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In previous works hy various authors i t  has been established 
that fillings of silver ainalgani show :I very high frequency of 
marginal fracture. No exp1:ination of this phenomenon has been 
offered, s o  it has not heen possible to take system* <I  t ' ic 1ne:rsures 
to avoid it. It is well known that  occlusnl i1i:irginal friicturc is 
one of the most important factors in reducing the life of aiiial- 
gain fillings app:irently prepared by correct technique, and h i t  
the fractures are often resl)onsiible f o r  serious secondary iiij ~ i r y  
to the tooth. It therefore seems useful to carry out : i n  invesLign- 
tion on the process of  fracture :ind its underlying factors. 

The present study is h s e d  on ohserv:itions of : ~ n i : i I ~ : i i n  fillings 
in ex t rx t ed  teeth^), on :I nuiiiher of new experiments, : i d  on 

,. I he Danish 1)cnt:il Association Fund for  support  of scientific and  praclical 
invcstigations within dentistry h a s  contributed Loward purcIi:~ses o f  the  
necessary materials  f o r  this study. 'I'hc, au thor  wishes to cxprcss his  I~es l  
tlianlts for thia : l i d .  

::.) Including :ipprox. 1200 first  molars from various scliool tlcntal clinics 
in Copcnhagcii nntl provincial towns. This miiterial was  grouped 11s age of' 
patients (7-14 years) a t  thc t ime of  cutlaction s o  that  the approximate 
niaximum agi' of' the fillings w a s  known. 
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:I r:ither wried  theoretical and experimental Itnowledge. Thert~- 
fore [he  subject-inalter c:in 1i:trdly he :irranged under the Ira- 
ditional Iie:idiiigs, a n t 1  it is hoped tha t  this will not i n t e r f t ~ e  
too iiiuch with the underst:intling of  the report. 

M:irgin:il fr:ictures ni:ry be divided into two main types de- 
pending upon the direction o f  the surface of f racture  rel:itive 
t o  the surface of  the filling. The first type ( the  1'-type, Figure\ 
1 :I, 2, 3, -1, and 5 )  is characteristic in  that  the surface of fr:rclure 
forins :in acute tingle with the filling surf:tce, ivhile in the sec- 
ond tylw ( the t-type, Figures 1 t), (i, 7 ,  and 8)  these two surf:rccs 

Type 1) is :I fi.:icture caused hy n pressure, while type t is :I 

fr:ictiire c:rused hy :I pull, :ind hoth forces have heen exerted on 
the  frce surface of the  filling (Ahf in Fig. 1 ) .  The following 01)- 
\crwtions h:ive led to this conclusion, 

l l l c e t  :It :I11 obtuse :111gIe. 

1 .  In experiiiic.ntnl investig:\tions on the strength of  :~iii:iIg:~ii~ 

in:irgins under pressure ( .J@r~jcriscn d? PuZh@Z, 1964) the :inglr o f  
fr;ic.ture was iiieasiired :ind consistently found l o  he less t h ; i i i  

90 . 

2. Insl~ection in stereoiiiicr.osco~,e (two 0cul:irs and two oh- 
jcxtives for  three-diinensional view) o f  sever:tl hundred :iiii:il- 

gairr fillings in extracted teeth frequently revealed the presence 
o f  loose fr:iginents of the ani:ilg:iiii margin,  which had heen dis- 
Ioc.:itetl  into :I slit hetween filling atid cavity wall. In ;ill these 
c:i\es fract iire :ind displaccsiuent have evidently beeti r:iiisetl hy 
t he  saiiie force, viz. a pressure o n  the free filling surfnre. All the 
surf:ice\ of  fracture were of  type 1). 

3. Microscopic ex:iiiiinntioii of sections of :ihoiit two huntlrt~tl  
: I I I I ~ ~ ; I ~ I I  fillings in extr:icted teeth often showed inconil)letc. 
fracture surfaces (cf .  Figures 4 and 9) of the 1)-type, where the 
slit f'orinetl by the fr:icture had i ts  greatest width :it the  frce 
siirf:ice of  the filling. Such :I slit cnn he explained only hy pres- 
surc o i i  this surfncc. 
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Fig. 1. The two principal types of marginal fracture. Ahl is the free surfacc 
of the filling, while CAI i\ the surface facing the cavity wall. The fracture 
i \  marked by a scrrated line. n is the p-type fracture, produced by pressure 
011 the surfacc Ahf, while b is the t-type fracture, produced by different 

forms of tensile loads applied in the face AM. 

4. Nuiiierous unsupported aiiialgaiii margins (of fillings in 
teeth and of various types of experiiiiental fillings in glass tubes 
etc.) were loaded until fracture by iiieaiis of the point of  a blunt 
explorer. The surfaces of fracture were all of type p. 

5. The type t fracture was imitated experiiiientally by pol- 
ishing the margins of occlusal aiiialgaiii fillings with different 
types of dental burs rotating froiii filling toward tooth. The 
cutting edges of the burs will be pressed down into the amal- 
gam, which will be pulled in the direction toward the free aiiial- 



Pic. 1. Fig. 5.  



Fig. 6. Fig. 7. 
Fig. 6. t-type fracture in an occlusal filling. Note the slit between filling 

and enamel. Leitz Ultropak. 90 X. 
Fig. 7. A s  Fig. 6. 90 X. 

Fig. 8. Fig. 9. 
Fig, 8.  A s  Fig. 6, but taken with Opak-illuminator. 40 X .  

Fig. 9. Incomplete p-fracture in occlusal amalgam margin. The fragment has  
been tilted against the tooth therchy clo5ing the  opening of the slit between 

filling aiitl tooth. Leitz Opnk-illuminator. $10 X. 
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g:titi iriurgiii, and the liiie o f  fr:icture b (see Fig. 1 ) will r e s u l t “ ) .  
l’olisliing with stones consitler:tbly reduced tlie tendericy t o  111;ir- 

ginal 1-fractures. Polishing o f  unsupprted aiiialgaiii tii:irgiiis oI 
occlusal fillings soinetiiues produced pure p-type f r x t  tires, soiiic- 

tiines transitions f r o i n  the 1)- to  tlie t-type. The forliier type oc- 

curred when there 1i:ippenetl to I)e 21 rel:itively wide slit het 
f’illing and tooth (see (:h;rptcr I I I ) ,  while the latter W:IS ohwrveti 
in connection with relatively ~ii trrow slits. 

0. The t-fr:tcture w:is nlso duplicated by forcing teeth n i t h  
occlus;tl :iiiialg:iiii fillings down into sticky food (such :I$ soilen- 
cd caraitiels), fi-oii i  which they were subsequently removed iisiiig 
:I piill. After  the experiinents the fragiiicnts of the ;iiii:tlg:iiit i i i : t r -  

gins could he deiitonstr:tted in the iinpressions in the t:tckg food.  
‘l’lic~ :ingle o f  f r ~ t i i r e  (v,,,  Figure 1 )  was in each case :ipprecid)lg 

I n  :itii:ilg:tiii fillings which  have served in the irioutli lor sottic 

It.ligth o f  titiic (c.g. one yeur o r  iiiore) the p-type f rwt i iw  \\:I\ 
gi.c;ttl~ pr~doiiiiri:int; it also seeiiis to predispose l o  j)oor hygieiiic. 
c~oi ic l i l ions Ltlong the filling ni:trgins to :I iiiuch higher c l t~giw 
t 11: I I I  t hr 1-fr:ic tu re. I’roh;ii)ly, I tiarginal f r:ic tu  res o f  ;I i 1i:i I ga I t i  

fillings iiientioned in the literature or elsewhere will 1)r;ictic:illy 
:tlw:tys lie fr:tctures o f  the 1)-type, ;ti id it is also this type which 
Xvill be discussed in  detail helow. 

I< N 111 i I I I( fi, Y I. I{ .I (9 r:( I N I F h 

lal’g”‘ t11:tn $ l o c  . 

l ior  t he  purpose of i t  niech:tnic:il analysis o f  the p r ( ~ i  
fr:tct tire the :tiii:ilgaiii iniirgin c a n  he considered a gec 
\\edge ( see  Figure 10) .  Breakage of \uch :I wedge under prc \ -  
\ i i r ix  exerted on its free surface presupposes that  the aiiialg:r i t i  

iiittrgiii can be stressed beyond the crushing strength of the 111:i-  

tcri;tl. In general, this condition is fulfilled only if there is it \ l i t  
l)ct\ieen itialg:tiii iiiargin :and cavity wall o f  the width d or i i iore,  

t l  (see Figure 10)  being the tleforinatioii o f  the  :itil:ilg:tiii inargiti 
:it the Iireaking point. 

) I t  511011ld lie noted that t l i c  d i \ i s ion  i n t o  p- and  t-fractures is 1i:isid. 1 1 1 1 1  

condition in the am:tl$:ini margin under load, but ou l h c  
iiircctiori 1)1‘ tlic tl.:icture-l)loduciri~ force i n  relation t o  thcs I ~ e c  :iinCilgam 
\url;luc 
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whcre 1) is tlie pressure on I h e  wedge in ~ < 1 ~ / J l l l l l ~  

I' is tlie length of the wedge i n  i n i i i ,  

v is Poisson's ratio (-0.3) for the miterial, 
u is the angle in radians, and 

l/i sin 2 CL 
A is 

1 ~ u . sin 2 (1 -- cos 2 u. 

1,ouding of the wedge with the pressure 1) will induce tensile 
stresses in the 1o:rtled side o f  lhe wedge : ind coiiipresske stresses 
in the opposite side. Since the tensile strength of  silver a ~ n a I ~ : i ~ i i  

is much lower than its coinpressive strength (Kotir igi iez  & Zjicali- 
son, 1962, and others) it i s  the tensile stress condition which is 
of p:irticular interest in  the present :inalysis. This c,ondition inay 

::.) T h i s  and t h e  i'ollo\viiig t'orinulas ( 2 )  a n d  (:I)  have kinilly hccn cal- 
17. Nior i i so i i ,  1'11. l)., 'I'he 'l'cclinicnl t:nivci,hity o f  Den- 

mark,  to  \ v h o m  the author offcrs his 1,c.si t l ~ u ~ i l i s .  



'I'he \:ilue\ in '1':hIe 1 :ind in Figure 1 1  s e n e  ; I S  a n  es:iinple, 
x h c r e  thc tensile strength of  the :iuialgaiii is assuined to t)c 
X I c ~ i / i i i i i i ~ .  Such ;in : i i i i : t l p i i i  iiiust be considered to he of high 
iiicc1imic:iI quality. I t  is pointed out that the ni:ixiiiiuiii 1o:id 1) 
is 1)rol)ortion:il  to the tensile strength of  the aiii:iIg:iiii, and that  
bryond t h e  tensile strength the foriiiula ( 2 )  contains no ditiien- 
sions of  the :iiiiulg:iiii wedge except the vedge  :ingle. 

A \iiiiplified f ~ i r i i i u l ~ i  



Fig.  1 1 .  Influence ot the margiiial angle upon the \ticngth of :I wcdge- 
5hnpcd amalgam margin under pressure. T h e  curie i \  calculated o n  t h e  

as~umpt ion  th.it the amalgam ha\ a tensile strength ot 8 kp/mml. 

applies with fair approximation for angles below nhout 60 . 
From this it is seen that the in:~xiniun~ load on an am:tlgani 
wedge is roughly proportional to the square of the wedge angle. 
For angles :hove 60° the true values for niaxiiiiuin load will he 
relatively much -- and increasingly - higher than the \ d u e s  
calculated from the formula ( 3 ) .  

The size which the deflection of a wedge-shaped anialgaiii 
margin must have in order to lead to breakage can now be coin- 
puted from (1) by inserting in the formula the values obtained 
for p (Table I ) .  It is further assumed that r has  a niagnitude 
of 1 nim, and that the anialgani has a inodulus of elasticity of 
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Table I1 

T h e  s ize  of / h e  mtrx imnm def lect ion (in p )  of /hr niedge-sli t ipetl  rinitclgttm 
mtrrgin (is inf lnenced by the  nietlge tingle (degrees of mi-) 

Height of wedge 1 mm, modulus of cla\tieity 1. 4.  10j  lcp/inniz> 
ten\ile strength 8 I c p , " i i ~ i i ~  

As iiientioned nbove, the iiiaxitiiuiii deflection of thc : i i i i a l ~ ~ u t n  

wedge indicates the width of tlie slit between : i t i i a l p n i  margin 
and cavity wall that is necessary for breakage of the margin 
when subjected to loading and deformation. I t  shoolti hci n o t d  
tha t  the  magni tode  of th i s  critical vnlne (d,,,, ) i s  propor t iom1 
to the  s t rength  of t he  crmdgain and  the  dep th  of t he  slit b e t m w n  
iimcrlgam filling crnd caoit!j rimll ,  and that  it is rrppmrimatehj in- 
versely proportionrrl t o  the niarginrrl rrngle rrnd the  inodiilrrs of 

elasticity of the  crmrrlgrrm. This relation can be expressed by the 
simplified formula 

t . r  
d,,,:,,. = 240 . ~ inm,  where 

E . v 

t is the tensile strength in  l i p / ~ i i n i ~  

r is the depth of tlie slit in iiiiii 

E is the modulus of elasticity in l<p/ inin~ and 

v is the m:irginal angle in degrees. 

With slits of less width than d,,,:,,, the ainalgaiii margin will 
deform elastically under load (perhaps until contact with the 
cavity wall), and after the load is reiiioved the iiinrgin will re- 
turn to its original shape. After repeated elastic deforniations 
there is :I possibility of fracture due to fatigue. Experiments by 
W i l k i n s o n  & Hrrcrrk (1958) have shown that the critical value 
for frequently repented pressures exerted on silver :iln:ilgntii 
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1. Corrosion 

Previous studies by Schoonover & Snudrr (1941) and others, 
have shown that corrosion of :imalgam fillings consistently oc- 
ciirs on the surfaces enclosed hy the cavity walls. The two :iu- 

I C 
Fig. 13. Appearance of section of amalgam margin, typical of both young 
and old fillings in the experimental material of extracted teeth. C (hatched) 
represents solid corrosion products. 'rhe margin M has bent away from the 
cavity wall and is porous due t o  advanced corrosion. The location of il 
possihle p-fracture will  roughly correspond to the serrated line. Normally, 

the slit lietween 11 a n d  F: is  n o t  filled with corrosion pt-oducts. 



Fig. I Fi;. 1 3  



Fig .  16. :is Fig. 14. Fig .  17. .I\ Via. 11. 

Fig.  18. As Fig.  1-1. 

2(j-- Acta odonf. scund.  1’01. 25. 



Fie. 20. Fig. 21. 

'I'lic ch:rt~:icteristic fe:iture o f  this picture is the cleflcction ol' 
the filling iii:trgin away froiii the cnvity wall. 'I'he bend iii:iy IN* 
iiiore or less pronounced, hut shows :I clear teiideiicy to  he I:irgt"t 
when the iii:irginal angle is s m n l l  (occlus:il fillings). 'I'he re4uii 
of thc deflection is :I rather niirrow \'-sh:tpeti slit, the botto ir i  01' 
\ \ h ich  often continues into :I narrower slit hetween filling :ind 
tooth with nearly p r a l l e l  walls. The \'-sh:iped slit is usu:ill> 
cinpty or filled with soft detritus ( i t  m:iy in w r y  rare cases Iw 
filled with hard, crystalline corrosion products, see Figure 21 ) .  

'I'he narrower extension, on the other h:ind, is generally Fillcd 
with seini-tr:tnsl,nrent, cryst:illine corrosion products. l'he origi- 
n:il contour o f  the :tiiialg:iiii w:rll in the \'-shaped slit h n s  often 
heen retained. This c:in be seen hecnuse the :itii:ilg:tiii surf:icc 
rtyrotluces the surface details of the cavity \~\.nlls. Therefore the> 
\'-sh;iped slit cannot he :I direct result of loss of :itii:ilg;iiii by 
c.oiw)sion, but iiiust he :\scribed to :I deflection o f  the iiiargin 
: I W : I ~  lroiii the c*:ivity w;ill. I n  tlie great iii:i.jority o f  w s e q  the 
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Fig. 24. Fig. 25. 

tooth. Lcitz Opak-illurninator. 125 >(. 

specimen. Experiincnt for  illustrating formation o f  eoncc~ntration cell 
element. 8 X. 

Fig. 24. Grossly cot-rodeti amalgam surface i i i  slit 1)ctneen filling a n t i  

Fig. 25. Crystalline corrosion products on the surface of  21 cubic amalgam 

The finding that the 7,-phase is iiiost susceptible to corrosion 
is in good agreement with chemical analyses by Schoononer c t  

Soader ( 1941 ) and with T:irious Gerinan investigations (see 
Wagner,  196%). 

It should be added that the structurnl studies show that the 
?,-phase corrosion may penetrate deep into the :tiii:ilgain, and 
if the phase is present in nhund:int auiounts its dissolution  nay 
cause all the anialgaiii to cruinble (Figure %4>. 

3. The corrosion of the :iiiialgani iiiargin is pro1-)ably due to 
formation uf a concentration cell, where in  particular the oxygen 
concentration within the slit uiay be lower than on the free ainal- 
gain surface. This will render the walls of the slit anodic, and 
the following reaction will take place, 

( a )  
while the free surface hecoines cathodic with the following elec- 
trochemical reaction 

Sn --f S n + +  4- 2 e- , 

2 H,O + 0, + 2 e - --f 4 OH-. (/’I 
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( b )  . Aiiialgaiii speciiiiens prepared ;IS under ( a )  were definite- 
ly corroded in porosities and other surface irregularities on the 
faces not in contact with the glass plate. 

(c )  . Speciiiiens of anialgain condensed in glass tubes (inside 
di:iiiieter 6 ~ i i i i i ,  length 15 inm) showed after two iiionths in a 

1 % NaCl solution at  3 7 O  considerable amounts of corrosion de- 
posits on the outer surface of the anialgain margin (Figure 26) .  
The anialgani showed clear traces of solution in the slit between 
glass tube and :~nialgaiii, which in this case represented the anode 
in the cell. Although the anialgani displayed great expansion (de- 
layed expunsion) the eIectrolyte was able to penetrate between 
ain:iIg:i~ii and glass tube owing to the poor adaptability of the 
:iin:rlgniii with an  R, value of 3-5 ,u (cf. JGrgensen, 1964). 

(d )  . Wedge-shaped anialgam specimens were painted on one 
side with cellulose varnish or silicone grease and placed at  37" C 
in :I 1 % or 5 % NaCI solution. The wedges were roughly 10 111111 

in length and 5 in111 in width, and the angle of the wedge wr ied  
between about 5 O  and No. The specimens were iriade froiii cy- 
lindrical test specitiiens of different alloys and produced under 
widely different condensing pressures. After soiiie iiionths, :ill 

the wedges showed voluininous deposits of corrosion products 
on the painted surface, while no or  little corrosion w:is evident 
on the unpainted sides (FiSure 27 a) .  

(e)  . Ani:ilgam fillings prepared in extracted teeth and stored 
for several nionths in a 1 'j% NaCl solution at  3 7 O  showed forma- 
tion of corrosion products partly in the slit between tooth and 
filling, partly :dong the margin of the filling on its free surface. 
Probubly the precipitation of corrosion products on the free sur- 
face of the anialgain in:irgin in the laboratory test will in tiiiie 
alter the oxygen tension in such a way that it no longer corre- 
sponds to the conditions around the anialgani niargin in the oral 
cavity, where corrosion products deposited on the free filling 
surfaces are likely to be reinoved. 

4. Liberation of iiietallic iiiercury due to corrosion can be de- 
monstrated experimentally e.g. in the following ways, 

( a ) .  U7hen aiiialgani is brought into contact with ;I plate of 
dental gold alloy in :I 1 % NaCl solution (the experiments were 
iiiade at  3 7 O  C )  a \'erg severe corrosion occurs, which after :I 

few days results in formition of substantial aiiiounts of corro- 
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sion products (Figure 2X),  :it the saiiie tiine :is the gold plate is 
cont:iininated hy niercury in the are:) which was in contact with 
the :iiii:ilgii~ii.  The inercury containinntion c:in he  recognized hy 
:I disco1or:ition of intense i1iet:ilwhite. The presence of iiiercury 
in tlie gold pl:ite can :ilso be demonstrated by convention:il aria- 
lytic inethods. This experinlent W ; ~ S  a1re:icty descrihetl by Schoo- 
noiier c t  Sorider ( 1941 ).  

(1)). 0cc:ision:illy the surface of  :iiii:ilg:iui speciinens cor- 
roding in :I N:rCI solution :it 3 7 O  C exhibits, in :itldition to the 
loose powderlike corrosion products, iiiinute drops of iiiercurg 
( Figure 29 j .  l'he phenoineiion :ipp:irently occurs when s1ii:iIl 

areas of the :iiii:iIg:iiii :we isolated f r o i n  tlie remaining slwciiiien 
hy t h e  corrosion products. That we :we not denling \\it11 chetni- 
c:illy pure inercury is evidenced by crystallization of the d r o p \  
when tlie speciiiiens are  placed in air after the corrosion test to 
:illow excess iiiercury to ev:ipor:ite. 

( c ) .  In 1:ibor;itory corrosion tests cert:iin :iiii:ilg:iiii types iii:idc 

with co:irse-gr:iinect alloy show :I strong tendency to foriii nu- 
iiieroiis sinall corrosion eleinents. The surface of such :in iiiiial- 
gaiii is for the gre:tter part covered with :i powderish Layer of 
corrosion products, perfor:rted hy iiuiiierous sinall spots of ir- 
regul:tr iiietal drops, which iiiay he up to :ihout one tenth of a 
iiiilliiiieter (cf. Figure 34 :ind the foot-note 1) .  3 7 3 ) .  Under the 
given conditions the riiet:il c t r o l ) ~  inust consist of iiiercury with 
dissolved alloy coiiipoiieiits. 1'rol~:iI~ly the iiiercury 1i:is heen liber- 
:ited so fast hy tlie corrosion that it h:is not 1a:id tiiiie to  diffuse 
into the speciiiien. If  the corrosion experiment is interrupted by 
placing the :ini:ilg:iiii in air  the drol)s will disappear within a 
few days. 

5 .  It c:in often be slio\vn that those parts of  :in :iiii:blg:iiii filling 
which :we iiiiiiiedi:itely ac1,j:icent to  the corroding :ireas are rela- 
tively rich in mercury. I n  this experiinent ;t section w:ks iii:ide 

through :iiii:iIg:ini filling :mtl tooth, :ind the surface o f  the sec- 
tion w:is then polished. By s lom heating of the am:dg:i~u tllrougll 
the teiiiperature range 50--70" C i t  w:is soinetimes possible to 
localize the areas with tlie highest iiiercury content, hec:iure they 
:ire the first to exude iiiercury (Figure 30).  Inspection of the 
aiiialgaiii surfaces must take place a t  intervals not exceeding one 
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fz1c.e of the :tru:iIg;tiii iiiiirgin, :inti v is the iiiargin;il :ing:]e. ISy 
the iiiercuroscopic expansion A13 is extended to AR’, :ind iwiiit 
K is shifted l o  R’; no change occurs i n  tlie tliniension of IK,  i t  
iiierely gets another position IS’C. I n  the di:tgrani, AA’ is ;I iiieas- 
ure of the iiiaxiiiiuiii width of the slit resulting froni the ex1):in- 
sion. If it is assuiiied th:it AIS’ = A’U’ (which can be done with- 
out introducing any :tppreci:\ble error), then AA’ = tl - c.  This 
expression can be coinputetl froin the foriiiulas given in  the fig- 
ure  when the ~ : i l ues  for :I, v, and tlie ])ercent:ige inercuroscopic 
expansion :ire linown (b  = a + t h e  expansion). The results ot’ 

such calcukitions :ire shown in Table 111, where a is 1000 p. With 
lo\ter or higher v:ilues of  :I, the width of the slit becoiiieh corre- 
spondingly siiiuller or larger. Figure 33 illustrates di:igraiiiiiiati- 
cally the dependence of the width of the slit upon tlie 1ii:irgiii:iI 
aiigle when a is 1000 ,u und the expansion 1 70. 
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The iiiurgin:rl bend could also he deiironstrated ii i  the f o l l o ~ v -  
ing way: Anialgaiii fillings were  prepnred in glass tubes with 
closed hottoiiis :ind with t h e  upper end fnces ground plane. I n  the 
inside edge o f  the open end of the glass tube :I nuinher of sinall 
facets were ground. They were filled with :~innlg:iiu together 
with the rcliiuining p r t  of the tube. Twenty-four hours :ifter 
preparation, the free surf:ice of the  :rin:ilgaiii m7:is ground f lush  
with the end face of the g1:iss tube, so that medge-sli:iped anial- 
garii margins were obtained corresponding to the facets with :I 

wedge angle of :ipprox. 15--30°. Tlie speciinens were then placed 
in a 1 % NaCl solution at 3 7 O  (1. After some nioiiths an  uniiiis- 
taltable upward berid of :I nuiiibei. of the aiiialgaiii wedges could 
be demonstr:rted 011 siiiiple inspection (Figure 35 ) . However, the 
experiments did not always give this result, app ren t ly  because 
the wedges within a relatively short time were covered with cor- 
rosion products, so that differences in oxygen tension bet\veen 
the upper and the lower wedge surfaces were likely to he con- 
siderably reduced. It is supposed to be for the s;iiiie reason tliat 

:>) One of the alloys used i n  the experiments showed in  n lightly con- 
densed state a strong tcnckncy to\\.nrtl localized coimsion ( p i t t i n g )  jn 

numerous point-shaped areas of  the unpainted surface of the wedge-shaped 
specimen. The corrosion :rppeared 3s srnall blisters and ni)dules, which 
grew out on the surface together with droplets of mercury (Fig.  34). .\I1 
these specimens showed margioal deflection : iw:iy f rom this groshly cor- 
roded surface arid toward  I h c  painted side.. 
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12ig. 34. I-’oiiit-sli:ipcd corrosion [ p i t t h g )  nf  amalgam suif:rce w i t h  drops  ~ ) f  
mercury set free I )y  the  corrosion. $10 X .  

tively low iiiercury content. This latter condition was tlenion- 
strated by placing :ini:ilgain specimens prepared by h:tnd con- 
densation, but without reinowl of excess iiiercury, in :I 1 7;) NaCI 
solution at  3 7 O  C f o r  :thout 14 days. The I:tst condensed, ino5t 
mercury-rich parts of the specimens were in  :dl c:r\es covered 
with :I thick layer of corrosion products, while the other p:irt 
with lew mercury showed 110 signs of corro\ion9<) (Figure 3 6 ) .  

Froin these condition5 it c:in he deduced that relatively 1)oor 
condensation of the iiiargiml areas of :in :inial~:iin fillins n i l 1  
1e:td to :rcceler:ited corrosion along its iii:irgins. l h e  :tinount o f  
niercury set free by the corrosion will probably be exceptionally 
large owing to the high mercury content i n  the corroding i w r -  
gina1 area ; therefore :in increased niercuroscopic ey;p:tii\ion can 
also be expected. To this must he udded the low criisliing strength 
o f  the mercury-rich :ireas, so th:tt these, a11 i n  all, m i l l  be much 
less duruble in  the oral environlnent th:tn well-condensed :illi:il- 

) Surfacc defects tlur t t r  inipiopc’r cont lc~nsnt io i i  ol l l i c  \peei~neii  n i l l  
to :I r e l a t i \ c l j  \c \crc corrosion i n  the d c t e c t i \ e  area \ .  It this t J p e  

of  corrosion is present i t  mag i n t e r l r r c .  n i t t i  t h c  coi.i-o\ioii c:ru\ed Iiy d l t -  
lere i ice  in inercuiy concentr.itioii. 
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the deformed margin is nenrly always empty, and that  hard 
corrosion products occurred only at  a greater distance from the 
:inialgani margin (cf. Figure 1 3  i . 

Extensive experiments have been made to exainine whether 
the following explanation would account for the deformed niar- 
gin: When :in aiiia1g:ini fillin2 is cooled in the mouth it will 
shrink iiiore than the tooth, and a slit will form between filling 
and tooth. Saliva containing various solid particles will be drawn 
into this slit. On reheating of the filling to mouth teinperature 
the solid particles iiiay be caught between filling and tooth, and 
exert a pressure on the filling. If frequently repeated, this proc- 
ess might cause the inargin to deform. 

This hypothesis was tested by subjecting :imalgaiii fillings to 
t e ni per a t ure changes. For e x:i nip I e, fresh 1 y p r ep:i r ed aiiia 1 gain 
fillings in teeth or in siixill glass tubes were p1:ced alternately 
in liquids a t  temperatures of approx. 15" :ind 55O C for periods 
of about 15 seconds. The liquids were paraffin oil, distilled water, 
or  1 NaCl solution, which were used either pure or with a 
content of suspended fine powder of zinc oxide and zirconium 
oxide. Each experiment:il series ran for about two weeks, but 
revealed in no case slits or deforiiiations of the type met with 
in clinical amalgam fillings. Hesides, the inere fact that the \'- 
shaped slits ~ as  pointed out above in connection with F i s c f i f r  
d? Nertensmeier's suggestion - are usually empty, shows that 
their forination cannot be explained on the basis of entrapped 
particles . 

Nor could any of the following factors, when closely studied, 
be accepted a s  the cause for iiiarginal deformation : food iiiipac- 
tion between ainalgani margin and cavity wall, plastic deforiiia- 
tion of the aiiialgaiii margin under pressure or tensile load, arti- 
fact resulting from e.g. extraction of the tooth, drying up or 
other changes of tooth and/or aiiialgaiii after the extraction. Still 
other possibilities have been considered, but have all had to be 
rejected. 

11. Delayed expansion 

It is well known froin previous studies (Schoonouer and co- 
workers, 1942; Holst d? Jqrgensen, 1963) that delayed expansion 
may produce marked diinensional changes in silver anialgam. 

27 -- Actu  odont .  scund. V o l .  23. 



a b 

'Hie consequences o f  this expi is ion i n  te r ins  of iiiarginal preci- 
sion w e r e  studied on :ihout 50 exl)eriinent:il fillings in estrnctecl 
teeth. ?'lie fillings were prepired f ro in  ;in alloy with 2 $! ZII ,  
:ind they n w e  cont:iitiinated with :I 1 (A N:rCI solution. l'retli 
with fillings w e r e  stored i r i  :I 1 c c  KuCI solution :it 37' C for 3 
24 months and then studied undcr the microscope. It W:IS f'ountl 
that  t he  iiiargin:tl defects could he referred to  two pr i i ic ip l  
types, :I and t), Figure 37. Type :I occurred whenever the cavity 
wall and the  expuiision direction of the :~iii:ilgain out o f  the C ~ V I -  

t y  werc pi i*;~ l le l  or  convergciit, while type b occurred i n  conriec- 
tion with diwrgence o f  cavity wall and expansion direction. I % o t l t  

ty lw\  w e r e  ohserved in occlus:tl ;IS well as peripheral filling\. 
1,o:itling o f  the  tn:irgins re5ulted in lilies of fracture :IS shoWrt 

i n  Figure 3 7 .  It seenis o h i o u s  that the h-fr:icture leads to  poorer 
hygienic conditions :tloiig tlie :tin:ilgaiii iiiargin th;r i i  the  ;t-ii.:tc- 

turc, which leaves the c:rvity :trea intact. 

Of the two types o f  margin b \ \ as  by far tlie coinitlotier, prob 



Fig. 
\V2l I I 

ably hecause i t  is difficult to prcp:ire cavities williout :I slighl 
divergence o I tlie walls t o w a r d  the  iii:irgin:il :ireas. 

1)elayetl esp:iiision tests in  g h s s  tubes showed that  sinootl~ 
tubes give a iiiucli higher expansion t1i:in tubes roughened inside 
before they :ire filled xyitli :iin:ilg:iiii (Figure 3 8 ) .  

111. Faulty condensation 

In the final condens:itioii of :iiiialgani fillings the areas :i1- 
ready condensed 1ii:iy r:ither easily be tlisp1:iced. Three ex:iiiiples 
in Figure 39 show how such tlisplaceinent iii:iy give r i w  to  slits 
of quite :ippreci:ible size het\veen cavity and condensed filling: 
a)  is :i Cl:iss I filling i n  :in upper iiio1:ir; the condenser, c, is  
forcing the :iiii:ilg:iiii out into the lingual extension, s o  that  slits 
:IS indicated by the dotted lines, s, :ire apt to occur. b )  represents 
a Clnss I filling in :I lower molar, where the condenser is pre4s- 
ing the aiiialgaiii through :in isthinus low:ird :I wider cp:ice of 
the cavity; the consequent shifting of the aiiialg~riii :ilre:itly in  
place will give :I slit a t  s. c )  shows the contour of :I proximo- 
occ1us:il filling seen from tlie occlusal surface. Insufficient ins- 

t rix :ippl ic. at ic )ii 111 a y e a s i i y re sii I t i n ( ) ti t w : i  r (1 di spl :I c e 111 en t of 
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a b. C 

l h c  :iiti:ilg:itii i n to  the  interproxiiiial space, :rnd \lits at \ w i l l  

‘l‘lie tendency 1 o forination of this type of slit5 i.; evidcncrd 
part Iy by c,aperiiiients where a1ii:ilgam fillings were tii:ide in ex- 
tr:ictetl teclh, p i r t l y  by the relatively high incidence of \lits ; i n d  

ti1;irginal fractures in tlie :iboveiiiciitioIied par ts  of estriictetl 
t ec I ti c () i i  t :t i t i  i 11 g 3 t 11 :I 1 g:i I 11 f i  1 I i n g s. Q LI it e of t  e i i  w i I1 the  111 :I r g i t 14 

1)re:iI~ already 0 1 1  polishing o f  the vu1iier:ihle area\. 

~’n\ltc.  

1V. Plastic-ity (f low) 

Inspection of ~~roxiiito-occlus:iI fillings in estr:icled teelh wii ie -  

titties sliou \ that the proxiinn1 parts of the fillings h:ive 1)ec.n 
pre\s(d sotiiewh:rt outward in  the proxit i id direction, a t  the s:itiit’ 

tiiiie ; I \  tht. margin:il ridge :ire:r seeitis to have been pre\\cd sotlie- 

what tlown\v;ird in tlie gingival direction. Possihly t h e w  dtafor -  
tii:itions are due t o  plasticity o f  the aiii:ilg:iiii under the iiiasti- 
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catory load. On the other hand, the phenonienon iiiay he the re- 
sult of delayed expansion, which initially has pushed the filling 
outward into the interproxiiiial space with subsequent deforina- 
tion of its marginal ridge area by pressure ( a  reliable diagnosis 
of delayed expansion can hardly be made, since both internal 
porosities and surface blisters may be attributed to other causes). 
Anyhow, the displacement of the fillings has often led to slits 
along the filling iiiargins of such n width that the aiii:ilgam iiiar- 

gins would break under the load of e.g. :I blunt explorer. 

V. Marginal excess 

Morphologically, marginal excess falls into two types, a and 
h, as illustrated in Figure 40. Neither type is fund:iinent:illg dif- 
ferent from an aiiialgam margin without excess; both can cor- 
rode, deform and break a s  described in section I .  It is not likely, 
on the other hand, that inarginal excess can be the primary factor 
in formation of slits between anialgniii and tooth which will 
predispose to marginal fracture. 

a b 
Fig. 40. The two main  types of  marginal excess. Type a )  leads directly to 
pool' hygienic conditions, while type h )  becomes unhygienic a f te r  B fracture. 
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1). D I s c I’ s s I ON 

It is too early to draw far-reaching conclusions with regard 
to the amalgniii properties and technique which would eliminate, 
to the greatest possible extent, the abovementioned causes for 
niarginal destructions. The causes grouped in sections II--\’II 
will not be discussed here, because they are already relatively 
well known and because it often is obvious how they can be re- 
duced or eliminated. There may, however, he reason to make 
the following suggestions for reduction of the tendency to 1ii:ir- 

ginal corrosion. 
Since ni:irginnI corrosion obviously is a question of formation 

of a concentration cell, it follows that Ihis corrosion can he con- 
trolled by excluding the electrolyte ( the saliva) from the sur- 
face of the :iitialguni ninrgin facing the cavity. To achieve this 
it is necessary, among other things, 1 ) that the :i~ii:iIg:ini has com- 
plete adaptahility, 2 )  that the :inialgaiii neither expands nor con- 
tracts during hardening, and 3 )  that the ain:dgam does not 
change diiiiensionnlly over a long period owing to e.g. thermal 
expansion, mechanical deformation, or del:ryed expansion. None 
of these requirements can be fulfilled (except perhaps the last- 
nientioned). Nevertheless, the nearer these aims are attained, the 
slower will the corrosion prohahly ad\.i 1 ,  nce. 

Good adaptability with R ,  values of approx. 0.5 ,u (see J$rgen-  
sen, 1964) means that the areas where saliva can penetrate be- 
tween aiiialgani and cavity wall :ire relatively s m a l ~ ,  while poor 
adaptability has the opposite effect. Siniilarly, there is doubt- 
less a cert:rin correlation between the degree of corrosion and 
the other slit-producing factors. 

Cavity shape and surface roughness of the cavity walls are 
important in determining whether a tendency of the emalgain 
toward diniensional change will be manifested to :I higher or 
lesser degree, by foriiiation of a niurginal slit for example. In 
this connection it should be emphasized that in itself, the width 
of the slit has  sc:wcely Inuch influence upon the rate of corro- 
sion. The average current necessary for producing quite a severe 
corrosion, e.g. with dissolution of 1 nig of tin per year, is only 
of the order of a few hundredths inicronmpere. It is lhe alter- 
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nat i i  e, slit or no slit, electrolyte or n o  electrolyte, that  is tieci- 
\ i w .  

To reduce lhe degree of corrosion it must also he re i i ie~ t~ l~ered  
Ihat t h e  residu:il mercury content niust not he higher iii the i t i : ir-  

gin t t i : in  in the hiilk of the filling. Ex:ictly how lhis can be ac- 
co inp l i~ l t ed  i \  neither known for occlusal nor for peripheral fill- 
Ings. 

Tlie 4ze  o f  t h e  tn:irginal angle o f  the  atii:ilg;ttii filling h:i\ 
inl‘luence on the inargin:il deflection produced by the iiiercuro- 
scol)ic cspansion. T h e  iiinrgin:tl angle will also influence the  
\lrerigtli and flexibility o f  the iiiargin. Since the  rnercurowo1)it. 
tlcflt.ci ion is greatly reduced with increasing values for the iti:ir- 

ginal m g l e  :ind is  zero :it 90 , :I in:rrgin:rl angle :is close :is pos- 
\il)le to this \:rlue iniisl no  tiouht he prefer:thle. 

I t  is the purpose of the  present study to :in:rlyze the coinpli- 
t.:rted Itiet.h:rni~in which 1e:ids to fracture o f  the  tiiargins o f  a i i i : i l -  

gaiti filling*. 
Section A cotit:rins :I short description of t he  two i l i a i n  typ-, 

( i f  fr:icltire,  yiz. the pressure f racture  :ind the  tensile fracturc, 
of  which the  fortner is iiiuch inore common than  the latter;  the 
pressure fracture is t he  one which C : I I I S ~ S  the  inost nnhygienic 
conditions. 

I n  section 15 tiiatheiii:rtic:il f o r i i i n l : ~ ~  are presented by iiieari4 

of \?-hich i t  is possihle to c:tlculate the  itiwxitiiuiii strength and 
tlefle\ion of the :tin:tlgaiii in:irgins under static Io:td. (:alcula- 
tion\ have been iiiatle of the  strength of : i~ i i~ i Ig :~ t i~  in;irgins : i t id  

of the  critical width o f  the slit between aiiialgaiii iiinrgin : ind  
c:rvily wall, i.e. the  ~7idtl1 which i \  necessary for the fraciurc. 
o f  the margin. 

I n  section (l an :inalysis i \  iti:rde of  the reasons why such \]its 
c:in occur helween :tnialg:tiii iii:irgiri atid c:wity w:il l  th:it leat i  
to fr:ictiires visible to the unaided eye. 

As  :in essentiiil (probably the most essential)  reason is  men- 
t ioned corrosion with resulting mercuroscopic expinsion : the  
:iiii:ilg:iiii surface facing the  cavity wall acts 21s :III anode i n  :I 
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concentration cell eleiiient, where the cathode is the free sur- 
face of the filling. Due to the anodic corrosion i1iet:illic inercury 
is set free; the mercury diffuses into the aiii:iIgani froin the cavi- 
ty side and causes a unilateral expansion of the wedge-shaped 
aiiialgani margin, which bends away from the supporting cavity 
wall. 

Other reasons for formation of slits :ire iii order of iinpor- 
tance: delayed expansion, condensing failures, plastic deforiii:i- 
tion (flow), marginal excess, eiiwiiiel f r x t u r e ,  and caries. Aiiiong 
these probably only delayed expansion and condensing failures 
can be classified a s  essential. 

In  section 11 is discussed which factors iii:iy be of significance 
for  reducing the niercuroscopic marginal deflexion. These fnc- 
tors can be classified a s  follows, 
1 )  Omission of electrolyte froiii the interface between ainalgniii 
and tooth. This can be attained only in part, naiiiely by :liming 
a t  the greatest p o ssi bl e adapt a hi 1 i ty , the s 111 a1 lest 1) o s si bl e set- 
ting expansion or contraction, a certain degree of roughness of 
the cavity wall not yet precisely definable, thc greatest possible 
parallelisiii between opposite cavity walls, :ind omission of de- 
layed expansion; the greatest possible strength of aiiialgniii will 
probably also iiiiprove the stability between filling mid tooth. 
2)  Reduction of the mercury content in the margins to ;I iiiiiii- 
iiiuiii and to the miiie value a s  in the bulk of the filling. 
3 )  The angle of the iiiargin of the filling should be a s  great :is 
possible. 

H 6SU hl B 
LA MBCANISME DES FRACTURES MARGINALES DES OBTUHATIONS 

D’AMALGAME 

La presente Ctude se propose d’:innlyser le ni6c:inisiiie coin- 
plexe aboutissant a la fracture des h r d s  des obturations d’aiii:il- 
game. 

La partie A contient une courte description des deux types 
principaux de fracture, B snvoir la fracture par pression et la  
fracture par traction cette dernikre h i i t  beaucoup inoins €1-6- 
quente yue la greiiiibre; la fracture par pression est celle dont 
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de rugositk de la p r o i  de 1:i cnvitk, degri. ne pouwnt  encore 6tre 
dkfini de facon prkcise, le 1)lus grand parall6lisiiie possible entre 
les parois de In cnvit6 opposi.es, et 1’:ibsence d’expnnsion tardive ; 
la plus grande resistance possible de 1’aiiialg:ime :rtiii.liorerait 
aussi probableiiient In stahilitt: entre I’obturation et la dent. 
2 )  Reduction de la teneur e n  niercure des hords h la plus petite 
valeur possible, et h la iii8iiie valeur clue d:ins la inasse de l’ob- 
turation. 
3) L’angle du hortl cle 1’ol)tur:ition doit Otre :iussi grand clue pos- 
sib1 e. 

ZITS A AI A1 I . 3  F A S S L’ N (i 

DIE KANTENFRAKTUR VON AMALGAMFOLLUNGEN 

1)ie vorliegende Untersuchung bezwecltt eine Analyse des koin- 
plizierten Mechanismus, der die Fr;il<tur der Kanten von Aunul- 
gamfiillungen hewirkt. 

Abschnitt A behandelt in Kiirze die beiden Fraktur-Haupt- 
typen, die Drucltfraktur und die Zugfralitur, von denen die er- 
stere doiiiinierend und auch diejenige ist, die die quantit:itix~ 
schlechtesten hygienischen Yerhiiltnisse zur Folge hat. 

Abschnitt 13 eiithhlt iiintheiiiatische Formeln, die die Kerrch- 
nung tler ~n:ixiiiinlen Festiglteit und der Deformierung von A11i:il- 
gainltanten bei statischer 13el:istuiig eriiiiiglichen. Es sind Berech- 
nuiigen :iugestelIt wordcn iiher die Kuntenfestiglteit und iiber die 
krilische Spl tbre i te  zwischen Amal~umliante  und Kavitiiten- 
wand, d.11. die Spalthreite, die erforderlich ist, uiii eiiie Fraktur  
der Kante herbeizufiihren. 

In Abschuitt C ist eine Aualyse der Ursachen (lessen enthalten, 
dass Spalten einer solchen Grosse zwischen Amalgainkante und 
1hvitiitenw:ind entstehen, dass nialtrosltopiscli sichthare Ih-iiche 
ent stehen ltiinnen. 

Als wesentliche (w:ihrscheinlich weitaus wesentlichste) Ur- 
sache wird Korrosion iiiit daraus sich ergebender iiierkuroslto- 
pischer Expansion angef iihrt : die Amalgniiiflache, die der Knvi- 
tiitenwnnd zugewendet ist, f ungiert :ils Anode in eineiii Konzen- 
trationszelleneleiiient, dessen Kathode die freie Oberfliiche der 
Fullung ist. I h r c h  die anotlische Korrosion wird u.a. iiietalli- 
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sches (\!uecltsilber frei ; dieses diffundiert  y o n  tier I<:ivit:itetiseite 
in d:ts Aiii:rlg:tiii untl liewitkt eine einseitige Expansion in tlcr 
I( ci I iii r I 11 i ge n A 111 :i 1 g:i 111 I< : i n  t e, die voii (1 e r u n te rs t ii t ze n de  n I\ :I Y i- 
tiitenw:intl weggeliogen wird. 

Als  :intiere IJrsachen zur 13ildung von Slxtlten tler angcfiihr- 
Icn (;i.iissrnortlnLlng wertlen geminnt : w r z i i g e r t e  Esp:insion, Kon- 
tl  e n si e l ‘  u n g s f e li I e r , p 1 : t s t isc he  1) e f or 111 i e r  u ng , ni:i r g i n :I 1 e r C! bcr- 
sc 11 11 s s, Se  li I i i  e I z f r: I Ii t i t  I’ u nd K:i I’ ie s. \‘on die se n I e t z t ge n:t n I i t  c i i  

I1 rs:icheii sin ti w r i i i  i t  t I ich niir die verziigert e Ex p:i nsion untl 
Kt ) n (I c 11 s i e I’ ii 11 g s f e h 1 e r we sc n 1 I i c h . 

In Ahscliiiitt 1) wird eriirtert, welche 1~:i l i torm fiir die IIICT- 

li 11 r ( > s Ii 01 i i sc 11 e l i  :i 11 ten a hbi eg LI n g 1% e t i  eu t i t  n g h:r 1)c n 1~ ii n n e n . 1) i e s e 
11 sic 11 f 01 gentler I ii:t sse 11 IC I :t ssi fizie ren : 

I .  \’ci.iiicidung von Elelitroly der Grenzfliiche zwischen Ain:il- 
S:IIII iind Z:thn. Ilieses Ziel t sich iiur teilweise erreicheii, 

I niig I ic h e r A hhi nd uii gse x p i  1 otler -Iconlr:iktion, einen h v -  
stiuiiiiten, noch nichl niilier definiertcn Grad der Kauhigkeit in 
(lei. I<:i~itiilcnw~tntl, grijsst iniigliche 1’:ir:illelitiit zwischen gegcn- 
ii he r s I e h e n (1 e n  I<: t Y it :i t e 11 wii 11 (1 e t i  11 n (1 \’ er I 11 cid u n g ve rzii gt> r t ti r 

tiision ; griisstiuiigliche ~tii~t1g:tinfcstigkeit w i r k  t sich sicher 
vt)enf:rlls fiirtlrrnd :iuf die  SI:ibililiit zwisrhcn Fiillung und Z:thri 

2. Rvd LI I<  t ion  tles Quec li sil t)ergeli:t 1 t s i t i  den A i i ia  I g:i ink :in t en  :i 11 1‘ 
v i i i  hliniiiiiiin untl :tiif den gleichen M’ert \vie in tler Fiillungs- 

3 .  1)t.r K:iritenwinltel tier Fiillutigen iiiiiss s o  gross wit1 iniiglkli 
sein. 

untl zwr:ir dLIre11 Anstrellen 61 11 ii g I ic ti e r A d :ill t :I bil it  ii 1, Ii I e i n s I - 

:1us. 

I I1 :is SC’. 
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