidar expansion av dentala amalgam r id  vltske- 

kontamination. Odont. Tidskr. 72: 91--100. 
Fusayama, T .  & al., 1964: Early and transversal measurement of amalgam 

expansion. J. dent. Res. .43: 1914-205. 
Van Gzznsf, Ir. C. A. & H. J .  P .  M .  Hertoy, 1957: On the relation between 

delayed expansion of amalgam and the composition of amalgam 
alloys. Brit. dent. J. 88: 428-430. 

Holst, K. & K. D. JCrgensen, 1963: Iiondenseringstrgkkets og andre faktorers 
indflydelse p i  forsinket ekspansion i sdlvamalgam. Tandltegebladet 67.- 

->)- 1964: The influence of condensing pressure and other factors on 
delayed expansion of silver amalgam. Acta Odont. Scand. 22: 311-321. 

Jendersen, M. D. & G .  Ryge, 1961: Effects of particle thickness of zinc and 
nonzinc alloys. D. Prog. 1: 24. 

Jdrgensen, K. B. & al., 1964 a :  Sdlramalgams kviksdlvindhold i afhaengighcd 
af kondenseringens begynnelse efter udr6ringen. Tandltegebladet 68: 

->)- 1 9 6 4 b :  Mercury content of silver amalgam. Acta Odont. Scand. 22: 

Kanatake, T. & S. Takahashi, 1960: Some factors affecting the delayed expan- 
sion of amalgam. J. Japan SOC. dent. Apparat. & Materials 1: 28-33. 

Liebig, E. O., 1942: Excessive expansion of dental amalgam and its relation- 
ship to the zinc contents of the alloy. (Abstract.) J. dent. Res. 21: 307. 

Xachlin, J. J., 1954: A type of pain associated with restoration of teeth with 
amalgam. J. Amer. dent. Ass. 48: 284-293. 

Phillips, R. W. & al., 1954: Effect of moisture contamination on compressive 
strength of amalgam. J. Ainer. dent. Ass. 49:  436-438. 

Rrtnfccnen, A. V., 1961: On the initial contraclion of dental amalgams. Odont. 
Revy 12: 166-173. 

->>- 1963 : Amalgaamitaytteiden supistumiseen johtavista tekijoista. Suom. 
hammaslaak. toim. 59: 459-468. 

R a y ,  K .  W., 1942: Long continued expansion of amalgams. (Abstract). J. 
dent. Res. 21: 307. 

Rommes, A .  F. & E. W .  Skinner, 1938: A report of a study concerning post- 
operative pain following restoration with amalgam. Northwest. l inir .  
Bul. 38: 19-2;2. 

Schoonouer, I. C. & al., 1942: Excessive expansion of dental amalgam. J. 

Skinner, E. W. & R. W. Phillips, 1960: The Science of Dental Materials, Fif th  

Sweeney, J. T., 1941: Delayed expansion in nonzinc alloys. J. Amer. dent. 

J. Amer. dent. Ass. 28: 830. 

49 3-5 0 2. 

3-8. 

207-2 14. 

Amer. dent. Ass. 29: 1825-1832. 

ed, U'. B. Saunders Company, Philadelphia & London. 

ASS. 28: 2018-2019. 



DELAYED KSP.%SSION (OF DESTAL AMALGAMS 35 1 

Ii‘irsun, C .  1. & G.  Hyge, 1 9 6 3 :  Clinical study o f  dental amalgam lillings. .J. 

il’iny, G. .  1964: Thr measuremcsnt of dimensional change of dental :imalg:inl 

it’orner, If. K . ,  1911 : F:scessivc expansions in  dental amalgams. Austr. . I .  

. l~ner .  dcnt. Ass., 66:  763-771. 

. lustral. dent. d.  9 :  426-430. 

Dent. $5; 161-163. 

Address : Institntr of Denii.rtr!j 
l’niiJersit!g of Turkii 
Turku 3 
Finland 


