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INTRODUCTION 

It has been recognized for many years that silicate cement can craze when 
subjected to drying. I t  was not however until recently, i.e. the marketing 
of the undernoted brand no. 7, that crazing was actually made the subject of 
investigation (Baumanrz & B~hana, 1968; Eichner, 1968). The former two 
authors demonstrated that in laboratory tests silicate cement crazes for only 
a relatively brief period after the cement has been mixed; the latter author 
was of the opinion that crazing occurs only in special laboratory conditions, 
and does not occur when the cement is used in the clinic for making dental 
fillings. 

The purpose of the present work has been (A) to study the crazing of 
silicate cement in controlled laboratory experiments, (B) to study by means 
of laboratory experiments the practical clinical consequences of crazing, 
and (C) to test whether from the point of view of crazing tlie cement in 
clinical application reacts in the same mariner as in laboratory experiments. 

MATERIALS AND GENERAL METHOD 

The brands rlarried in Table I were used in the study. The cements were 
mixed normally to tlie standard consistency described in F.D.I. specifi- 
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cation no. 5, except for the fact that in all cases the quantity of acid was 
only 0.057 ml; in one particular series of experiments (see later) tliiclier and 
thinner mixtnres were tested than those corresponding to the stantlard 
consistency of the spec:ifieation. 

In all cases tho cement was mixed at rooni temperature, which was 23 f 1"C, 
and at a relative humidity of 4055 yo. 

Table I 
Lis t  of' brands studied 

No. Brand Batch no. Manufacturer 

1 Astralit improved 
2 Super Syntrex 
3 Silicap 
4 New Filling Porcelain 
5 B.S. 58 
6 Super Diafil 
7 Uiotrey 
8 Achatite Biochromatir 

- 

P :GAl.L :FJ1 
P:057.L:661D 
P :O56634.L:126634 
P:4Z1 .Id: - 
P :F3436.L:C3076 
P:HL7.1.:HIIl 
P :485.L :501 

Dental Fillings Ltd., U.K. 
De Trey Frthes S. A., Switzerland 
Vivadent, Liechtenstein 
S.S. White Dental Mfg.Cn., U.K. 
Hayer, Leverkusen, W. Gerniany 
Pfingst bi Company Inr., U.S.A. 
Amalgamated Dcnt. Co., U.K. 
Vivadent, Liechtenstein 

Crazing of the ccrnent was clenionstrated with the aid of a felt-tip marker, 
which was drawn lightly across the surface of the cement. Tlle properties 
of the marlier fluid must he such that it flows readily and moistens the 
cement easily; it must also dry within a few seconds. In the study a felt- 
tip marker manufactured by Linz, a West German company, was used; it 
nieets the ahove-mentioned reqnireinents. The marlier fluid will penetrate 
any cracks wlikh o c c ~ ~ r  as n result of crazing and will indicate their presence 
clearly in the form of sharply drawn, black lines. It was proved by inspection 
tlirongh a stereoscopic microscope that the felt-tip marker neither caused 
nor altered the crazing of the cement. 

Details of the methodology applied are given in each of the following 
sub-sectio~is relating to the results of the study. 

A. I.ABOI<ATORY E X P E R I M E N T S  O N  T H E  CRAZING OF CEMENT 

(a) The effect of t ime on cruzing 
M ~ t h o d .  Immediately after niiairig, the cement was transferred to a flat, 
cylindrical hrass mold (diameter 10.0 mm, depth 1.0 mm), which had been 
placed on a 20 / A  thick sheet of tin foil on a flat glass slab. A second glass 
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slab covered with tin foil was then pressed downward against the surface of 
the cement at a pressure of approx. 2 kg. Filling and sealing of the mold 
lasted approx. 20 seconds, and the pressure on the surface of the mold was 
maintained for a period of about the same length. Two minutes after mixing 
had commenced the mold, complete with tin foil but without the glass slabs, 
was transferred to a thermostat with a temperature of 37.0”C where it was 
placed on the flat surface of a heavy brass block in order to attain the tem- 
perature of the thermostat as rapidly as possible. Relative humidity in the 
thermostat was 20 %. 

After periods of various durations the molds were removed from the 
thermostat and the tin foil from the surface of the cement. Immediately 
thereafter (i.e. no later than two seconds after the removal of the tin foil) 
the cement was tested for crazing. If crazing was not evident at this early 
stage, a new test was made every 10 seconds for the first four minutes, 
subsequently at greater intervals until crazing was shown to have occurred 
or until a period of at least 3000 minutes had elapsed. 

A number of check tests revealed in all cases that the possibility of repro- 
ducing the time of commencement of the crazing was better than *10 %. 
In the final experiments the time of commencement of crazing was determined 
only once for rach combination of variables. Brands 1, 2, 6 and 7 were used 
in the study. 

min. 

7 

2 ’F I- t 
’h  I I /  

1 1 I I J 

1 2 3 4 5 6 7 8 h. 
Fig. 1. The time at which crazing started (ordinate in minutes), depending on the age of the 
test specimens (abscissa in hours) caIculated from the commencement of the mixing process. 

Brand no. 1. 
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Fig. 2. The time at which crazing started (ordinate in minutcs), depending on the age of the 
test specimens (ahscissa in minutes) calculated from the commencement of' the mixing process. 

Brand nos. 2, 6 and 7. 

Results. The results are shown in diagrams in Figs. 1 and 2. The curves 
in the two diagrams can be described as cruzing curves, and they show at 
what time initial crazing occurred in test specimens of different ages. 

If, after the removal of the tin foil and before the anticipated commence- 
ment of crazing, the test specimens were given a protective film of, for 
example, vaseline or varnish, they will not at any later stage show signs of 
crazing. In clinical practice a protective agent of this type can without diffi- 
culty be applied to a silicate cement filling within 30 seconds of the removal 
of the matrix. The time interval (calculated from the start of the mixing 
process) within which the silicate cement crazes n o  later than 30 seconds 
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after the removal of the niatrix can be termed the crazing period. The 30- 
second level is indicated in Fig. 2 by a broken line. The interval between 
the intersections formed by this line with a brand's crazing curves indicate 
the crazing period for that particular cement. During approximately the 
last third of this period the intensity of crazing decreases at an even rate. 

The shape of the crazing curves indicates that when the cement reaches 
a certain age it can for all practical purposes be described as crazing-resistant, 
i.e. the cement does not craze within at least 48 hours of the removal of the 
matrix. The age necessary for attainment of crazing-resistance can - in 
the case of brands 2, 6 and 7 - be observed from the diagram in Fig. 2. 
Brand no. 1 displayed crazing-resistance after 24 hours. 

(b) The effect of brand and temperature on  the cratingyeriod 
Method. The test specimens were made in the same manner as described 
in (a), although a group of these were allowed to set in a thermostat at a 
temperature of 30.0"C and with a relative humidity of 32 yo. The specimens 
were removed from the thermostat at different intervals after the commence- 
ment of mixing, and recording of crazing occurred in all cases 30 seconds 
after removal from the thermostat. Every single brand was tested for crazing 
on test specimens with a maxinium difference in age of one minute. The 
accuracy of the method and the number of specimens was as described in (a). 
The setting time of the cement at the given thermostat temperature and 
relative humidity was measured by means of the Gillmore I method (Gill- 
more initial set, A.S.T.M. standard C 191L44) ; during this measurement 
the top surface of the test specimens was not protected by tin foil; the 
accuracy of the measurement was to within h 1 5  seconds. All eight brands 
were used in this study but the crazing period at 30" was not determined in 
the case of brands 1 and 5. 

Results. The results of the test are shown in diagram form in Fig. 3. 
The crazing period at 37" is indicated by means of unbroken lines, while 
the crazing period at 30" is indicated by broken lines. In the case of each 
individual brand the times at which the crazing period commenced or 
concluded at 37" and 30" are linked by a thin line. The Gillmore I time is 
shown by means of open circles under the crazing period of each cement. 

The results show that the duration of the respective crazing periods varies 
considerably from brand to brand. Brands 4 and 7 had very short crazing 
periods at both 37" and 30", whereas brand no. 1 had an extremely long 
crazing period (Compare Fig. 1). 
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Fig. 3. The dependence of the crazing period on brand and temperature. Numbers 1 to 8 
refer to the brands studied. Unbroken vertical line: the crazing period at 37°C. Broken vertical 
line: the crazing period at 30°C. Open cirrles: Gillmore I time for the various cements at 

either 37" or 30". 

When a silicate cement has set to a degree corresponding to the Gillmore 
I time, it no longer adheres to the matrix, and has lost a great deal of its 
plasticity. The Gillmore 1 time thus represents a setting degree of practical 
interest after which the matrix can be removed from a filling, and the filling 
can lie coated with, for example, vaseline or varnish without any risk of 
its being deformed. The diagram in Fig. 3 shows that in almost every instance 
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the Gillmore I time occurs before the time crazing commences. The diagram 
also shows that the crazing period is delayed and extended when the tem- 
perature is lowered. 

(c) The effict of the powderlacid mixture proportions on the crazing period 
Method. Only brand nos. 2 and 7 were used in this test. The cements were 
mixed in different proportions between powder and acid, as indicated in 
the caption under diagram Fig. 4. It may be noted that the absolute quantity 
of acid applied in each case was constant, viz. 0.057 ml. The methodology 
was otherwise as described earlier in (b). 

Results. The results are shown in diagram form in Fig. 4, which reveals 
that the crazing period commences at an  earlier stage, the thicker the cement 
is mixed. 
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2a 2b 2c 7a 7 b  7c 
Fig. 4. Crazing period for brands 2 and 7 at 37" and 30"C, depending on the mixture propor- 

tions g powdei/ml acid. 
2a: 1.45/0.40. 2b: 1.50/0.40 (normal consistency). 2c: 1.55/0.40. 
7a: 1.25/0.40. 7b: 1.30/0.40 (normal consistency). 7c: 1.35/0.40. 
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(d) The effect of the size of the test specimens on the crazingperiod 
Method. The dimensions of the molds used in the normal experiments were 
10.0 x 1.0 mm;  in addition to this forinat tests were conducted with molds 
measuring 3.0 x 2.0 mm and 3.0 x 1.0 mm. Crazing periods were determined 
only for brands 2 and 7 anti only at 37"; the technic was otherwise as de- 
scribed in (b). 

Results. The results are shown in the diagram in Fig. 5. It  is observed 
that the dimensions of the test specimens have a considerable effect on 
both the commencement and duration of the crazing period. The reason 
for this plienomcnon is not immediately apparent, and experiments were 
not conducted to  illuminate the position. 

(e) The signifi'cance of the matrix material with regard to crazing 
Method. Foil of celluloid, cellulose acetate, polyethylene and cellophane 
was used to  protect the silicate cement during setting at 37". The technic 
was otherwise as described in (b). 

Rcsults. The first three matrix materials produced the same crazing 
period as the use of tin foil had done. On the other hand no crazing occurred 
within 30 seconds of the removal of the matrix when cellophane was used. 

2a 2b 2c 7a 7b 7c 
Fig. 5.  The effect of the dimensions of test specimens on the crazing period at 37" for brands 

2 and 7. 
a:  10.0~1.0 mm. b: 3 .0~2 .0  mm. c: 3.0x1.0 mm. 



THE CRAZING OF SILICATE CEMENTS 329 

The cellophane foil was not however able to eliminate completely the crazing 
tendencies of the respective cements; when the cellophane was removed 
from the test specimens at the stage where - if tin foil had been employed - 
these would have been subject t o  immediate and intensive crazing, the 
earliest and relatively mild forms of crazing occurred in the various brands 
after the following times: 1. later than 300 seconds; 2. 50 seconds; 3. 170 
seconds; 4. 90 seconds; 5. 40 seconds; 6. 130 seconds; 7.  60 seconds; and 
8. 40 seconds. It was thus shown that cellophane foil delays the crazing of 
silicate cement sufficiently to allow time after the removal of the foil and 
before the commencement of crazing to cover the cement with, for example, 
vaseline or varnish; once the cement has been covered by these protective 
agents no subsequent crazing can he shown to have occurred in its surface. 

The curves in the diagrams at Figs. 1 and 2 indicate that crazing will 
occur relatively late if the matrix is removed from the surface of the cement 
very soon after the manufacture of the test specimens. From the point of 
view of experiment such an early removal of the matrix is not acceptable 
because of adhesion between matrix and cement, which would lead to de- 
formation of the test specimens and -- in clinical practice - of the fillings. 
On the other hand the test specimens can be left in the thermostat without 
a foil cover and with an exposed surface which has merely been smoothed 
with a spatula. Experiments of this nature, corresponding to the abscissa 
time of two minutes in Figs. 1 and 2, showed that the cements did not craze 
until they had reached at least a degree of setting equal to the Gillmore I 
time. 

(f) The significance of moisture with regard to crazing 
Method. Test specimens of brands 2, 3, 6 and 8 were made according to 
the method described in (a). At the stage of setting when by the normal 
method such specimens showed signs of early and intensive crazing they 
were transferred to a glove box at room temperature and with a relative 
humidity of either 65 %, 75 yo or 85 "/o. The tin foil was then removed 
immediately, and the surface of the cement was during the period that 
followed examined for crazing. 

Results. Crazing occurred a few seconds later at 65 yo relative humidity 
than at the 40&5 yo of the normal experiments. At a relative humidity of 
75 % crazing had not occurred at 30 seconds, and at 85 % relative humidity 
no crazing was evident after five minutes. 
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(g) ?'he width and depth of the crazing cracks. Gercwil description of the 

Method. Test specimens of brands 1, 3 and 4 were made in accordance with 
the method described in (a) and for 30 seconds were exposed to crazing at 
a stage when early anti intensive crazing had been recorded. The specimens 
were then transferred to a container with a temperature of 37" and a relative 
humidity of 100 yo, %There they were stored for 24 Iiours. The width of the 
crazing cracks was measured after the test specimens had been allowed to 
lie for a further period of 24 hours in water at a temperature of 37". 

The depth of the crazing cracks was measured on test specimens of lirands 
1-8, which had been employed in the study described in (b). The dry 
specimens were cut through at right angles to the crazed surface, and the 
depth of crack was measured to be the depth to which the dried fluid from 
the felt-tip marker had penetrated the cement. 

Results. The width of the crazing cracks varied from microscopically 
unmeasurable to a maximum of 2.5 14 (Fig. 6); in this respect there was no 
difference between the respective brands examined. The width of the cracks 
increased as the cement dried; after 24 hours at approx. 23°C and a relative 
humidity of 40 yo the maxinium crack width was just under 5 and did 
riot increase after a further period of 24 hours drying. When the specimens 
were then stored in water for several days no significant reduction could 
be recorded in the width of the cracks in the dried test specimens. 

The maximum depth of the cracks was also independent of brand; it 
varied in different cuts between approx. 150 and 200 p. 

The concentration of cracks in intensively crazed surfaces was also inde- 
pendent of brand; Fig. 7, which shows a section of brand no. 1 measuring 
approx. 0.35 x 0.5 mm, may be regarded as typical of all the brands. 

It was a characteristic feature of the crazed cement surfaces, both during 
macroscopic inspection and on a slight enlargement, that they were con- 
siderably more opaqiie than corresponding non-criued surfaces were. The 
opacity was apparently caused h y  a change in the structure of the cement 
in the areas between the crazing cracks. The  difference in opacity between 
crazed arid iincrazed test specimens became evident simultaneous with the 
commencement of crazing on the test specimens (which were usually only 
a few minutes old) and it persisted for at least 24 hours, if the specimens 
were stored at 100 yo humidity and 37°C. When the test specimens were 
then placed in water for 24 hours, the opacity of the crazed specimens was 
reduced to such an extent that these specimens could not be distinguished 
from uncrazed specimens. Subjected once more to a moderate drying process, 
the crazed specimcns again became more opaque than the uncrazed. 

crazed cement surfcms 
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Fig. 6. Crazing cracks in \mind no. 3. Milximnm crack width is approx. 2.5 p. x 800. 

Fig. 7. The intensively crazed surface of brand no. 1. x 220. 
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R. LABORATORY EXPEHIMENTS ON T H E  PRACTICAL CLINICAL CONSEQUENCES OF 

THE CRAZING O F  CEMENT 

(11) Solubility in water 
Method. Brands 2 and 7 were employed in this study. The experiment was 
conducted in accordance with F.D.I. specification no. 5, except however 
that tin foil was used for separation hetween the cement and the glass slabs. 
In  order to produce crazing on some of the test specimens the tin foil was 
removed from the surfac,e of the cement. at room temperature for one minute 
at a stage when the cements displayed early and intensive crazing. This 
measurement was carried out five times for each cement and with both 
crazed and uncrazed test specimens. 

Results. Brand no. 2, uncrazed: 0.45k0.02 yo, crazed: 0.49+0.03 yo. 
Brand no. 7, uncrazed: 0.42 10.01 06, crazed: 0.45 &0.02 %. The differences 
are almost significant for both groups hut  unlikely t o  be of any major im- 
portance in practice. 

(i) Solubility in 0.001 n lactic acid 

Method. Test specimens of brands 2 and 5 were made as described in (a). 
At the stage when the cements displayed early and intensive crazing the tin 
foil was removed from the surface of the cement. Two minutes later the 
test specimens were placed at a temperature of 37" in an atmosphere of 
100 yo humidity. When the specimens were 24 hours old, they were trans- 
ferred to demineralized water with a temperature of 37" where they were 
stored for a further six (lays. The seven-day-old specimens were weighed 
and then placed for 24 hours in a 0.001 n solution of lactic acid; after the 
soft layer of crumbled cement had been brushed from the surface of the 
cement, the test specimens were weighed again arid the loss of weight was 
calculated in per cent. Test specimens which had not been crazed were 
employed as a means of checking. The technic will not be discussed in 
detail at this stage, since it will he described in a special publication on the 
solubility of cements in acids. The publication is in the process of compilation. 
The number of test specimens in each of the study groups was five. 

Results. The solubility of brand no. 2 was 7.8*1.4 Yo (check 3 .110 .8  yo), 
and of brand no. 5 it was 4.7*0.8 "/b (check 2.6+0.8 yo). The solubility 
of the crazed cements was thus about twice of corresponding uncrazed 
cements. Fig. 8 shows a section of approx. 1.2 x 1.7 m m  of one of the crazed 
test specimens after the soft layer of crumbled cement had been brushed 
from the surface of the cement. The pattern of cracks is seen clearly, and 
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Fig. 8. Part of the surface of a test specimen (Lranil no. 2) after measurements had been 
carried out of the solubility in lactic acid of the crazed cement. x 90 

it can be observed how the edges of the cracks have been obviously rounded. 
This pattern could not be seen before the crumbled layer was brushed off. 

It can be mentioned here that rather a similar, soft, chalky layer of crumbled 
cement is also frequently seen on dental fillings. When this layer is brushed 
off such fillings, a clear crazing pattern is occasionally revealed. 

After acid solubility expcriments with test specimens and with experimental 
fillings made in the laboratory in extracted teeth, brushing can not infre- 
quently bring to light local margirial defects in the crazed cement (Fig. 9). 
In this instance the acid had apparently disloclged a fragment of the cement 
by corroding in the surrounding cracks. 

(k) Disco Lo ru.t in n . 
Method. Eighteen test specimens of each of brands 1, 3 and 4 were made 
as described ahove in (g). Three crazed arid three uncrazed of the 48-hour-old 
test specimens of each of the brands were placec-1 for five minutes in soy 
sauce, while three plus three others - again of each brand ~ were placed 
for the same length of time in a 6 yo solution of red azo-dye (wet1 fruit 
coloring))). At the end of this period the test sliecimens were removed from 
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Fig. 9. Marginal area of experimental filling aftcr the test for sol~tbility in lactic acid. A fragment 
of the edge of the filling was removed while the filling surface was being brushed. x 30. 

the coloring solutiotis, and excesses of coloring agent were rinsed off under 
riinriirig water. While still wet the colored test specimens were compared 
with the control specirncns by a si~nple Inacroscopic ins1,ection urid by en- 
largement to ahoiit 10 tinics original sine. 

Resrrlts. Thtt group of crazatl test specimeris that hat1 hecn treated with 
the dye solutions wiis severely discolored. Discoloration was general and 
was not particularly localized around the cracks produced by crazing (coIn1)are 
with the remarks on opacity in (g)), the cracks merely appearing as slightly 
more intensively colored lines. After a prolorigetl period of rinsing, the red 
dye disappeared from the test specimens within a few minutes, whereas the 
lxown dye could still he discerned slightly after ahout one hour. For the 
most part therefore discoloration was reversible. The gronp of uncrazed test 
specimens clispluyecl no tlisc:olorntion compared with the control specimens, 
whic*h had riot lieeri treated in the dye solution. 

(1) Flcxurc strcmgth 
Method. Ten test specimens of each of the eight braritls were made as 
descri1)erl in (g), five spxirrieris of each brand being crazed and five being 
iincrazetl. Forty-eight hours after manufacture the disk-shaped specimetis 
were placed in a specially constructed apparatus for testing the flexure 
strength. In  the apparatus the edge of each tlisli specimen was supported 
by a circular metal ring- about 1 m r r i  wide. Stress was applied to the center 
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of the test specimens by means of a 5 m m  steel ball at a load rate of approx. 
100 g per second. 

Results. The mean value and standard deviation of the measurements 
are given in Tahle 11, which also shows the computed t-value from Student’s 
t-test. 

Table I1 
Flexure strength (grams) of uncrazed and crazed silicate cement 

N = 5  

Brand 
~. 

1 
2 
3 
4 
5 
6 
7 
8 

t-value Crazed - Uncrazed 
X S.D. X S.D. 
- 

1268 
1484 
1584 
1744 
1576 
1616 
1580 
1252 

46 
79 
124 
84 
74 
74 
79 
54 

1128 54 
1228 67 
1420 110 
1352 78 
1448 73 
1580 76 
1260 58 
1228 67 

4.41 
5.51 
2.20 
7.63 
2.75 
0.76 
7.30 
0.62 

The measurements show that the mean value of the flexure strength of 
crazed cement is in all cases lower than that of uncrazed cement, and that 
the differences in several cases are particularly riotable while in other cases 
the differenrences are very slight. Considering the rather great depth of the 
crazing cracks (up to approx. 0.2 m m  on each side of the 1.0 m m  thick test 
specimen), the effect of crazing on the flexwe strength is however sur- 
prisingly small. 

C. TIlE CRAZING O F  SILICATE CEMENT I N  CLINICAL CONDITIONS 

The experiments described in the foregoing showed that the crazing of a 
silicate cement depends to a major extent on (1) the time that expires after 
mixing commences, (2) the temperature, (3) the powder/acid mixture pro- 
portion, (4) the size of the filling, (5) the matrix material, (6) the relative 
humidity of the air, and (7) the time that passes from the moment the matrix 
is removed from the filling to  the moment the filling has been protected by 
a coating of, for example, vaseline or varnish. In applying silicate cement 
in clinical contlitioris. an examination was made of factors 5 and 6. 
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M ~ t h o o ' .  Only hrantl no. 2 was useti in tlie exlierimerit. 'The: cainerit. was 
tnised by liarid t o  a consistency that WE juclgetl to correstiorid t o  riormnl 
consistency. In sonir cases a matrix of celluloid and in others a riiatrix of 
cellopliane ( w i t h  a tliic:kiiess of 40 p )  w a s  applied; a few fillings were placetl 
M jtlioiit tlie iise of a matrix, their stirfaces being coritoure(1 arid siriootliwl b y  

It&. Hiihlier (lain was errililoyetl for most of the fillings; 
in a siriall niirnber of fillings, nhr rc  it was ~iossible to l<ce[) the o~iera~iiig 
fieltl dry i t i  ;my otlicr iriitinrer, thc rublwr (lain w s  omitted. 

The matrix was rcniovecl froiii t lie s i i r h e  of tlie fillings five niiniiics 
after rriiiiiig hepin. At this stage the ( w r i v i i t  had just passed the so-called 

' cwrreiit is rollrtl into ii h 1 1  (clinnieter about 2 mm) 1)etcveeri 
two fingers and retniiied tliere until it is 110 longer l)(.)ssil)le h y  inearis of 
inoderate pressnre of the edge of a finger iiail to  produce a visible impression. 

oiicla after thc rcrnoval of tlie matrix one or t w o  lirics were tlrawn 
wit11 the already irieiitiorie(l felt-tip tnarlicr on the surface of tlie filling in 
ortler to revral ariy c~azitig that may have occiirrecl. 

Fillings wliich hat1 not liccri coverecl 1)y a matrix were exarnirietl a t  tlie 
same time as those that hat1 hern covereti, vix.  5 minutes aiitl 15 seconds 
after corniriericeiiirrit of mixing. 

Fig. 10. Silicate ccment fillings ~ilacrd sti i  . i d y  in th(* same cavity; a rtiMirr 11am W H S  

used in  Imth cases. a :  the filling set undcr a celluloid matrix. 1,:  the filling srt iindrr it i d l o -  

phane mat r ix .  l h c  imiiing test, condiicted 15 seconds aftcr thc i-enmal of the matrix, revealed 
that only thr filling in  fig. 10 a was  craartl. The photographs werc taken 1 0  minutes after 
the renioval of the matrices; at  this stapc thc filling in fig. 10 1 1  s h o M d  o h  ioiis signs ol'cr;vzinp. 
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R e s u h  The results are shown in Table 111. Fig. 10 illustrates two fillings 
which had heen placed successively in the same cavity under a rubber dam 
and otherwise in identical conditions except for the fact that the filling in 
fig. 10 a was made with the help of a celluloid matrix while the filling in 
fig. 10 1) was made with the help of a cellophane matrix. Both fillings were 
photographed 10 minutes after the removal of the matrix by which time 
crazing had occiirretl in the latter of the two fillings also. The figures (lemon- 
strate the preventive effect of a cellophane matrix on crazing. 

Tahle 111 
l h e  crazing o j  silirnte cement f illings under different tondLtions 

Niimber of fillings 'I'yp of filling Matrix Kuhlier dam CraLing 

~ ~ ~ __ _ _ _  ~~ 

-~ .. - ~~ ~~~ 

Class 3 Celluloid + 
1) 3 Cellophane i 
1) 3 Celluloid 
1) 3 Nonc I 
H 5 None t 

~ 

+ 
- 

DISCLSSION 

It is apparent from the studies tlescri1)eti iri the foregoing that silicate cement 
crazes in accorclance with a specific I)lierionieriological arid causal pattern 
which in principle is identical for a11 the brands tested. Crazing is acconi- 
panied by a general change iii the siirface structure, resulting in increiised 
opacity arid easier discoloration, and which is possibly a contributory cause 
of the reduced resistance of the crazed cement to lactic acid. 

For crazing to occiir it is apparently nccessary for the cement to dry hy 
an evaporation process. Evaporal.ion requires that the vapor pressure ~f 
the cement's liquid phase is greater than the vapor pressure of the six- 

roiititlirig atmosphere; from the experiments referred to in (f) it would 
seem that tlie vapor pressure of the liquid phase at. tlie prevalent room 
temperature is less thuri that equalling a relative hurnitlity of 85 yo (approx. 
18 mni Hg). The observation that cement docs not appear 1.0 craze in the 
inoutli when a rnbber dam is not employed can be cxplained in the same way: 
the moisture from the exhaled air and from miicoiis rncmbranes rcpresetits 
a sufficiently high vapor pressure to exceed the va1)or pressure of the cement. 
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Cellophane’s preventive effect on crazing is for the time heing explicable 
only in tentative terms. One could imagine that the hygroscopic foil, acting 
as a semi-permeable membrane, specifically al~sor.1)~ water from the cement 
and thus reduces the vapor pressure of the cement’s liquid phase, since 
during the absorption of water there is an increased concentration of tlis- 
solved small ions and molecules in the cement. A reduction of the cement’s 
vapor pressure wonld undoubtedly lead to a delay in the occurrence of 
crazing. 

The fact that silicate cement does not craze during the period ininiediately 
after rnixing (compare (a) and (e) above) is reatlily nnderstandable since the 
cement at this stage is still very much in a plastic state; while a material 
retains only a small or moderate degree of plasticity, it is a fact that the 
pliermnenon of crazing does not occiir. 

It is rather less easy to understand why silicate cement does riot cram 
when the matrix is omitted (scc (e)). It is possible that it can he explained 
in the same way as tlisciissetl diiriiig the above mention of the cellophane 
matrix by a reduction of the vapor pressure in the cement caused by evapora- 
tion, which can lead to an increase in the concentration of dissolved small 
ions arid molecules iri tlie liquid phase of the cement. A small number of 
observations not reported in the foregoing showed that the cement craze(-l 
at an minipetled rate if tlie hygroscopic Iiroperties of the cellopliane foil 
were reduced, or if the possiliility olwn to the uncovered cement of evapora- 
tion \<as cliininatt:tl, e.g. by liavirig the test specimens stored in ;in atmosphere 
with 100 yo relative huniidity until the crazing test was conducted at a 
sioge of setting when by the normal metliotl (see (a)) the specimens displayed 
early anti iritetisive crazing. 

The experirnents tlescri1)etl in (a) denionstrated that silicate cement does 
riot craze, even after many hoiirs of clryirig, once it has reached a certain age. 
1 he ex1)laiiation here is no doubt that. the tensile strength of the cement 
gratlually becomes sufficient to resist the contraction stresses that arise 
cluririg eva1)oration. 

The diagram in Fig. 3 shows that silicate cement does not nsually craze 
Mithin 3 0  scconds of the removal of the matrix when the latter is removecl 
at the Crillmore 1 time; regardless of the fact. that the matrix can be removetl 
from the cement at this stage without a risk of deforming the cement, a 
practical clinical rrirtliod can scarcely he evolved from this ohservatioii t o  
prevent the occurrence of crazing. ‘I’he reason is in the first place that the 
Gillniore I time for a giveii cement can vary in practice, depending on the 
rooni temperature, temperature of the tooth, the powder/acid mixture 
proportion, the size and shape of the filling, etc., and i n  the second place 

I 1  
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that the Gillmore I time cannot always be ascertained with certainty for 
every single filling in clinical practice. One must iherefore allow for a latent 
risk of crazing of all the cement brands studied. 

On the other hand it would appear that crazing can be prevented in other 
ways, viz.: 1. by omitting the rubber darn; this method is applicable only 
in a limited number of instances since in many cases a rubber clam must 
he regarded as an indispensable means of keeping the operating area dry. 
2. by not using a matrix; as a rule this method is quite applicable with cl. 5 
fillings hut not usually with cl. 3 fillings, where it is seldom possible by 
means of the spatula alone to adapt arid contour the cement; it should 
be noted that a silicate cement filling can be covered, for example, with 
vaseline or varnish immediately after the application of the cement without 
damage to the latter. 3. by employing a cellophane matrix, provided that 
the filling is covered with vaseline or varnish immediately after the removal 
of the matrix. 

Measurement of the depth of crazing cracks shows that the crazed surface 
layer of a silicate cement filling often cannot be removed by polishing the 
filling without detracting from its restoring function. 

The demonstration of the reduced resistance of the crazed cement, to 
lactic acid indicates that crazed fillings of silicate cement are perceptibly 
less durable than uncrazed fillings. The vastly reduced local marginal st.rength 
(Fig. 9) that results from acid corrosion in the crazing cracks is presnmably 
also significant with regard to the durability of the filling. 

The increased tendency of the crazed cement toward discoloration has 
scarcely much practical significance, in the first place because to a great 
extent discoloration seems to be reversible and in the second place hecause 
after a relatively short time in the mouth the great majority of silicate cement 
fillings are covered by a thin, porous layer of crumbled cement, the properties 
of which as regards discoloration are reminiscent of the crazed surface layer. 

The slightly reduced tensile strength of the crazed cement can be assumed 
to have practical significance in certain unconventional types of fillings 
whose durability depends, among other things, 011 tensile strength (e.g. 
proximo-incisal fillings in front teeth). 

SUMMARY 

The crazing of silicutt, cement 
The purpose of the present work has been to discover by means of laboratory 
studies the laws determining the crazing of silicate cements and to investigate 
the possible clinical significance of this phenomenon. A small number of 
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fillings were niade of one of the eight brands inchided in the stntly to check 
the validity of the results of thc laboratory work. No tliscrepancy was found 
hetween the clinical and the laboratory findings. 

All the cements showed a latent tendency toward severe crazing inimetliately 
after the removal of the matrix whcii this was clone at about the Gillmore 1 
time, i.e. a stage of setting when the cement is no longer adhesive nor shows 
a perceeptihle plasticity. 

In prac:tice, crazing can he prevented by one of the following three methods : 
1. oniissioii of the matrix, 2. use of a cellophane rnatriv instead of the usual 
ones of celliiloid, cellulose acetate or metal, or 3. omission of a rubber darn. 

Craxed silicate cement fillings are considerably less resistant to diluted 
lactic acid than uncrazetl fillings are, and they will probably also have a 
corresponrlingly rediiced durability. Crazed cement is very susceptible to  

discoloration but the latter is largely reversible. The flexure strength of 
silicate cernent is only slightly less than that of iincrazed ccinent. The cracks 
resulting from crazing are so tleep (0.15 to 0.20 mrn) that they cannot be 
eliminated by an acceptahle polishing of the crazed filling. 

I< CSUM C 

APPARITION DE CHAQUELUHES A LA SUHFACE DU CIMENT AU SITJCATE 

Des Ctudes de laboratoires sur l’a1)parition rle craqueliires A la siirface tle 
ciments ail silicate orit 6t6 effectukes, dans lc hut de rriettre en liiniihre le 
nikcanisrne de r e  phCnomi.ne et t l ’hd ic r  1’iniportanc:e clinique pratiqiie de 
l ’app- i t im de ces craquelures. De i)lus, iln nombre limitk d’observatiomis 
cliniqiics ont 6t6 r6aliskes an utilisant i i i i  des produits, tlans lc but de contriiler 
la valciir tles rbsiiltats tles 4tiicles dc laborataircs. A L I C U I ~ ~ :  divergence n’a 6tC 
constatbe entre la f w p i  clont le ciment sc coniportait ail 1al)oratoire et en 
cli rii clue. 

Avec tous les cirnents CtidiCs, on a constat6 qiie tles craquclures avaient 
tciidance h sc produire irrirrib(liate1nrrit q)rt?s 1’cnli.vement tle la niotrica, 
lorsqu’on dCtac*hait celle-ci h pi prhs a11 nionicnt oii la prise avait atteint 
le degri. Gilltriore 1, c’est-h-(lire un degr6 oil les cirrients cesserit tl’adhCrer 
et de prksenter iina plasticit4 appr6c:iable. 

En ~)ratiqiie, on peut 1)rCvenir l’apparition tle ces craqiielures de trois 
maniPres diffirentes : 1) en n’ertiployant pas tle matrice, 2) en eniployant 
line matrice de cellophane a11 lieu tles matrices habituelles de cellulo1tl, 
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d’acbtatc de celliilose ou de mPtal, OLI 3)  en n’employant pas la digue de 
caolltcliouc. 

Les ohturations craquel6es pr6senterit line nette r6diiction de rCsistance 
envers de faibles solutions d’acide lactique par rapport aux obturatinns 
sails craquelures, et leur durCe en houche, de meme, sera probablement 
mbtfiocre. La teinte du  ciment craquel6 s’altkre t r k  facilement, mais cette 
alteration est rlaris line assez grantle mesurc rhversible. Les craquelures 
causent urie r6tluctinn modkr6e tie la rksistance tlu cimerit h la flexion. 
Etant tlonni. la profondeur tles fissures dam le ciment craquel6 (0,15- 
0,20 mm), il n’est pas possible tie les faire tlisparaitre en pnlissant l’obturation. 

ZUSAMMENFASSUNG 

KRAQUELIEHUNG \‘ON SILIKATZEMENT 

Es sintl ii tier die I<raquelierung vnn Sililtatzementen Laborversuche ausge- 
fiilirt worden, uni die Gesetze klarzulegen, die fiir diese Erscheinung he- 
stinirnerid sintl, untl i i m  die praktisch-klinisclie Bedeutung cler Kraquelierung 
ZLI uiitersuchen. Ausserderri wurtle mit eiriem der Fabrikate eine beschriinkte 
Anzahl Itlinischer Observationeri vorgenommen, um den Wert der Ergeltnisse 
ails der Lalioruiitersuchung zii kontrolliercn. Zwischeri tlem Verhalteri tles 
Zements im Lalioratoriiim iintl in der Klinili konrite lceine Diskrepariz 
festgestellt werden. 

Alle untersuchten Zemente zeigten eine latente Neigung zur Kraquelierung 
uiiniittelbar nach tler Eritfernung tler Matrize, wenn dies etwa u m  die Gill- 
more-1-Zeit. geschah, d.11. bei eincm Stadium der Abbindung, in tlern die 
Zcmerite riicht llnger ltlebencl otler merlibar iilastisch sind. 

Einer Kraquelierung liisst sicli praktisch auf drei verschiedene Arten 
vorlteupen : 1) indem man lieine Matrize verwendet, 2) i d e m  man aristatt 
tier iihlichen Matrize aus Zelluloid, Zelluloseaaetat oiler Metal1 eine Zel- 
lophamriatrize verwer~det otler 3) i d e m  marl ltein Kofferdarn verwendet. 

Kraquelierte Fiillungen sincl schwachen Mil(:hs~i~reliisurlgen gegeniiber 
wesentlich weniger resistent als riicht ltraquelierte Fiillungen und ergeben 
vermutlich eirie eritsprecliende geringe Hsltharlieit im Munde. Der ltraque- 
lierte Zeinent verfiirbt sich sehr leicht, jetloch ist die Verfiirbung in weitem 
Masse reversild. Die Kraqiielierung bewirkt eirie modcrate Kerluktion der 
Hiegcfestigkeit ties Zements. Die Kraquelierurigsrisse haben eine solche 
‘Tiefe (0,15-0,20 mm), dass sie sich (lurch Polieren der Kraquelierten 
Fiilhing nicht entferneri lassen. 
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