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Acrylic resin has  increased in use as facing iiiaterial for cast gold 
crowns during the last few years. Soiiietiines i t  is observed in clini- 
cal work that caries appears under an acrylic facing, where the 
underlying gold protection is perforated. It  has therefore been re- 
coriiiiiended (Yoclc, 1953, and others) to have a complete casting 
protect the tooth in the huccal cut-out area of a gold crown prepar- 
ed to receive an acrylic resin. 

Provided that no leakage occurs at the cervical iiiargin of :in 
acrylic faced gold crown, there iiiay be three possibilities for the 
mouth fluids to coiiic into contact with the dentine, if the gold pro- 
tection underlying the facing is perforated : 

( 1 ) penetration throughout the acrylic material 
( 2 )  leakage between acrylic iiiatcrial and gold 
(3 )  combination of ( 1 )  and (2) .  
The theoretical backgrounds for these possibilities will he briefly 

discussed below. 

Penetrcction tltrociyh ihe  acryl ic  mutcriccl 

It has  been observed that polymers in contact with water absorb 
greater or siiialler amounts of water depending on the nuiiiber of 
polar groups in the polymer (Kline,  Mnrtin, & Crouse, 1940, Baker, 
1952, and others). According to Brcruer & Sweeneg (1955) the 
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wiiter 1)resuin:ibly cnters the :icrylic resin between the ~ ~ i a c r o ~ n o l e -  
~ I I I C S  anti forces thein slightly apart .  This action of the wntei. i4 not 
i i i i l i l tc  tli:il of :I plasticizer. 

‘1‘11 c 1 t i (  is  t f req lien t l y used met hod for (1 ua n t i t :i t ive de t cr 111 i n:i- 
[ i o n \  of  w:iter ahsorption is to tletertnine the weight inerense of  t h c .  
rvsin per unit of surface area exposed to the wtter .  I n  this w;i> 
IIrtrrror d? Sizwenr!y ( 19*5<5 ) fount1 that  water :rbsorption of poly- 
i i ~e l l i y l  ineth:icrylate is indepentient of  the  inolecul:ir weight in 
l l i i l  1 to 3 7 ° C  r:tnge :ind that  water :ibsorption i s  const:int and in-  
tlel)i*ndenl of the temper:iture in  the 2 to 60°C range. The s:iiiiple\ 
i ~ w t l  i n  their investigation reuchetl constant weights tvilhin 30 
(Iliys. It has  heen reported ( l‘rrnon-HPnshoff, 19.5.5 ) that  no fur- 
ther change in w-eight takes place even after storage fo r  an :idtli- 
1io i i : i I  5 years. There seeins to  be no upp:irent difference in tliv 
w:ilcr uj)-talte I)etween heat-curing mid self-curing resins ( C t r r r l ,  
Strrnfoi*tl, d;- Scrio. 1 !)52, Stcrnforrl, H u m s ,  d;- Ptr f f~n lxrrpr ,  I!)>> ) .  

‘ I ’hus. sewr:iI :iiithors h:ive been interested in  yuantit:itive dctci.- 
t i i i i i ; i t i o i i \  of waler :ihsorption but,  a s  far :IS is known, no cxten\i\c% 
41 utly h:ia been published in the dent:il literature :IS to thc q i i e \ t i o i i  

i l  :I liqtiitl c:tn 1)erinc:ite through acrylic resiiis. Experiiiirwl\ 1))  
I,rrmsfrin &? Illrchincrn ( 1956 ) with acrylic fnceti gold cro\viis aho\v- 
( a i l ,  Iiowc\ c r ,  that the f:icing m:iterinl itself W:IS not perine:ttttl hy 
:I cii lutcd inethylene blue solution or by ~n ic roorgan i s i~~s  i Xic. lo-  
c o c c i i s  pyogrn i~s  r ~ r .  nzirerrs). 11 iiiight be thoughl, howewi.,  t h a l  
t l i c  1:icing i1i:iterial is permeable to  siiialler p:irtirlr*s. 

l.(,ctl;ci!ge 1 i i . l t r ic~rr t  ~ i c r ~ y l i c  m u t c r i ~ r l  t r n d  yold 

‘I‘lie unrestricted l inear cur ing shrinkage o f  acrylic inaterials ha\  
I Iicorrticallg heen c:ilcul:ited t o  be :ipproxitnntely 2 per cent if thv 
\ r ) l  uiiie proportions of polymer t o  nionoiner is three to one (SIi in-  
I I P I ‘  & Pliillips, 1960 ) .  The actual linear curing shrinkage o l ) s e r \ ( ~ l  
i i i  longitudinal direction, however, is much less; \ulues have 1)et. i i  

rc.poi.letl \ ~ii.ying froin 0.2 to 0.5 per cent (Skinner & C O O / ) P I ~ .  1!W, 
Srncvnry,  1939, Pryton &? Jlcinn, 1942).  

I)ue to  curing shrinkage there develops in an acrylic f:iced gold 
(+i.o\vn :I minute space between the gold and the acrylic iii:it(>ri:il, 

I l i u a  providing possibilities for l e n k a ~ e  of mouth fluids into t l i c  
caonstruction. It ha\ been diwnssed whether or not water iiiihi1)i- 
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tion coiiipensates for curing shrinkage. Skinner & Cooper (1943) 
reported that measurements of strips of denture resin, presumably 
stress-free, have shown that the increase in dimension due to water 
absorption is, for all practical purposes, equal to the curing shrink- 
age of the speciniens. Measurements of acrylic dentures indicate 
that such an absorption does not always compensate for curing 
shrinkage. This is proved to be dependent on the curing cycle 
(Griinemcrld, Pnffenbnrger, & Dickson, 1952). 

The present investigation was undertaken in order to get more 
exact information concerning the permeability of acrylic facing 
material. It was decided to use a solution with siiiall ions. There- 
fore n saline solution labelled with the radioactive isotope Na22 

was used. 
Following the above, the present study is divided in two parts : 

( 1  1 permeation studies with NaZ2 ions through acrylic facing inn- 
terial and (2 )  permeation studies with Nit22 ions through acrylic 
faced gold cups. 

I\lATEHIALS AND XIE1'HOI)S 

Isotope used 

The radioactive sodium isotope N:122 was supplied by the Hadio- 
chemical Centre, Ainershain. I n  the present investigation NA" . 11 was 
used in form of sodiuiii chloride in isotonic solution. 

Nazt disintegrates with eiiiissioii of positrons of 0.54 MeV fol- 
lowed by one gainma ray of 1.28 MeV; 0.06 % of the positrons are 
of the energy of 1.83 MeV. The half-life of N t P  is 2.6 years. 

drrctngements for s lndies  of A'd2 perniecclion through t r c r ~ ~ l i c  resin 

The acrylic inaterial used throughout the investigation was 
Justi's Dental Pearl, Crown and Bridge "S-K" Formula, and it was 
supplied by Ivoclar Schaan, Liechtenstein. 

Fifty acrylic test cups were processed (See Fig. 1). The dinien- 
sions for all of them were equal, the wall thickness being 0.5a0.1 
inin. The test cups were processed in specially iiiade brass ~uolds .  

The iiiono~iier was placed in :i mixing j a r  and polyiiier was added 
until d l  tlic nionoiiier was taken up. The mixing ja r  was then 
vibrated to bring excess niononier to the surface, and more polyiiier 
was added until the nionoiner was saturated. The dough-forming 
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procedure described above. The facings varied in size, four having 
a diameter of 10 111111 and the other four a diameter of 5 iiiin. The 
gold material in the bottom of the cups was perforated in the centre 
with a hole one niin in diameter. 

As was done with the acrylic test cups, these gold cups also were 
put into the radioactive solution and were allowed to he in this 
solution for 50 days. 

Every acrylic test cup was, before use, finely scrutinized iiiicro- 
scopically to ascertain that it actually did not show any crack. The 
saiiie was done with the gold castings and their facings. 

Mertsiirenient of the permetction of S t P  ions 

Into every test cup inactive saline solution was pipetted so that 
the inner and outer solution surfaces were equal in height. The 
cups were covered with glass slides to prevent evaporation. How- 
ever, a sniall evaporation of water occurred froni the solution in 
the cups. In  order to keep the inner solution surface level constant 
distilled water now and then was added. 

Every fifth day 0.5 in1 of the saline solution in the test cups was 
taken for measuring the radioactivity. The activity was measured 
in a well-type scintillation crystal. The size of this NaI (Tl) crystal 
was 2” * l7/s’’ with a well1 of 5 / 8 ”  * 11/2” .  The operating voltage was 
1200 V. A t  least 10,000 counts were recorded. After measuring, the 
solution was poured back into the test cup. 

No radioactivity was found in the inner solution of any of the 
35 acrylic test cups which were immersed in the N:P labelled saline 
solution for 100 days. 

All of the 15 acrylic test cups that before iiniiiersion in  the radio- 
active solution were exposed to ethyl alcohol showed a very low 
activity in the inner solution. This activity tended to rise during 
the period of 100 days in the Na** labelled saline solution. 

In  all gold test cups with acrylic facings the inner solutions were 
contaminated with Na22 after only a few hours. The activity in- 
creased rapidly in intensity. The influx of Na22 from the outer 
solution to the inner one was more rapid in gold cups with the 
larger acrylic facings than in those with the siiialler acrylic facings. 



I)  IS c " s s I ON 

Sotliuni i o n s  are very siti:tIl, the radii being 0.95 A. 'I'he present 
\ l u d ~  did not \how any permeation of these sinall ions thi-ougli 
0.5 ititti-thick acrylic facing material. 

'I'hc :ih\orptioii reported when polytiiers are in  contact with 
\vaIcr is proh;thly conee ntratetf i n  t h e  surf:icr Inycar. Anyhow, thi\ 
w'rin\ to tw the c:ise \\it11 the ;ihsorption of  N@'. 'l'his was con- 
t i t . i t i ( ~ i  Iy the l'ollowing experiiitents: eight thin :icr;ylic sheet4 werv 
:illomed to st:ind with halt' of their heights in :I bath of Na~~-l:ibrlled 
w l i n e  \elution for  60 d:iys. Autor:itfiogratns of these sheets reveal- 
c t l  Ioc*:rlioii o f  sotiiuin ions ,just i r i  the region of t h e  sheet th:it hat1 
I~ren in contact with the r:~diosodiiittt solution. Tltus sodium lions 
were not drtiww ul) into t h c ~  pnrt o f  the  sheet abovc the level o f  the 
h t h .  'I'hc :tcrylic sheets were then \v;ishcd in  water f o r  one niiitute 
atid agaiii pl:rced in cont*tct with etnulsion for two weeks' expo\ure. 
'I%(> : t i i t~~)r :~~i io~r; i t i is  showed no sodiuiii ions in the sheets :it :ill.  

(:onsecliiently, ; i l l  sodiuiu ions had heen wished out by the water. 
I 1  \oettts, however, that  the :icrylic inaterial exposed to cthyl 

:tlcohol 1)robahly is  periiienble to sodiuin ions. This  periiieahilily 
I \  pi~~h:tl)ly due lo c r ;~c l<~ ,  in the acrylic iii:tteri;rl produwd 1)y ethyl 
alcohol. Solvcbnt cr:tzing effect.s by :ilcohol :ind certain other liquid\ 
l i : i \ e  hecn o1)served by SprEn!g (1943) and others, :tiit1 were tie- 
\ci.ibetl i n  detail by Krrs.iPZ ( I W ) )  and hy H s i a o  &. S t r a ~ r  ( 1930) .  
'I'he phenoincnon of  crazing of  acrylic mtterinl h:ts been defined 
:is "fiiic c*r:ick\ which iiiny extend i n  :I net-work over or under Ihc 
surf:tc.e of or  through a plastic" ( S i m o n d s ,  ElZis, & Bigelorn, 1943).  

The Iwrinc:ition of sodium through the gold cul)s with the :icrylic 
f w i t i g  iii:iteri;tl oii the 1wrfor;ited gold windows slzeiiis thereforc 
iioritt:~Ily riot to take phce  through the acrylic facings but through 
thr  gold :tcrylic resin itiargiti. It is also evident that  this 1eak:cgc 
i\ iiiorc pronounced the greater the inargin is. Theoretically, i t  :illso 
x w i i t \  t h a t  this le:tl<age will be greater during teinpei uture changes, 
I)ec:iiisc the t l i c i ~ t i i : i l  exi):insion coefficient of  the :wrylic nintcri;il 
i 4  :it)oul six liiiws :is great :IS that  o f  gold. 



It has also been reported (Nclsen, W o l c o f t ,  & Prrffenbnrger, 1952, 
:ind Sprefer  17. Kwzidenstein, 1953) that when acrylic fillings are  
chilled and wariiied, fluids are iiiibibed and exuded a t  their mar- 
gins. This pumping action has  been termed ”percolation”. 

Lrrmsfein & ~ k c h m r n z  ( 1  956) concluded that the use of acrylic 
faced cast gold veneer crowns with perforated gold windows is 
contr:i-iIidic:ited. HedPgdrcl (1 957) also suggested that  the iiiarsi- 
nal fit of cold-polyinerized acrylic fillings and acrylic crowns is 
the site of penetration of mouth fluids into the dentine. The results 
from the present study do not contradict their opinions. 

s u m m y  
The permeability of acrylic facing material was studied with a 

Nn2~--labeIled saline solution. It was shown that during a period of 
100 days the small sodium ions did not permeate through 0.5 i ~ i m  
thick acrylic test cups. However, it was denionstrated that  when 
acrylic test cups were exposed for five minutes to ethyl alcohol 
before in~mersion in the radioactive solution a very low activity 
could be demonstrated in the solutions in the test cups. I’erliie‘ ‘1 t’ ion 
of sodiuiii ions through gold cups with acrylic facing material on 
perforated gold windows could be deliionstrated within only a few 
hours. This permeation seems to be due to lealtage in  the minute 
space between acrylic resin and gold. 

IlkSLJ A l  I 

ETUDES SUR LA PERMEABILITE DES FACETTES ACRYLIQUES DANS 
LES COURONNES D’OR. ETUDE DE LABORATOIRE AU MOYEN DE NaZ2 

La perinkabilit6 des matifires acryliques des facettes a Ctd Ctu- 
dike avec une solution saline physiologique marcpike au Nann. On 
:I montrk clue pendant 100 jours les petits ions de sodium n’ont 
pas pCnCtrk h truvers des cupules acryliques d’bpreuve d’une 
Cpaisseur de 0.5  i i i i i i .  Cependant on a prouvC que lorsque des 
cupules acryliques d’kpreuve ont k t 6  exposCes pendant 5 Iiiinutes 
h 1’:rlcool Cthylique avant I’iliiinersion dans 13 solution radio- 
active, uiie activitC tres f:iible pouvait &tre Iiiise en dvidence dans 
les solutions contenues dans les cupules d’kpreuve. 1,:i pkndtru- 
tion d’ions de sodium B travers des cupules d’or avec coin])orta~i t 



Z I’SA blhl EN FA SS ITN (i 

I NI’ERSIJCHIJNGEN UHEH DIE DURCHLhiSSIGKEIT VON AKRYLAT- 
F’ AZ K T  I‘EN HE1 GOLDKRONEN. EXNE LABORATORIIJMSUNTERSUCHUNG 

IJNTER BENIJTZUNG VON Na’* 

iglieit W J I ~  AI,,rgl-F:izetten wurdc iiiit Hilfc cbiiier 
N : I ~ :  r i i t  h:iltenden I)li?.siolofiisc,hen Kochsalzliisttrig untersuch t. Es 
\\ t i i d r ~  gezeisl, d : i s ~  w.iihrend eincr I’eriotle w i i  LOO ‘I‘agen die Itlei- 
i i c ’ i i  N:i“-Iorieii die 0,s t i i i i i  dicken Al<ryl-‘I’esthiitchen nicht x u  
tl I i r(.li( 1 r iii 

Indewen konnte eirie geririge Aktivitiit der iin Inneren der ‘l’est- 
hutc~hcn befindlichen Liisung n achgemiesen werden, wenri die ‘Test- 
1ctirl)ei. vor dem Einsetzen in  die radioalitive I h u n g  6 Minuteii 
I :I 11 g At h y la I I< oh 01 ;I 11 sge se t z t  w u rd en. 

I ) i e I 1 u rchw a 11 d c r u 11 g von N a 22- Ion en (1 u rc h Gold- Alc r !J ih u t chen 
r t i i t  Fenstern in der Goldschicht korinte bereits innerhalb eiiiigcr 
St unden n:ich~;ewiesen werden. Diese Durcliliissiglieit scheint :IU€ 

1Tntliclitiglicit ;in cletn feinen Zwischenraum zwischen Gold und 
Akrgl /,ti beruheii. 

11 ye r iiioch t en. 
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