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Enamel penetration by radioactive salts of zinc, 
calcium, silver, plutonium, palladium and copper 

William Ward Wainwri,oht, D.D.S.,  M.S. ,  Chicago 

Many therapeutic technica in dentistry 
depend upon a penetration of medica- 
ments into tooth structure. In some cascs 
the extent of penetration b known be- 
cause of the color-of the agent; for ex- 
ample, dves and silver nitrate. Little is 
known, however, of the depth of pene- 
tration of uncolored medicaments. If 
these penetrate to any considerable ex- 
tent an additional explanation can be 
offered not only for the unexpected 
pulpal irritations following application of 
medicaments but also for the familiar hy- 
persensitivity of dentin following expo- 
sure to oral fluids. 

Of vital concern to the dentist is the 
mechanical and chemical efficiency of 
impregnation of enamel lamellae with 
zinc salts. Thus far  knowledge of the 
penetration of ZnC1, beneath the surface 
of the enamel and its precipitation as 
zinc ferrocyanide as claimed for the im- 
pregnation procedure mts on three in- 
direct observations: ' ( 1 ) Zinc ferrocya- 
nide is supposed to penetrate cnamel 
lamellae because silver nitrate does; the 
latter can bc followed became of the 
black color developed by its reduction to 
metallic silver. (2) The sensitivity of 
root surfaces can be reduced by the a p  
plication of ZnCI,. (3) Recent clinicd 
reports indicate that impregnation with 
zinc ferrocyanide may reduce aria in- 
cidence.'*s Direct evidence h not avail- 
able to show that the colorless salt zinc 

ferrocyanide is precipitated in the enamel 
lamellae or that it remains there. 

The penetration of medicaments and 
various salts can be studied since they 
arc avvzilablc in the radioactive form.*.s 
T e s ~  were made on extracted teeth with 
radioactive calcium chloride, zinc chlo- 
ride, silver nitrate, plutonium citrate 
complex, palladium chIoride and copper 
nitrate. 

CALCIUY'~  CHLORIDE 

Seven fmhly extracted teeth were 
treated on the surface with about 0.02 
ml. of a Ca'CI, solution with an activity 
of 126 microcuries per miIliliter. Descrip- 
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Upper left Pariodontoris 614 Buccal third f - 
bicwoid 616 Middlo lhird 4- - - 
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Uvpor left 617 Buccal Ihwd - - - 
103 second Vr Periodontorir 616 Llngual lhwd -i- f -  

+ t  

620 Outorbuccal - c - 

bicuspd 619 Middle thwd + - - - 
quarter 

104 fi nt 37' Perlodantoiis warter  

auarter 

quarter 

Upper left 421 Outer Imgual - - - 
molar 62'2 Inner buccal + + t  

623 Innolingual - - - 

Upper right 624L I Mesial third + - - 
miror for 616 Middle thtrd - - - 
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105 control 36: Preporatton I 

I denture 

i Umer left Prapamtlon 627l Mulal third + - - 
for 62# Oirtal rhwd + + -  

inetaor denturo 629 Middle thtrd + - - I 

U p p r  right Propomtion 630 Meslal thltd - - - 
lor 6314 Distal third + + -  
denture &! Middle third + + +  

106 central 368 

1 

1 
107 bteml 56: 

m a o r  
I *  

ed stron rurf8ce uptake of Ca*CI, on enarnd and c i m e n t m  Intact enamel wag not penetrated 
8 w a s  and Lure, were #netrated AII IemeIIee Sean ware p.Mtrated. 

5. 6. :. c. 

f - .  m u  am out- water for 30 minutes, v c t i o d  under 
water and dried ovcmigbt at 3 7 O C .  

Immediately after extraction tooth 101 Tooth 102 was siad+rly treated except 
: was scrubbed, Pumioed, wubed, dried, thrt it was not pumiced, and the irotope 
NaF applied to the surface and allowed w u  applied 58 minuta after cxtmxiou. 
to dry for three minuta. Nine minutes Tooth 103 was mated like Tooth 101 
after actnctim CaaC4 ~ULI rppM to except that N.F wm not used, Urd the 
the surface of the EIDWLI. It wu kept isotope wiu applied 61 minutes after a- 
moirt for three minutt, md then trrction. 4 wrapped in absorbent paper. One hour Tooth 104 was treated like tooth 101 

' later it w1s washed under running tap with the exception that the isotope was 

Lincd in Table 1. 
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applied 63 nunutes aitcr twraction. 
Teeth 105: 106 and 107 received sim- 

ilar treatment to tooth i O I  except that 
they were pumiced and NaF applied 
prior to extraction. The  isotope was ap- 
plied 13 minutes after extraction and the 
teeth were sealed moist in a bottle over- 
night. The next day thev were washed 
under tap water for four houn and dried 
overnight at 37OC. Tooth 105 was dchy- 
drated in alcohol and embedded in Sclec- 
tmn.8 

The radioactivity of the sections WY 

counted in a constant position 1 mm. 
from a mica window tube ( 2  milligram 
per quare centimeter, TGC-2) with a 
Tracerlab laboratory monitor and mgcd 
from 140 to 2,500 counts per minute. 

Survey radioautographs' were made; 
the findings are surveyed in Table 1. 
Typical radioautographs and the corn- 
sponding specimens are iIlrutrated in 
Figurw 1, 2 and 3. 

All of the teeth showed a stmng surface 
uptake of Ca", as seen in the radioauto- 
graphs in the uppet prtionr of the 
figurn. The NaF treated teeth did not 
differ in thii respect from the untreated 

had bcen a leanrrd or not. Each tooth. 21- 

though kcpt moist until the time of iso- 
tope application, was carefully dried with 
air blast lust before applying the Ca4SC11. 
.MI tissurc-r were penetrated. 

F ip r r  L, A illustrates a tooth in which 
there is ;I dense surface uptake of Ca" 
not removed by 30 niiriures of washing. 
A11 surface defects icracks, fissures and 
carious lcsions) were pcnctratcd. The 
radioautograph of Figure I ?  B shows ex- 
actlv the same findings with the addition 
of lamellar pcnetration of the rnesi&n- 
$Val enamel. Figure 2. A showr the 
same finding but the number of enamel 
cracks is much greater and there is con- 
siderable penetration along the dento- 
enamel junction from the labiogingival 
surface. This tooth had carried a partial 
veneer cmwn for yean. I t  would be of 
interest to know whether the manipuia- 
tiona incident to crown preparation WCK 
the sourcc of the cracb and subsequent 
permeation of the enamel by dissolved 
wbstance. 

Figure 2. B shows the radioautogroph 
of a tooth in which the PULP chamber 

been opened. Alth 
applied to the sur 
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of all of &e surrou 
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I~ l&in tb t l i l l g !  

F i i  9, A rho 
f m m a d i r t P l d c  
as in Figure 2, A. T! 

LANL 
J 



oth, 31- 

of iso- 
rd with 
2PC1,. 

I uhkh 
of Cabs 
. ashing. 
res and 
d. The 
QVr OX- 

1 3  

es.egrn- 
,W¶ the 
enamel 
is con- 
dent* 

$ngiyaI 
L partial 
d be of 
mnipula- 

VStqUmt 
l i l v e d  

LtogtaPh 

on were 

t k r  had 

.ha atomic 
3d.I I M .  
*ey radio. 

* L ,  . I 4 1  ;ECfVRES 36 . M 

ken opened. Although the isotope V . W  

applied to the surface and no specid 
dfort was made to introduce it to the 
pulp chamber there is great penetration 
of all of the surrounding dentin. In spire 
of four houn of washing under running 
tap water the Cak6 was k e d  in the tooth. 

so the Ca" must bt considered to have 
ken taken up by the apatite crystals 
of the calcified substance by ionic ex- 
change.' In addition to the dense surface 4 uptake there is penetration of enamel 
caries, exposed inam1 dentin and a 4 h c l l a  in the linguogingival enamel. 

Figure 3, A rhows a radioautograph 
from a &tal Kction of the aatne tooth 

9 asin Figure 2,A. The 6ndhgsarc similar 

w t t h  the exception ot the silicate cement 
r.11i-q. The cement has been penetraud 
conipletely hv the isotope and has re- 
rained the Caa5 throughout its structure 

c:,m:;ma;,,JA,,:. ,"Pn;,~~~x,p:,~~~~ $ u $ f l  bc4 is an ~rtrCmcIy d u b k  compound merit U1.110 March 22. I950 
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--c-- -__ - Jpper rignt 65) i r m l v e r r e  - 
I14 sacana 4 V  Psriodonloril mdcrown 

652 Tramversa 
srvical 

- 
nolor r - 

___ -__. - 
upper rlght 653 T 

TO101 654 Transvarre + 

- - 
1 I5 Gr1t 49' Periodonrorir ?tdcrown - - 

:ervicaI 

Upper right Tronrvene + - - 
I I6 central x)r Perlodontoris mdcrown - - 

inciaor 656 Tronnene - 
'crrtcai 

657 Trensvem + - 

a Transversa + - 
- 

' 17 UpDw left 3or Periodontosis -lacrown 
C I J S P d  

- 
Cefvical 

- 659 Tronsrsrrc - - 
1 I8 Upper right 308 Partodontorii ~tdcrown - 

cuspid W Tronrvene - - 
C.IVIC9l - ._ 

Upper right 461 Longitudinal + - - 
119 Iareral 2# Permdontosn labial half MP Longitudinal 4- - - 

incisor 
ltnguol half 

- - 
Upper Ieh W Tmnrrarw + 

incisor 664 Tronsvane - - 110 :antmi 3or Pariadontoria mdcrown - 
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All treih ihowd dmnp % h c *  uptake 04 2-1, M mami and camenturn. I n t a d  enarnal we1 not pn"r*'=d 

t Patlent S H 
t Patient E. n. 
5 Silica(. fiiinnq wnrtraf.d rrth ZnrClr to ?he dentin. 

but ell carnous anas and hsurm w e n  Dmwfrrkd. 

in spite of four hours of Washing under 
running tap water. In addition to the 
silicate cement the strind dentin border- 
ing the filliq has ?Lo retained the &*. 
ItwouldKemthatinlifethhtillingwu 
porous to oral flui& and that the 
lying dentin was exposed to the action 
of o n l  fluid#. 

The tooth in F i y e  3, B is fmm the 

:khrtanding four hours of 
mder running tap water. 

RMIOZINC C H i o R r n E  (zd', zrl 

Twenty-two teeth were mat t  
radiozinc according to Gottlieb's 
t~ons' except that all but five of $ 
were not pumiced. The teeth whb 
pumiced are: 136, 137, 138, 1 
142. All of the teeth were benzene 
except 140, 141 and 148 throuk 
A11 teeth were dried in air biaat 
the application of ZnCI,. The timr 
extraction until appIicatian of ti. 
tope varied from eltvtn rninutcs I 
how; the time for tecth 136, 13 

minutes; for 113, 114,115,140, 14 
between 22 and 35 minutes; for 
116, 117, 118, 119, 120 between : 
67 minutu; 150 through 154, 95 
uta; 148 and 149, two bun. Aft 
application of zinc ferrocyanide all 
were washed for one hour under N 
tap water. With the exception of 
113 through 120, all teeth were imn 
in AgNO, for at least five minute 
then in 10 per cent Form01 far at 
five minutes. 
The Zn4aC1, w a  prrpved frc 

copper target by cyclotmn irradi 
and added to commercid Zin-Fmc 
2 solution. The activity of the sol 
and the activity of the r p e c h  
not determined. The teeth treated 
Zn'' are described in Tabk 2. 
T h e  teeth described in Table 3 

dehydrated in alcohols and embcddt 
Selectron. All teeth wem sectioned u 
Water. 

The Wth described in Table 3 
trrated with Zn". Teeth 136 thrc, 
142 were treated with a d u h n  
bch prepared by adding 0.010 ml 
a &"Clr solution containing 18.75 m 
Nlia per milliliter to 10 ml. commer 
&-Fern No. 2 solution. The spedn 
vuid in activity from lo0 to 300 cot 
pr minute. Teeth 148 through 154 H 

md 139 wu ktwcen i~nq 
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,~thstandinq !our !lours of rr*h;ng 
ninninq :3p water 

R.GIOZINC CiiLURIDE Zn'". Zn"" 

Twentv-two teeth were treated \*ith 
ra&ozinc according to Gottlieb's instruc- 
pons' except that all but five of the teeth 
\Vm not pumiced. The teeth which were 
pumiced arc: 136, 137, 138, 139 and 
152. AU of the teeth were benzene washed 
except 140, 141 and 148 through 154. 
?\D teeth were dried in air blast before 
the application of ZnCI,. The time from 
d o n  until application of the iso- 
tope varied from eleven minutes to two 
hours; the time for teeth 136, 137, 138 
and 139 was between sewn and ten 
rmnutu; for 113, 114, t15, 140, 141, 142 
between 22 and 35 minutes; for teeth 
116, 117, 118, 119, 120 between 56 and 
67 minuter; 150 through 154, 95 min- 
ute; 148 and 149, two hours. After the 
application of zinc ferrocyanide all teeth 
were washed for one hour under running 
tap water. With the exception of teeth 
113 through 120, ail teeth were immcned 
in AgNO, for at least five minutes and 
then in 10 per cent Fonnol for at least 
fivc minuta. 

The Zn"C1, waa prepared from a 
copper target by cyclotron irradiation 
and added to commercial Zin-Fcmr No. 
2 solution. The activity of the vJluGon 
wl the activity of the rpecimeas were 
not determined. The teeth treated with 
Zn" arc d d b d  in Table 2. 

The teeth dmribod in Table 3 wen 
&*tad in dcohols and anbedded in 
Selectron. All teeth were sectioned under 
W l t t r .  

The teeth described in Table 3 were 
treated with Zd.. Teeth 136 thm@ 
142 W ~ C  treptnd with a sohtion of 
aC1, pnpy+d by adding 0.010 ml. of 
a 1$"C1, solutiar! containing 18-75 mi& 
ernitr per milliliter to 10 d. commcrca 
ZU-FCITO NO. 2 l~lution. The rpcEimau 

~ m i c d i n a c t i v i t y f r o m 1 ~ t o ~ c o u n t r  
~ mminute. Teeth I 4 8  t h q h  1% were 

WAINWRISHT . . ;*'IL'JINE 4 3 ,  3ECEMIEI  eSI Y9 

treated \\ith the undiluted Zn"C1, solu- 
rim containing 18.77 rnillicuries per mil- 
lilitrr; the activity of the specimens was 
not detrmiinrd. 

.[he structurrs penetrated are wniina- 
: ixd  in . I  dhlrs 2 2nd 3. All teeth showed 
3 surface uptake of radioactive ZnCI, 
\ *  hidl  was not removed bv washing. In. 
tact rnamel was not penetrated but all 
cnamei defects, carious arras, fissures and 
observable lamellae were penetrated. 

Typical radioautogaphs are shown 
with the respective specimens in Figures 
4, 5 and 6. The dense surface uptake 
with penetration of minute surface 
carious lesions and lack of penetration of 
intact envnel is seen in Figure 4, A. 
Figure 4, B is similar but \\ith penetra- 
tion of carious lesions extending to the 
dentoenamel junction. Figure 4: C also 
shows penetration of hmellae in thicker 
enamel. Figure 5 shows similar finding 
with complete penetration of carious 
lesions of the enamel and outer layers of 
dentin. 

Figure 4+ B and C and Figure 5 do 
not show complete plugging by zinc ferro- 
cyanide since the silver nitrate stained 
the same lamellae and defects. In Figure 
6, A, however, the arrow marks a buccal 
lamella which appean in the middle 
radioautograph but not in the specimen. 
The system of cracks and f i m m  con- 
nected with the lingua1 surface also shows 
lines of zinc penetration in the radio- 
autograph which did not stain in the 
specimen. Although this apparently pro- 
vida an instance of plugging by zinc 
ferrocyanide it is not conclusive. The 
upper radioautograph of Figure 6, A 
(exporum time one hour) shows the 
usual surface uptake and penetration of 
Wioua l&m and h u m .  The middk 
radioautograph (expasun time men and 
a haif h u m )  shows more detail in the 
Itrr radioactive areaa. 

Figurc 6, 3 shows surface uptake by 
t~lomel, cementum md the amalgam fill- 
ing. The radioactive ZnCl, has pme- 
trated the cariour enamel and dentin 

1 0 4 7 2 7 0  
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701 Longimdlnal + - - 
molar 7U3 Longitudinal + - +  

704 Longitudinal - +  
137 noc 41 hrlodonfo& 7cu Longitudml + - +  

706 Longitudinal - + -  
7 4  Longifudiml + - - 

exposure 709 Lomgctudinol + - 

Upper lek 
136 second 40 Psrlodontadt buccol third 

mddle third 

Upper left buccal third 

molor l ingwl fhlrd 

middle fhlrd 

138 Lowr right 38 Pathologk Ilngual third 
ruond 
bicurdd middk third 

139 Upper right 16 Toto1 pulpitit 712 Longifudinal f - - 
Rm mdar buccal cusp 

~~ 

Uppw left 715 Transvsno -4- + -  
bicuspid 716 Troruvene + c -  

718 Transverse + - - 

719 Tronrvrrae f + -  

140 Am 34 PUlpifI¶ mtdcrom 

C.NkOl 

141 Lowerlwb 21 Pulpltll 
tint molor Cervlcol 

- midcrom 

cervical 

- 14'2 lower IeH 41 Penodontoris 
first mobr 720 Tranrvarts - 

148 U m r  right 49' Periodonfour 736 Transvene - + -  
not  bicvrpld C.rvICOI 

- - 149 Upper right 491 Periodonforis 737 Longitudinol $- 
ruond moaial half 
blcurpid 

- - 739 Tranrverw + 
mtdcrown, 
buccal half 

rmcond midcrown, 
molar lingwl holf 

- - 
IS0 right a C o r i r  740 Tron:versa + 

741 Transverse f + -  
741 Tmnsvene + + +  

duiduow orposure 743 Tmnrverm + + -  
Lower rtgM 7U Tmnsvarre + + -  

smcond molar erposure T u  T r o w e m  + + -  

CeNICOI 

mldcrown 151 Lower right 78 Pafhologlc 

Ilm molor cervicol 

I52 deciduow 7: Pathologic midcrown 

cervical 

Tooth 

Number Locowor; i 

completely 

expored cervical 
surface. 

Figure 6, C is 
ndioeinc h a  apF 
~tnmorphosed c. 
than the silver nl 
to penetrate in a 
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- f 746.4 Tronrverse L 

Upper left rniacrown 

molar midcrown 
153 lhird 3 C o r m  7468 Transverse - - - 

747 Transverse - - - 

Upper right 740 Transverse t - - 
molar 749 Transverse + - - 

cwvical 

IS4 firsf 42 Pulpitu midcrown 

CervICoI 

AIL te.eh % h a n d  lurface uptaka of Zn.Lc,. on -~oc--cI and cemintum %r?aC' emame1 wd% rot  ptorlrsitd but 

t Prtknt 5. H. 
I Potient R. P. 

31 c.raouI a n e l  snd firsurn WON pmetrated All lemellde seen rere pinetratca. 

completely around the filling. Thcrc IS a 
more dense uptake on the surface of the 
exposed cervical dentin on the buccal 
surface. 

adiorinc has apparently penetrated the 
metamorphosed dentin more uniformly 
than the silver nitrate. The latter failed 
to penetrate in a rerier of broad stripes. 

The zinc appears to have penetrated 
cnamel a third of the way down from 
the cusp. 

Figure 6, c iS Of hkmt beCauK the M~OSILVER N I m T z  (&11, A g l l a )  

Ten trrth \%ere treated with radioactive 
silver nitrate. In this form there was an  
opportunitv to compare visual perception 

Fir. f At  D ~ l w  e* a@& of Zu*C& d h  t . u t n t i a  o# canow de&. Imt.ct 
r u n e l  n d  # o n r # ~ ~ ~ & S @ c .  739, Net .  15368; R.A.-AS43, Nrr. 15339.) 8: Drru  
mrtorr r)l& of Zn 1. cnrh cutrattom o rurnrl drfrcrr a d  lmnrllar. I r w t  
~ . m r l  rotZ)rutrUfl. (S).r. ?&, N I I .  1 5 d ;  RA.-A946, Nr I5254.) C :  Srr fue 
u#tdr  of  r.%h M A  #ration ot r n m r l  drftcix and I a r n r k ~ .  D m r  mpt.IcI in 
carioU dmtia. ( S p r .  ?rNq. 15272; R.A.-AIO@. Mat.  15251) 
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Fig. 5 A: Surfacr uptakr of Z n W ,  with p m r t r a t i o n  of sifurr nitrotr fioinrd lanrllr 
on buccal surface. Thr apparent expansion of the Zn*Cl r  penrtrotron in thr rnnsr hall 
of thr mamrl u owing t o  radiation from dreprr layrrs of thr rnarnrl. (Sprc. 7c(, Nrq 
15270; R.A.499, Nrg.  15195.) B :  Denrr prnrt rat ion of Zn%h in two a r s a  ot pa.. 
rrarrng r n a m r l  caries, and m the largs open caviry. (SPcc. 743, N s g .  15268; R.A.-A351, 
Nrs. 15196.) C: DInJ8 rurfacr uptakr of Zn'CI, with enerrat~'on of open cnvrtrrr and 
canotu dentin. (Sprc.  749, Neg 15370: R A . 4 3 7 3 ,  &g. 15343) 

with the s~rUitiViry of the radioauto- millicurie per milliliter to 1 d. of am- 
graphic method. Table 4 dmcribu three moniacal AgNO, solution. The a c t i ~ ~  
trrth whkh =re treated with Ag'&'NO,. of the spectnenS ranged fnrm boo to 
Thh Wtope was =parated from a target 6.000 counts per minute. Moat of the 
of pdadium foz Two S O I U ~ O N  wem specimens were between l,(XK) and 2,000 
p e p a d .  The one used for the fint count3 per minute. 
two teeth (157, 158) was carrier-free Of the 10 teeth 157,158 and 159 w ~ e  
Ag"'N0, in water. The activity of the mixelIaneow ones which had been in 10 
roluti0a WPI not determined. The ac- per cent Form01 for two months. The f i  
th6q of the specimens ranged from 450 maining teeth were kept moh and 
to 3,000 counts per minute. The second treated with the isotope within two ham 
rolution, wed to trut tooth 159, was after extraction. None of the teeth 'WIQI: 

diluted with ammorriocal si lva nitrate. pumiced; they were washed under up  
The ~ t h i t y  d the was 1 , 1 0 0  water and dried with air bkrt kfoR 

Table 5 hi scvm tcetb which applied for 10 minuta and then the 
were bead with Ag*"NO,. The wlu- WCR immened in 10 pu cent F o r d  
tian W ~ J  prepad by adding 0.1 ml. of for 10 minuter. All tetrh  err d h y b d  
an A&"NOe rolution cauining 0.647 in alcohol and embedded se- 

and 1,450 counts per mmutc. treatment. The radioactive &NO, - 
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Tobk 4 Penelrarion of  dentd struclureg bv rod 0aClire I ~ I v e r ~ "  I l f r O t *  __ - 
Tooth 5peclrn.n 'enorrotion' 

Plane of potlent I f c r  , 
oss I Plumber I IOC,,On I Caries I Larelloe 1 Finurn 

._ 1 1.- 
~ __ - . - -  - -  - - 
Number I locaiion 

lower right 7 9  Tronrvene T 

btcuapid 755 Tronsrcrn + midcrown 

cervical 

- - IS7 first ' Unknown 

c_ - - Upper right 7 5 V  Transverso ,+ 
bicuspid 758 Tranrvene + midcrown 

cervical 

- - 158 Grst ' Unknown 

lower right 759 Tronnema + + -  
bicuapld 760 Transvone + f -  

159 fin! ' Unknown midcrown 

csrvicol 

.,All t&h skowd v~r(ec8 uptake of AqU. on mum1 and cementum. Inhe e n e d  *.I no+ mnmekd but d l  

t Miacellenrouc kath:  two month in 10 ow cmt Cormol. 
1 Whit. apaqu. enemel pmetrahd. Shined dmntin not pcnetretcd. 

carious enas end finrum were powwa(.d. All lamellee wen W*N DWIeWared. 

The results of the radioautokphic 
study arc outlined in Tablw 4 and 5. All 
teeth showed a surface uptake of radio- 
active AgNOs on enamel and cementum. 
Intact enamel w a  not penetrated but all 
carious lesions, hum and o k d  
lamellae were penetrated. Typical radio- 
autograph are illustrated in Figures 7 
to 10. 

Lack of penetration of intact enamel 
is shown in Fw 7, A d  B. There b 
surface uptake and peneat ion of z few 
minute carious l b  and carious dentin. 
The particle of cantnt in Fv 7, A ir 
not penetrated. The spcchm of Figure 
7, A is not bkckaKd and doa not show 
V i s d  p ~ n c v ~ t i o n  of the Mbk AgNOa, 
yet the rodiourtognphic deDlity b fairly 
great. Thir em- the great sexui- 
tivity of the rndiooutognphic method. 
Silver nitrate pcnettota beyond the point 
where the eye CCUCI to we blackening 
of the tooth. Thus, &e Leval of d t i v i t y  

trate is much km than that of die- 
autographic penetration by either radio- 
ritver or radiozinc. For example, in the 

fw vinrrl blxkrning by ~t&k ~ilm ni- 

zinc specimam, instances were found 
where radiozinc penetrated but itable 
silva nitrate did not. ThL could be ac- 
counted for by lack of visual penetration 
of stable silver; yet it might still be 
present in the same subvisual amounu 
that is now found for radiosilver. Figurt 
7, C is similar; there is surface uptake on 
the amalgam filling and cementum ad 
penetration of the occlusal 6 s ~ .  PCM- 
tration is lacking in the white oprqu~ 
area extending from the maid cont.ct 
to the dmtoenvIwl junctton and fm 
which a metamorphacd b t i n  tract is 
seen extending to the pulp chdxr .  

ofthe 
surface laiona of the enamel .I well u a 
strong uptake h the cpriav dentin. Some 
of the white opodda of rhe surf- 
not blackened although they w ~ t  truA 
with azwaopirul dvcr nitrite of s t d -  
ard strength; thir was o k e d  in 
'of the radiodnc e ab. Sim- 

ilar unpcnctrated whrtc @tie 
scen in Figure 8, B. There ir a p m -  
inent lame~a d t d  with a nvfrce 
laion of caria. The uptake i, 10 

Figure 8, A dmws paretrwon * 

in the cuiour fissures 
autographic density ob. 
central portion. Figum 
strong uptake in the k r ~  
dmtin,intheocchp.l fi 
adhaeat pmiodimtal tis. 
FigUn 9 rhom an ir. 

from prrviotdy active c 

exposed tieatin b zm, 
cbuntoted dattiq d* 

LANL 





..- 

shows strung surface uptake, penetration 
of cariouc dentin and of the opaquc area 
of enmd caries. The stained enamel 
and dentin unda the opaque area axe 
not pencurbsd. The specimm is not 
blackened in spite of the detue expasurc 

Figure 7, A and B the Ag"'NOS WM 

carrier-free. 
The amalgam fillings of Figure 10, C 

do not &ow k.kl at the rnarg ina either 

of the radioautograph. As in the cale of 

by the stable AgNO, or bv the iu?bp. 
The amalgam filling of Figure LO. D on 
the other hand shows a slight p m e t m b  
at the gingival margin by stable AgNOn 
and a dense penetration by the Ag"'. 

F i i .  8 A: DINI wfwi 
carus, @tu?# and cariau 
B: D r u r  smrfur u#tab 
h w r r  and tmrila.  ( S p t  
w a k r  of Ad'HNO8 on #ti 
carus' rnamd @w.r and 
iS$rc. 774, Nag. ISJIS; i 

tions of this report is found 
PuZs* radiowtognph of Figure 
enamcl surface ws( peaetrater 
short distance but in a namm 
band. Obvious defects readily st. 
subsquent immersion in stable 
were not penetrated by PuaU. T 
solution was acid, pH 4.5, and t 
etched the enamel d a c e  d. 
complete staining of the o b i .  
enme1 surface by @OS. In F 
tbc staining is viribk a. 
upper, b u c d  surface. Pu* (+6 
u known to complex onto organ 
rkl and it b possible that per. 

i" 
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;ind 10 per cent Fond. surface dried 
and enibcddcd in Srlectron. The wrtions 
r\'c-re grouyrd uI&r water. 'The iprrimq'ns 
.ire described in T a b k  6. 

after extraction. The Pd''' uikution wu 
prcpared from 3 palladium i d  target in 
a voncrntration of -LO p c r  cer:r t'd'"'C4. 
The ~ c t i v i t y  of the wlution i.;e not de- 
tcrnrined. The activity of the specimens 
ranqed from 100 to +W counts per rnin- 
utr. 'The Pdlo3CI, solution w z ,  .qplicd to 
the teeth for I4 minute. Sukquent 
treatment included dqing and applica- 

PALLADIUX"" CIILORIDE 

Two uncleanied teeth were treated with 
a solution of Pd'O'CI, an hour and o half 

LANL 
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Cu"(NO,), for five minutes. Tw of the 
tee& (121, 122) were treated within 10 
minutes after extraction; the other two 
(123, 124) were mkrrll.n cowteeth 
which had been fixed in 10 per cent 
Form01 for two months. 

pared from a cydovoo irruliatd c o p p  

not mwund; the activity of the set- 
tiona ranged around 15,OOO to 20,000 
counu per minute. 

The treated teeth were dried on ab 
sorbent p p e r  and potvrirrm fenocgr- 
aide solution was applied for five &uta, 

Tht Cu"(N0I)n duti~lp wu 

target. Tbc activity of the rolution wu 

LANL 
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washed in running tap water for 30 
minuter and sectioned under water. 

The rpccMear are described in Table 
8; typical cadioUrbDgnphr ;ut shown in 
Figure 14. Figwe 14, A shows dcnx 
surface uptake of Cuw on the enamel 
and cementum. Tbe dentin wm expared 
by bur cuts prior to treatment. The Cu" 
appears to have penetrated the dentin 
but part of the sprcdbg may be 
to halation from the i n t m x  penetrating 

radiation. Fiqure 14, B also shows lack 
of penetration of intact enamel. The 
occlusal fissure shows a strong uptake, 
as do enamel defects. The pulp chambcr 
was penetrated throqb an artiiicial 
opening. Figure 14. C shows dense sur- 
face uptake and penetration d arious 
dentin. 

VlSCUSSION 

The fact that mry tooth treated with 
thae eight isotopa did not show pene- 
tration of intact enamel indicates that 
these compounds have different pmper- 
tier from those reported rparately.'B'*.ll 
Thrice c l v s u  of substances are evident 
from thew studier according to their be- 
havior with enamel. The fint (nicotina- 
mide, urea) ha the property of diffuse 
penetration of intact enamel. The second 
(calcium, zinc, silver) d o a  not penetrate 
intact enamel but does penetrate every 
damaged portion of a tooth. The third 
group (plutonium*'*) attaches itrclf only 
to rhe surface and docs not pmMnte 
defects. 

Arrested caries proved to be a difficult 
lesion to penetnte. Tbir b u  often ban 
obKMd with dyer and xi&. All o t b  
enamel defectr and d u a  l&m of 
dentin were penetrated by all of the ha- 

topa, with the c=ption c 

with the grolu anent of 1 

penetration of tbe +pa 

iucas. 
In every C;LY there was L 

take of the radioactive rn; 

Lamellae were penetrated 
isotopes, except Puzs*. The 
enatnel tram penmated by 
and by stable AgNO, wa 
older teeth and erpecidy in 
had fillinp or crow. SOg 
pow that dl trwhe & 
matic wmks a d  prt lata 
~CBVliC material. cert.int, 
ability of the too& ir inuc 
p-ce of 8 0  mMy pamc;\ 

W Y  not removed by washi 
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top,  with the exception of hue. The 

with the gnnr a t m t  of the damaged 

In cvcy c u e  tbm was a surface u p  
take of the radioactive material which 
w u  not rcmoyed by wuhing in water. 
Lamellae w m  penetrated by all of the 

and by stable &NOa wu greater m 
older teeth and ecpecially in thart which 
had or cnmru pro- 
powr that d lamelbe utt fnw mu- 
mrtk crrcltr d 8re kta filled with 
organic nutat]. ctxtddy the vulna- 
ability d the toorh k i n d  by the 
pramce of so many pameabk tram. 

p t J E t t a i i m l d t h e h a t o p r ~  

Wac. 

isotope4 except Pum. The f r q ~  of 
e m 1  tract3 peatrnted by the isotopa 

The tuu of plugging by precipitah 
of ndioainc farocyrnide rhow that the 
lunellre are penetrated to the same cx- 
tent a they arc by silver nitrate. The 
lamellac were subequently peactnted 
by AgNO, and cannot be said to be 

abk. In a few inrtanca there w a ~  ap- 
p m t  plugging with lack of complete 
penetration suubcquartly by AgNOa. 
Thia clnaot be interpreted yet Y corn- 
phte plugging k u w e  the radioauto- 
graphic method detecta much smaller 

plugged in the sense of king impemre- 
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Pip. 12 .4: Surracr u);& 
of Pd'YX on marncl. (Spec. 
787.4. .Vet. ! .%I?;  R.A.- 
A323, N i p .  155191 .i 8: Drnrr 
rurtacr ubkakr ot P d W L  on 
rnomrl. amalqam lillinq and 
crwntum. Drnrr prnrtra- 
tion at rnarqinr 01 lraiing 
omJgom fillin8 and in od- 
hrrrnt prrtodonlol tirruc. .Vo 
pinetration 01 intaci mmrl. 

R..4.-.4321. .Vrp. 154421 
(Sprc.  i8.5. .V8(. 15193. 
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amountr of the irobpe than the eye can 
KC in blackmhg'ffom dvcr nitrate. 
Thus, subvisurl amounts of silver nitrate 
might be pmcnt and not be detected. 

campletcly this data would suggest that 
clinical imprrgnntion treatments will 
necd to be reputed at intervals in order 
to maintain whatever urier inhibiting 
etfcct hey may have. The fact that 
lamellae were regularly penetrated in 

Since zinc femxyanirk Qa ool pbg 

tcetb not dunrad lccording to cott- 
licb'd in8tNction8 nygatr that &our 

s d a c t  be tried dinicolly. The teeth in 
rnethodr of preparation of the tooth 

thh s t u d y  w m  d d d d  by rir blvt k- 
fore appIying the radiozinc 

SUMMARY 

1, c;lleiumu chloride, *IO,"' & 
trate, palladium'*' chloride, and coppeP 

nitrate were iound by radioauto& r ~ p i l ~ c  
exarmnation to penetrate enamel 1 elern. 
lamellae and carious areas. Intart xianlei 
was not penetrated although t1te.r. \\as 
an uptake on the surface of emoel ;III~ 

cementum which was not rcmo*r.c ,IC' 

wuhing. 

2. chloride was prtci mated 
by potvrium ferrocyanide on too h sur- 
faces and was found to penetrate lamel- 
lae. C3nOUS lesions, b u r c ~  and other de- 
feu. Since nearly all of the lamellae 
could be subsequently penetnt-:d bv 

be completely plugged. 
stable &NOS t h ~ y  WCK not COmdl'wd to 

3. Plutonium"' citrate complex at- 
tached itxlf to the surface of enamel and 
cementum but did not penetrate defects 
and carious areas subsequently itained by 
silver nitrate. 

Penetration of radiocalcium at the margins of 
filling materials: a preliminary report 

W. D. Amutrang, M.D., Ph.D., and W .  I. Simon, D.D.S., M.S.D., 
Minurappolis 
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The teeth were then washed with & 
tilled water and were embedded in 
methyl methacrylate resin. HorLMltal 
crarsectioru mrrprrpprrdwitb a W -  
saw thmugh the widat g i n g i d u s a l  
ponion of the mtorationr. Radioauto- 
grrghs were prepared 011 Agfa no screen 
film.. 
A control was run to datrmine the 

duafe d tcchnid contamination error. 
A wet, sound, extracted tooth wu im- 
mencd in radiocalcium and then the 
cavity wu pre@ ;md wed with 
acrylic resin. 
Tht rpdiosnrtognehr of the control 

urn* rrvalcd that the tccbicd pa- 
Siwty of CrrZuI of C 0 n t l m i n l l ; m  is 
mhrimrl. They ab0 dcmrul.tTatuJ th.t 
the radhcakium purctmtai tbe lnsugim 
of all d the tilling rmeakb Wcd but in 

Fw 1 rbom the cla;Yllaog.pb, d 

rrrin, the inky rpccimm, the amalgam 

v w  uwunft The .mount d puu- 
tratmn n shown in F v  1 d 2. 

the control specimen filled with acrylic 

specimen, the gold foil specimen and the 
oxyphorphatc d zinc rpacimcn. Thac re- 
veal no evidence of the phrwpticm of 
radioactive calcium into the filling ma- 
terial with the exception d gold foil and 
them appean to be ku penetration of 

the radiocalcium at thc m a w  of rht 
amalgam restoration. 

Figure 2 shows the radioaurogaphs 01 

the rilicate specimen and the three acrvlic 
rain rpccimeac. All three of thc differ- 
ently w e d  acrylic resins hac! been corn- 
prrrriveiy reuined in their rapcctivc 
cavitia by means of a continwua band 
matrix until polymerization rendered the 
material hud. The cavitiu had been 
overfilled so that there WPI a flashing at 

30 minutes after the material had set up. 
Figure 2 show that the silicate resto- 

ration beumc dehydrated, with d u n t  

ing of acrylic ruin no attempt wu mule  

polymer and the material wzu imcrtcd in 
the conitency of wet sand. In the spatu- 
lated acrylic rrrinr and in tholc not spat- 
dated, a manufacturer's dispenser w s  
urai which dclivucd cnonmer and poly- 
mer in a ratio of approximately 1 to 3 

a sealed jar for 30 stcon& and were of a 
"tacky" consistency when inserted into 
the cavity. With the spatulated jar mix, 

dle third of the rertorauon adjacent to 
the bwxoaxial wd. 

the magins. The florhing was removed 

~hrinl;rgic md -. In the Shb mix. 

to control p r o p o d  of mo114wT or 

by volume. There mi#r w+ct placed in 

definite rhriak;rllc took p L u  in the mid- 

Problems re1 
complete up 

L. E. Kurth, D. 

Thempirrobjcaivaintbtconn 
tion of complete upper denma 
paltialbwadeatum4rbarldk 
r r r t a r r r t i o m d m r u r i a t o r y ~  
"thc perpetual pracrp.tion of thc 
nuining r(nr-" (hb M. Dev 

comfort, &Tic8 and paticnt sui9 
Thc other objeuivea, retenth, stab. 

tion, should of course be 
striven for by the operuor. The prck 
of occlwioo is related to the utisfac 
completion of the above objectives. 
problem u simplitid if the partial k 
denture is primarily toothhrne, for I 
the probrems would be capmpupblc 
those involved in constructing a comr 
upper dahut to d u d e  with a 
compkwnt d natur8l p u I K ( l i  t C  
m ciimlu@ homnr, will coos. 
only chow paoblerar priring whca a 
tient u completely cdentubul ill 
upper jaw and has six bwcr ante 
teeth. 
An intdigau UnthtanM d 

clurion prauppowr a  know^ 
myrdibulpr movements for it h dur 
myticatoy function that the pro& 
appliances wiUbcpkced under thegn 
a t  rtrrsr. The phyriobgic act of u t 1  

tiw can be divided into inr;dm 
~ c t d  mdcation and finollv, the su 
lowing of the bolus of food. The I 
cheek, tongue, palatal a m ,  dl iv 
rirted rnucartrrhut urd rrmcoy u \ 

' 

utktcethmdtheirllupportinllrtr 
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