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When additional water or certain other liquids arc  brought into 
contact with dental casting investments during setting, an  expan- 
sion teriiied ”hygroscopic setting expansion” will he observed. l‘his 
type of expansion is more pronounced than that lcnown as ”nornial 
setting expansion” which appears when dental casting investinent 
is allowed to set in air. 

Hygroscopic expns ion  has been the subject of determinntions 
and explanations by a number of authors since Scheri (1932) f i rs t  
called this phenomenon to the attention of the dental profession. 
Recently, N d d e r  & A dy 1960) and S k i n n e r  (1960 1 presented 
reviews of the iiiany inrestigations and theories concerning the 
explanation and nature of the hygroscopic setting expansion. 

Degni  ( 1946) proposed - -  that additional water causes a swelling 
of the gypsuni gel. Lyon, Dickson ,  & Schoonover (1955), on the 
basis of their experimental data, believed that hygroscopic expan- 
sion is a continuation of the norinul setting expansion during the 
period when the investment is in a seiiiisolid state, and the addi- 
tional water permits further hydration of calcium sulphate. K!jye dc- 
Fnirhiirst ( 1956) found that hygroscopic expansion can be produc- 
ed by certain liquids other than water. They did not agree, however, 
with the theory of further hydration iiieiitioned above. They 





M.i'ITRIALS AND METHODS 
I s o f o p e  1rsed 

The tritiated water (HTO) was supplied by the Radiocheiiiical 
Centre, Ainersliam. 

The radioactive isotope tritiuiii disintegrates with the eiiiission 
of negatrons of 0.019 meg:ielectronvolt. Its half-life is 12.5 years. 

I it r)r s t in 9 q zi i pm e n  t t i n d  prore drir e 

The investment used througliout the investigntion was Iierr's 
C r i s t oba 1 it c I nre s t 111 en t . 

I n  these studies flexible rubber casting rings were used. The 
inncr dimensions of the rings livere 50 . 30 tiiiii. \\Then preparing 
investinent cylinders for autoradiography :I glass slide was placed 
in the rubber cone (see Fig. 1 )  before the investiiient \\;as poured 
into the ring to facilitate a rapid splitting of the set in~est inei i t  
into halves. For the uutoradiograpliic study it was necessnry to 
l ime a plane smooth investment surface in contact with the nuclear 
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Fig. 1. Test arrange~nents. 
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ciiiulsion. l 'hc  diiiiensions of the gloss slide were in iiiilliiiiett~r\: 
1 .*> - 26 . 30. To avoid having the added HTO coiiie into direct con- 
t:wt with the glass slide when i t  w a s  administered a t  the top o f  t l i c ,  

in\e\tiiient, the  top of the slide w a s  coleretl with w a x  (Fig.  1 1 .  

l'he investiiieiit powder, 23 g,  xi\ iiiised with 10 ciii" di\tillrti 
water i 2 0 ° C )  iii :I rubber 1)owI under vibralion, :ind thcn thc i i i : i \ \  

w:i\ thoroughly spi tulnted for one minute. The c:isting ring \\:I\ 
I I i c 11 Ti 1 I ed wi t h the  i live s t I ii e n t under vibr n t i o i i  . T h e in  \ e 4 t I ii e 11 t 
w:i\ poured :ilorig one side into the ring so that  i t  was f'illed froiii 
the hottoin up to ;I level ahout 10 iiiiii  froin the top. Tlic c:isting 
ring WIS t1ierc:ifter placed under  vacuuiii ant1  vihrated for one' 

minute t o  rliiiiinutc a i r  bubble.; in the  investiiienl iiiaqs, coii\e- 
quentl> reducing tlie porosities (Phill ips,  1947). 

Five iiiinutes after the beginning of  the  iiiising 2 5  i i i l  HTO 
I%) " ( : ) ,  coiwspoiiding to 300 i i i C  tritiuni, w:14 :iddcd a t  the top o f  
Ihc investiiient. After 60 ininutes the excess HTO :it the  top of tlic 
!, c t i i i  ve s 1 i i i  e 11 t WI s re I 11 oved :I nd t t i  e in  ve s t 111 e ii t c y 1 i 11 d c r \v:i \ 
;;ently puslicti out  o f  the  ring. l'he cylinder\ for : iutor:i t l io~i. ; i j) l~~ 
'\vcr.e split into ha l \ e s  along the glass slide. 

-I i i l ~ l l f l ~ i l i ~ ~ ~ l ~ i ~ ~ l l i ~  

In one series of ten investiiient cylinders the two hnlvcs of e\ery 
c.ylintler were iiiiiiiediately pl:icetl in contact with Ilford (K5 riiic1v:ir 

rcxrarc~li eiiiulsion 1)latcs for one meek of exposing. I n  order lo [)r+ 
vent ev:ipor;ition of  HTO during the  exposing period tlie gyl)\u iii 
piecc w:i\ pressed to  t he  einul\ion plate by Scotch tape ant1 eiiitwtl- 

rlrd in p:ir:if'fin trd irzot izr in L'llhprg ( 1961, personal coi1iiiiiIiiic:i- 
Iioii I .  After exposure the eiiiulsion was cut  free froni  the pl:ile, a r i d  
Hie gypsuiii piece with the :idliering eiiiulsion \v:i\ iiiiiiier\td i i r  

clevelopiiig : in t i  fixing solutions. 

( ) t l ~ r n t l f ~ l f  1 I J P  fIl t '~i~lirl 'n1 r l l ts  

Four gypsuni cylinders were cu t  in  one-cm-thick crabs section\ 
i\hicli were placed in glass bottles with 10 1111 toluol. Each gyps~iiii 
section w i s  then split into very siiiall pieces, :inti the weight of' thc 
wction was deterniined. Scintillation phosphor, 2-:i-difeiiyloa:izol 
( I g per 300 1111 toluol 1, was added to the  bottles, nnd the :iiiioiiiit of 
tr i t ium i n  the  section\ w:is iiie:isured in a t r i w r b  liquid scintilla- 
tion spectroineter o f  the  type ii1:inufuctured by Ptrckurti. 'Hie :icti- 
vity was expres\etl :IS counts.  i i i i n .  -1 . g-1 . section-1. 
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HESrL1'S 

Tritiated water, added :it the top of setting dental casting invest- 
ment five ininutes after the beginning of the mixing of the invest- 
ment iiiass and allowed to  be in contact fcr 80 minutes, penetrated 
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Fig. 2.  The coiiceiitration of HTO in  the set investment cylinder (mean of 
four cyl.). The concentration was measured with il liquid scintillation 
spectromctcr. HTO was added at the top of  the in\estmcnt five minutes 
a f te r  \ tart  of in\estmcnt mixing. The conccntration rapidly decreases from 

the top to the bottom. 
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The theories on hygroscopic setting exp:insion presented by 
Degni (1946),  Lyon, Dickson, & Sclioonoiwr, (1955), Kyge & Ftrir- 
hrmf (1956), and Frrsni~nmci (1957) seein to be associated with 
the hypothesis that the added liquid penetrated the investment 
inass uniforinly. The results of the present study do not support 
such it hypothesis either, as it w a s  found that HTO certainly pcne- 
trated throughout the investiiient mass, but that the concentration 
of HTO rapidly decreased froin the toy to the bottom of the invest- 
ment cylinder. 

A theory that is conipt ible  with the results obtained in the pre- 
sent investigation is that proposed by Xnhlrr  & d dy ( 1960). Ac- 
cording to the latter authors, the mechanisni of expansion, uritier 
both norin:il setting and hygroscopic setting conditions, is :I result 
of the same phenomenon, viz. the outward growth of gypsum cry+ 
tals. The liquid phase of the setting investment is continuou.; during 
expansion and adjusts to the addition of water, so that incre:i\ctl 
volume is avai1:rhle at all points and not just  in thc :wea of the 
added water. As :I conclusion o f  their proposed explanation .4PcrhZ~r 
& Ady (1960) Ijresuine that the added water need not and does ~ io l  
penetrate :my deeper than the surface of the setting iiivestiiient 
inaterial. As rnentioned it was, however, shown in  the present 
study that  tritiated water added minutes after investment mixing 
penetrated throughout the iiivestiiient mass, although it must be 
emphasized that the concentration of HTO rapidly decreased f i ~ m  
the top to the bottom of the investiiient cylinder. In the deepest 
layer adjacent to the rubber cone the concentration accordingly 
was very low. 

In  this connection it will be noted that  under normal setting 
expansion conditions, i.e. setting in air without added liquids, there 
is a n  evaporation of water froiii the inass (Fig. 3 ) .  Thir evapow- 
tion was prevented when oil was added at the top of the invest- 
ment. It therefore seeiiis logical that the hygroscopic expansion 
noted when oil is added to a certain extent inay he duc to preven- 
tion of evaporation of  water from the investment mass. The hygro- 
scopic expansion observed when oil is addcd is siiluller than that 
obtained with added water (Kyge & Fairhrrrsf, 1!)56). It WIS also 
observed that the evaporation of water from the investiiient in 
casting rings increased when the ring was lined with wet asbestos 
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the  investment cylinder. In the layer adjacent to the rubber cone 
the concentration is very low. Inside the wax pattern the concen- 
tration seeins to he somewhat higher than outside. White areas 
correspond to high concentration of radiosodiuin. 

These additional experiments confirm the conclusion to be 
drawn from the present investigation, viz. that water added at  the 
top of the investment, five ininutes after iuixing, can penetrate 
throughout the mass, hut that the penetration is not uniform. 

Fig, 4. Autoradiogrnm slro\ving the  distrihntioo of Naes-IaI)cllrd saline solu- 
tion in the centre of t he  investment c ~ l i n d e r .  The solution was added five minutes 
after start  of investment mixing. The coilcentration rapidly decreases from the  
top to  the  h t t o m .  Xote also the  high concentration inside the w a s  pattern. White 

arcas correspond to high conccntration of NaZ2. 
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Deij experiences suppldmentaires en employant une solution 
saline physiologique iiiarqu@e au Nan2 coiiiiiie liquide d'addition 
ont tlonni. des rdsultats conformes h ceux obtenus par H'$. 

Le iiikcnnisiiie de l'expansion hygroscopicpie de prise :I 6ti. 
discute. 

Z U SAM hI E N  F ASSC N (i 

UNTERSUCHUNGEN UBER DAS EINDRINGEN VON ZUGESETZTEM WAS- 
SER BE1 UER HYGROSKOYISCHEN EXPANSIONSMETHODE. EINIGE VER- 

SUCHE UNTER BENUTZUNG VON MIT TRITIUM (H') GEMEKKTEM 
WASSER 

Bei der hygroslcopischen Expansionsmethotle w-urde das zugc- 
setzte Wasser niit 'I'ritiurii genierkt und  d a s  Eiridringeri desselhen 
II n t er such t : 

5 hlinuten nach Keginn des Anriihren4 der I~inbet tun~si i iasse  
wurden 2,s cciii mit Tritium ~e i i i e rk t en~~ ' a s se r s  in den oberen Teil 
des Einbettungsz3.linders gegebcn und 60 Minuten lang in Kont:iltl 
belassen. Autoradiogra~ume untl quantitative h/Iessungen niit 
eineiii Flussiglieits-Szintill:iti~nsspe)itroiiieter zeigten, dass dns zzi- 
gesetzte Tritiuin-~emerkte Wasser die Einbettnngsmasce durch- 
drang, wobei jedoch die I<oiizentr:ition yon der Spitze zuiii I3oden 
sc hnell a bnnhm . 

Zusiitzliche Exyeriniente, bei denen iiiit Nn*' geinerlite physiolo- 
gische Kochsalzliisung als zugegebene Fliissigkeit verwendet wur- 
de, gahen Ergebnisse in ~bereinstiiiiniiiiiS zu deneri init Tritium 
genierkteiii Wasser. 

l k r  Mechanisnuus der hggrosliopischen Exp"nsions,method~ 
wird besprochen. 
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