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INTRODUCTION 

Spteinatic itudies oil silicate cement have given rise to cert aiii -- niainlF 
qualitative - - observ,itioni on the properties of this material. It i+ considered 
that these propertie6 arc' of general interest, m d  they will lie drsc~rihetl i r i  the 
following pages. 

\fATERIAL AND METHODS 

1. C m e r o l  descriptiou 
Six different brands of silicate cement, all complying with F.D.I. Spei:ific:aiion 
No. 5, were used throughout this study. The cements were iiorrnally mixed 
to stantlard consistency; to study the effect of thicker and thinner rnixes 
iipon the phenomena described below the cements were in soine instances 
mixed u-ith 10 more nr 10 yo less powder than the amount required for 
staiidard consistency. 'The volume of liquid for all rnixes was constantly 
0.1 nil. The cements were mixed at a rnnni terriperatnre of 22&1"C aci:orilinp 
t o  the method described in the specification. 

After mixing the cements were placed in cavities in extracted upper 
incisors by adapting small portions of the mix to the cavity walls. The cavities 
were normally slightly overfilled before the application of a celliiloitl matrix 
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The nidrgiiis of the fillings Mere obserartl after the polishing iiiitler '1 

~te~c,o-r~ii(,rosco~)e at ,36 times line'tr magnifimtion. 

1. Siri;/iiccj rongh7Ir~ss 

1 lie surfai.cl roughness of all fillings from the aliove claiise (2)  ant l  (3)  iih i t  ell 
as of 20 fillings iriatle wit l iou~ the use of a matrix hand was nieahiired ~ J V  

iiivaris of ii E'rrth-0-Meter" surface nieasuring unit. When ~ncasuririg the 
roiq$iiicvs of the plishetl fillings the diamond tracer of thc Pert h-0-Meter 
w a s  traa-elling at riglil angles t o  the direction of the polishing htreaks. Or1 
each fillirig only one profile line tu-o niilliiiiet er long was nieasuretl. The 
siirfxv trf all the fillings was also st titlieti in a stereo-microscoj)r. at 32 times 
linear riiaenific.atiori. 

r l  

5. ,Yf'ti ing cniitr-ciction 

20 f i l l inp  iilaceti by means of a matrix band arid 20 fillings placed orily b y  
[lie filling spatula were allowed to set for one week. All fillings were matit- 
froin standard consistency mixes; selection of brands was clone h y  lot for 
en(-11 filling. The fillings as well as a surrounding narrow rim of the erianicl 
ttwe ground iilane untler wit t'r on a no. 600 car1)oriindum polishing paper. 
1 lie width of the contraction gaps a t  two diametrically opposite points of 
each filling was measitred i n  a metallographic microscope at 500 times linear 
tiiagnificatiori. Tlie diarricter of  the fillipgs was nieasuretl at lower magni- 
fication antl thc setting contraction calculated. 

Finall?- the possihilitv of displacing or rocking the fillings in the cavities 
iintler light urisynnictrical forces was investigated by means of the stereo- 
inicroscolbe at 72 times linear rnagnificatiori. Light forces were apjiliecl on 
11ie fillivgs by means of a sharl) dental prolle. 

During these nieasiircments and ohservatiotis the fillings were not allowcd 
I o dry up. The fillings were repeatedly dipped in  water, antl although a visihlc 
water film on the frec surface of the fillirlps M - ~ S  riot acceptable during the 
niicroscoliic- work, water was always visiblr in the contraction gaps surrormding 
the fillings. 

r ,  

RESL I,T\ 

~!(irgrn(11 zntcgriti 
After removal of the matrix ha11d d separation of the cement liqind in an 
irregular zone along thc caaity margin w d 5  frequently observed (Fig. 1). 
The separation ~ . d h  the more pronounced the thinner the cpment was mixed; 
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Fig. 1. Marginal fracture in  a silicate ctmcnt filling. The gap occurring hetween thc filling untl 
thc ca\-it>- wall tluc to ;.ontraction clorinz setting is clrarlq \-isilJlp in the lower right of t!w 

marginal area. Y 6.5. 

Frci,cturin,g .f f i l l inq rncirgins durin,g polishing 
A study of the polished fillings revcalctl that iii every instance the margiiia 
had heen fractured. The width of the fract uretl area frequently extended to 
1)etrveen 100 and 150 p (Fig. 2) but tlepentled on the direction of polishing 
action. In the case of local polishing action restricted to  a movement parallel 
with the filling margin, the width of the fracture was slight, often less tliari 
2 0 , ~ ;  when polishing was at a certain angle to the margin of the filling, the 
width of the fracture often exceeded 1 0 0 , ~ .  No connection could he foriritl 
between on the one hand the age of the filling and on !.he other hand ]lie 
size of the marginal fracture; nor had the brand of cement any influencc 
upon the size of the marginal fractme. The eiianiel margin of the cavit.y w z  

also damaged by the polishing, frequently showing irregular fractures of I I  

width of between 25 and 50p;  before the cavities were filled the enarnrl 
margins were normally quite smooth and without any tlr 

.S”rjace roughness 
The surface produced by a matrix band on  a silicate cement filling is of-ten 
described as very smooth, shining or mirror-like, and i t  is claimed that this 
surface is more desirable than that which results from polishing Trit h stri1)s. 
The microscopical study of I he cement surfaces 1)rotlnc.d h y  the matrix 





snioot I1 rnitiri\ a1 the inonient of a1~~)1ica!ioii tral)~~(:d air buhhles betw-eeii 
itsrlf and tlir uiiewn ro.igli stirface of the ccirient, pressing i he bahhles in to  
tliv cwneni : I 1~ dc illus iook the form of irrcgular hemispheres (Fig. 3). 
11 (w111(1 oc,c.a4orially he voted that the  tral)l)etl air had heen in  the process 
of flowing ont from iintlcr the inairis 1 ) a i i d ;  i i i  sncli circuinstanc-cs the sur- 
f: , ic~~ clcfects 1)ccwne qiii!c irregularly shapctl (Fig. 4). Fig. 5 shows the surface 
of a i  ilnpoli+lictl fil1ii;g nliicli ~ 1 , s  platxcl :wlc.lv b y  incilns of the spatula. 

1 1 ~  result:: of the surfarc roughnes.4 measurmienis are presented in Tahle 1. 
1 hc. diffmwcw iu  roiigliness he:ween the various cxperiniental groiifks 

are rrlatively small. It i:; 1):ir: icularly ii:)!iccal)le that polishing at Gillrnore 1 
iiniv (l id not resiilt in a grcvter ronghncss tliaii l~olishing 24- or 48 hours later, 
arid I hat filling sokly  1'1 ith a s1)atula did 11.01 result in a sign.ificantly greater 
rougliiiess t h a i i  \+-hell a matrix hard  was used. Fig. 6 shows sections of sonie 
I yl)ic.al siirfac.e roughness ('iirvcs. 

r 1  

r >  

S e t t i r i g  L o i t  t i  w t  ion 

T k i ?  setting contraction after one 1% eel\ of fillings iriade b y  the matrix method 
\+as 0.18f0.05 O d ,  am1 of fillings rriatle by thr -l)atula method 0.20+0.06 7; .  
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in connection with phosphate cement (J0rgensen, 1960) : the powder particles 
are pressed closer together in a region in which the cement is forced through 
a narrow fissure, and it is thus difficult for them to pass through the fissure. 
Liquid or1 the other harid will be able to pass through the agglomerated bridge 
of powder particles and to wash away cement which in relation to the direc- 
tion of flow lies iri the periphery of the fissure. This bridge formation and 

is known from many other fields, both dental arid noii- 
dental. 

Fract.uring of silicate cement filling margins during polishing is probably 
due to the fact that the rnargiris of this brittle material are to a great extend 
unsupporl.ed because of the setting contraction of the cement. The contrac- 
tion gap may also explain the fracture of the enamel margin. 

It is generally assumed that silicate cement fillings are not to  any great 
extend subject to t hermal percolation because of the great similarity between 
the thermal cwncluctivity and lhe coefficient of thermal exparisiori of silicate 
cemetit and hard dental tissues, respectively (Nelsen et al., 1952) ; the position 
does not however appear to be fully clarified (Zoc. cit. 11. 289). 

The flow of liquid aroiind and under loose and rocking fillings as dem- 
onstraIetl in  the present study may be called mechanical percolation since 
the causing factor is of mechanical nature. Another mechanical factor that 
will cause percolation is uneven pressure of the liquid at the opening of the 
setting contraction gap. The mechanical factors in the oral environment 
which produce asymmetric pressure on fillings and on the liquid in the gap 
openings are, for example, biting and chewing, drinking, and tongue and 
labial pressure. 

Mechanical percolation around loose fillings probably may be relatively 
intense. Under the influence of weak forces a filling can, for example, be 
displaced from contact with one cavity wall to contact with the opposite wall 
in a fraction of a second while fluid surges through the gap. Thermal perco- 
lation, which is often produced by relatively small arid brief changes in 
temperature in materials with low thermal conductivity, must undoubtedly 
by comparison be considered slight and perhaps almost negligible. 

If this view is correct, the precision characteristics of a dental filling 
material (expansion arid contraction during setting, expansion as a result 
of absorption of water etc.) must be regarded as considerably more important 
material properties than its thermal characteristics (coefficient of expansion, 
conductivity, specific heat). Clarification of the position must be awarded 
importance in the laboratory assessment of both existing and new restorative 
materials such as silicate cement and compositie and non-composite plastic 
filling materials. 





Z US AM M E N F AS S LT N G 

EINIGE BEOBACIITUNGEN AX SII.IKATZEk1 EKT 

Es \\ertleii einige in tler Hanptsache neue technologische Eigenscliaften (lrs 
Sililiatzrments besprochen, (lie fiir die qualitat iw Beurtcilung dieses Rlaterial.. 
von  Betleuturig sein diirften. 

1. lnfolge eiries Filtrierprozesses mischen Alatrize untl Kavitzt t rirantl 
kiinnen Rand defekt e auftret en. 

2. Randfrakturen einer Hreite von bis zii el~zn 0,15 nini sintl einr norriiale 
ien tier polierten Fiillmig ist 

((;illmore-I-Zeit) otler sliit 
Folge des Polierens von Fiillungen. Das Au 
tlavon unabhgngig, oh das Poliereri sehr 
(48 Stunderi nach der Herstellung dcr Fiillung) stattfindet. 

3. Eine spiegelblarilte Fiillungsoberfliiche nach tler Benutaurig einer 1lIa1 
isi vor allem eine optische Tanschung. Die Kaulieit der Oberflache ist r t  \w 
(lie gleiche, ob die Fiillung lediglich mit den1 Spate1 gelegt otler rine nllatrizt, 
benutzt worden ist. 

4. Mechanische Perkolation wird parallcl niit den1 liingst belimntcti 
Begriff der thermischen Perkolation als neuer Begriff eingefiihrt. Es ist 
;irizunehrnen, (lass die iriecliarii~clie Perkolation fiir (lie Qualitat einer Fiillung 
in rielen Fiillen wesentlich clislirirriinierender ist als dic therrnisclie Prrko- 
lation. 
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