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INTRODUCTION 

’The literature o i l  the reactions of the pulp to  experimental silver amalgam 
restorations yd”rmetl  by the so-called conventional amalgam technique 
biiggests that both leakage and the initial toxic effect of the airialgani can 
clamage the 1)~ilp (Briinnstriirn, 1963; Granath &r Moller, 1969). Grcznath &r 
i2liilZt~r. (1969) found a tendency to niilcler reactions of the pulp in human 
1)icuspitls 1 inonth after insertion than after 1 week. This was interpreted as 
a sign of iniproi-ed sealing. But it was not possihle to guarantee that the 
seal after 1 nionth was so good as to prevent capillary inspiration of saliva 
conipletcly. On the basis of the literature on the cytotoxic effect of freshly 
Irrepared tunalga~n, arnong others by Kazmhura rt  al. (1959), it was felt 
that the initial and per ing p l p a l  changes were not due to leakage alone. 
Re-irritation Iiy irietallic mercury released by the corrosion process, which 
c‘iin iniyrrove the seal, was considered a possible contrilmtory factor. 

111 ihe investigation accounted for above (GTanath dl- Mijller, 1969), us(: 
ivas made of an amalgam, whose scaling properties were not known. However, 
in order to evaluate the liarticmlar effect of the amalgam the degree of adap- 
tation ohtainetl as a result of a given preparation and p c k i n g  should be 
defined. Biological tcsting of material according to such prirlciples has, as 
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far as we h o w ,  not been rcportccl. This is prold)ly dtie niairily to 1111-  

availability of a snitable method for comparative cparititatiot: of i r i  r i t w  
leakage. Such a method has now been devised (Gmrtnth Ltl- Sverzsson, 1970). 

tlie hiological effect 
on hurnaii dental pulp of eri)eriincrital restorations of silver arrialgarns of 
liriown relative sealing properties and with Iiigli 1)lasticity at  t tic tirnc of 
insertion into shallow cavitics. 

r l  l h e  purpose of the present investigation was to a 

HATERI.\I. .AND METLIODS 

‘Z‘wth. The material consistetl of 28 bicnspitls, whicli were to I ~r r s t r a c d  
for orthodontic reasons. T h e  tcctli were intact ercel)t for a few- with siiprrficial 
enarriel tlec~alcificatioris. 

Anialgnms. Two braids of amalgam, A arid R, cx)rrcsimndiiig to arrialgarii 
1V aritl V l l l  in previous I)liysical investigations (Grnriath, 1911) \$ere i iset l .  

As far as sealing properties are cwiic.rrried, tliey rcpresenletl eytrenie val i ies  
in a series of 9 h a n d s  of arnalgarn. Twenty-four hours aftcr 1~rrI)mitiori the 
test bodies with anialgarn A hail heen tight, while those with urrialgani 13 
had s h o w n  leakage in the air firessine IWI. ilfter the test botlies t iat1 h c i i  
euposed to  change in tern1)cratiire, 6--48”C, also amalgam A sIiowe(1 leal.;uge. 
For amalgam €3 leakage w a s  then fairly severe. 

Exprrimrrits. After application of a ru lher  (lain a cai-ity was prcparcd 
through the I)ucc:al 1m)rninence of the tooth. The 1)reparatiori was  carrietl 
out in 3 stages iinder continuous irrigation with physiological saline of room 
temperature. After rnaliing a superficial marl.; on the tooth with a sinall 
spherical diarnond to clenote the centre of tlie cavity t o  I)e tnade, tlir cir- 
cumference of the cavity was stantlnrtlised with a spherical tliuniorid a1,out 
3 tnin in tliarncter. This step was clone intermittently with thc w e   fa machine 
with a niasinliiiti speetl of 6,000 revolutions per minute to 21 depth c’orre- 
spontling to tlie radius of the diamond. Finally, the ravity was tleepietl 
with a spirally cut, cylindrical hard-metal bur with a roundetl head, friction 
grip-adaptor, and about 1 mni in diameter. The third step, like the firs[, 
was carried out with a high-sI)eetl machine with a masitnnni speed of 100,000 
revolutions 1)er rninule. ‘ h e  cavity was shallow, which ineiitis that its floor 
lay in the outer half of the clentin. 

T h e  effect of the operative procedure on the pulp was cliecketl in a series 
of teeth in which deep cavities were prepared. NU signifiraiit vtiarigcs were 
rioted, the  resiilts to he reported in a subsequent work. 

1 he cavities wcre dried with gauze arid fillctl with amalgam according to 
the wet technique (Jorgensrn, 1967). Preparation ant1 ImAing of t he  amalgain 
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xvas ~ i ~ r f o ~ m t ~ l  in exactly the sanir way as in the physicnl studies (Gran,atIt, 
1971). 

Fourteen cavities were filled with amalgani A arid 14 with anialgam B. 
Seven of thc trrth in each group were extracted after 1 week arid 7 after 1 
mopth. 

The teeth were extracted with forceps under local anaesthesia with 1 ml 
3 T)  Carbocain '* Deiitul. The teeth were immediately immersed in water 
and the apical third was ctit off with a diamond, after which the teeth were 
Iilaced in 10 "6 neutral fornialin. 

Histological twatmcvzt. The teeth were decalcified in V erseiie @ at pH 
7.4 a t  60°C. After the specimens had heen enihedded in paraffin, serial 
sections, 7--8 pin thick, were cut and stained with haematoxylin and eosiri. 

RESULTS 

,, 1 he rcwlts iirr givcii in 'l'ablc 1. Nine of the teeth with airialgarn A arid 13 
of  hose with iinialgarn R sho\sed mild pulpal i~iflanimation. The inflanima- 
tory clianpes c,onsistetl of dilated capillaries in the odontohlast layer a d  the 

ociated with tlie dentinal tulndes itivolvetl in tlie cavity 
irie cases the reactions were sinall, Fig. 1 shows tlic changes 

iri a tooth exaiiiiiietl 1 montli after insertion of thr amalgam. Disorgaiiisation 
of the area iirrtlentin - cell-rich zone riot rioted in any case, but 2 teeth 
v itli aiiialgani A euniinctl after 1 week and 1 month, resl~ectivi.ly, showcd 
svattcmd influmniatorp cells. 

'1al)lc 1. 

Occiirrerice UJ'pulptrl chunges in 28 bicuspids with experimental restorations of silver umnlgarn 
with high plasticily on inserfiori into .shallo.w cavities 

~. ~~ . ~ . 

Dilated capillaries OdontoLlast nuclei 
in odontollast layer 
and cell-free zone f i i y  . numerous 

in  the dentin 

No. Mith arnalgant G 
examined aftrr 1 w w k  (7) 

) 1) 1 month(7) 

and Mith arnalgam 13 
exmiined aft1.r 1 week (7) 

>I )) 1 month (7) 

1 3 4 
> 

6 3 1 
7 3 
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Fig. 1. One month casc in group A with dilated capillaries adjacent to thc pcedmtin ;mtl ii 

number of histiovytes around thr \-txssc.ls: othcrwist. no notc.worth1- rhnnp-s: . 475 

The occurrence of inflarriniatiori  as roughly the sattie in the teet l i  rsaniinetl 
after 1 week a i d  in those examined after 1 month in group A and groiip H, 
respectively. On the other hand, the total frequency of inflammation in 
group B was soniewliat higher than in group A. This difference was statis- 
tically not significant, according to analysis of 1iyi)ergeoirietric distrihitiori 
of the variable. 

A few disintegrated oclontoblast nuclei were found in dentinal tuhules ill 
c*omnmnication wit 11 cavities, viz with ainalgarn A in 3 cases examined after 
1 week, arid with nrrialgani B in 3 cases examined after 1 week and in 3 
examined after 1 month. Numerous nuclei werc found with amalgain A in 
1 case arid with amalgam U in 1 case, both euaniinetl after 1 week.  Tht. 
findings were made iii cases with inflarnmation. 

DISCUSSION 

‘The results of the physical investigations (Crarxzth, 1971), which s l i o ~ e d  
that the use of amalgam B resulted in comparatively poorer sealing than the 
nse of amalgam A, warrant the following conclusions. Since an effect of 
change in ternperature in the mouth cannot be excluded, one cannot, apriori, 
assume that amalgam A remained tight throughout the experimental period. 



‘Tlir presence of oclontohlast nuclei in the dentinal tubirles in tlie caws with 
iriflamniation and examined after 1 week lend siiiqmrt. t o  this assuinptiori 
(JUIILPS & Schou,r, 1955). On the other hand, the insignificant difference in 
inflammatory reaction lietweeii group A and group R speak for t h a t  in- 
sufficient seal of the size that was registered for unialgam N in the physical 
atadies does not result in clinical leakage of iiiiticeiil~le irtiportancr, wlieti 
iiirialgarii with high plasticity is inserted into sliallo~\- cavities. 

The total frequency of inf larriniation was high. T h e  initially high iiietallic, 
inercury content of tlie amalgam had apparently irritated the 1)iiIp. It sliould, 
however, be born in mind that the iiiflamiriatory reactions wcrc mil(1. The 
”ersisting clianges might he a coiisequence of a fixiition process which may 
1 wrhaps he explained h y  t he occiirrence of niercriry chloride in the pre- 
a~n;ilganiatecI alloys. Prc-arnalgamatioii of alloy partirles is clone hy washing 
t lieiti with mercury chloride. This compound fires 1)y coagiilation hiological 
tissue hy reacting with the sul~)hyclryl(-SII) grou 1) in the 
of the protcins (Baku ,  1958). 

It is still too early to give any clinical reconiiiiciidatioris oii the hasis of 
this investigation. Further linowledge of the biological effect of insertion 
of anialgani of high IJasticity is desirable. 

.4cknowledgemenf. \Ire wish to caprcss our gratitude to Dr Nore Knutsson, Chief Dc-ntal 
Officrr, Department of Orthodontics. Puhlic Dental Sprvict.. \IaIrnij, Sweden, and hi$ ~ o -  
workers for collecting the suhjects. 

SUM MARY 

r >  I he purpose of the investigation was to assess the biological effect on human 
deiital piilp of experimental restorations of silver amalgams of known relative 
sealing properties and with high plasticity at the time of insertion into 
sliallow cavities. 

The niaterial consisted of 28 bicuspids to he extracted for orthodontic 
reasons. Fourteen cavities were filled according to the wet technique (Jm- 
gensen, 1967) with amalgam A, which had been shown to give a good seal, 
and 14 with another amalgam, B, which gave a comparatively less good seal 
(Cranath,, 1971). Seven of the teeth in each group were extracted after 1 week 
aiid 7 after 1 month. The teeth were examined histologically. 

Nine of the teeth with amalgam A and 13 of those with amalgam B show-ed 
mild inflammatory changes consisting of dilated capillaries in the odontoblast 
layer and the cell-free zone. No difference in frequency was found between 
the cases examined after 1 week and those examined after 1 rnorith. ‘rlie 



total frequency of iriflaniiiiatiori in group B --as soiiiewliat liiglier tliaii in 
group A, liut the difference was statistically not significant. 

It was concluded that any cliiiical leakage had heeii of little iniportarice. ‘I’lir 
initially high metallir: inerrtiry content liad apparently irritated the pip. 

HlhC’l’ION D E  1.4 PUI,I’E DENTAIHE IIUMAINE AUX HESTAURATIONS D’AMAI.GAME 

D’AHGENT. ACTION I)E l.’INSEHTION D’AhIhT.CAME h IlAUTE PLASTICIT;: DAhS 

DES CAVITBS PEU PKOFONDES 

Le I n i t  tle ce travail a 4th d’ktudier l’effet h io logi ip  prodtiit daiis la p i i l ~ i e  

iurations erp6ririieritales tl’aiiialgainc d’argeiit dorit les pro1)riCti.s 
relatives d’PtanrhCit P Ptaient c:oiiriiies rt ayant line haute plastiritk an moincnt 
t i e  l’inscrtioii dans tles c3aviti.s lieu [profoiicles. 

l x  inut Priel se conil)osait ile 28 I,rkinolaires clevaiit Ctre extraites tlaiis t i i i  

hiit ortliotloiitique. 1 ~ s  o1,tiiratioiis o i i t  ktC: faites tlaiis 14 cavitbs siiivaiit 
la tccliiiique mioiiill6eo ( J m g ~ r ~ s e n ,  1967) avec l’ainalgaine A, cloiit la qiialit6 
de l’Ctatich6it6 avait kt6 dCirioritrCe, el. tlans 14 autres cavitbs avec l’ainalgaint~ 
B clont I’ktanchCiti. htait rclat ivcinent iiiuins Iioniie (G‘rariuth, 1971). Uans 
chaipe g r o u p ,  7 dents ont k tk  ertraites au bout d’une srmniric et 7 dcrit> 
a11 h i i t  tl’uii inois. Lcs dents extraitcs otit &ti. souiiiiscs h i i i i  eiatiieii Iiis- 

tologique. 
Neuf des dents ohturc‘c~ HVW l’atrialga~ne A et 13 cie rcllcs obttirhes aver 

l’uriinlgaine U 1)rkseiilaient tle 1kgPrt.s altbratioii; iflaininntoires consihtunt 
cii capillaircs dilates clans la couchr tlrs odoiit old. es et tlaris 13 %OIlC m ~ l l i i -  
lairr. 11 ii’a 1)as i.t& troiivi. de cliff6rcnre riitre les frkqntmccs parini lrs cas 

euuniiriCs iiii  1111i i  t cl’iine seinaine et. ~)artni  les cas examin6s au ],out t l ’ ~ u 1  

rnois. La frkqueticc totalc’ tles c;is tl’irifhtiiiiiaIiori tiails le groiipe I1 etait 
16gi.rement plns 6lev6e ipie dam le groupe A, mais cette tliffPrericc. ri’i.Iait 
pas significative du point tle vue statistique. 

F:ri coricliisioii, uii inanqne cl’ktaiichkitk cliniqiie ii’avait gn8re c ~ i  d’ in ipr -  
tame notable. La terieur itiitiale &lev& en inerewe rrii.talliqiie seiiilhit Ftrr 
la cause de  l’irritatioii piilpairr. 



DENTAL PULP REACTIONS TO SILVER AMALGAM 171 

ZUSAM.MENFASSUNC, 

D I E  KEAKTION DER ,\.lENSCHLICIIEN ZAIINPULPA AUF SILBEKAMALGAMFULLUNGEN. 

UER EFFEKT BE1 APPLIKATION YON AMALGAM kIIT HOHEH PIASTIZITxT IN 

KAVITATEN \-ON GEHINGEK TIEFE 

Ziel rler Uiitersuchuiig w-ar, den biologisclien Effekt von experimentellen 
Fiilluiigeii init Silheramalgani rnit verschliessenrlen Eigenschaften, deren 
Relation 211 einander belcannt war, uncl riiit holier Plastizitat wiihrend der 
Applikation in Kaviiiiten vori geringer Tiefe auf die rnerischliche P u l p  zu 
veratischaulicheri. 

Das Material bestand ails 28 Ilikuspiden, rlie auf Gruncl orthodoiitischer 
Heliaridlung extrahiert wercleti sollteii. Vierzehn Kavitateii wiirden riach der 
iiassen Methocle (Jmgenwn, 1967) riiit Amalgam A, das sich als gutes 
\/erschlussmaterial eru-iesen Iiatte, wid 14 andere Kavitateii rnit Amalgam 
H gcfiillt, das eiiien verhiiltnisinZssig weiiiger guten Verschluss gal) (Gra- 
nnth, 1971). Sieben ZBhiie aus jetler Gruppe wurden nach einer Woclie, 
M-eitere 7 ZZhrie iiacli eiriein Moiint cutrahiert. Die Ziihne wurdcn liistologisch 
imtersucht. 

Neiin Zahne niit Airialgani A i i i i d  13, die init Amalgarii B gefiillt waren, 
zeigten niilde inflanimatorisclie 11 eriinderungen, und m a r  erweiterte Kapilla- 
reii i i i  tler Odoritoblasterizorie untl der zellfreien Zone. Zwischeii den Ziihneri, 
die iiach einer Woche untl jeneii, clie nach eineni hloiiat untersuclit wurden, 
war keiri Frequenzuriterscliiecl festzustellen. Die Gesanitfrecpenz inflani- 
iiiatorischer Veriinderungeii lag in tier R-Gruppe etwas liiilier als in der 
A-Gruppe, aber der Unterschied war statistisch nicht signifikaiit. 

Rlari stellte fest, class jegliche Leckage von geringerer Bedeutiuig geweseii 
war. Der anfinglicli holie Crehnlt an nietalliscliern Quecksilber liatte offen- 
sic1itlic.h rlie P d p i  gereizt. 
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