
SUMMARY
Purpose: The present study evaluated the amount of fluoride 

released from glass ionomer lined amalgam restorations in de-ionized 
water and artificial saliva.

Materials and Methods: 40 human extracted molars were divided 
into 5 groups of 8 teeth each. Class V cavities (2x2x6mm) were pre-
pared at the facial and lingual surfaces of the teeth and restored as 
follows: Group 1 with Dispersalloy amalgam; Groups 2 and 4: Same 
as group 1 except that 1mm of photo-curing glass-ionomer liner Vit-
rebond was placed at the axial wall before amalgam insertion; Groups 
3 and 5: Same as group 1 except that 1mm of the traditional glass-
ionomer liner GC Lining Cement was placed at the axial wall before 
amalgam insertion. The teeth of Groups 1,2 and 3 were placed in plas-
tic tubes with 4ml of fresh fluoride-free de-ionized water, whereas the 
teeth of Groups 4 and 5 were placed in plastic tubes with 4ml of artifi-
cial saliva. The samples were subjected to hydrothermal cycling (300x, 
5o/55oC, 4C/min). At weekly intervals, each tooth was removed from its 
aqueous medium and transferred to another vial containing de-ionized 
water or artificial saliva. Fluoride release was measured 5 times at 
weekly intervals with a fluoride-ion selective electrode.

Results: At 1 week and 4 weeks Vitrabond released significantly 
more fluoride than GC Lining Cement (p<0.05). Glass-ionomer lined 
amalgam restorations released significantly less fluoride in artificial 
saliva than in de-ionized water (p<0.05).

Significance: The availability of fluoride ions around the margins 
of the glass-ionomer lined amalgam restorations may reduce the deve-
lopment of secondary caries.
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Introduction

The presence of a gap at the amalgam tooth interface 
permits the microleakage of oral fluids and bacteria into 
the interface and therefore may result in secondary caries 
development and pulpal irritation1. Microleakage is 
defined as the clinically undetectable passage of bacteria 
and fluids between cavity walls and restorative materials. 
The loss of marginal integrity provides potential pathways 
for re-infection, as cariogenic bacteria can penetrate into 
the underlying dentin through these defects2. Secondary 
caries formation around existing restorations is considered 
as the primary reason for replacement of amalgam and 

composite resin restoration3,4. The ability of a restored 
cavity to resist microleakage and secondary caries attack 
is the major determinant factor for the success or failure of 
a restoration. 

The considerably lower incidence of secondary caries 
associated with glass-ionomer cements and fluoride-
containing amalgam compared to amalgam and composite 
restorations has been explained by the release of fluoride 
from the filling materials5,6.

Traditional or conventional glass-ionomer liners are 
chemically set materials. They have been used extensively 
because of their ability to bond to dentine7. The ability 
to release fluoride has also been considered a unique 
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advantage of these materials. However, manipulation 
variables and technique sensitivity associated with the 
2-stage chemical setting of conventional glass-ionomer 
liners have been recognized as major disadvantage of 
these materials. 

Visible-light cured glass ionomer liners have been 
introduced to overcome these disadvantages. These 
materials provide longer working and controlled setting 
times, rapid development of strength and lower sensitivity 
to environmental moisture changes7. Light-cured glass-
ionomers are designed for use in the composite/glass-
ionomer sandwich technique, as first suggested for 
chemically set glass-ionomers7, where they should act as 
protective coating for dentine. 

The adhesive properties, compressive strength, 
radiopacity and fluoride release of glass-ionomers have 
prompted some investigators to recommend them as bases 
for amalgam restorations7-9. It is believed that in order 
to be effective in reducing recurrent caries, the glass-
ionomer liners should release fluoride at the margins of 
the amalgam restorations. 

The aim of this in vitro study was to evaluate 
the amount of fluoride released from glass-ionomer 
lined amalgam restorations in de-ionized water and 
artificial saliva and the interfacial micro-morphology 
of these restorations. The null hypothesis tested was 
that de-ionized water and artificial saliva create similar 
F-releasing patterns from amalgam restorations lined with 
2 commercially available glass-ionomer liners and that 
there is a gap between amalgam and dentin and between 
the liners and underlying dentin.

Materials and Methods

40 extracted human molars, free of caries and other 
defects, that had been stored in 10% neutral formalin 
were selected and randomly assigned to 5 groups. The 
teeth were not allowed to dry during any stage of the 
experiment. Before use, the teeth were washed in tap water 
to elute the formalin fixative, and were then cleaned with 
periodontal curettes and aqueous slurry of pumice using 
a handpiece and rubber cup. They were then rinsed with 
de-ionized fluoride free water (<0.02ppm), stored in plastic 
scintillation tubes with fluoride-free water and tested for 
fluoride release prior to any subsequent experimental 
manipulation. For each tooth, 2 class V cavity preparations 
were made at both buccal and lingual surfaces, located at 
the enamel region. The approximate dimensions of the 
cavities formed were: 6mm mesio-distally, 2mm occluso-
gingivally and 2mm in depth. A #330L; pear-shaped 
carbide bur (SS White Burs Inc, Lakewood NJ, USA) 
attached to an air turbine handpiece with copious water 
coolant was used to prepare the cavities. The bur was 
always held at a right angle to the tooth surface to produce 

a cavo-surface angle close to 90o. The cavity margins were 
finished with a flat fissure bur No 170 (SS White Burs, 
USA) using a slow-speed handpiece. After rinsing with 
water, the cavities were dried with compressed air. The 
burs were replaced after preparing up to 5 cavities. All the 
cavities were prepared by the principal author to ensure 
standardization in cavity preparation. The cavities were 
treated with the test materials (Tab. 1) in accordance with 
manufacturers’ instructions. The 5 treatment groups used 
in this study are listed in table 2.

Table 1: The restorative materials used in the study

Materials Manufacturer Batch number

Vitrebond
3M, ESPE Dental 
Products,
St. Paul, MN, USA

7512L   3EN

GC Lining Cement GC Int, Tokyo, Japan 280641

Dispersalloy
Dentsply Caulk, 
Dentsply Inter.
Milford, USA

040322
04329 E

Table 2: The experimental groups and the treatments tested              

Group Filling and cavity lining material Treatment

1 Amalgam (without liner) De-ionized water

2 Amalgam + Vitrebond De-ionized water

3 Amalgam + GC Lining Cement De-ionized water

4 Amalgam + Vitrebond Artificial saliva

5 Amalgam + GC Lining Cement Artificial saliva

Group 1 cavities were restored with the amalgam. 
Amalgam was inserted with an amalgam-carrier and 
condensed by hand instruments. Cavities of groups 2 
and 4 were lined with Vitrebond and light cured under 
standard irradiation intensity of 750mW/cm2 for 30s using 
a halogen bulb unit (Elipar Highlight, ESPE, Germany). 
The liner was extended 1mm short of the margins and 
was placed at the axial wall. After lining, the cavities 
were restored with amalgam as previously described. For 
groups 3 and 5 specimens, cavity preparations were lined 
with the GC Lining Cement. The material was extended 
1mm short of the margins and was placed at the axial wall. 
4 minutes after placing the liner the cavities were restored 
with amalgam as previously described. The thickness of 
the liner for both products was approximately 1mm. The 
thickness was controlled by measuring the depth of the 
cavities before and after liner application.

All restored teeth were stored in a humid environment 
for 24h before finishing and polishing the restorations 
with a bristle brush and aqueous slurry of pumice. The 
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teeth were then subjected to hydrothermal cycling for 300 
cycles between 5oC and 55oC, with a dwell time of 15 s. 

Fluoride Release Measurements
Teeth of groups 1, 3 and 5 were placed in plastic tubes 

with 4ml of fresh fluoride-free de-ionized water, and teeth 
of groups 2 and 4 were placed in plastic tubes with 4ml 
of fluoride-free artificial saliva. The composition of the 
artificial saliva employed in this study is shown in table 
310. All teeth were incubated at a constant temperature of 
37±0.5oC during the entire experimental period. 

Table 3. Composition of artificial saliva
NaCl  0.400g
KCl 0.400g
CaCl2 · H2O   0.795g
NaH2PO4 · H2O   0.69  g
Na2S · 9H2O   0.005g
Distilled water qs 1000ml
pH 5.525

Fusayama et al10

The first measurement of fluoride concentration in 
each solution was carried out 1 week after polishing of 
the restorations. From each container 4ml of liquid was 
taken and 0.5ml of TISAB (total ionic strength adjustment 
buffer solution - Merck, Darmstadt, Germany) was 
added to it. Following equilibration of the solution, the 
fluoride ion concentration was measured in duplicate by 
a fluoride-ion specific ion electrode (Orion Research Inc, 
Cambridge MA, USA) calibrated using standard solutions 
of 0.1, 1, 10, 50 and 100 mg/l fluoride. Recalibrations 
were performed every 10 measurements with the standard 
solutions 1 and 10.

The teeth were then rinsed with 5ml of de-ionized 
water and immersed in new containers with 4ml of 
de-ionized water or artificial saliva and again placed in the 
incubator. The same procedure was repeated every week 
for 5 weeks. The amount of fluoride released from the four 
tested groups (mean ± SD) was expressed in mg/l. 

Data were analysed by 2-way ANOVA and t-test. 
ANOVA was performed in the context of General Linear 
Models11,12 using the SPSS v. 12 packet. A level of 
significance of 0.05 was selected in all cases. 

SEM Evaluation
This part of the study used scanning electron 

microscopy (SEM) to investigate features of the tooth-
restoration interfaces. 2 specimens of each group were 
used to evaluate the presence or absence of marginal gaps 
along the entire tooth-restoration interface. The teeth 
were sectioned in a bucco-lingual plane with a hard tissue 
microtome with water cooling (ISOMET, Buehler Ltd, 
Lake Bluff IL, USA). The sections were polished with 

medium and fine polishing discs (Soflex discs, 3M, ESPE, 
St Paul, USA) under continuous water spray. To remove 
the smear layer the sections were slightly etched with 35% 
phosphoric acid for 3-5s, rinsed with water for 20s and 
briefly dried. 

The sections were then replicated by taking 
impressions of the sectioned surfaces with a vinyl 
polysiloxane material (President light body, Coltene, 
Altstätten, Switzerland). After 24h the impressions were 
poured with a slow-setting epoxy resin (Glycidether 100, 
SERVA Electrophoresis GmbH, Heidelberg, Germany) 
and allowed to cure for 5 days. The replicas were mounted 
on stubs, sputter coated with carbon and examined under 
a scanning electron microscope (SEM, JSM –840, JEOL 
Ltd, Tokyo, Japan) at 19KV accelerating voltage under 
high vacuum.

Results

Figure 1 and table 4 show the fluoride release rates 
obtained from the groups tested. The fluoride release 
was gradually decreasing by time in all experimental 
groups, except for group 1 (controls - amalgam, no liner, 
de-water), where it remained stable throughout the 5 
weekly intervals. 

Table 4. Mean fluoride release (ppm) and SD at weekly intervals 
from glass- ionomer lined amalgam restorations treated in 

de-ionized water or in artificial saliva

Time Group Mean SD

Week 1

1
2
3
4
5

0.017
0.510
0.161
0.280
0.110

0.002
0.232
0.085
0.102
0.052

Week 2

1
2
3
4
5

0.015
0.221
0.084
0.133
0.064

0.004
0.112
0.042
0.083
0.038

Week 3

1
2
3
4
5

0.014
0.121
0.075
0.092
0.050

0.005
0.064
0.034
0.056
0.032

Week 4

1
2
3
4
5

0.015
0.094
0.055
0.065
0.033

0.003
0.051
0.034
0.044
0.012

Week 5

1
2
3
4
5

0.016
0.070
0.051
0.043
0.031

0.003
0.045
0.030
0.024
0.013



178   Pavlos Dionysopoulos et al. Balk J Stom, Vol 11, 2007

Although the fluoride release was steadily decreasing 
from the 1st to the 5th week in all groups, the reduction was 
not statistically different (p<0.05) for the control (group 1) 
and the GC Lining Cement groups (groups 3 and 5). The 
only differences observed were for Vitrebond (groups 2 
and 4).

In group 2 there were differences between the 1st and 
2nd weekly intervals, as both differed from all the next 
intervals. In group 4 there were statistically significant 
differences between the 1st and all the rest weekly 
intervals. The 2nd weekly interval differed statistically 
significantly from all except from the 3rd one, whereas the 
3rd weekly interval differed only from the 1st.

Vitrabond released more fluoride in de-ionized 
water (group 2) than GC Lining Cement in de-ionized 
water (group 3) at weeks 1 and 2 (p<0.05). Vitrabond 
released more fluoride in de-ionized water (group 2) 
than Vitrabond in artificial saliva (group 5) at first week 
p<0.05. Vitrabond released more fluoride in artificial 
saliva (group 4) than GC Lining Cement in artificial 
saliva (group 5) at first week (p<0.05). GC Lining Cement 
(group 3) released more fluoride in de-ionized water than 
in artificial saliva (group 5) but the difference was not 
statistically significant.

SEM images (Figs. 2-4) show that none of the 
replicas examined demonstrated a hermetic seal between 
the restoration and dentine. The gaps between amalgam 
and dentine ranged from 3μm to 15 μm, between 
Vitrebond and dentine ranged from 10μm to 40μm and 
between GC Lining Cement and dentin from 0 to 12μm.

Figure 1. Fluoride released at weekly intervals from glass-ionomer lined 
amalgam restorations  treated in de-ionized water or in artificial saliva.
Group 1: amalgam in de-ionized water; Group 2: Vitrebond + amalgam 

in de-ionized water; Group 3: GC Lining Cement + amalgam in 
de-ionized water; Group 4: Vitrebond + amalgam in artificial saliva; 

Group 5: GC Lining Cement + amalgam in artificial saliva

Figure 2. Gap formation between amalgam and dentine of gingival wall Figure 4. Gap formation and areas with good adaptation adjacent to 
each other between GC Lining Cement and dentine of axial wall

Figure 3. Gap formation between Vitrebond and dentine of gingival wall

Discussion

The results of the present in vitro study indicated 
that amalgam restoration lined with 2 commercially 
available glass-ionomer liners release more fluoride in 
de-ionized water than in artificial saliva. The results 
also indicated that there is a gap between amalgam 
and dentin and between the liners and underlying 
dentin.

The availability of fluoride to an aqueous medium 
from glass-ionomer lined amalgam restorations 
has been demonstrated8,13 and a reduction of the 
development of lesions in vitro around glass-
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ionomer lined amalgams as compared to unlined non 
fluoride-containing amalgam fillings has also been 
reported14,15. 

The inhibiting effect on the development of 
experimental cavity wall lesions around glass-
ionomer lined amalgam fillings reported in these 
studies may be due to fluoride present along the fluid 
phase of the tooth interface. The glass-ionomer liners 
release fluoride16,17 and fluoride uptake, into enamel 
and dentine from glass-ionomer cements has been 
reported18,19. Depending on the amount of enamel and 
dentin fluoride uptake, a cariostatic effect of the glass 
ionomer should be expected. 

The results from all 4 groups in this study showed 
measurable amounts of fluoride released to the 
distilled water and artificial saliva media, indicating 
the availability of fluoride ion around the margins 
of the restorations. The 2 groups in de-ionized water 
and artificial saliva had the same qualitative fluoride 
release pattern during the 5 experimental weeks. The 
concentration of fluoride released was higher during 
the first period, declined sharply on second week, 
then gradually diminished to a nearly constant level 
for each material. These results are in agreement with 
previous studies20-23. This pattern suggests, according 
to Tay and Braden24 and Verbeeck et al22 that the 
elution of fluoride occurs as 2 different processes. 
The first process is characterized by an initial burst 
of fluoride release from the surface, after which the 
elution is markedly reduced. The first process is 
accompanied by a second bulk diffusion process, 
in which small amounts of fluoride continue to be 
released into the surrounding medium for a long 
period of time24.

In this study, at one week, Vitrebond released 
significantly less fluoride in artificial saliva than in 
de-ionized water. At 2, 3, 4 and 5 weeks there was no 
significant difference in fluoride release of Vitrebond 
and GC Lining Cement in artificial saliva and 
de-ionized water, but a trend was apparent towards a 
reduced fluoride release in artificial saliva.

Glockman et al25 showed that glass-ionomer 
cements released more fluoride in water than in 
artificial saliva. A wide variety of methods have been 
used to study fluoride release from dental materials 
containing fluoride. In most of these tests, a sample 
of a set material was suspended in water and, in some 
tests, artificial saliva was used25,26. El-Mallakh and 
Sarkar26 showed that the values of fluoride release 
in water and in artificial saliva were consistently 
different, the lowest values noted in the second 
medium, caused by the presence of cations and 
anions in artificial saliva, with an ionic effect on the 
solubility. 

The results of SEM analysis showed clearly that 
substantial gaps were formed between amalgam and 

dentine and between glass-ionomer liners and the 
underlying dentine. The gaps between amalgam and 
dentine ranged from 3μm to 15μm, between Vitrebond 
and dentine ranged from 10μm to 40μm and between 
GC Lining Cement and dentine from 0 to 12μm. This 
explains the fluoride release from the glass-ionomer 
lined amalgam restorations. This also confirms other 
studies showing that amalgam restorations have an 
interface gap present along their periphery1 which 
allows microleakage leading sometimes to recurrent 
caries2,27. In time, corrosion products of the amalgam 
would fill the interface between amalgam and enamel 
or amalgam and dentine and the tooth would be 
protected from the decalcifying action of caries-
producing bacteria.

Corrosion products of the amalgam could also 
affect the amount of fluoride released to the media 
from glass ionomer-lined amalgam restorations by 
forming a barrier at the interfacial gap. 

Thus continuous small amounts of fluoride in 
the fluid phase surrounding the teeth may inhibit 
demineralization and enhance remineralization28,29 
and affect microbial activity30. From a clinical point 
of view the results from this study imply that glass-
ionomer lined amalgam restorations may act as an 
intra-oral source for the controlled slow release of 
fluoride at sites at risk for recurrent caries for the first 
5 weeks of placement.

Conclusions

Measurable amounts of fluoride released to the 
de-ionized water and artificial saliva media indicate 
the availability of fluoride ion around the margins of 
amalgam restorations lined with glass-ionomer liners for 
the 5 weeks experimental period. The fluoride release was 
steadily decreasing from the first to the fifth week in all 
the groups. 

At weeks 1 and 2, Vitrebond released significantly 
more fluoride than GC Cement in de-ionized water 
(p<0.05) and at week 1 more fluoride in artificial saliva 
(p<0.05). At week 1 Vitrebond released significantly 
less fluoride in artificial saliva than in de-ionized water 
(p<0.05).
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