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In a previous study i t  was tlemonstr:lted that sodium ions in 
water solution permeated through resin faced gold cups (Siire- 
inark & Re,rgman, 1961). It was concluded that a minute space 
between the resin material anti the gold alloy in the window 
perforation of the cup was formed during the manufacture of 
the acrylic facing and thus responsible for  the permeation. The 
acrylic facings varied in size, otherwise the tests were standard- 
ized. 

The present investigation was undertaken in order to study 
the possible influence of the following three factors on the 
leakage of sodium ions between gold and resin material ; namely 

(1) the arrangement for retention of the resin facing, 

( 2 )  the shape of the resin facing, 

( 3 )  variations in teniper:iture. 

The first two factors were thought to be of influence on the 
direction of the curing-cooling shrinkage and accordingly they 



might at'fect the size 0 1  the minute  spice between metal s t ructure  
and  acrylic facing. 'The I h i r d  t';ictor was inclutlerl with regard t o  
teniperature changes occurring in the mouth.  

Radioactive nuclide used 

The radioactive sodium niiclitle, N:IZZ, used was supplied hy 
the Ii r i t l ioc- l ic~i i i  i c x l  (:c.n t I 'P, .4 ni ershrriii . 1 n the present in vesti g:t - 
tion N ; I ? ~  WIS used i n  the forin o t  sodium chloride in isotonic 
s o  1 11 1 ion . 

Test arrangements 

T h e  lest cup\ were cast in :I gold-i)l:rtinum alloy (S.iiiding's 
"(:-goltl" ) and were providetl with :I 3 nini thick acrylic racing in 
:I ciret ihr  cut-oiit with :I di:tnieter 0 1  I2 rniii. ?'he gold rn:tLeri:tl 
under the I 'x ing material  h:td been perI'or:itetl in the centre, the 
hole heing I mill in  tlianieter. 

The he:it-citred resin ttiateri:il itscd thronghout the investjga- 
Lion w i t  \ . I i is t i ' . s  Dental P w r l .  Cri~~iii i i  riiiel llriei~gc~ "S - N" Fomi i i l i i  

f laorlrir. Schririn, i,ic~c.lilrn,slc~in). I t  w a s  purch:t\etl in the open 
market .  For I'iirther inforni:ition regarding the tre:rtrnent of the 
re\in ni:iteri:il the re:ttler i 4  relerretl to S o r c n i w k  65 H(>r .q incrr i  
( 1 !)ti 1 1 . 

Forty ( 4 0 )  gold cups were iised in the present study. In twenty 
of  thein ( G r o u p  A ) ,  the  retention for the resin facing x i s  pro- 
vided hy :I single wrought wire. In  the reiiiaining twenty (Group 
1 3 )  the  retention w a s  provided by riiinieroits wi : i l l  gold 1)e:ids at- 
t:ic*herl to the Iiottoni :is well ;is to the \v:iIl 0 1  the ciit-out. 'This 
latter :irrangement for retention w i s  provirled by i i w  o f  :I cast- 
tnet:il bonding inateri:il, 1ent:tforiit (l'ent:iforin bonding liquid 
and spr:ty hottle ot  powder). T h e  powder con\i\ ts  o f  stmill resin 
globes, di:trtieters about 0.3 niw. The adhesive liquid w;is brushed 
to the retention areit o f  the W;IY model ant1 irnniediately the 
powder w i s  \prinkled onto the wet w i ~ .  The wax model W I \  

there:iI'ter inve\tetl for casting. T h e  retention Tor the resin facing 



was thus provided by numerous snxill globes o f  cast metal. I n  
both groups the curvature of the floor o f  the cut-out wr ied ,  five 
cups hnving ;I f h t  lloor, five ;I slightly curved, and ten :I strongly 
curved floor. In all cases Lhe outer surfaces of tlie resin facings 
were p:iraiiel to the 1)ottoni of the cut-out. 'This w:iy three (lit'- 
f er e n t s h n 1) e s o 1' f:ic i ng s were tested . 

I n  :I f irst  serirJs fifteen test cups from e;ich group were p1:iced 
:ind kept in the r:iclioactive solution (N:i~~-l:iheIled saline solu- 
tion) of' 20" C for forty chys. 

In  :t srcontl s i J r i r s  the remaining ten test cups, five from each 
grotrp, :ill provided with ;I strongly curved facing, were tested 
during lernper:iLure changes I'or seven clays. 'Two r:idio:ic tive 
solution h t l i s  were used Ilie temper:ilures being 20" C : ind  40" C, 
respectively. 'Transfer from one balh lo the other \\T:IS perforrned 
every third hour, thy and night I'or seven days. 

Measurement of the penetration af NaZ2 ions 

Into each test cup in:iclive saline solution m i s  pipetled s o  tha1 
the inner solution surface w a s  equ:il in height with the surface 
of' the h t h  conhining the r:idio:iclive wlution. T h e  cups were 
covered with glass slides to prevent evaporation. In spite of this, 
a small evaporation of water occurred from the solution in the 
cups. To keep the inner solution sur1:ice level constant, tlistilletl 
water now and then had lo lie :itltletl. 

At the wirious time in te rvds  indicated in the di:igr:iins on the 
next page 0.5 nil of  the saline solution in the test cups was taken 
for measuring of  the  r:idioactivity in :I well-type scintill:ition 
crystal. The size of this NaI ( T I )  crystal was 2"Xl 7 /X"  with a 
well of 5/8"x 1 1/2". The operating voltage was 1200 1'. The 
solution was poured back into the test cup after measuring. 

i 

I t  ES "LT s 

'The results :ire presented in I>i:igr:irns 1 :ind 2. I n  all test cups 
the inner solutions were contnminatetl with Nan2 at'ler one thy. 
T h e  rnt1io:ictivity increusetl up to ahou t  the twentieth d:iy and 
thereafter no change seemed Lo take p1:ice (1)iagr:mi 1 ). The 
aclivily within the test cups reiiched about 1/10 of thal  of tlie 
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Diagram 1. 

lut ion of 20°C for forty days. Standard deviations are shown. 

bath. 'The influx of Nit?? was more riipitl in cups with wire reten- 
tion (Group A ) than in those with metal head retention 
((;roup 1 3 ) .  

Influx of  Nat-' when the test cups were placed in a Na?Y-lal)elled saline so- 
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1)i:igrani 2. 
The effect of  temperature variations o n  the  influx o f  Na?? into thc test cups. 

St:intlnrd deviations are shown. 

No sigriilicant differences could be found within the groups 

With 1eniper:iture changes the influx increased i n  both group 
with regard Lo the various shapes of' the facings. 

A and group H (Diagram 2 ) .  
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DISCUSSION 

The results of the present study confirmed those previously 
obtained, viz. that sodiuiii ions will permeate into gold cups with 
resin facing material on perfom ted gold windows (Siiremtrrk & 
Herymnn, 1961). Previously i t  was concluded that this permea- 
tion seemed to be due to leakage in  the minute space between 
the acrylic resin and the gold. There is no reason to alter that 
opinion. 

In the present study the rapidity of the permeation of sodium 
ions seemed to be related to the retention :irr:ingement used for 
the resin facing. Thus, the pernie:rtion W:IS less rapid when the 
retention was provided by numerous small gold bends in the cut- 
out (group 13) than in  the cases with :I single wrought wire 
(group A ) .  This may be due to :I difference between the two 
groups in the shrinkage possibilities and directions, resulting 
in a better adaption of the resin to the metal surface in the cut- 
out with gold beads than in that with wrought wire. 

After about twenty clays no further influx of Na*% seemed to 
take place. This is probably due to the fact that (luring its stay 
in the Naz'-'-lnbelled saline solution the resin inaterial absorbs 
water which causes :I swelling resulting in a better :rtl:rption ol' 
the facing to the wall and the floor of the cut-out. This is in 
agreement with the results of the studies by Brmrcr & Siiieeney 
( 1955), who followed the water absorption of polymethylncrylnte 
by determining the weight increase of the resin per unit of siir- 
face area exposed to the water. The samples used in their in- 
vestigation incre:isetl in weight during :I time period of :ibout 
thirty days. 

Sodium ions move very fast in isotonic solutions. The fact 
that rn:ixinium concentration of sodium within the test cups W I S  
not reached until after aboiil twenty days indic:ites that the 
space between gold and resin is minute. 

In the experiments, in which the gold clips were exposed to 
test solutions of 20° C and of 40' C the influx of N;i** ions W:IS 

increased in both groups, A and B. These findings were not un- 
expected. They are  most probably due to the differences in  the 
dimensional changes for resin and gold nlloy following tempera- 
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ture wiriations. The 1ine:ii. thermal expinsion coefficient for  
he:it-curerl :tcrylic resins is :iliout six times th:it o f  golrl ;illoys 
(1 ,nnistoin LCt lllcchtncin, l!).X) :tiid expl:iins the possibility o f  
leakage between the iiietal structure and the resin facing (luring 
ternper:itur.e chitnges. Such a phenomenon has been observed 
when acrylic fillings ;ire chilled :ind w:~rmeil  (A'c~ts t~n,  I V o l w t l  ~i? 
Pnffenhnrgcr ,  1952; S p r e t e r  IJ .  Kreirdenst~~in, 1953).  'I'he "pump- 
ing" :iction thereby exerted has lieen terriietl "percol:ition". There 
is :tlso the possibility of change in sh:ipe of the acrylic facing 
due Lo slress release; a factor that  needs to he further stutliexl. 

'I'he sh;ipe o f  the fwing, :IS wried  in lhe present study, d o e s  
not seem lo be : I  f:ictor o f  importance for the  speed o f  pernie:t- 
tion of tesl solution. 

SL7MMAIIY 

In the  present 4LtirIy perineation ol r:ttliosotliuin ions, into gold 
:tlloy cups with resin facing iii:iteri:ti on perforated gold window\ 
could be demonstrated within one day. The r;ipitlity ot the perme- 
;I tion w i s  related to the retention :irr:ingenient user1 for the 
acrylic f:tcing and to v:iri:itions in 1eniper:tture. The sh:ipe o f  the 
I 'xings (lid no1 influence the rnpidily of the perineation. 

13 ksl,hl B 
RTUDES COMPLLMENTAIRES SUH L'ECOULEMENT SE PRODUISANT 
KNTRE LBS HcSINES A(:RYLI()UES ET L'OR DANS DES CUPULPS D'OR 

i FACEITE rjE RGSINE 

1,:i pr6wnte t:ltide u pern~iu de  rnrttre en 6vitlence en nioins 
tl'une ,ioiirnde la pi-nt;tr:ttion tl'ions de r:idiosorliuni tl:tn\ des 
cupiiles d'nlliage d'ore h facette de riisine sur ferietrc d'or per- 
fortie. lA:t rapitlitd tle la pCnttr:i tion i-L:iiL en rapport avec le dis- 
positif de rdtention titilisti pour I:I 1':icette tle ri-sine et avec I:I 
w r h t i o n  tle 1:i ternpdr:iture. IA forine des 1:tcettes d h i t  s:ins in- 
I luence stir la r:ipiditt: tie la pknktration. 
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WEITERE UNTERSUCHUNGEN UBER DIE ANSCHLUSSDICHTE VON 
AKRYLAT 4 N  GOLD BE1 FAZETTENKRONEN 

In tier vorliegenden Untersuchung lmnnte &is Eindringen 
von radioaktiven Natriuinionen in ~~l(ry1atverkleidete perforierte 
Goldhiitcher innerhall) eines Tages gezeigt mertlen. Die Geschwin- 
tligkeit tles Eindringens stand in tlirekter Ikziehung ziir Tempe- 
rator  iind zii der fiir tlas Akrylat gewiihlten Retentionsiirt. IXe 
Fazettenfortn war dagegen 1,etleutungslos. 
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