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Enamel penetration by radioactive salts of zinc,

calcium, silver, plutonium, palladium and copper

Many therapeutic technics in dentistry
depend upon a penetration of medica-
ments into tooth structure. In some cases
the extent of penetration is 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. 1f
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 Ruids.

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

William Ward Wainwright, D.D.S., M 5., Chicago
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ferrocyanide is precipitated in the ename}
lamellae or that it remains there,

The penetration of medicaments and
various salts can be studied since they
are available in the radioactive form.**
Tests were made on extracted teeth with
radioactive calcium chloride, zinc chlo-
ride, silver nitrate, plutonium citrate
complex, palladium chloride and copper
nitrate.

CALCIUM'® CHLORIDE

Seven freshly extracted teeth were
treated on the surface with about 0.02
ml. of a Ca**Cl, solution with an activity
of 126 microcuries per milliliter. Descrip-

Sased on work performed under US. Government
Contract No. W.7408-6ng-34 with the Los Alamos Scien-
tific Laboratory of the University af Californie. The fol.
lowing radicisct ware obteined aon ailocation from
the liotepes Oivision of the United States Atemic
Energy Commision: Ca', Zn® Agih i1 gnd Pdwe,

Partions of this menuscript waers resd before the
American Academy of Restorative Dnnhna. Cctober 78
1950, and the Section on Research_at the ninaty-first
ennual session of the American Dantal Agsccistion,
Atlentic City, November |, 1950,

From the Los Alamos Scientific Laboratory of the
University of California, Lot Alamos, New Mexica, Now
ot the University of Illincis Collage of Dentistry, Chi-
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Tooth l
e Age of
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Number | Llocation ysars)
lower laft
q! third a
malar
Upper loft ‘
102 first b rad
bicuspid
Upper ioh
103 second kr
bicuspid
Upper left
104 first r
molar
Upper right
10§ ceniral k34
incisor
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incisor
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} Patient S. G.
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§ Silicate filli
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to dry for three minutes. Nine
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Tabla | * Penatration of dental structures by radiooctive calcium® <hinrize

Tooth ! | , Zpecimen Panetrancn’
E Age of | Reason -
' patient for
“umber . oc3tion (years l loss [3meline ¢ siivac
<, Lowaer isft Paricoronitis 811 tabial thirg - + -
183 third 21 maipased
)pcr molar 613 Middta thira _-..- Rt -
Upper lett Pariodontosis 614 Byccal third + * -
—— 102 first kA
bicuspid N Middie thira + - -
Upper left 417 Buccal third - - -
103 sacond kAl Periodontosis 618 Linguob third -+ + -
' bicuspid 619 Middte thirg + + +
-amel 4620 Quter buccal - + -
gquarter
and Uppar left 421 Quter linguat - +
104 first 3t Periodontosis suarter
they molor 622 inner buccal + + +
m. b3 cuarter .
. 623 innes lingual - - - .
with quorter '
chlo- t
it Upper right 624% 1 Masial thied + - - ;
rate 108 centrol 36t Preparation l
‘pper incisor for 626 Midgle third - + - i
dentyre |
. Upper left Preparation &2 Mesial third + - - {
108 central 3t for 628  Dial third  + + - |
incisor denture 629 Middle third + - - !
were | Upper right Preparation 630 Mesial third - - - {
0.02 107 taterat 36t for 4344 Distal third + + -
o ‘ incisor denture 432 Middle third + + + '
%
5. * All tasth thowsd strong surfacs uptake of Ta%Cly on enamel and camentum, iatact enamel was not pensirated '
but all carious areas and fissures were penetrated. All lamellse seen were penetrated. ;2
} Patient S. ©. *
srament 4 thretientC.C. e
s Scien- §5ll'Cl'l ﬁllmq free of Ca“Cls oftar four hours under running tap water. Dense upteke in stained dentin sur P .
The fol- M'W ‘ . *
n ’":: ol uncti d from gingival margin. -
d‘:m #Slhclh filling and :un ding stained dentin d ly panetrated t
th.. ';l. .

.28 )
= 4 |-
sl ' . . . .

tions of the teeth and specimens are out-  water for 30 minutes, sectioned under '
& e lined in Table 1. water and dried overnight at 37°C. -
"y, Chi- Immediately after extraction tooth 101 Tooth 102 was similarly treated except ;
we ond 3 was scrubbed, pumiced, washed, dried, that it was not pumiced, and the isotope ! ‘a
o NaF applied to the surface and allowed was applied 58 minutes after extraction. ‘
gnetion. to dry for three minutes. Nine minutes Tooth 103 was treated like Tooth 101 =
oreph: 4 after extraction Ca*Cl, was applied to ecxcept that NaF was not used, and the
N the surface of the crown. It was kept isotope was applied 61 minutes after ex-
) (Ang.s moist for three minutes and then traction.

oh. S > wrapped in absorbent paper. One hour Tooth 104 was treated like tooth 101
* later it was washed under running tap with the exception that the isotope was

00131512.003 i
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applied 63 munutes after cxtraction.

Teeth 105, 106 and 107 received sim-
ilar treatment to tooth 101 except that
they were pumiced and NaF applied
prior to extraction. The isotope was ap-
plied 13 minutes after excraction and the
teeth were sealed moist in a bottle over-
night. The next day they were washed
under tap water for four hours and dried
overnight at 37°C. Tooth 105 was dchy-
drated in alcohol and embedded in Selec-
tron.?

The radiocactivity of the sections was
counted in a constant position 1 mm.
from a mica window tube (2 milligrams
per square centimeter, TGC-2) with a
Tracerlab laboratory monitor and ranged
from 140 to 2,500 counts per minute.

Survey radicautographs’ were made;
the findings are surveyed in Table 1.
Typical radioautographs and the corre-
sponding specimens are iilustrated in
Figures 1, 2 and 3.

All of the teeth showed a strong surface
uptake of Ca**, as scen in the radioauto-
graphs in the upper portions of the
figures. The NaF treated teeth did not
differ in this respect from the untreated
teeth. Every carious defect was pene-

trated to the grossly visible limits of the
lesion regardless of whether the tooth

1041261

Koy A tlerae suriace
aptake v Cu*Ch. lntact
enumet no: penetrated. Faine
penetration f ‘Lo rravks in
mestal .4 P ouinse penetra-
ftan of ctriou, enamel and
carious fissure  Spec 620,
Neg. 15470: RA-723. Nes.
15471.; B. Dense xurface up~
take of Ca”Cl. Faint bene-
tration o} znamzt {amella on
mesiogingival. Intact emamel
not penetrated, 'Spec. hll.
Neg. 15486 R.A-717, Neg
15485)

had buen leansed or not. Each tooth. al-
though kept moist until the time of iso-
tope application, was carefully dried with
air blast just before applying the Ca**Cl,.
All Kissures were penetrated.
Figure (, A illustrates a tooth in which
there is . dense surface uptake of Ca*
not removed bv 30 minutes of washing.
Al surface defects (cracks, fissures and
carious lesions} were penetrated. The
radioautograph of Figure [, B shows ex-
actly the same findings with the addition
of lamellar penetration of the mesiogin-
gival enamel. Figure 2. A shows the
same findings but the number of enamel
cracks is much greater and there is con-
siderable penctration along the dento-
enamel juaction from the labiogingival
surface. This tooth had carried a partial
veneer crown for vears. It would be of
interest to know whether the manipula-
tions incident to crown preparation were
the source of the cracks and subsequent
permeation of the enamel by dissolved
substances.
Figure 2. B shows the radioautograph
of a tooth in which the pulp chamber had

6. Wainwright, W. W. Dentistry and the atamic
werqy Dchrzm New \‘ork J, Den. 19:325 (Oct.] 1940
7. Wainwright, tail and survey radio-

W. Det
autagraphs. Science '09: SIS (Juna 10} 194,
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Fig. 2 + A: Dense surface uptake
Penetratian along dentaenamel _ix.:.

Ak e L aed 4} JECEWBER % - w

L1 dense penerration of enamel cracks by Ca*Cl

con trom Sabiogingival.  Spec. 627, Neg. 13482;

R.A.-801, Neg. 15481.) B: Dense :urface wptake with penetraion of incipient caries
of labial enamel, exposed incisal wrlrm und hnzuogmgwal enamel. The dentin is
extensively pentrmled from the cten oulp o amber. Spec.n26. Neg. 15479; R.4.-795,

Neg. 15478)

been opened. Although the isotope was
applied to the surface and no special
effort was made to introduce it to the
pulp chamber there is great penctration
of all of the surrounding dentin. In spite
of four hours of washing under running
tap water the Ca*® was fixed in the tooth.
CaCl, is an extremely soluble compound
so the Ca** must be considered to have
been taken up by the apatite crystals
of the calcified substance by ionic ex-
change.® In addition to the dense surface
uptake therc is penetration of enamel
caries, exposed incisal dentin and a
lamella in the linguogingival enamel.
Figure 3, A shows a radicautograph
from a distal section of the same tooth
a in Figure 2, A. The findings are similar

Fig. 3+ A: Denss surface u uh Ce*Cls

with pensivation exposs. dentin,
mmd cuml cmmmm l:lccu Danse
ot uuy m. Fask tnd tsoet
lentin o c . s,

RA-727, Duu u’fuo up-
take o] C.‘ with kutrm of cervical

mame, ll'l.l. Faint pengtration lingual
enamel cdr:’ck near uaur o, l SIBJ:I’C n.v:m

ﬂﬂg shows fntdm L‘“

ne Wmn-du'thaﬂﬁ

to the surface, (Spec. 630, Neg. 15398, Rt
297, N::"zs )2 -

with the exception of the silicate cement
l:lling. The cement has been penetrated
conipletely bv the isotope and has re-
taired the Ca*® throughout its structure

8. Neuman, W. F. Bane a5 & problem in sucface
chemistry, Uaiversity of Rochester unciassified docu-
ment, UR.1(0, March 22, 195Q.
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withstanding
under running tap water.

four hours of
Table 2 * Penstration of dental structures by radidochve rtaed e noe

lpecimen

® All teuth showed strong turface uptake of Zn®Cls on
but all :::ioul arsas and fasures were penetrated.

{ Patient S. H.
t Patisnt €, H. )
§ Siticate fiiiing panatrared with Zn®Cls to rhe dentin.

in spite of four hours of wa.sl'.aing under
running tap water. In addition to the
silicate cernent the stained dentin border-
ing the filling has also retained the Ca®.
It would seem that in life this filling was
porous to oral fluids and that the under-
lying dentin was exposed to the action
of oral fluids.

The tooth in Figure 3, B is from the

enamel and cementum. Intact enamal wai not penstrated

same mouth as those of Figures 2 and J,
A; it shows similar dense surface uptake
and penetration of enamel defects. The
silicate cement filling in this case, how-
ever, did not retain the Ca®’. Whyth-ﬁl:;
ing should behave differently from that o
Figure 3, A is not lmown The stain

dentin and cname) bordering the &nm&
however, has again retained the Ca* not-

Suvwteation”
o . Ao Reasan - - T RADIOZINC CHLORIDE (zn%3, zr,
; i .“‘:,:: ! ;::, Number J":‘ 91 aries mellaw | Fissures .
Number | {ocanan | v e A B ——— e Twenty-two teeth were treate
- pper I;h 549 Transvarse - - - radiozinc according to Gottlieb’s
13 third 2 Malposed B , dcrawn _ _ - tions' except that all but five of }!
motar 80 Tranmens were not pumiced. The teeth whi.
S = N - pumiced are: 136, 137, 138, 1
Upper right _ 651 e T 142. All of the teeth were benzene
114 sacand 5t Pariodontors romaaron . - - except 140, 141 and 148 throug
motar ‘arvical All teeth were dried in air blast
v 053 transverse + - - the am.alu:auontil of Znh(ig'l'he ;lm‘v:
s Frst a5t _Pariadanrosis niderown N _ - extraction until app tion of ti.
molor &5 T'°j‘:‘,';'c’:| ‘ tope varied from cleven minutes |
! hours; the time for teeth 136, 13
Upper right 888 Tvon‘:'::;n + = - and 139 was between seven an.
18 centeal 30 Periodontosis s Tramacrox _ - - minutes; for 113, 114, 115, 140, 14.
incisor ~ervical between 22 and 35 minutes; for
- T - N ~__ 116, 1.17, 118, 119, 120 between :
) 30 Perindontasis ~idcrown 67 minutes; 150 through 154, 95
e Up::s;:h 658 Transvarse + - - utes; 148 and 149, two hours. Aft
) carvical application of zinc ferrocyanide all
459 Transverse - - - were washed for one hour under ru
right  30% Periodantosis midcrown _ _ tap water. With the exception of
1 4o Toens - 13 through 120, all teeth were i
— — T in AgNO, for at least five minute
- Uﬁ:::r:fm - reegomon 4! Lo?::':ffl.::" ) ) :ihen in 10 per cent Formol for at
. 642 Langitudinal + Ve minutes.
inenar Wogual holf The Zn**Cl, was prepared frc
Upper lefr 6634 Tramsverse * N - Cogpe;dtargct by CYCI?mn. irradi
- ol . Puriodontosis midcrown _ _ and added to commercial Zin-Ferrc
incisor 664 T"::'r'v'k': 2 solution. The activity of the sol

and the activity of the specimens
not determined. The teeth treated -
Zn* are described in Table 2.

The teeth described in Table 3
dehydrated in alcohols and embedd:
Selectron. All teeth were sectioned u.
water.

The teeth described in Table 3 -
treated with Zn**. Teeth 136 thrc.
142 were treated with a solution
ZoCl, prepared by adding 0.010 m!
aZn*'Cl, solution containing 18.75 m
curies per milliliter to 10 ml. commer
Zin-Ferro No. 2 solution. The specin
varied in activity from 100 to 300 cov
per minute. Teeth 148 through 154

1041200
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«thstanding four hours of washing
inder running ap water.

RADIOZINC CHLUORIDE | zn'™, zn®")

Twenty-two teeth were treated with
radiozinc according to Gottlieb's instruc-
rions’ except that all but five of the teeth
were not pumiced. The teeth which were
pumiced are: 136, 137, 138, 139 and
142. All of the teeth were benzene washed
except 140, 141 and 148 through 154.
All teeth were dried in air blast before
the application of ZnCl,, The time from
extraction until application of the iso-
tope varied from eleven minutes to two
hours; the time for teeth 136, 137, 138
and 139 was between seven and ten
minutes; for 113, 114, 115, 140, 141, 142
between 22 and 35 minutes; for teeth
16, 117, 118, 119, 120 between 56 and
67 minutes; 150 through 154, 95 min-
utes; 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 tecth
113 through 120, all teeth were immersed
in AgNO, for at least five minutes and
then in 10 per cent Formol for at least
five minutes.

The Zn“Cl, was prepared from a
copper target by cyclotron irradiation
and added to commercial Zin-Ferro No.
2 solution. The activity of the solution
and the activity of the specimens were
not determined. The teeth treated with
Zn* are described in Table 2.

The teeth described in Table 3 were
dehydrated in alcohols and embedded in
Selectron. All teeth were sectioned under
water.

The teeth described in Table 3 were
teated with Zn*. Teeth 136 through
142 were treated with 2 solution of
ZoCl, prepared by adding 0.010 ml. of
1 Zn"*Cl, solution containing 18.75 milli-
curies per milliliter to 10 ml. commercial
Zin-Ferro No. 2 solution. The specimens
varied in activity from 100 to 300 counts
per minute. Teeth 148 through 154 were

1041210
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treated with the undiluted Zn**Cl. solu-
tion containing 18.7) millicuries per mil-
liliter; the activity of the specimens was
not determined.

The structures penctrated are summa-
rized in Tubles 2 and 3. All tecth showed
a surface uptake of radicactive ZnCl,
which was not removed by washing. In-
tact enamel was not penetrated but all
enamel defects, carious areas, fissures and
observable lamellae were penetrated.

Tvpical radicautographs 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 enamel is seen in Figure 4, A.
Figure 4, B is similar but with penctra-
tion of carious lesions extending to the
dentoenamel] junction. Figure 4, C also
shows penetration of lamellae in thicker
ename). Figure 3 shows similar findings
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 zine ferro-
cvanide since the silver nitrate stained
the same lamellac and defects. In Figure
6, A, however, the arrow marks a buccal
lamella which appears in the middle
radioautograph but not in the specimen,
The system of cracks and fissures con-
nected with the lingual surface also shows
lines of zinc penctration in the radio-
autograph which did not stain in the
specimen. Although this apparently pro-
vides an instance of plugging by zinc
ferrocyanide it is not conclusive. The
upper radioautograph of Figure 6, A
(exposure time one hour) shows the
usual surface uptake and penctration of
carious lesions and fissures. The middle
radioautograph (exposure time seven and
a haif hours) shows more detail in the
less radioactive areas.

Figure 6, B shows surface uptake by
enamel, cementum and the amalgam fill-
ing. The radioactive ZnCl, has pene-
trated the carious cnamel and dentin
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Table 3 * Penetration of dental structures by radloactive zinc® chloride

T e ———
Toom | Specimen Penetration
_— —| :::.:: R.,:‘? " .‘ Number | Location
' t
Number % location | tyears) ' losy ‘ Number ! Ps‘::r.lo: ‘ Cariss | Lomelioe | Fissures —_—
Upper teft 701 Longitudinel + - - 15 U’;“"‘"
134 second 40 Periodontosls buccol third ol
molar 703 Longitudinal + - + molar
middie third -
704 Longitudinal U
Upper left buccal third 154 oﬂ’; o
137 first fa Periodontosis 705 Llongitudinal + - + mod
molor lingual third
706 Llongitudinal - + -

middie rhird

* Al teuth showed s,
ol cariews arees and fis.

708 longitudinel + - - t Patient . H.
138 Lower right 38 Pathologic lingual third t Patient R. P,
second exposure 709 Longitudinal + - -
bicuspid middle third
139 Upper right 16 Total pulpitis 712 Longitudingl + - - Completely aroun

first molar buccal cusp

more dense uptak
exposed cervical

Upper laft ns Transverse + + -
140 first k) Pulpitis midcrown surf‘acc.
bicuspid 718 Transverse + + - Flguge 5, Cis
cervical radiozi has app

metamorphosed ¢
than the silver nj
to penetrate in a

141 Lower faft n Puipitis 718 Trantverse -+ - -
first molar cervicol

Transverse
142 Lower feft 4 Periodontosis midcrown

first molar by o] Teansverse - - -
cervical

Teansverse
cervical

Upper right Periodontosis

first bicvspld

Upper right Periodantosis Longitudinal
second mesioi holf
bicuspid

Transverse

mid<rown,
Upper bucegt half
150 right 2 Caries 740 Tronsverse + - -
second midcrown,
moiar tinguat holf
741 Transverse + + -

cervicol

Tronsvenie
L] lower right 7 Pathologic midcrown
deciduous exposure 743 Transverse + + -
first molor cervicol

Fig. 4+ 4.,

Lower right 74 Transverse + enemel net ¢
152 deciduous 7% Pethologic midcrown surface upto
second molar exposure 748 Transverse + + - enamel not ¢

cervica!

uptake of Zr
canious denti-
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i { . tion®
Tooth ‘ Age of [ Reason Specimen ! ) Pwovr_u_on
' patient | for i w T
Number ,  (ocation ! yearsh | ‘oss Number - Pigne of | Cares | Lametias | Fissures
1 ! l : section - i |
746A Tronsverss - + -
Upper left miacrown
153 third 4 Caries 7468 Tronsverse -+ -+ -
molar miderown
747 Tronsvarse - - -
cervicol
Upper right 748 Transverse + - -
154 first 42 Pulpitis midcrown
molor 749 Transverse -+ - —_
cervicol

@ All teath thawad turface uptals of Za®Cl: on snamel and cemsentum, irtact eazmel wasy rot penstrated but
all carious sreas and fissures were penetrated. All lamellae seen were penetratea.

t Patient S. M.
§ Patient R, P.

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

Figure 6, C is of interest because the
radiozinc has apparently penetrated the
metamorphosed dentin more uniformly
than the silver nitrate, The latter failed
to penetrate in a series of broad stripes.

Fig. 4 « A: Dense

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

RADIOSILVER NITRATE (Ag''!, ag''?)

Ten teeth were treated with radioactive
silver nitrate. In this form there was an
opportunity to compare visual perception

ace uptake of Zu"Cl, with penstration of carious dentin. Intact

enamel not pensivated. (Spec. 739, Neg. 15368; R.A.-A343, Neg. 15339.) B: Denss
surface wptake of Zn®Cla with penstration of enamel defects and lamellae. Inmtact
enamel not trated. (Spec. 736, Neg. 15267; R.A.-A346, Neg. 15254.) C: Surfece

uptake of Zn"Cly with

tration of enamsel defects and lamellac. Dense uptake in

carious dewtin. (Spes. 741, Neg. 15272; R.A.-A108, Neg. 15251)

o122
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Fig. 5 « A: Surface uptake of Za"Cls with penetration of silver nitrate stained lemeile
on buccal surface. The apparent axpansion of the Zn®Cl, panetration in the inner hall
of the enamel is owing to radiation from deeper layers of the enamal. (Spec. 744, Neg.
15270; R.A.-A99, Neg. 15195.) B: Dense pansiration of Zn"Cly in two aress of pene-
trating enamel caries, and in the large open cavity. (Spec. 743, Neg. 15268; R.4.-4351,
Neg. 15196.) C: Dense iurface uptaks of Zn"Cly with penetration of open cavities and
carious dentin. (Spec. 749, Neg. (5370; R.A.-A373, Neg. 15343)

with the sensitivity of the radioauto-
graphic method. Table 4 describes three
teeth which were treated with Ag!*NQO,.
This isotope was separated from a target
of palladium foil. Two solutions were
prepared. The one used for the first
two teeth (157, 158) was carrier-free
Ag'NO, in water. The activity of the
solution was not determined. The ac-
tivity of the specimens ranged from 450
to 3,000 counts per minute. The second
solution, used to treat tooth 159, was
diluted with ammoniacal silver nitrate.
The activity of the specimens was 1,100
and 1,450 counts per minute.

Table 5 describes seven teeth which
were treated with Ag'*®NO,. The solu-
tion was prepared by adding 0.1 ml. of
an Ag**NO, solution containing 0.647

1041213

millicurie per milliliter to 1 ml. of am-
moniacal AgNO, solution. The activity
of the specimens ranged from 600 to
6,000 counts per minute. Most of the
specimens were between 1,000 and 2,000
counts per minute.

Of the 10 teeth 157, 158 and 159 were
miscellaneous ones which had been in 10
per cent Formol for two months. The re-
maining tecth were kept moist and
treated with the isotope within two hours
after extraction. None of the teeth were
pumiced; they were washed under tap
water and dried with air blast before
treatment. The radioactive AgNO, was
applied for 10 minutes and then the teeth
were immersed in 10 per cent Formol
for 10 minutes. All teeth were dehydrated
in alcohol and embedded in Selectron.

Fig. 6 « 4: 1
of Za®Cl, in
a redioautogr
Zn"Cl, ponetr
tAe same ereu
subsegquens o
connecied un:
indicates ave -
silver nitrate ¢
Neg. 15249.)
emamel, ceme
cementum an:
A436,Neg. 1.
of enama,
ponetration b




(S N: 742, Neg. 15?“,

enamel, cm-mn‘ u:“h Dl ‘h:ulnm ( gctnn7 30731
umnulu svound the ma uo/t ’c ﬂlu‘ .
4438, N, , 13250 C: Mm:::«l g thows Iut
of enamg

penatration

ChL (Spec. 712, 135366; R.A.-944, Neg. 15349)
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Fig. 6 : The uppar nl:uuopcﬂi {(exporure time one hour) shows demse o
ol Za‘CI. in carions enamel carions fiseuves, and caviows dentin. The middle view 02
duuu‘n)k umd I' saven and one-half Aowrs end shows mers deteiled

Za"Cl he buccal awt lamella (1e¢ arromw). In the specimen (below)
Mcmunﬁnm: Mn:ﬂuﬂnbdnrmmcﬂwd
subssquent fo ¢ ZI‘CI-KJO(CN)- treatmont. In ke system of cracks and o

connected with the wal surfece, tlnu are luu which the lowsr radioaniogreph
indicates are penairate, by Za"Ch bt in which mmm does not show as much
silvor nitrate -A371, Nag. I”’),M 4333
Neg. 15249.) B: Overen, shows surfase uplake of Zn"C

sk The stri {l m not :unul by silver smitvate thow ;h,m
8.
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Toble 4 * Penetration of dental structures by rad oactive nilvers! aitrote

| q 5 e
Tocth l Age of : Recion Jpecimen . enetration
— i P
' . panenr °r 1 Plane of .
Number | Llocation lyears) oss ! Plumber . Caries | lamellae | Fissures
| | i section L
tower right 754 Transverse - - -
187 fiest M Unknown midcrown
bicuspid 755 Tronsverse + - -
cervical

Upper right
158 Grst 1 Unknown
bicuspid

757% Teansverse o+ - -
mderown
758 Transverse + - -

cervicol

Lower fright
159 first t Unknown
bicuspld

759 Transverse
midcrown

760 Transverse + + -

cervicol

Intact { was not penetrated but ali

* All teeth showed turfece upteks of Ag't o

t Miscellaneous teath; two manths in 10 per cont Formol.

The resuits of the radioautographic
study are outlined in Tables 4 and 5. All
teeth showed a surface uptake of radio-
active AgNO, on ¢namel and cementum.
Intact enamel was not penctrated but all

and
carious areas and fissures wars penatrated. All Ilmolln $6en wars penetrated.

t White apsque ename! penetrated. Stained dentin not penetrated.

zinc specimens, instances were found
where radiozinc penetrated but stable
silver nitrate did not. This could be ac-
counted for by lack of visual penetration
of stable silver; yet it might still be

corinus lssiops Gesnres and aheerved nreeent in the same subvimal amounts

in the carious fssures
autographic density ob:
central portion. Figure
strong uptake in the larg
dentin, in the occlusal fi
adherent periodontal tis:
Figure 9 shows an ir.
cxposed’ dentin is noe
eburnated dentin, althg
from previously active &

Table 5 * Penetration of denta!

Tooth
Age of

potient
Number | Location years

Upper right
160 third 24
molar
Usper right
161 socond 2‘1




cotoal

wnd
table
* ace
ation
1 be
unts

Jene-
;lque
ntact
from
act 18

f the
lasa

e are
eated
‘tand-

Sim-
3 are
yrom-
iface

in the carious fissures that the radio-
autographic density obscures the vntire
central portion. Figure 8. C also shows
strong uprake in the large area of c.uious
denein. in the occlusal fissures and in the
adherent periodontal tissues.

Figure 9 shows an instance in which
exposed dentin is not penetrated. The
cburnated dentin, although it is stained
from previously active caries, is not gen-

WMAINWERLIG =T TUUME 3 TECEMOER 1951 o 0§

rallv penetzuted, visualle or by the 1so-
ope,s The area ol active canies s pene-
srared by both. Adlvrent periodontai
Ode sy active.

“he specnner in Figure 190 A hows
anincrcased number of enamel defects
aear alaree aswdeam itlling, The defects
and carious dentin are penetrated hoth
~isuallv and by the isorope.

The radioautograph of Figure 10, B

Table § * Penetration of denral structures by radicactive sitver''® nitrate

1 !

arku
f fatiomt C. 2.
) Petient £ 8.

104121b

Tooth Age of i Reason Scecimen Peneeasica’
patient | tor . ‘ :
Number | location lyears) loss Nuymber P°". o 1 Caties lamellnal Fissures
section :
761 tongitudingl - - -
outer buccal
quarter
742 Inrar buccat - - -
Upper right Guarter
140 third 24 Pulpitis 763 Longitudingl +~ - -
molar .nar lingual
Juorter
Téd longitudinal + - -
outer lingual
nuarter
Upper right 748 Tronsverse + <+ -
161 second 24' Pulpitls miderown
molor 746 Transverse - + -
cervical
lowar left 768 Longltudingl + - -
1462 Frst 19 Pulpitis buccal third
molar 70 Longitudine! + - -
iingual third
Upper right m Teansverse 4 - +
143 thied o Pulpitis midcrown
molar m Transvene + - -
cervical
Upper right Longitudinet + - +
- second 28 Puipitie 774 mesiaf holf
bicvepid
Lower left Periodontal 78 tongitvdinat - - +
168 second z obecess middle third
moler
Upper loft 0 Transverse + - -
164 smcond L] Pulpitis buccal cusp
blewepid i Transverss - + + -
lingwal cusp
I M " .* e g
ol ..’chnu ond ﬁ‘-:-r.: -::.unmhd All lomsilae u: wure undulcno'd..d Ves het paneirated but




Tl

175 e TwE JTUSNAL TE TE AMEUCAN DENTAL ASHTC AT

Fig. 7 + A: Danse surface uptake of AgNO. Intact emamef nct penetrated.

Carious dentin penetrated. (Spec. 754, Neg. 15613; R.A.

979, Neg. .5358.)

B: Dense surface uptaks by Ag'NO: with penatration of ca7tous evan.el

and dentin. (Spec. 758, Nog. 15394; R.A.-932, Neg. 15488.) C. Dense suwrfcce

uptake of Ag™NOs on enamel and camentum, in occlusel fissure and on gfurjcee
of amalgam filling. (Spec. 778, Neg. 15452; R.A.-A345, Neg. [5451)

shows strong surface uptake, penetration
of carious dentin and of the opaque area
of enamel caries. The stained enamel
and dentin under the opaque area are
not penetrated. The specimen is not
blackened in spite of the dense expasure
of the radicautograph. As in the case of
Figure 7, A and B the Ag'NO; was
carrier-free.

The amalgam fillings of Figure 10, C
do not show leaks at the margins either

1oy121d

by the stable AgNO; or by the isotope.
The amalgam filling of Figure 10, D on
the other hand shows a slight penetration
at the gingival margin by stable AgNO,
and a dense penetration by the Aght.

pLutoNIUM? (+6)
CITRATE COMPLEX

A suggestive obscrvation at variance
with all of the findings in previous sec-

Fig. 8 « A: Danse

carias, fissure and ::';Z‘:J‘
B: Dense surface uptake

fissures and lamella. (Spe.
::'l;k' of A:‘"’MNO. on o1
caries, ename ures and
(Spac. 774, Neag. !JJI‘J.; !

tions of this report is i
s Ko
enamel surface was penctratec
short distance but in a narrow
band. Obvious defects readily st.
subsequent immersion in stable
were not penetrated by Pu'®, T
solution was acid, pH 45, and ¢
ctched the enamel surface as i,
complete staining of the otherwi.
g:mc{ surface by AgNO,. In F
staining is visible especially
upper, buccal surface. Pub® ( +€ .
s known to complex onto organ.
mal and it is possible that pe;..
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Fig. 8 « 4: Dense surfase upiake of Ag™NO, with gtututiau of incipient emamel

carias, fisrure and sarious dentin, (Spac. 771, Neg. 1
B: Dense surjece upitake of Ag"NO: on enamel with

373; R.A.-A43¢, Neg. 15340.)
netration of surface caries,

fssures and lamells. (Spec. 765, Neg. 154135; R.A.-AS;G', Nsg. 15355.) C: Swrface

uptake of Ag™NO; on enemsl and
caries, enamel fissu

cementum, witk penciration of cervical emamel
7es and carious dentin. Dense uptake by adherent pariodontal tissue.

(Spac. 774, Neg. 15515; R.A.-A433, Neg. 15514)

tons of this report is found in the
Put** radioautograph of Figure 11, The
enamel surface. was penctrated only a
short distance but in a narrow parallel
band. Obvious defects readily stained by
subsequent immersion in stable AgNO,
were not penetrated by Pu'®, The Pu'®
wlution was acid, pH 4.5, and evidently
etched the enamel surface a8 there is 2
complete staining of the otherwise intact
enamel surface by AgNO,, In Figuse 11
the staining is visible especially along the
upper, buccal suiace. Put* (+6) citrate
is known to complex onto organic mate-
rial and it is possible that penetration

1041218

was limited by this process.

The Pu™ solution had an activity of
15.3 microcuries per milliliter. Four hours
after extraction the moist tooth was
pumiced, washed, dried and benzene
washed. It was immersed in the Pu'*
solution for 33 minutes, placed in a
vacuum chamber, and the presure re-
duced to 20 inches of mercury. The ex-
cess Pu®®® solution was washed from the

. surface with 15 ml distilled water, de-

livered in 30 seconds. The tooth was then
immersed in a2 1 per cent ammonium
oxalate solution, returned to the vacuum
for 20 minutes, treated with silver nitrate




1041219
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and 10 per cent Formol. surface dried
and embedded in Selectron, The sections
were ground under water. The speeimens
” are described in Table 6.

PALLADIUM"? CIILORIDE

Two uncleansed teeth were treated with
a solution of Pd'**Cl, an hour and a half

A, B end C: Dense surface uptake of Ag .
upper right third molar. Penatration of the
eburnated dentin occurs only in an active lesion and not in the staimed exposed
tubwli. Corious enamel and adherent periodontal tissue are pemeiraied. (A: Spec.
763, Neg. 15504, R.A.-A335, Neg. 15503, B: Spec. 761, Neg. 15446; R.A.-A334,
Neg. 13443. C: Speac. 762, Nag. 15374; R.A.-A347, Neg. 15359)

after extraction. The Pd'*? sotution was
prepared from a palladium 2] target in
a voncentration of 40 per cert Pd***ClL,.
The activity of the solution v.us not de-
termined. The activity of the specimens
ranged from 100 to 400 counts per min.
ute. The Pd***Cl, solution wa: applied to
the tweth for 1+ minutes. Subscquent
treatment included dryving and applica-

WNOs on eburnated densin,

Fig, 10 » A: Surfa
tration of cariowus .
A543, Neg. 15356.
inlast enamsl. W;
carions deniin
15416; R.A.931, .
“‘lm mﬁ R
enamel end adher,
A349, Neg. 15507.
cementum. Donse
periodonial tisyue,

for 10 minutes, Tooth 1-
with silver nitrate. Both :
face dried and embedded

The specimens are desc
7. Figures 12 and 13 show

YA
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Fig. 10 « A: Surface upu:‘af_.l("'NO. on ¢namel and amalgam filling; dense pene-

tration of carions dentin u#
A543, Neg. 13356.) B: Dense surfece

enamael crecks. (Spec.
uptake of AQNOs on enamel. No penstration of

81, Neg. 15¢17; R A~

intaet enamel. White opaque enamel pensirated; underlying sained enamel and

carioxs dentin not penetrated, Eazoud mesisl dentin pensirated. (Spec. 7527, N‘t

Dense surface uptake of AgNO: on snams

15416; R.A.-931, Neg. 135516.)

amelgam filling and cementum. No pensiration of mvfuu of fllings. Surface caries of

enamel and adhrvent

cementum. Dense penctration of

peviadontal tissue pencirated. (Spec. 768, m 15508; R.A.-
A349, Neg. 15507.) D: Swrface “{:‘kk" of AL"NO. on enamel, cmalgam
akin

lling and
gingival margin of filling and of adherant

periedontal tisrue. (Spec. 770, Neg. 15506; R.A.-A329, Neg. 15505)

tion of potassium ferrocyanide solution
for 10 minutes, Tooth 168 was treated
with silver nitrate. Both teeth were sur-
face dried and embedded in Selectron.

The specimens are described in Table
7. Figures 12 and 13 show strong surface
uptake, penetration of all defects and
lack of penetration of intact enamel.
Figure 13 shows penetration of several
lamellae,

COPPER® NITRATE

Four teeth were pumiced, dried, washed
with benzene, dried and treated with

1041280

Cu*(NQ,), for five minutes. Two of the
teeth (121, 122) were treated within 10
minutes after extraction; the other two
(123, 124) were miscellaneous tecth
which had been fixed in 10 per cent
Formol for two months.

The Cu*(NO,); soluton was pre-
pared from a cyclotron irradiated copper
target. The activity of the solution was
not measured; the activity of the sec.
tions ranged around 15,000 to 20,000
counts per minute.

The treated teeth were dried on ab-
sorbent paper and potassium ferrocya-
nide solution was applied for five minutes,

\

s




380 ¢ "2 JOURNAL IF Ts-E AMERICAN DENTAL 4358C 47 3N

washed in running tap water for 30

minutes and sectioned under water.
The specimens are described in Table
8; typical radioautographs are shown in
Figure 14. Figure 14, A shows dense
surface uptake of Cu* on the enamel
and cementum. The dentin was exposed
by bur cuts prior to treatment. The Cu*
ars to have penetrated the dentin

but part of the spreading may be owing b

to halation from the intense penetrating

1ou128l

Fig. 11 « Strong surface uptake of Pu™ ~-6:
citrate complex, pH 4.5, wuh remarkadle .ai~
af penatration of enamei structuras sage.
quently stasned with siiver nitrate. (Sper. 2
Neg. 15389; R.A.-A659, Neg. 15455)

radiation. Figure 14, B also shows lack
of penetration of intact enamel. The
occlusal fissure shows a strong uptake,
as do enamel defects. The pulp chamber
was penetrated through an artificial
opening. Figure 14. C shows dense sur-
face uptake and penetration of carious
dentin.

DISCUSSION

The fact that every tooth treated with
these eight isotopes did not show penc-
tration of intact enamel indicates that
these compounds have different proper-
ties from those reported separately.h %!
Three classes of substances are evident
from these studies according to their be-
havior with enamel. The first (nicotina-
mide, urea) has the property of diffuse
penetration of intact enamel. The second
(calcium, zinc, silver) does not penetrate
intact enamel but does penctrate every
damaged portion of a tooth. The third
group (plutonium?®**) attaches itself only
to the surface and does not penetrate
defects.

Arrested caries proved to be a difficult
lesion to penetrate. This has often been
observed with dyes and acids. All other
enamel defects and carious lesions of
dentin were penetrated by all of the iso-

9. Woinwright, W. W.. and Lemoins, F. A Rapid
diftuse Benetvati intect | and dentin by car-
bont.labeled uree. J.A.DA. 41:138 (Avg.) 1950.

(0. Wainwright, W. W. Tima studies of tha peneirs-
fion of extracted human testh by redicactive sicofin
amide, ures, thisures, and acotemide, | Diffuse pase-
tration fram the ensmel surfsce. In pf‘-n o

I, Wainwright, W. W., and Balgored. H. H, Time
studies of e penatration of ':mg,d m.mz oot

radiosctive [}
amide. 11, Pensteation of domtis {rem the puip chem-
bar. In press.

Tabie & * Penetration of dearal str:

Toorh
—_— Age ot
potient
Nymber | locotion lyears)
lower left
27 third 30
molor

* Tooth showed stroag surfece uptak:

topes, with the exception ¢
Penetration of the isotopes

with the gross extent of !
areas.

In every case there was :
take of the radicactive m:
was not removed by washi
Lamellae were penetrated
1sotopes, except Pu®*, The

enamel tracts penetrated by
and by stable AgNO, wa.
older teeth and especially in
had fillings or crowns. Sog
poses that all lamellae aris
matic cracks and are late:
organic material. Certainly

ability of the tooth is incrc
presence of so many permea

Table 7 * Paneiration of dental struc:

Toom
Age of
potiest
Number | Locaron tyears)

lower loft
129 second “
molar

148 Lower leht 26
third
moler

AN feeth showed i
ol cacious areas and ‘ﬁ.::r: ::'r:.:o::';
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’uf:: Toomh Spacimen | Penetration®
922, i Age of . ‘ ' -
patient for t  Pone of !
Number | Locatien lysary) loss Number trantverse Caries ' tamelios | Fissures
i l sectian |
' Lower left 921 Qcclusal - - —
74 third 0 Puiphtis m Midcrown - - -
3 molar 923 Cervical - - -
,Il";c‘: * Tooth showed strong surface upleke. Intact enamel and surface enemel defacts were not penetrated.
take,
mr * y . . L) 3
ficial topes, with the exception of Pu®'. The The tests of plugging by precipitation
sur penetration of the hotopes corresponded of radiozinc ferrocyanide show that the
rious ! with the gross extent of the damaged lamellae are penetrated to the same ex-
! areas. tent as they are by silver nitrate. The
1 In every case there was a surface up- lamellac were subsequently penctrated
take of the radioactive material which by AgNO; and cannot be said to be
i was not removed by washing in water. plugged in the sense of being imperme-
with Lamellae were penetrated by all of the able. In a few instances there was ap-
sene- ¥ isotopes, except Pu, The frequency of parent plugging with lack of complete ;
that enamel tracts penctrated by the isotopes penetration subsequently by AgNO,. ;
{ and by stable AgNO, was greater in This cannot be interpreted yet as com-
. older teeth and especially in those which plete plugging because the radicauto-
! had fillings or crowns. Sognnaes’ pro- graphic method detects much smaller

v kEE 287 TEREREES
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1 Table é * Poncivation of dental siructyres by redioactive plutonium®™® (4 4! citrate complex

poses that all lamellac arise from trau-
matic cracks and are later filled with
organic material. Certainly the vulner-
ability of the tooth is increased by the
presence of 5o many permeable tracts.

wf’h.m R F. Ov'::: &mx‘m enamel,

eal relah
ship dm:lnml:‘l o to anic (rommri"o.f e

the
anamel, J. 0. Res. 20:200 (Juna) 1950,

Table 7 * Penstration of dental structvres by radicackive poliodium’® chioride

Toolk Age of Roason Specimen Ponetration”
patient for
Nusber | Locotion | iyeend loss Nowber |  Plone of | coriey | Lometios | Aesures
lower ol
g second “ Pecdodontosis 785 middle third  + - -
molor
TOA Troneverse
Rapid
by esr
% s lower leh
’:a""" . third

i 1

. 00131512.019,
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g}.‘ Table 8 * Penstration o Femial s,
{7‘ Tooth '
e Ageot
‘ i potient
“umber . location | Ivears)
Lower right
121 sacond o
Fig. 12 « A: Surface uptake mole
of Pd"™Clys on enamel. (Spec.
7874, Neg. 15412; R.A- : . Lower right
4323, Neg. 15491.) B: Dense 22 third 24
surface uptake of Pd"Cls on molar
enamel. amalgam filling and
cementum. Denss penctre- lower left
tion at margins of leaking 123 third '
amalgam filling and in ad- molar
herent periodontal tissue. No
penetration of intact enamsl. Upper left
(Spac. 785. Neq. 15493; 124 thied t
R.4.-4321. Neg. 15492) molor

* Ali testh showsd st
trated but all ean'ou: m: l::; :'?“u:;
t Miscellaneous teeth; two manths in !

Fig. 13 + A end B: Dense
surface uptake of Pd™Ch on
enamel, and dense pensire-
tion of emamel defects, lo-
melice and adherent soft
tisswe. (A: Spec. 789, Neg.
15408; R.A-A4326, Neg.
15488, B: Spec. 788, Nag.
15409; R.A.-4325, Nag.

: 15487)
X
‘,, Fig. 16 « 4 end B: Den
§ dantin of upper left thir
wide areas of dennity in t}
v tretion of dantin. Intest ¢
i Neg. 15462, B: Spec. 6.
: uptake of Cux*(NO)s on
i Intact snamal net penesr

1041283 | LANL
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or NHLGH "0 v e JECEMBER 951« 4B
Toble § ¢ Penarratisn 3f dental structures by raaizT we oot utea
[ 1 e '—.-—_-'-—'——.-__—_—
Tooth men Seneiratian
—_— - w—  Age of Peaton —_— - - = -—
' ogtient e Slar J*
Number  Locanon ‘veors) 1) wnce’ 2ngifi 30a ees lomeilae  Fissyres
i L secr 3 o L
_l lower right
f 121 second 40 Puipitis 465 ducca. harf - -+ -
ce uptake molo
sk (i{z‘ Lower right
B: Dense 12 "'": 24 Pulpitis 668 lingual half + - -
'd"™*Cly on ! molar
illing and ‘ Lower et
”“:::::. 122 third t Unknown 670 tinguat half - - +
£ ' lar
d in 4‘?- . mola
No
Hssue. Mo Upper left & Buccolhalf  + - +
15493; 124 third ' Unknown 672 Lingual hoif -+ - +
5492) \ molar

* All teath |ho'qd strong wvﬁu uptake of Cu®(NOs)y on enamel and cementym. |Atac? enamel was nol pens-

froted but oll carious arees and
t Miscellanecus teath; two months in 10 par cent Formal,

{
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flsseras were penetrated. All lamellas teen were penetrated.
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amounts of the isotope than the eye can
see in blackening "from silver nitrate,
Thus, subvisual amounts of silver nitrate
might be present and not be detected,
Since zinc ferrocyanide does not plug
completely this data would suggest that
clinical impregnaton treatments will
need to be repeated at intervals in order
to maintain whatever caries inhibiting
eflect they may have. The fact that
lamellae were regularly penctrated in
teeth not cleansed according to Gott-
licb's* instructions suggests that various
methods of preparation of the tooth
surface be tried clinically. The teeth in
this study were all dried by air blast be-
fore applying the radiozinc.

SUMMARY

1. Calcium* silver??0dit ni,
trate, palladium?®®® chloride, and copper**

Penetration of radiocalcium at the margins of
filling materials:

ob4t o THE JOUANAL OF THE AMERICAN DENTA, 4350C AT N

nitrate were found by radioautoyraphic
examination to penctrate enamei « efects,
lamellae and carious areas. [ntact - namel
was not penetrated although ther was

an uptake on the surface of enamel and *

cementum which was not remo ed oy
washing.

2. Zinc**** chloride was preciitated
by potassium ferrocyanide on too h sur-
faces and was found to penetrate lamel-
lae, carious lesions, fissures and athier de-
fects. Since nearly all of the lamellae
could be subsequently penetrat:d by
stable AgNO; they were not considered to
be completely plugged.

3. Plutonium®* citrate complex at-
tached itself to the surface of enamel and
cementum but did not penectrate defects
and carious areas subsequently stained by
silver nitrate.

a preliminary report

Minneapolis

Buccal, Clam V, cavities were prepared
in eight wet, sound, extracted, lower
second bicuspids. Each cavity was filled;
one with amalgam, one with a gold inlay,
one with a gold foil, one with an oxy-
phuplntnoinnceemznt,onethhuh-
cate and three with acrylic resin. In the
three teeth filled with acrylic resin, one
was filled with resin after it had been
mixed on a slab, one after the resin had

for 30 seconds in a sealed
jar without spatulation and one after the

W. D. Armstrong, M.D., Pk.D., and W. ]. Simon, D.D.S., M.S.D.,

resin had polymerized for 30 seconds in
a sealed )ar with spatulation.

After the fillings were inserted, the
roots were coated with wax and the clin-
ical crowns were immersed in a solution
of radiocalcium (Ca*)! for 48 houn.

_From the Univensity of Minnesste, deps rimenty of
y & | chomistry, Minmnli

. 1. Sne-ﬁe uﬂvuLn MC p: ':.n& nlc‘h’m‘ T”l:

honl hbnuhvy o8 nllou'lo- from the U.S. Atemic

Enmargy Commiss
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and cement speci-
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Fig. 2 « The silicets and acrylic )
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The teeth were then washed with dis-
tilled water and were embedded in
methyl methacrylate resin. Horizontal
cross sections were prepared with a band-
saw through the widest gingivoocclusal
portion of the restorations. Radioauto-
graphs were prepared oan Agfa no screen
film. .

A coatrol was run to determine the
chance of technical contamination error.
A wet, sound, extracted tooth was im-
mersed in radiocalcium and then the
cavity was prepared and filled with
acrylic resin.

The radioau of the control
sample revealed that the technical pos-
sibility of errors of contamination is
minimal. They also demonstrated that
the radiocalcium penctrated the margins
of all of the filling materials used but in
varying amounts. The amount of pene-
tration is shown in Figures 1 and 2.

Figure 1 shows the radioautographs of
the control specimen filled with acrylic
resin, the inlay specimen, the
specimen, the gold foil specimen and the
oxyphosphate of zinc specimen. These re-
veal no evidence of the absorption of
radioactive calcium into the filling ma-
terial with the exception of gold foil and
there appears to be less penetration of

the radiocalcium at the margins of the
amalgam restoration.

Figure 2 shows the radioautographs ot
the silicate specimen and the three acrylic
resin specimens. All threc of the differ-
ently mixed acrylic resins had been com-
pressively retained in their respective
cavities by means of a continuous band
matrix until polymerization rendered the
material hard. The cavities had been
overfilled so that there was a flashing ac
the margins. The flashing was removed
30 minutes after the material had set up.

Figure 2 shows that the silicate resto-
ration became dehydrated, with resultant
shrinkage and cracking. In the slab mix-
ing of acrylic resin no attempt was made
to control proportions of monomer or
polymer and the material was inserted in
the consistency of wet sand. In the spatu-
lated acrylic resins and in those not spat-
ulated, a manufacturer’s dispenser was
used which delivered monomer and poly-
mer in a ratio of approximately 1 to 3
by volume. These mixes were placed in
a sealed jar for 30 seconds and were of 2
“tacky” consistency whea inserted into
the cavity. With the spatulated jar mix,
definite shrinkage took place in the mid-
dle third of the restoration adjacent to
the buccoaxial wall.

Problems re}

complete up

.

L. E. Kurtkh, D.

The main objectives in the conn
tion of complete upper dentures
partial lower dentures should be
restoration of masticatory efficiency
“the perpetual preservation of the
maining structures,” (M. M. DeV
The other objectives, retention, stab:
comfort, esthetics and patient satis

tion, should of course be recognired °

striven for by the operator. The prot
of occlusion is related to the satisfac
completion of the above objectives. -
problem is simplified if the partial I
denture is primarily tooth-borne, for:
the problems would be comparabl
those involved in constructing a comg
upper denture to0 occlude with a
complement of natural mandibular te
This discussion, however, will cons.
only those problems arising when a
tient is completely edentulous in
upper jaw and has six lower ante
teeth.

An intelligent understanding of
clusion presupposes a knowledge
mandibular movements for it is du:
masticatory function that the prosth.
appliances will be placed under the grt
est stress, The physiologic act of mast:
tion can be divided into incision,
actual mastication and finally, the s

lowing of the bolus of food. The |
cheek, tongue, palatal area, all a
dated musculature and mucosa, as +
4 the teeth and their supporting str



