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Abstract

Introduction

Purpose: The aim of the study was to assess the effect
of glass ionomer fillings Fuji IX on the mineral content of
the hard dental tissues of carious teeth treated by sparing
methods.
Material and methods: The study material consisted
of 4 deciduous teeth lost due to physiological resorption.
The teeth had glass ionomer fillings Fuji IX inserted after
treatment of caries by means of sparing methods (ART and
CMCR). Chemical analysis of enamel and dentin was performed by means of energy dispersive spectroscopy (EDS)
with X-ray analysis QUEST system at a distance of 20 um
(point C) and 120 um (point D), respectively. The content
of the following elements was evaluated in weight percent:
oxygen (O), fluoride (F), sodium (Na), magnesium (Mg),
aluminum (Al), silicon (Si), phosphorus (P), calcium (Ca),
strontium (Sr). The Ca/P ratio was calculated. T-student test
for pairs, with the level of significance p<0.05, was used for
statistical analysis of the results.
Results: We found significantly higher levels of fluoride,
aluminum and silicon and lower concentrations of calcium and phosphorus in the dentine adjacent to the filling
(point C). However, no statistically significant differences
were observed in the levels of the elements between these
two sites of measurement.
Conclusions: Our results indicate that mineralization of
the calcified dentine may involve elements released from
glass ionomer cement Fuji IX.
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Modern approach to the treatment of caries following the
principles of minimum intervention recommends tooth sparing
preparation [1]. Atraumatic restorative treatment (ART) and
chemomechanical caries removal (CMCR) permit preservation of a substantial amount of the hard dental tissue. These
techniques have been based on the studies by Fusayama [2] and
Massler [3], who in the carious focus distinguished two calcified
layers – the outer layer, which is infected, irreversibly denaturated and must be removed, and the inner layer remineralizable.
Mineralization of the dentine left in the cavity is likely to occur
due to the application of highly bioactive adhesive materials,
such as glass ionomer cements.
Since their introduction to clinical practice in 1976, glass
ionomer cements have gained great popularity due to the release
of fluoride ions whose anticariogenic effect is well known. In
vitro, these restorative materials have been found to exert an
effect on enamel remineralization and to attenuate enamel demineralization in the neighbourhood [7-12]. Some authors have
demonstrated antibacterial properties of these cements against
cariogenic microorganisms [13-15]. The studies by Forss [16],
Wilson [17] and Ngo [18] have shown that not only fluoride but
also other ions are released, including aluminum, sodium, silicon,
calcium and strontium. Their effect on the hard dental tissues,
especially on the partly calcified dentine is little known. Some
study results seem to suggest that enamel apatites possess high
capacity to exchange ions, and that remineralization does not
always involve calcium and phosphorus supplementation [19].
The aim of the study was to assess the effect of glass ionomer
cement Fuji IX on the mineral composition of the hard tissues of
carious teeth treated by ART and CMCR methods.

Material and methods
The study material consisted of 4 deciduous anterior teeth,
lost due to physiological resorption. The teeth had glass iono-
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Figure 1. Microscopic picture of a tooth with Fuji IX ond the borderline of: a) filling – enamel; b) filling dentin
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mer cement restorations Fuji IX, inserted after sparing cavity
preparation (2 cavities for each sparing method). After the teeth
had been filled, they were left in the mouth for 1-3 years.
Prior to examinations, the teeth were embedded in acrylic
resin. Next, their surfaces were grinded on a rotary disc grinder
with SIC grinding paper for 10 min and polished. The flat
non-dust surfaces obtained in this manner showed distinct
borderlines between the enamel, the dentine and the filling.
An electron microscope Hitachi S-3000N (Japan) with an X-ray
microbe analyzer Thermo Noran (USA) was used for analysis.
The surfaces were photographed in BSE at 17kV voltage, at
a magnification of 400x. Chemical analysis of enamel and dentin
was performed by means of energy dispersive spectroscopy
(EDS) with X-ray analysis Quest system on the sample surface
area of 291.3 um2 at a distance of 20 um (point C) and 120 um
(point D), respectively – Fig. 1. The content of the following
elements was assessed in weight percent: oxygen (O), fluoride
(F), sodium (Na), magnesium (Mg), aluminum (Al), silicon (Si),
phosphorus (P), calcium (Ca), strontium (Sr). The Ca/P ratio
was also calculated. T-student test for pairs, with the level of significance p<0.05, was used for statistical analysis of the results.

Results
The results of mineral analysis of enamel and dentine have
been presented in Tab. 1. Dentine adjacent to the Fuji IX filling
(point C) showed a significantly higher level of fluoride (F),
aluminum (Al) and silicon (Si) compared to point D (p<0.062,
p<0.001, p<0.005, respectively). The concentrations of calcium
(Ca) and phosphorus (P) were significantly lower in the vicinity
of the filling in comparison to the dentine at point D (p<0.02,
p<0.04). The strontium content (Sr) was insignificantly higher
at the filling. The content of oxygen (O), magnesium (Mg) and
sodium (Na) expressed as a percentage of weight was practically
the same in both sites of measurement. The elemental analysis of enamel revealed no statistically significant differences
between the two sites. The Ca/P ratio approached 2.0 both for
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enamel and dentine and did not differ significantly between
points C and D.

Discussion
Permeation of elements from restorative materials to dental
tissues has been reported in several studies. Studies carried out
in vitro by Hott et al. [20] and Extercate et al. [21] on bovine
teeth revealed elevated fluoride levels in the dentine adjacent to
glass ionomer fillings. Tveit et al. [22,23], who in vitro evaluated
the absorption of fluoride released from amalgamates enriched
with this element, found out that fluoride was better absorbed
by dentine than enamel, the finding being consistent with our
results. This, according to the authors, is associated with dentine
structure, i.e. higher content of the organic part and water and
lower crystallization rate. Mucai et al. [24], in vivo confirmed
elevated fluoride levels in the dentine adjacent to Vitrabond
fillings. Like us, they also found the highest concentration of
fluoride directly under the filling, decreasing towards the pulpal
surface, which indicates free penetration of this ion inside the
dentine. However, conflicting evidence has been provided by
Massara et al. [25], who found no presence of F ions in the
dentine under the Fuji IX filling. Wessenberg and Hals [26],
the Norwegians, assessing the effect of glass ionomer cement
ASPA on the mineral composition of enamel and dentine of
human teeth in vitro, determined the content of certain elements 1-3 months after the filling insertion. Our results are
partly consistent with the data published by these authors. Like
them, we found increased fluoride and aluminum levels in the
tissues adjacent to glass ionomer cement fillings, the levels being
statistically higher in dentine than in enamel. We also revealed
similar concentrations of magnesium and sodium in the sites
of measurement. Similarly to the Norwegians, we found no
significant differences in the levels of Ca and P as well as in the
Ca/P ratio in both sites within the enamel. However, some of our
results were contradictory to theirs. Unlike them, we observed
a rise in the concentration of silicon (Si) in the dentine adja-
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Table 1. The element content in weight percent in the study material
FUJI IX
Elements
Mean
SD

Oxygen (O)

Mean
SD

Fluoride (F)

Dentin
Point D

Point C

Point D

40.88

40.43

44.37

41.68

0.68

1.27

4.30

7.44

0.87*

0.42*

0.62

0.50

0.17

0.13

0.32

0.41

1.69

1.35

1.08

0.64

2.28

1.64

0.43

0.15

0.31

0.37

0.27

0.27

0.27

0.25

0.12

0.14

2.84*

1.08*

4.59

0.97

0.44

0.45

5.73

0.30

1.26*

0.82*

3.41

0.64

0.49

0.39

4.43

0.23

1.92

1.37

1.32

1.02

1.42

0.77

0.56

0.50

34.11*

36.03*

31.75

36.01

2.89

9.93

5.77

17.44*

18.15*

15.60

18.27

0.60

0.52

4.61

1.29

1.98

2.03

1.97

0.006

Level of significance
Mean
SD
Mean
SD

Sodium (Na)
Magnesium(Mg)

Mean
SD

Aluminium (AL.)

0.0001

Level of significance
Mean
SD

Silikon (Si)

0.005

Level of significance
Mean
SD

Strontium (Sr)

Mean
SD

Calcium (Ca)

3.53
0.025

Level of significance
Mean
SD

Phosphorus (P)

0.040

Level of significance
Mean

Enamel

Point C

Ca/P

1.95

cent to the filling. Knychalska-Karwan [27], Pawlicki [28] and
Szczepańska [29], who were concerned with the assessment of
Ca and P in the enamel of the deciduous teeth reported lower
weight percent values of these elements than those obtained in
our study. However, it should be remembered that the content
of these elements in the hard dental tissues is changeable [30],
and according to Pawlicki [28] in the deciduous teeth it undergoes variations with resorption progression. In our analysis,
the levels of Ca and P in the dentin adjacent to the filling were
significantly lower than those 120 um distant. Wesenberg and
Hals obtained contradictory evidence for these elements [26].
However, they examined permanent and not deciduous teeth
and in their study ASPA fillings were placed in experimentally
formed cavities in the intact dental tissue. Massara et al. [25],
who assessed ART, found elevated levels of Ca in the dentine
close to Fuji IX, but their study methods differed from ours.
The Ca/P ratio obtained in our study is almost identical with
those presented by other authors assessing dentine composition
after chemomechanical treatment of caries [31,32]. In the current study, the cavities were prepared using manual methods
(ART and CMCR). The lower concentrations of calcium and
phosphorus in the dentine directly under the filling as compared
to the distant sites may suggest the presence of partly demineralized dentine on the cavity floor. This suggestion has also been
made by Angker et al. [33].
The significant increase in weight percent values of fluorine, aluminum and silicon in the dentine adjacent to Fuji IX

cement may indicate passing of these elements from the filling
to the tissue. According to the most recent reports [18,34,35],
certain elements such as aluminum, fluorine, strontium and
silicon are likely to replace calcium and perhaps phosphorus
in apatites. In conclussion the results of the current study seem
to confirm the assumption that dentine remineralization may
involve elements permeating from the glass ionomer cement
Fuji IX into the tissue.
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