
Introduction

Close adaptation of restorative materials to the 
cavity walls to prevent microleakage extends the lon-
gevity of restorations. Failure to prevent microleakage 
may produce post-operative pain, recurrent caries, mar-
ginal staining, and pulpal irritation5. Dental amalgam 
remains a commonly used restorative material despite 
considerable controversy concerning its efficacy and 
safety. Lack of chemical adhesion and poor marginal 
sealing properties are the main reason for the leakage 
of amalgam restorations1,2.

Cavity varnishes have been used for many years 
to prevent or minimize initial microleakage around 
amalgam restorations. However, they are reported to 
reduce microleakage of amalgam restorations for only 
a short period of time, as they are prone to dissolve in 
oral fluids11,30.  

There is no chemical link between amalgam and 
tooth structure, and the mechanical retention for amal-
gam often results in further weakening of the re maining 
tooth structure15.

In recent years, several investigators have advocated 
the use of resin adhesive systems under amalgam. Many 
of the bonding systems incorporate superficial etching of 
dentin and the application of a soluble hydrophilic resin 
to penetrate the etched dentinal surface and encapsulate 
the network of collagen fibres exposed by the etching pro-
cess3,7,8,10. 

Numerous studies have shown resin adhesives to pro-
vide a significant reduction in microleakage4,6,14,16,23,28,34. 
Superior sealing of dentinal tubules by bonding resins 
compared to varnish has also been demonstrated4,16,23,35.

Clinically, dentine bonding is usually performed on 
dentin whose tubules contain dentinal fluid rich in plasma 
proteins18. The fluid is under a small but significant hydro-
static pressure19 which may increase the wetness of den-
tine in vivo at a microscopic level. In contrast, laboratory 
studies of dentine bonding are done on extracted teeth, 
without natural dentinal fluid under pressure. The dif-
ferences between extracted teeth and vital teeth have been 
widely discussed20,22,25,27,29. They have all suggested that 
this difference is important because the fluid could affect 
the amount of water on the cavity wall, which would inter-
fere with bonding.
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The purpose of this study was to determine the micro-
leakage and interfacial micro-morphology of amalgam 
class V restorations lined with a cavity varnish and 2 den-
tin bonding agents in vivo.

Materials and Methods

2 young adult dogs from 2 to 4 years of age with 
fully erupted permanent teeth were selected as experimen-
tal animals. The animals were anaesthetized with Pento-
thal and intubated with a cuffed endotracheal tube before 
the beginning of all experimental procedures. 

All teeth were scaled and polished with a rubber cup 
on the day of the operative procedure. 

Quadrants of teeth were isolated with sterile cot-
ton rolls and saliva was controlled with high-speed eva-
cuation. 32 Class V cavities (2.5mm wide x 2mm high x 
1.5mm deep) were prepared through enamel on the buccal 
surfaces of the molars and canine teeth. 

The cavosurface margins of each cavity were laid 
entirely within enamel; the cervical margin of each cavity 
was placed 1.5mm above the free gingival margin paral-
lel to the cemento-enamel junction. A #330L, pear-shaped 
carbide bur (SS White Burs Inc, Lakewood NJ, USA) in 
an air turbine handpiece with copious water coolant was 
used to prepare the cavities. The bur was replaced after 
preparing up to 5 cavities. All the cavities were prepared 
by the principal author to ensure standardization in cavity 
preparation.

Table 1.  Procedures for placement of amalgam restorations

Group 1 Group 2 Group 3 Group 4

Steps Prompt L-Pop Stae Copalite Control

1 Rub Prompt L-Pop for 15 sec. Etch enamel and dentin for 20 
sec with 37% phosphoric acid

Apply a first layer and 
allow to air dry for 30 sec 

Wash cavity with water 
and dry

2 Apply an air stream Wash with water and remove 
excess water

Apply a second lager and 
dry with air 

Condense amalgam 
and carve

3 Light cure for 40 sec Apply Stae and blow gently for 2 
sec to evaporate solvent

Condense amalgam and 
carve

4 Condense amalgam and carve Light cure for 20 seconds

5 Condense amalgam and carve

Table 2.  Materials used in the study

Materials Components Manufacturer

Prompt L-Pop 1,2 Di-HEMA-phosphate, water, complex fluoride 3M-ESPE, Seefeld
Germany

Stae Acrylic monomer, Acetone, Fluoride, Stabilizer Southern Dental Industries Limited Bayswater, 
Victoria, Austalia

Copalite Natural copal gum, ethyl ether anhydrons, 
chloroform.  

HJ Bosworth Co, Skokie, IL, USA

Amalcap Plus Ag 70%, Sn 18.1%, Cu 11.9% Vivadent Ets. Schaan, Liechtenstein 

The teeth were randomly divided into 4 groups of 8 
teeth each (Tab. 1). After completion of the preparations, 
the bonding agents were applied according to the 
manufacturers’ directions (Tab. 1). Table 2 lists the materials 
selected for investigation. Stae is a “two-step smear layer-
removing” adhesive or “one bottle” total-etch adhesive. 
Prompt L-POP is a “smear layer-dissolving” adhesive 
or “self etching adhesive”. Copalite was applied in 2 thin 
layers, allowing the first layer to air dry for 30 seconds prior 
to applying the second layer. To obtain a control, a group 

of 8 teeth were restored with only amalgam; the cavity 
surfaces were washed with water and dried with air prior 
to the restoration placement. Teeth were then restored with 
amalgam (Amalcap Plus) and restorations were overfilled 
and carved back to proper contour. 

2 months after treatment the animals were sacrificed 
by an overdose of pentobarbital sodium and the teeth were 
extracted. After that, the teeth were cleaned of soft tissue, 
rinsed in tap water, gently air dried, and nail varnish was 
applied on the specimens, leaving uncovered only a 1mm 
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rim of the exposed tooth structure around surrounding the 
restorations. The tooth apices were also sealed with resin 
to avoid dye penetration from the apical end of the root 
canal. 

The teeth were immersed in a 0.5% solution of basic 
fuchsine for 24 hours at room temperature. They were 
then rinsed in tap water, dried, embedded in Epoxy Resin 
(Epon, Epon Fluca Chemica AG, Buchs, Switzerland) 
and sectioned in a bucco-lingual plane with a hard tis-
sue microtome (ISOMET, Buehler, Lake Bluft, Illinois, 
USA). 4 parallel sections (300μm apart) with a thickness 
of 300μm were cut and each section was examined under 
a stereo-microscope (x100 magnification) with a mea-
suring ocular. 

The degree of microleakage at both the enamel and 
dentin walls was rated on a scale from 0-49,13 (0=no dye 
penetration - DP; 1=DP ≤0.25mm; 2=DP>0.25mm to 
≤0.5mm; 3=DP>0.5mm to ≤1mm; 4=DP>1mm). The rea-
son for converting the depths of DP into scores was that 
in many of the restorations, the DP extended beyond the 
length of the gingival wall, i.e., towards the pulp or along 
the pulpal wall, where exact readings of the penetration 
depth proved to be critical. 

The means of the 4 DP data of each tooth were 
recorded and a One Way Analysis of Variance (ANOVA) 
at (p<0.05) was performed to determine the effect of the 
sealing ability of the three different liners. Student-New-
man Keuls Post Hoc test was also used for multiple com-
parisons of the mean values. The Wilcoxon Signed rank 
test was used as the pairwise comparison analysis to com-
pare the median scores between the occlusal and cervical 
wall leakage at p<0.05 level of significance.

SEM Evaluation
This part of the study used scanning electron micro-

scopy (SEM) to investigate features of the tooth-restora-
tion interfaces. 2 specimens of each group were used to 
evaluate the presence or absence of marginal gaps along 
the entire tooth-restoration interface. The sections were 
planed with medium and fine polishing discs (Sof-lex 
discs, 3M, St Paul, USA) under continuous water spray in 
order to minimize smear layer formation. To remove the 
smear layer, the sections were slightly etched with 35% 
phosphoric acid for 3-5 sec, rinsed with water for 20 sec 
and briefly dried. 

The sections were then replicated by making an 
impression with a vinylsilicone material (President light 
body, Coltene, Altstätten, Switzerland) of the surface, 
and an epoxy resin die (Glycidether 100, SERVA Electro-
phoresis GmbH, Heidelberg, Germany) was constructed 
24h later and allowed to cure for 5 days.  The set models 
(replicas) were mounted on stubs, sputter coated with car-
bon and examined under SEM (Jeol, J.S.M. - 840 Tokyo, 
Japan) at 19KV.

Results

Microleakage scores for the occlusal, gingival and 
overall walls are presented in table 3. One-way ANOVA 
indicated no significant differences among the 4 groups 
for overall wall scores (P>0.05). For the microleakage 
values on occlusal and gingival walls, Student-Neuman-
Keuls Multiple Comparisons test indicated no significant 
difference in all groups (P>0.05). For the leakage values 
on gingival and occlusal walls, Wilcoxon signed-ranks 
test revealed no significant difference between the occlu-
sal and cervical leakage values in all groups (P>0.05).

Table 3.  Mean microleakage scores and standard deviations for 
the various restoration techniques at the occlusal, gingival and 

overall walls 

Restoration
technique

Occlusal Gingival Overall

n Mean SD Mean SD Mean SD

Group 1
Group 2
Group 3
Group 4

8
8
8
8

3.438
3.187
2.937
3.311

0.515
0.272
0.621
0.272

3.562
3.125
3.312
3.561

0.480
0.410
0.446
0.207

3.500
3.156
3.125
3.436

0.441
0.335
0.507
0.153

Micrographs 1-5 show the main SEM findings, 
which were taken from actual tooth sections. None of the 
tooth sections examined demonstrated a hermetic seal 
between the restoration and tooth tissues. Variations in the 
width of the gap between the tooth tissues and restoration 
were considered to be directly related to the leakage dye 
penetration scores.

Prompt L-Pop and Stae specimens demonstrated 
bond failures both between the enamel and the adhesive 
system and/or between the amalgam and the adhesive 
system (Fig. 1). The interface between the adhesive sys-
tems and dentin showed bonded sites but some separa-
tions were also seen along the margins of the restorations 
(Figs. 2 and 3).

Figure 1. Interface between the amalgam - Prompt L-Pop - enamel. 
E: enamel, AD: adhesive, A: amalgam. Bond failures alternate with 

zones of perfect seal
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Copalite varnish presented a layer that was thinner 
than for Prompt-L-Pop and Stae and it was relatively uni-
form in thickness (Fig. 4).

Examination of specimens restored with amalgam 
filling without any lining material demonstrated an inter-
facial gap between the amalgam and dentine (Fig. 5).

Discussion

The results of the present study revealed that using 2 
adhesive systems and a copal varnish liner under amalgam 
restorations offers no statistically significant differences 
in microleakage among the 3 groups. The control group 
(group 4) showed statistically no significant differences 
in occlusal, gingival and overall microleakage than the 
other test groups. Studies in vivo of the 2 adhesive systems 
investigated in this study have not been reported in the 
li terature when used with amalgam restorations; therefore, 
the findings of this study cannot be compared. 

The gingival walls of all preparations exhibited sta-
tistically no significant differences in microleakage in 
comparison to the occlusal walls. Previous studies have 
reported no significant differences in leakage at the gingi-
val and occlusal walls of enamel restorations26.

Regarding possible differences in leakage among dif-
ferent liner systems, Gordan et al12 evaluated postopera-
tive sensitivity experienced following placement of Class 
I and II amalgam restorations with 1 of 3 different liner 
treatments. No significant difference was found among 
the groups following 2 days. However, almost one-third of 
the teeth restored with dentin adhesive resin liner or copal 
varnish exhibited sensitivity. In some cases, this sensi tivity 
lasted up to 30 days. Given such findings, further clinical 
comparisons of the effectiveness of cavity treatment sys-
tems would appear to be indicated. 

Copalite varnish is a natural copal gum dissolved in 
chloroform that evaporates, leaving behind a protective 

Figure 2. Interface between the amalgam - Prompt L-Pop - dentin. D: 
dentin, AD: adhesive, A: amalgam. There is a gap formation along the 

interface

Figure 3. Interface between the amalgam - Stae - dentin. D: dentin, AD: 
adhesive, A: amalgam. Bond failures alternate with zones of perfect seal

Figure 4. Interface between the amalgam - Copalite - dentin. D: dentin, 
V: Copalite varnish, A: amalgam. There is a thin layer with many gaps

Figure 5. Interface between the amalgam and dentin. D: dentin, A: 
amalgam. There is a gap formation along the interface
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film. It has been used prior to amalgam restoration place-
ment for many years despite its use being questioned in 
recent years.

Adhesion to enamel with the current adhesive sys-
tems has become a routine and reliable aspect of modern 
restorative dentistry, but dentinal adhesion has proved to 
be more difficult and less predictable. The adhesive dentin 
system Stae used in this study is a “two-step smear layer-
removing” adhesive or “One-bottle” total-etch adhesive. 
These dentinal adhesives are based on hydrophilic primers 
and the penetration of resin monomers into the tubules and 
onto the demineralised dentinal surface, forming a hybrid 
layer17,36.

When using Stae, air must be applied after rinsing 
the etchant. This conventional air drying of dentin may 
result in the collapse of the collagen of the demineralised 
layer and this may impair the penetration of the priming 
agent or the resin monomers, creating an incomplete resin 
infiltration with the exposed and non-infiltrated collagen, 
contributing to a so-called “hybridoid region”32. Tay et 
al32 also suggested that the incomplete resin infiltration 
within the demineralised inter-tubular matrix results in a 
weak collagen-rich zone that is susceptible to hydrolysis 
and microleakage. 

Prompt L-Pop is “smear layer-dissolving” adhesive 
or “self-etching adhesive”, which uses a slightly acidic 
primer or so-called “self-etching primer”. This primer 
dissolves the smear layer and partially demineralises the 
underlying dentin surface. As these self-etching primers 
are not rinsed off but merely air-dispersed, the dissolved 
smear layer is incorporated in the bonding process. 

Simplification of the clinical application procedure 
is obtained not only by reduction of application steps, 
but especially by omission of the need to post-condi-
tionally rinse the tooth substrate. Because of the latter, the 
approach of self-etching primers currently appears to be 
most promising in avoiding clinically important problems, 
such as collagen collapse due to post-conditioning air-
drying of dentin, or over-wetting phenomena resulting 
from insufficiently having replaced the moist that was 
kept post-conditioning on the acid-etched surface as part 
of the wet-bonding technique31,33,37.

When the specimens were observed by SEM, some 
adhesive failures at the enamel-resin junction were found, 
although Stae and Prompt L-Pop seemed to bond much 
better to the enamel surface. 

The results also revealed a variety of different 
leakage patterns between the different tested groups. 
This is of concern because in some instances the dentin is 
sealed, therefore, providing some form of protection even 
if leakage around the amalgam is occur. 

The mechanism of adhesion to cast metal surfaces 
consists of mechanical retention, as well as chemical inter-
action mainly due to hydrogen bonding, and pre sumably 
the mechanism of adhesion to amalgam is similar24. Sta-
ninec and Holt24 reported that when amalgam bonds to 

resin, it appears as a mechanical interlocking and adhe-
sion mediated by Van der Waals forces between the adhe-
sive resin and amalgam. However, the existence of a true 
chemical bond between amalgam and adhesive resins has 
not been verified21.

Conclusions

In this in vivo study none of the materials tested con-
sistently prevented microleakage. Comparing the micro-
leakage values of amalgam restorations tooth interfaces, 
dentin adhesive systems (Stae and Prompt L-Pop) showed 
no significantly different microleakage values than res-
torations with copal varnish and those without any lining 
material. There were no statistically significant differences 
between the microleakage scores obtained for the occlusal 
and cervical walls in class V cavities. 

Further work should continue to develop laboratory 
tests that predict the behaviour and performance of cavity 
sealants in clinical service.
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