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The concentration of wine iiiicro-eleinents in  ”norm:il” h u m m  
enainel and dentine has been the subject of investigation ( S a m -  
scihl & Siiremtirk, 19G2). Using this study as a background, 
further investigation was perforined concerning the influence of 
prosthetic applications on the concentrations of micro-elements 
in human teeth (Soremrirk et  d., 19G2). The teeth were analysed 
after having been restored with gold inlays, silver aiiialgaiii, and 
gold crowns, and after having had gold and  chromium-cobalt 
alloy clasps in contact with their enamel surfaces for given pe- 
riods of time. These experinients showed that eleiiients present 
in the various restorative niaterinls penetrated to a large extent 
into the hard tissues of the teeth. 

The role of galvanic action due to the potential difference be- 
tween the iiietnls of the reconstructions, the saliva serving ;IS an 
electrolyte, has  often been discussed (Ullmrinn,  1932 ; Z,rrin ~t 
Cauglzron, 1936; Spreng,  1940 ; Kheinrucild, 1953). Soine soft tis- 
sue irritations, soiiietiiiies in  the forin of ulcerations, sometimes 
as epithelial changes of various intensity of hyperkeratosis are 
supposed to be caused by the galvanic action. However, there is 
also reason to suspect some form of metalosis, set up  by the 
deposition of metal ions in the soft tissues. 



136 A. l ~ l ~ ~ R ~ ~ l < i V l I O l , l L ,  I I .  I I l : l ) l < ( i r ~ l l l )  ANI)  I{. S ~ l I l ~ ' M A I I 1 ~  

I o n  transport, presuiiiably due to g:ilvniiic action, seeiiis to be 
iiiore pronounced with untreated "non-lioiiiogenized" than with 
heat-treated "homogenized" gold al loys (HcdegBrd, 1958). 

Since, however, all these studies have been perforiiied on per- 
sons with tooth restorations o f  dissiiiiilur :illoys, they do not en- 
:ihle the hisic pattern o f  the iiiet ;il ion tr:insport to he :iscert:iin- 
ed; further experiiiientiil work was considered necessary to re- 
solve this probleiii. 

:I) to compare the penetration of iiietal ions into the den td  h a r d  
tissues with that into the gingival tissues :ind, 

b )  to exaiiiine the possible difference in the transport into enaiii- 
el and dentine :ind into environiiiei1l:il gingiva of iuetul ions 
froiii various types of  gold :illoys and from heat-treated ("ho- 
inogenized") and untreated c:ist gold inlays. 

The purpose of the  present inrestigi 'I t '  1011 was: 

n I A t m i m r ,  m r )  I I I ~ ~ I I O D S  

This study had to be perforiiied 011 experiiiiental miiiinls. 
Three 1% years old sibling dogs in gcneral good health were 
used for the experiiiients. Chss V in1:iy cavities were prepared 
i n  preiiiolars, cnnines, and incisors. In all, 42 teeth were pre- 
pared. Gold inlays were prep:ired :iccording to ordiniiry lech- 
nique. Twenty-carat gold (supplied by ddeliiietallbolugct), C -  
:iud E-gold alloys (supplied by Sjiidings and Co.) were used for  
the inlays. All the inl:iys were boiled i n  acid, rinsed in  water, 
dried and fixed in  the cavities with Phosphatine ( a  phosphate 
ceinent). During the time interval between the lirep:iration of 
the cavities and the cementing o f  the inlays, the cavities were 
sealed with teiiipomry stopping. 

Half the nuinber o f  the inlays of e:ich gold type were hent- 
treated ("lioiiiogenized") tit 650c' C for 11% hours. On each dog, 
cavities were preptired on one side of the upper and lower jaws, 
inlays fitted :ind cemented :ind left for 15 days. After extraction 
of these teeth for analyzing and :I subsequent rest period, gold 
inlays of the  s:iiiie type of gold but with different heat-tre:itiiient 
were fitted to teeth in  the other side of the iiiouth and left for 
an equal period of time, 15 days. 
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All samples were dried in an electric oven for 48 hours :it 
C. The dried satnples were then placed in polyethylene bags 

:ind sealed. The samples were not in contiict with materials other 
than glass or polyethylene. Standard amounts of  the three el- 
ements to be studied, Au, Zn, and Cu, were inserted into p l y -  
ethylene tubes and sealed and then placed in  the satiie standard 
aluniiniutn can :IS the sample. Thus, the standards and the sani- 
ples were irradiated simult:ineously. The aluminium can con- 
taining the standlirds :ind the s:imples to he studied was irradi- 
:ited by thermal neutrons for :ibout 20 hours. The f l u s  was about 
1 0 1 2  neutrons X cn-2 X sec.--1. When the period of irr:tdintion 
waq completed, the tooth samples were dissolved in  1 N HCl con- 
taining 0.3 % H,O,, and the gingival s:lniples were dissolved in  
H,SO,. The group sepnration technique by Srrmsrrhl & Siiremnrk 
(1862) was used where applicable. The gamma-ray spectra were 
then registered in :i single channel analyzer operating with a 
well-type scintillation crystal (3" x 3") .  

The entire tooth W:IS used, the enamel and dentine thus not 
being sepwnted. Records of one looth sattiple and one gingiva 
sninple are given in  Figu. 1 and 2. 

Fig. I .  Ilecortls i ) f  o n e  toiith sninplc (hcnt-tl-eatcti gold in lay) .  



Fig. 2. Records of o n e  gingiva sample ( h r a l - t w a t e d  gold inlay) 

Heproducibility tests of the analyzing method used 

To ascertain the reproducibility of the method, the following 
tests were iiiade. After neutron irradiation of three dog loot11 
s:iiiiples (about 200 ing each) a t  different times for about 20 
hours in the flux of about 101z neutrons X cn--? y sec.-1, the 
s:iniples were dissolved :IS described. Of the solution obtained 
(50 ml),  4 portions were iaken, each of which w:is radiocheiii- 
ic.:illy seprated in groups. ‘l’wo 1:ibor:itory assistants each ana- 
lyzed independently 2 portions of the concentr:itions of gold :ind 
zinc. In this way three different tooth s:iniples (I, 11, 111) were 
tested. To one of the suinples (111)  1 1111 o f  ;i gold and zinc solu- 
tion was :idded as  c:irrier before dissolving. The results of the 
reproducibility tests :ire given in Table I. 

The present tests o f  the reproducibility showed a close zigree- 
ment :inlong the different portions from the s:iiiie tooth saniplr. 
In most cases the differences hetween the various portions froui 
the stiiiie tooth saiiiple were about the saiiie as the standard 
deviation of the inipulse counting. The results obtained when 
carrier was :idded hefore the chciiiic:il group scl):ir;ition (s:im- 
ple 111 ) were not of higher reproducibility. 
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Table I 

Ijcsults of the reproducibility tests concerning the analysis  of thc  concen- 
trations of  gold and zinc in  dog teeth 

~ _ _ _ _ _ _ ~  ~_________ 

Counting rate, mean of 

four portion5 and the 

\ tandard d e b  iation i n  70 

The stand a rtl tl e via t ion 

of the counting rate in % 

The deviation hetween 

Ihe t w o  laboratory 

assistants in % 

Sample 

1 

11 

111 

Ai i ’RR 

306 8.1 

1x2 * 9.4 

133  * 24.0 

I1 
111 

I 
I1 
111 

. ~ 

7.4 

1 .x 

0.5  

o.n 
1.1 

%,lnulll 

2140 f 4.7 
1620 & 9.1) 

1560 n.o 

3.2 

2 5  

2 5  
_ _ _  

4.G 

5.7 

4.6 

No carriers were used in the radiorheniical separation pro- 
cedures in the studies presented in the next section. The meth- 
od of analysis was considered to he re1i:thle for the present study. 

n E s u LT s 

Tables I1 and 111 present the aiiiount of Au, Zn, and Cu found 
in the teeth and in  the marginal gingiva after n period of fifteen 
days with the inlays of wr ious  gold alloys in sifzz. Table I\’ 6’ Jives 
the test values for the controls. 

The results showed high concentrations of ALI, Zn, and Cu in 
the hard tissues of :ill the teeth with gold inlays and in the 
imirginal gingiva contacting these teeth. The ronceiitrations 
showed, however, :I consider:ible fluctuation. 

The results did not show any correlation with various types 
of gold :illoys tested n o r  were there :my significant differences 
associated with the heat-trcatnient of the inlays. 

It was not :ilw:iys possible to obtain data on all three iiietals 
for each specimen due to diffirulties in organizing the 1iie:is- 
uring operation in the short tiiiie :ivail:iblc for the two elements 
with fast decre:ising activity (Cu and Z n ) .  



Table I1 
Amounts (ppni)  o f  Au, Zn, and Cu i n  dog teeth with gold inlays in situ 

for fiftcsen days 

Dog I 
20 ca r l l t  goici : 1 ~ ~ 0 ~ ,  

hcnt- t reated (homogenized)  n o t  heat-tre:ited (non-liomogeiiizcd) 

Tooth 

--1’1 

-1’2 
--PB 

+ PZ 
+ ”3 

+ 1’4 
~ 

% I 1  I cu l‘otrth 
~- 

508 6 59 1’1- 
428 59.li P?- 
301 15.8 1’3- 

1’4- 

1610 5.8 P? + 
3.71 1.98 P:l+ 
378 15.65 1 1’44 

_ _ ~ -  

1)og I and 11 
(:-gold ;illoy, 

%I1  

4250 
528 

172 

12.5 

815 

495 

1785 

CU 

13.5 

1.63 

17.2 

3.08 

3.03 

11.3 

heat-treatc‘d (homogenized) not 1ic:it-lrentcd (noii-homogenized ) 

Tooth 

4’ 1 
-1’2 

-P3 

+ P2 

-13 

+-I? 
+ 1:i 

~ c1 

+c1 

A U  

I . 7  
7.1) 

3.5 
5.8 

40.0 

-- 

0.20 

0.25 

1.5 
0.42 

%n 

531 

54:in 

945 

28i0  

68.5 

CU 

1.7 

16.6 

1.7 

? . l  

18.5 

Dog I l l  
E-gold alloy, 

Iie:it-tre:itctl (honiogcnizetl) not heat-treated (nail-homogenized) 

l’nott 

-13 

+ I2 
+ 13 

--c1 
+C1 

A U  

0.063 

1.3 
n.1 

0.23 
0.13 

.~ 

% I1 

234 

17693 

862 

3684 
281 

Au 1 
n.i(i  

4.5 
0.45 

8.5 

0.098 

Zn 

3026 

995 

915 

084 

106 

cu 

2.3 
1.6 

0.78 
0.88 

0.82 



Tulle I11 
Amounts (ppm)  of Au, Zn, and Cu in marginal gingival tissue i u  contact 

with buccal gold inlays in sit i i  for fiftrcn days i n  dog teeth 

Dog I 
20 carat gold alloy, 

hcat-treatrd (homogenized) not heat-treated (non-homogenized) 

30.1 I 

4.6 

22.5 ~ 

1’2 

1’3- 

P2+ 

Zll A 11 % I 1  

346 

3 i 0  

880 

252 

~- 
CU 

28.4 

7.4 

~. - 

114 

21.7 

13.75 

32.5 

-PJ 
-1’2 
-. P3 
+ 1’2 

11.0 

41.6 
.i.)h.3 < (  . -  

78.34 

4.22 

42.0 

5 0 5  

heat-treated (homogenized) not heat-treated (lion-homogenized) 

Toot 11 

-P1 

--P2 

-1’3 

+ P2 

-13 

+ 12 
3- I3 

--c 1 

+c1 

~~ 

AU z I1 CU ’I’ooth A U  z 11 C U  

5.1 

0.27 

11.2 

209 

0.2 

1 .!) 
55 

2 

304 

231 

1181 

227 

230 

148 

3Xfi 

A><) ‘ - r  

1.7 

0.81 

384 

0.48 

3.4 

0.9 

410 

857 
248 

102 

113 

6.9 

11.8 
8.9 

11.3 

11.8 ~1 I2+ 

11.3 13 4- 

6.9 C1- 

8.9 l i  C1+ 

Dog 111 
E-gold alloy, 

1ic;it-treatcd (homogcnized) not heat-treated (non-homngenized) 

’I‘ootll z 11 A U 

71.4 

27.4 

1.9 

!)$ I3- 

29.5 12 + 
13 + 

3.3 I C1 ~ 

!I C 1 +  

!)0.4 

0.19 

6.6 

0.89 

0.1 1 

102 

102 

183.2 
59 

49.2 

11.6 

1.5 

8.7 

3.3 

2.2 

-13 

+ 12 

+ I 3  

--c 1 

+C1 

3885 
873 

557 

521 
I 
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A s  in the previous study by SUr.~nirtrk cl nl., 1962, elements 
present in the gold inlays penetruted to :I %reat extent into en- 
vironmental tissues and increased the concentr:rtions therein. 

As the inlays were in situ for only one period it was not pos- 
sible to determine the rate of trnnsport of the nietnl ions from 
the restorations into the teeth :ind the i i i : q i n : i l  gingiw. How- 
ever, in the earlier study, it W:IS concluded that the transport 
was of long duration. The present findings also suggest that  the 
iiiigr:rtion continues over :I long period. 

It is possiihlc that the rate of transport differed from one tooth 

Tnble IV 

\';ilues lor control\ ( ppiu) 

Dog I -P4 

I I  RIB- 
I M3- 

111 M3- 

111 -12 

111 -11 

._  - 

Vnluc~s for  thc  t e e t h  

A U Zn 

204 

2H1 
204 

298 

312 
124 

Dog I -1'4 

1 C1-1- 

I +c1 
I b l l +  

I1 c1+ 
111 l J + -  
111 ---P2 

h1 & s. I ) .  

-~ 

Au 

0.68 

O.O!)X 

0.25 

n.17:i 

0.03:12 

0.14 

0.27 0.21 

CU 

n.36 

3.7 

i':ilncs for the gingiva 

I cu z 11 

7.0 
4.16 

17.5 

5.5 

2.9 

6.3 

7.2 rt: 1.7 
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to another for the concentrations varied widely although the 
period of exposure was the saiiie throughout (15 days) ; but this 
fact may also be due to possible non-controllable variables. Since 
the size of the gold inlay was limited liy the size of the individ- 
ual tooth the inlays vary consider:ibly in this respect. The area 
of contact between the gold surface and the tissues was not 
therefore equal in :ill the cases. Furtherinore, there was no way 
of preventing gingival retraction. I’nthological changes in  the 
inarginal gingiva due to snienrs, iuechanicnl trnunin caused 
through preparation of the cavity and the temporary filling inny 
vary considerably from tooth to tooth and influence the upt:ilte 
of inetal ions. Since, then uncontrollable factor5 may have :in 
iniportant effect on the rate of nietal tr:insport ; and, therefore, 
the results will not be precise. 

The comparatively sinall variation in concentration of the met- 
als tested in the controls suggests that the test procedure is re- 
liable. As the controls were taken on the siinie occasions as the 
test samples and subjected to the same tre:itiiient, there is no 
reason to suspect any uncontrolled factor in the test procedures. 

It has  already been shown by Siimmrtrk et  nl. (19821, that 
single constructions :ittached to :I tooth will deliver nietal ions 
to the dental hard structures. The present study confirms this 
and also shows that the s:inie is true of the gingiva. 

In most cases the concentration of gold and copper was higher 
in the ~nnrgin:il gingiw than in  the tooth tissuc, while the re- 
verse was true for zinc. Consequently, the Au and Cu transport 
into the teeth was slower than that into the soft tissues, which 
could be expected ( c f .  the review by Ihmdeaold d? Siiremnrk, 
1984). This might be attributed to :I retarding effect on the ion 
transport into the enamel and dentine by the zinc phosphate 
cement. The cement may partly explain the high concentr a t’ ion 
of zinc in  the tooth tissue. 

The values obtained for the ”norni:il” concentration of gold 
and zinc in  the control teeth were found to be in agreement with 
those obtained for human teeth (Snntsrrht ~t Siiremnrk, 1982). 
Too few test results were obf:iinetI fo :iIIow toinparison for eoppcr. 
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The penetration of gold, zinc, and copper ions froiii gold inlays 
into tooth tissues :ind adjacent marginnl gingiva was studied by 
ine:ins o f  theriiial neutron activation :in:ilysis in coinhinntinn 
with gaiiinia spectronietry. Three ntiult dogs were used lor llir 
cxperiiiient. Forty-two tooth s:iniples and forty-two :idj:icent gin- 
gival snmples were an:ilyzcd :liter thc gold inl:iys 1i:id hcrn in 
silu lor :I period o f  fifteen days. The rcsiilts were coinpired t o  
control s:iniples. 

The results showed that Ail, Zn, :ind Cu froui gold inlnys 
pcnetr:itetl to a grc*:it cxterit i n t o  enviroriinental hard and soft 
tissues. 

The penetration nf gold and copper into the niarginnl g i n g i n  
was niorc pronounced tlian that  into thc tooth sul)stnnces. The 
reverse was true for zinc. 

‘l’hc present study did nol show :iny differences in the ahility 
ot‘ tnetal inns froin different gold alloys to penelrate into the 
surrounding lissries. C-, E-, and 20-carat gold :illoys :ind hcat- 
trcated (”houiogcnizcd”) and unlre:iLed c*ast Sold inlays had the 
s:\llle effect. 

R I h L J M f i  

ETUDES SUR LE THANSPORT DAKS LES TISSUS ENVIRONNANTS D’IOR’S 
MRTALLIQIJES I’IIOVKNANT D’INLAYS D’OK 

IAI pc‘n6tration d:ins les tissus dentaires et &ins I:I gencive 
1 n :I r g i n :i 1 e avo i sin:i n t e d’ion s d’c) r, cle z i 11 c e I d e c ui vre 1) rove n a n t 
d’inhys cl’or a 6t6 i.tiidii+ par  annlyse p r  activation thermique 
neutronique conibinc‘e h I:I sl)ectroiiiPtrie par rayons gaiiini:~. 
Trois cliiens :idultes ont servi pour cette expc‘rienre. Quarante- 
cieux 6ch:inlillons de dent et quarante-deux 6ch:intillons gin- 
givnux adjacents ont 6td ana1ysi.s a1)ri.s clue les inlays d’or aient 
c‘td in sitrr pendant une pbriodc dc quinze jours. Lcs rPsult:its 
ont 6t6 conip:irCs 

Les rPsu1t:tts ont niontr6 clue Au, Zn, rt Cu provenant des in- 
lays d’or p6nCtr:iient ronsidi.rahleinent d:ins lcs tissus durs  rt 
(1 an s les t issu s iiioii s en vi ron n:i n t s . 

TAI  p6n‘:tr:ition de I’or et du cuivre tlans la gencive iixirginale 

ceux obtenus sur des bchantillons tbinoins. 
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ktnit plus ni~trc~uCe clue dans leu tissus dentaires. L'inverse ititit 
vrai pour le zinc. 
La prksente ittutle n'a p:is ~iiontri. de diCfCrence entre l'nptitude 

des ions inkt:rllicpes provemjnt de diffitrents alliages d'or A pdn& 
trer dans les tissus environnmts. 1)es nl1i:iges d'or de type C, de 
type l? et B 20 carats, et des inlays d'or mu16 traitits par la cha- 
leur ("1ioiiiogi.nkisC.s") e l  non traitbs uvaient la ni&nie action. 

Z K'SAhlh1P:N F A  SSI'NG 

UBER DAS EINDRINGUNGSVERMOGEN DEB METALIJONEN VON G O L D  
INLAYS IN DIE UMGEBENDKN GRWEBE 

Diis Ei i id~ . ing~~igs~~er in i igen  der Gold-, Zink- und Kupferionen 
von Goldinlays in Z:ihngewebe und unigebeiides Zahnfleisch wur- 
de durch Aktivierungsanalyse sowie inil Gamma Spelrtrometrie 
studiert. Jlrei erwitchsene Hundc wurden fiir den Versuch ver- 
wend e t . 

42 (zweiundvierzig) Zahnprohen wid 42 Zu1infleiscli~)rol~eii 
wurden anulysiert, n;ichdein die Goldinl:iys funfzehn T a g e  king 
in situ gewesen waren. Die Resultate wurden iiiit Kontrollpro- 
ben verglichen. 

Die Resultate zeigten, dass Gold, Zinlc und Kupfer der Gold- 
inlays in die unigebenden harten und weichen Gewebe iiii be- 
trachtlichcn Uiiifang eindr:ingen. 

Diis E:indringungsveriiiiigeri von Gold und Kupfer in d:is Zahn- 
fleisch war deutlicher uls d:is in die Zahnsuhstanzen. Das  Gegcn- 
srtz Salt fiir Zink. 

IXese Arbeit zeigte keine Unterschiede hetreffs des Veriiiiigens 
der Metallionen der verschiedenen Goldalloys in  die uiiigebenden 
Gewehe einzudringen. C-, E-, und 20 Karat Goldalloys - hoino- 
genizierte und nicht homogenizierte - hntten dieselhe Wirltung. 
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