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This study aimed to assess the effect of silicate cement on 
Copalitekovered cavity walls in extracted human teeth. Class V cavities 
were prepared in 24 premolars and filled with silicate cement (Bio-Trey@). 
Four cavities were unlined, the rest of the cavities were lined with 1 or 2 
layers of Copalite before insertion of the restorations. AEter 6 months, 
70-100 pm thick longitudinal sections of the teeth were studied by 
polarized light microscopy, microradiography and electron probe 
microanalysis. When imbibed in water or quinoline, a subsurface zone of 
altered birefringence was noticed in nearly all cavity walls. Nearly half of 
the cavit walls in the experimental groups showed a surface zone of 
increasedlradiopacity. In a few instances a subsurface radiolucent zone 
was present. By electron probe microanalysis F (0,4-3% by weight), Zn 
(14%) and Al(0,2-6%) were measured in the outer 10-60 pm of the cavity 
walls. The study shows thatevenwithadoublelayerofCopalite, knownto 
prevent microleakage, a desirable uptake of F and A1 from silicate 
restorations into cavity walls can take place. Copalite does not prevent a 
phosphoric acid effect on the cavity walls. 
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The main functions of cavity varnishes are to 
prevent the penetration of deleterious 
constituents of restorative materials into the 
dentin and the pulp and to reduce 
microleakage between the restoration and the 
cavity walls. Cavity varnishes consist mainly 
of natural and synthetic resins dissolved in an 
organic solvent such as chloroform, acetone 
or ether. A cavity varnish applied to the cavity 
walls forms a fdm which acts as a 
semipermeable membrane (12). 

The varnish, Copalite@, does not entirely 
prevent the passage of phosphoric acid 
liberated from silicate cement into the enamel 
and dentin, but greatly reduces it (18, 19). The 
latter study was undertaken in vivo, the 
former in vitro. Copalite tends to inhibit the 
penetration of fluoride into enamel and dentin 
(13, 16, 17). The effect of silicate cement on 
Copalitecovered enamel was studied by 
Norman et al. (1 1) in experiments of 2 weeks’ 
duration. The uptake by enamel of fluoride 
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released from the silicate cement was reduced 
by approximately 60 per cent compared with 
cases where Copalite had not been used. On 
these grounds it has been recommended that 
when a varnish is used in connection with 
silicate cement, it should be removed from the 
enamel walls (12). Forsten and F'aunio (4) 
studied the uptake of fluoride released from 
Copalitecoated silicate cement into synthetic 
hydroxy-apatite. During the fvst 3 weeks the 
uptake was greater from the uncoated than 
from the coated silicate cement, but from the 
4th week on there was no difference between 
them. These results indicate that the varnish 
has the effect of reducing the initial release of 
fluoride from silicate cement, while the 
long-term effect is about the same with or 
without the varnish. 

The permeability of Copalite has also been 
assessed in experiments in which radioactive 
isotopes and dyes have been used (1). The 
varnish was found to be effective in 
preventing marginal and dentin penetration in 
unfilled cavities and in cavities filled with 
silicate cement. Using water vapour, Eriksen 
and Nordbgi (3) found that Copalite had lower 
permeability values than the liner Tubulitec". 
Three coats of varnish provide a more protec- 
tive barrier against phosphoric acid than a sin- 
gle coat (19). Naturally, the efficiency of the 
film of varnish in preventing acid penetration 
will depend upon its continuity. 

The aim of the present study was to assess 
the topographical distribution in 
Copalite-covered cavity walls of F, Al and Zn 
ions released from silicate cement 
restorations. The topographical distribution 
of Ca, P, Mg and Na ions will also be 
discussed. 

MATERIAL AND METHODS 

A total of 24 extracted human premolars were 
used in this investigation. The teeth were 
stored in 10 per cent neutral formalin and were 
not allowed to dry during any stage of the 
experiment. 

Class V cavities were prepared on clinically 
sound buccal surfaces using an air rotor with 
adequate water cooling. The cavity walls were 
finished with diamond (8O.OOO rpm) and 
fmishing burs (15.000 rpm). 

After rinsing with water the cavities were 
dried and silicate cement (Bio-Trey") was 
inserted. In 8 cavities a single coat of Copalite 
was applied with a cottonwool pellet before 
insertion (Group I), while in 8 cavities two 
coats were used (Group 11). Four cavities 
served as control of the effect of the 
constituents of silicate cement on cavity walls 
not coated with Copalite (Control group I). 
The cellophan strips used as matrices for the 
restorations were removed after 5 minutes and 
the buccal surfaces covered with petroleum 
jelly. Excess fitling material was removed 
after 15 minutes with petroleum jellycovered 
sandpaper discs at low speed. Following 
removal of the petroleum jelly the teeth were 
stored for 6 months (2 teeth for 3 months only) 
at 37°C in a physiological saline solution 
which was changed weekly. Longitudinal 
sections, 70-100 pm thick, passing through the 
cavities, were then prepared. To find out 
whether smearing of the filling material onto 
the surfaces of the sections occurred, the 
restorations were carehlly removed from 2 
cavities coated with 1 layer and 2 cavities 
coated with 2 layers of Copalite before 
sectioning of the teeth (Control group 11). 

The sections from the experimental groups 
and Control group I were examined by 
polarized light microscopy, microradiography 
and electron probe microanalysis, while the 
sections from Control group I1 were examined 
by electron probe microanalysis only. 

The sections to be used with the latter 
method were covered with a thin layer of 
carbon and examined in an ARL electron 
microprobe operated at 10 and 20 kV and 
0,2-0,67pA. In several areas of each specimen 
analyses were carried out for Ca, P, Mg, Al, 
Zn, F and Na using the Ka emission of each 
element. Pulse height discrimination was used 
for the analysis of F. Linear scans were made 
at right angles to the cavity walls. X-ray 
images showing the distribution of some of the 
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elements were disdaved on an oscil losco~ Figs. 1-9 refer to cavities lined with 1-2 layers of - -  
and photographed with a Polaroid@ came& Copalite, fded with silicate cement and stored in 

weekly changed saline at 37 "C for 6 months. Weight percentages of the element in each 
specimen were calculated by comparison with 
the X-ray emission of the following minerals 
which previously have been found 
appropriate for the elements in question (7,9): 

Standard 
Apatite 
Biotite 
Sphalerite 

Element 
C a P F  
Mg Na Al 
Zn 

The electron probe techniques used in this 
study have been more fully described by 
Halse (8). 

RESULTS 

No signifcant differences were observed 
between groups I and 11, regardless of the 
method used. These groups are, therefore, 
described as a whole. 

Polarized light microscopy 

Sections imbibed in destilled water revealed 
no changes in the dentin neither in the 
experimental groups nor in Control group I. In 
the enamel, however, a reduced negative or 
pseudo-isotropic birefrigent subsurface zone 
was observed in 20 out of 25 cavity walls in the 
experimental groups (Fig. 1) and in 6 out of 8 
cavity walls in Control group I. When the 
sections were imbibed in quinoline the same 
area of the enamel in nearly all instances 
showed a positive or pseudo-isotropic zone 
(Fig. 2). 

Microradiography 

Experimental groups: Enamel changes 
occured in 12 out of 26 cavity walls. (Some 
sections were spoiled during the electron 
probe analysis.) Usually, a surface zone of 

Fig. 1. Enamel cavity wall. One layer of Copalite. 
Narrow subsurface zone showing pseudo-isotropy 
(arrow). Polarized light. Section imbibed in destilled 
water. Original magnification 100 x. 

Fig. 2. Same section as in Fig. I ,  imbibed in quinoli- 
ne. Polarized light. The subsurface zone appears as 
a positively birefringent zone bordered by pseudo- 
isotropic lines (arrow). Original magnification l o x .  
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greater radiopacity than normal enamel was 
noticed. In 3 instances a slightly radiolucent, 
narrow subsurface zone was observed. These 
changes were not so distinct in the 
experimental groups as in the control groups. 
In 12 out of 26 cavity walls a 10-20 p n  wide 
surface zone of the dentin showed increased 
radiopacity compared to normal dentin (Fig. 
4) and in 2 instances a subsurface radiolucent 
zone was also observed. 

Control group I :  In the enamel a narrow, 
subsurface radiolucent zone was visible in 2 
out of 8cavity walls. All cavity walls showed a 
10-20 pm wide dentinal surface zone of 
increased radiopacity. In 4 instances a 
subsurface radiolucent zone was present (Fig. 
3). 

Elecrron probe microanalysis 

Experimental groups: The concentration 
profiles of Ca, P, Mg and Na in the 
experimental groups most frequently 
appeared as largely horizontal lines. In 
approximately one third of the specimens the 
Ca, P and Mg scans showed a surface or 
subsurface depression of varying width 
mainly indicating a 10% lowering of the 
concentration values (Figs. 5 ,  7). A few 
Mg-profiles showed a slight elevation near the 
cavity wall. In the dentin most of the Na 
profiles showed an increased concentration 
near the cavity wall (Fig. 6). Further data 
concerning Ca, P, Mg and Na are given in 
Table I. A survey of data on the 
concentrations of Zn, Al and F in the dentin 
enamel walls is given in Table 2. The 
concentrations were generally slightly higher 
in Group I than in Group 11, but the differences 
were not significant, and the groups are, 
therefore, described as a whole. Increased 
concentrations of Zn - slightly higher in the 
dentin than in the enamel -were observed in 
nearly half of the scans. The concentration 
peaks of these zones were 10-20 pm wide (Fig. 
7). In almost all instances a marked elevation 
of the F and A1 profiles near to the cavity wall 
was noticed (Figs. 5 ,  6). This zone was 

Fig. 3. Surface zone of greater radiopacity than 
normal enamel. Subsurface radiolucent zone. Mic- 
roradiograph. Original magnification 100 x. 

considerably wider in the F scans than in the 
A1 scans, and the concentration of the 
elements was 2-3 times higher in the dentin 
than in the enamel. Figs. 8 and 9 show 
elemental X-ray images of the distribution in 
the dentin wall of Al and Zn, respectively. 

Control group Z: The configuration of the Ca, 
P and Mg profiles and the concentrations of 
Zn, Al and F could not be seen to differ to any 
significant degree from those of the 
experimental material. 

Control group ZZ: It was not possible to 
observe any differences between the 
concentration profiles from this group and the 
experimental groups. 

DISCUSSION 

It has been shown that the results of the 
electron probe microanalysis have not been 
influenced by any smearing of particles from 
the silicate material onto the surface of the 
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14 : 23 9 : 23 
P 

1 : 4  3 : 4  

ca) 

m*** 
Na 2 : 4  

Table 1 .  Concentration profiles of Ca, P ,  Mg and Na in enamelldentin of cavity walls. Electron probe 
microanalysis 

observed number of profile variants* 
total number of relevant scans** 

Ratio 

Experimental groups 

2 : 4  

Profile as 
horizontal line Elements 

29 : 41 3 I 
28 : 48 
13 : 20 

(enamel only) 

Depression of profde 

12 : 41 

11 : 48 

Elevation of profile 

3 : 48 
14 : 20 

(dentin only) 

Control group I 

* Three variants, see upper part of table. 
** i.e. scans of Ca, P, M g  and Na, respectively. 

*** Observation from ground surfaces. 

sections during processing of the sections. 
Because most of the fillings were lost during 
preparation of the sections the possibility of 
fluorescence at the cavity walls could be 
excluded. Such fluorescence, if present, 
would have invalidated the quantitative 
estimation of the elements in this area. 

Previous short term studies (16,18,19)have. 
shown that Copalite will greatly reduce the 
penetration of phosphoric acid from silicate 
into enamel and dentin. In our (long-term) 
studies, however, no noteworthy difference 
between the effect of the acid on coated or 
uncoated cavity walls was apparent. The 
concentration profdes of the Ca, P and Mg 
indicate a demineralization in one third of the 
scans in the experimental and control groups. 
There was always a correspondance between 
the narrow radiolucent zone in the enamel 
wall observed in the microradiographs, and 
the subsurface reduced negative or 
pseudo-isotropic zone observed when the 
specimens were imbibed in water. These 

observations and those made in specimens 
imbibed in quinoline indicate demineralized 
areas. The subsurface zone (Fig. 2) 
corresponds to the <<positive zone in 
quinoline, in natural and artificial caries, 
and is explained by the presence of narrow 
spaces, unpenetrable by the large quinoline 
molecules but penetrable by water molecules 
(14, 15). However, unlike the situation in 
natural and artificial caries, the corresponding 
zone in the present material in some instances 
showed pseudo-isotropy or reduced negative 
birefringence also when examined in water. 
Probably the zone contains a larger number 
of the described small spaces than the 
corresponding zone in natural and artificial 
caries. In sections immersed in water a 
positive form birefiringence may, therefore, 
compensate or reduce the effect of the 
negative birefringence of the enamel apatite, 
resulting in pseudo-isotropy or reduced 
negative birefringence, respectively. In 
quinoline the sections must reveal 
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Fig. 4. Dentin cavity wall. Two layers of Copalite. 
Increased radiopacity relative to ‘normal dentin in 
the surface zone. Microradiograph. Original magni- 
fication 100 x. 

psuedo-isotropy or positive birefringence 
depending on the number of spaces. 

By deduction from fgures given by Darling 
(2) the zone examplified by Fig. 1 may contain 
> 5% spaces. This is slightly higher than in the 
corresponding zone described by Hals (5 )  in a 
study of the effect of silicate cement on 
uncoated enamel walls. However, this slight 
discrepancy may be explained by a longer 
experimental time in the present study, or a 
thinner silicate mix. Apparently, phosphoric 
acid from the silicate cement has penetrated 
the Copalite fdm in more than half of the 
specimens. 

The zones recorded on the 
microradiographs could not always be 
explained by the electron probe analysis. The 
reason for this has been discussed previously 

In our experiments no significant reduction 
of fluoride uptake was observed. This is not in 
accordance with the data reported by Norman 
et al. (l l) ,  but conforms with the result 
of Forsten and Paunio (4), who, however, 
showed that Copalite had a defmite reducing 
effect on the initial release of F. 

(6). 

Fig. 5. Electron probe. Linear scans through dentin cavity wall. One layer of Copalite. Surface depression of 
Ca and P profiles, indicating - 10 % reduction of concentration values. High concentration of F (- 3 %)at 
surface of dentine wall, decreasing to normal values at a distance of 65 from the surface. 
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Cayity wall 
0 

-* _ _ "  - -- 

Copalite, 
2 layers .- 

f r  
* .  

Fig. 6. Electron probe. Linear scans through dentin 
cavity wall. Two layers of Copalite. Surface lowe- 
ring of Ca profile, surface elevation of Na and A1 
profiles. 

Copalite does not seem to prevent uptake of 
Zn and A1 to any registrable degree. In all 
probability the Zn ions have contributed to the 
zone of increased radiopacity in the cavity 
walls. Since the mass absorption coefficient 
increases as the fourth power of the atomic 
number, the presence ofmore than 0,1% Zn in 
the surface layer will significantly increase its 
opacity to soft x-rays (7). However, the width 
of such zones could not in all cases be 
expIained by electron probe analysis. Halse 
and Hals (9) have shown that the 

u m 

i'P 
n !  

4 

. I  

i 
i 

n J  

m 

c---------l 
15 pm 

Fig. 7. Electron probe. Two layers of Copalite. Li- 
near scans through dentin cavity wall. Subsurface 
depression of P, surface depression of Mg, and sur- 
face elevation of Zn profile. 

concentration of Zn decreased gradually at a 
varying distance up to 400 pm into the dentin. 
Probably our registrations (150-200 pm into 
the dentin) refer to a concentration peak near 
the cavity wall, while a slight uptake may go 
deeper into the tissue. 

The Mg concentration profiles showed a 
varying configuration. This supports previous 
findings (20, 9). No explanation is offered for 
the presence of the Na ions in the specimens. 
It should, however, be mentioned that the 
concentration of Na in Bio-Trey powder is 
5,8% (10). It is generally assumed that the low 
frequency of secondary caries in silicate-filled 
teeth is due to uptake of fluoride in cavity 
walls. Through its tendency to form 
complexes with F, A1 may possibly enhance 
the cariostatic effect of F (9). The importance 
of the uptake of Zn is uncertain. 

The study indicates that before insertion of 
silicate restorations the cavity walls should be 
coated with varnish in order to reduce 
microleakage. Since Copalite varnish does not 
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significantly hinder the uptake of F and A1 by 
the cavity walls, it should not be removed 
from the enamel walls. However, when 
applied as a double layer below silicate 
restorations, Copalite does not always 
prevent a phosphoric acid effect on the cavity 
walls. 
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