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INTIRODIJCTION 

It is well known that one of the iiiost frequent causes of failure 
of ainalgaiii fillings is the high incidence of iiiarginal fracture. 
Every dental practitioner studying his patients' aiiialgaiii fillings 
will no doubt have noticed how fillings which looked quite satis- 
factory when inserted, gradually become inore and more defective 
at the niarginal areas, and how secondary caries develops and 
spreads froni the defects. Several authors (Mertensmeier  1956, 
Fischer & Mertensmeier  1957, Nttdnl e t  al. 1961) have studied 
fractured aiiialgaiii margins. Apart froin the last-mentioned work, 
which showed a reduction in the incidence of fracture with in- 
creased crushing strength of the anialgani, this probleiii has not 
been investigated in detail. 

The present work was designed to examine to what degree the 
crushing strength of anialgani is influenced by various forms of 
heating. 

In the oral cavity, aiiialgaiii fillings are exposed to temperature 
changes, chiefly during the final polishing and during the intake 
of hot and cold foods. From investigations by Souder  & Peter s  
(1920) and others, it is well known that silver anialganis begin 
to iiielt (release drops of inercury with dissolved alloy coiIipo- 



548 K N U I )  DItEYElt  . . I@lt( ik3NSEN, H I I t O \ I I I  OTANI .IN11 \HO%O KANA1 

nents) :it :I teiiiperature of 7O--XO0C. It is :11so well known th:it 
even light polishing can raise the surface teiiiperature of aiiialgaiii 
so niuch that it begins iiielting, nnd that, in general, the crushing 
strength of a iiiaterial declines gr:idually with rising temperature 
until it is reduced nearly to zero ; IS  the iiielting point (the solidus 
teiiiper:iture) is reached. I n  this connection it inust be pointed 
out that it is possible to chew food which has  :I considerably 
higher teiiiperuture than the oral cavity, :ind that relatively thin 
ainalgaiii iiiargins will, quite rapidly, be heated to approach the 
teniperuutre of food entering the latter. 

1. Crushiug strength of amalgam at different temperatures 

vCfh(JdS 

In preparing the :iiiialgaiii specimens fro iu  the vnrious :illoys, 
filing and iiiercury were proportioned :IS recoiiiiiieiided by the 
manufacturers and inixed in a Wig-L-Eug mechanical aiiialgniii- 
ator for so iiiany seconds that n plastic homogeneous iiiass was 
obtained. The entire iiiass was transferred to :I steel cylinder, 
5 iiiin in cavity dianieter, where it was condensed for 3 iiiinutes. 
Condensation W:IS started 1 iiiinute after triturntion was coiii- 
pleted and was effected by un upper and lower piston. A constant 
pressure of either 15.6 or 30.0 k g  was used in the various experi- 
ments. After removal froiii the steel mold, the anialgaiii speci- 
niens were stored :it room temperature (22 k 2°C)  for 72 hours 
and then crushed in I 1,oseiihousen 1000 k g  testing iiiachine with 
a loading rate of 5 kg per sec. The specimens were 1 0  * 1 111111 in 
length. 

One iiiinute before the load was applied the specimens were 
placed in ethylene glycol preheated to testing teinperature * 1 "C. 
To avoid appreciable cooling from the compression plates of the 
tester, two glass plates, 8 iiim thick, were 1ie:tted to test ten]- 
perature and plnced under and on top, respectively, of the spe- 
ciiiien . 

The tests were iiiade on nine different silver aiiialgaiiis and 
two copper aiiialgnins; the copper aiiialgaiiis were heated for 10 
minutes a t  150°C before mixing. One silver aiiin1g:riii (No. 2 in 
Table 2 )  was exaiiiined for crushing strength at  different teiii- 
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peratures up to 90°C, while the remaining products were tested 
only at room temperature and at  60°C.  In the first case ten speci- 
inens were used for each temperature. In  the experiments includ- 
ing all the alloys only five speciiiiens were tested for each coin- 
bination of variables, except in the case of copper amalgains 
where the number was increased to ten owing to the scattering 
of the values. The mean value and the standard deviation were 
computed for each combination of brand and temperature. The 
experiinental results are shown in Tables 1 and 2 and in Figure 1. 

I 

Iioom ~ 

temperature 3536 

Standard 
deviation 76 

Results 

Table 1 

Crnshing strength (Ix j lcni~)  tit di f ferent  tenipercttures for ctlloy N o .  2. 
Condensation presslire 15.6 kg (0.78 k g / m n i ~ ) .  

3701 

I 

30 158 72 601 1 0 2 ~  105 5.51 107 468 221 
I I 

I Temperatures, C" 24 1 97 50 1 60 70 1 8 0 '  90 

crus~i ing  strength 3206 ~ 297;) ~ 2621 2277 1 1800 ~ l l ! iO ~ 480 

Standard deviation 81 I 831 100 65 1 32 ~ 45 1 28 

Reduction % 0 i 7 1 8 ~  2:) 44 1 74 ~ 85 
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It is evident froiii the data presented in Tables 1 :ind 2 and in 
Fig. 1 that teinperature has an  essential influence on the crushing 
strength of silver amalgatiis. Heating froiii rooiii temperature to 
60" reduced the strength by about 25 %, and it is probably a safe 
:issuniption that the loss of strength generally will be about 20 % 

kg/cm2 
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1000 
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Fig. 1. Crushing strength of product No .  2 at elevated temperatures. 

by heating from iiiouth teiiiperature to 60". The increasing steep- 
ness of the curve in Figure 1 indicates that teinpernture rises 
above 60" will reduce the strength at  an  even higher rate. The 
two copper aiiialgaiiis (Nos. 10 wnd 11 behaved soiiiewhat differ- 
ently from the silver aiiialgaiiis, especially so Brand 11, which h:td 
higher crushing strength at 60" than at  rooin temperature. 



11. Crushing strength of amalgam after heating and recooling 

,Melhods 

The test speciinens in these experiments were inwtle in the saiiie 
way :IS previously; they were condensed under two different pres- 
sures, 5 or 15.6 kg. Ten speciiiiens were used for each conibina- 
tion of variables. Seventy-two hours after preparation each speci- 
men was heated sep:irately by one minute's storage in ethylene 
glycol preheated to the desired temperature. After recooling to 
rooin temperature for 1--2 minutes, the speciiiiens were iiieasured 
for crushing strength. Only one alloy was tested, viz. No. 2 in 
Table 2. The results are shown in Table 3 :ind Figure 2. 

Condensing pressure 
15.6 kg (0.78 kg/mm') 3356 3327 3096 

* 'This strength value is somewhat higher than the corresponding valuc of 
3206&81 kg/cm* in Table 1 .  The cause is undoubtedly the different compres- 
sion plates used. 

Further, the ability of aiiialg:i~ii to regenerate its niec1ianic:il 
properties after heat treatment :is described was tested on :I series 
of speciniens, which after 1 minute's heating to 80° ,  lOO", or 
120°C were stored for different times and subsequently crushed. 
As a control of these experiments the saine amalgnin was ex- 
ainined for rate of hardening :IS expressed by its crushing strength 
at different times after trituration. For each coiiibination of vnri- 
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Pig. 2. Crushing strength of product No .  2 after one minute's heating to 
differelit temperatures and rccooling t o  room tcmperaturc. I, condensation 
pressure used in prepnration of the amalgam specimens, 0.78 kg/mm? 11, 

condensntioii pressure, 0.285 kg/nim?. 

ables five speciiiiens were used, apart froiii the first iiieasureiiient 
of crushing strength immediately after the heating, and all iiieas- 
ureiiients after 72 hours or iiiore, where ten speciiiiens were used 
for each coiiibination. The results are presented in Table 4 and 
Figure 3. 

Finally it was ex:iiiiined how iiiuch the length of heating tiiiie 
affected the crushing strength iniiiiediately after recooling to 
rooiii teiiiperature. The iiiethod was a s  described above; the speci- 
mens were heated for 30, 60, or 120 seconds. Only alloy No. 2 was 
used, and 10 speciiiiens were crushed for each heating tiiiie. The 
results were a s  follows: 30 sec., 2971 k 155 kg/ciiin; 60 sec., 2904 f 
135 kg/ciiiZ; 120 sec., 2455 f 140 kg/ciii?. 



Table 4 

Crushiriy  streitgfli of si lver  cinitrlgcrni (11 d i f ferent  t i m e s  ( h o u r s )  
lifter short heat trecitnirnt. 

300C 

2000 

i ooa 

4 8 12 16 20 24 48 7 2  h 
Fig. 4. Crushing strength of product No. 2 at  different t imes after one 
minute's heating and recooling to room temperature. The numbers a t  ihe 
curves indicate the  temperatures to which the specimens wcrc heated : s, thc 
setting curve, which indicates the crushing strength a t  various times after 

preparation of the specimens. 
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11 ESULTS 

TI1 i s group ( , f e xpe r i iiie 11 t s de iii on s t r a t e s t h :t t short heat ing of 
hardened silver amalgain can weaken it  very considerably and 
the more so, the higher the teiiiperature is elevated. Silver aiiial- 
g:im weakened by short heating regains its original strength 
within a relatively short tiiiie. The lower the teinpernture rise 
the shorter the tiiiie of regeneration. 

111 SGlI SSION 

The present investigation shows that in  teriiis of crushing 
strength the dental aiiialgniiis are very sensitive to variations in 
teiiipernture, and that a risk of marginal fracture is materially 
increased by heating of aiiinlgaiii fillings brought about u s  de- 
scribed in the introduction. 

I n  practice it is possible to carry out polishing of fillings with 
caution so that the teiiiperature rise will be moderate. Cautious 
polishing hiis scarcely any decisive influence on the duration of 
the margins, partly because the initial strength of the aiilalgaiii 
is restored rather fast, partly because experience shows that very 
few ama1g:iiii margins do fracture during the first hours or days 
after polishing. 

The coiiibined action of heat and pressure during mastication 
is a factor which c:innot be controlled in practice. With the ex- 
ception of copper aiiialgatii all  dental aiiialgaiiis used in this in- 
vestigation weakened to about the saiiie degree when heated to 
60". Such an increase in teiiiperature must be considered within 
the limits of physiological possibility. This shows that prevention 
of marginal fracture of amalgain fillings as a result of weakening 
by tei1iper:iture rises is practicable only by proinoting such general 
factors which increase the mechanical resistance of the aiiialgaiii 
1ii:irgins. These factors will be dealt with in a later article on 
inurgin:il fracture of :uiinlgaiii fillings. 

SUM X I  A 1iY 

Investigations were made on the influence o f  tenipernture upon 
the crushing strength of aiiialgains, partly a t  elevated tempera- 
tures (Tables 1 and 2, Figure l ) ,  partly after short heating and 
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recooling to room teiiiperature (Table 3 ,  Figure 2) .  Furthermore 
it was investigated how fast short-heated :inti recooled aiiialgani 
will recover strength (Table 4, Figure 3 ) .  

The experiments show that the strength is essentially reduced 
by increased temperature, and thnt the aiiialgani speciiiiens regain 
their mechanical properties after :I relatively short time. 

Addendum 

After this nianuscript was completed, a study was published 
in the Journal of the American Dental Association ( 6 7 :  670-678, 
1963) by H .  J .  C(iul and co-uiorkers, entitled, ”Effect of rate of 
loading, time of triturntion and test teiiiper:rture on compressive 
strength values of dental amalgam”. Using five different alloys 
the authors found R similar, though soiiiewhat larger reduction 
of the crushing strength :it raised teinper:itures than reported in 
the present work. 

[NFLUENCE DE LA TEMPBR 

kS1 I M fi 

TURE SUR LA RESIST NCEIA L’ECRASEMENT 
DES AMALGAMES DENTAIRES 

Des recherches ont PtP  f:rites sur I’influence de la teiiipPr:iture 
sur la rCsistance A I’Ccraseiiient d’:iinalg:iiiies, d’une part lorscp’on 
kli?ve la teiiipCrature (Tableau 1 et 2, Figure l ) ,  d’autre part 
aprks un chauffage de courte durCe suivi d’un refroidisseiiient 
la tenipkrature de lu  p i k e  (T:ible:iu 3, Figure 2 ) .  Les auteurs ont 
de plus CtudiP la rapidit6 avec Inquelle l’aiiialgaiiie :iyant subi un 
chauffage de courte dur6e suivi d’un refroidissenient recouvrent 
s:i r6sist:rnce (T:ibleau 4, Figure 3 ) .  

Les expPriences iiiontrent clue I n  rbsistnnce est en preinier lieu 
rbduite par l’C16v:ition de I:\ teinpCrature, et clue les Pprouvettes 
d’ amal g a in e re couv rent 1 eu r s 1) r o pr iP ti. s i n  Pcn n iq u e s :I pri‘ s u 11 

temps relativeiiient court. 
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DIE BEDEUTUNG DER TEMPERATUR FOR DIE DRUCKFESTIGKEIT 
D ENTALER AM ALGAME 

Es wurde eine Untersuchung nngestellt uber die Redeutung der 
Teinperatur fiir die Druckfestigkeit von Anialgaiiien, teils bei 
erhiihten Teiiiperaturen (Tabellen 1 uiid 2, Abb. 1 ), teils nach kur- 
zer Erwarniung und Wieder:ibltiihlung (Tnbelle 3, Abb. 2 ) .  Ferner 
wurde untersucht, wie schnell lturzzeitig erwiiriiites und wieder- 
nbgekiihltes Aiiinlgaiii seine Festigkeit wiedererlnngt (Tahelle 4, 
Ahb. 3 ) .  

Die Untersuchung zeigt, (lass die Festigkeit des Aiiin1g:iins sich 
heim Erwariiien nuf die bei den \Tersuchen benutzten Teiiipera- 
turen erheblich vermindert, dass aber die Festiglteit nnch ver- 
haltnislnassig kurzer Zeit wiederhergestellt wird. 

Der TeiiiI'eraturfnlttor an sich lasst sich ltnuiii in der Praxis 
iindern, nur wo es sich uiii das Polieren von Fiillungen handelt; 
es ist jedoch zweifelhnft, oh (lie I'olierungsteiiiperntur fiir die 
H a1 t ha rlt ei t d e r F ii I I u n ge n vo n we se n t 1 i c he r Bed eu t u n g is t . 
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