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[ . Introduction

It is difficult to detect early caries in proximal
tooth surface; however, even if we find them, it is
hard to treat the lesions. So, if we can remineralize
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the early lesions of proximal caries, it will be a really
conservative and effective treatment method. It is
accepted that fluoride promotes remineralization and
inhibits demineralization of dental hard tissue'™.
Glass ionomer cements are perhaps the best known
fluoride-releasing restorative materials and have
been shown to have anticariogenic properties due to
their significant release of fluoride”. They also exhib-
it several advantages as dental restorative materials
than releasing fluoride. They bond directly to the
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tooth structures, offer easy handling, and possess a
coefﬁcient of thermal expansion similar to that of the
tooth"’). Because of these properties, glass ionomer
cements are really good dental material, but they
demonstrate lower tensile strength and higher wear
properties than amalgam or composite. So they were
not used as stress-bearing restorations. But the new-
er highly filled glass ionomer materials show better
mechanical properties compared with conventional
glass ionomer cements, making themselves useful for
long-term provisional restorations in primary denti-
tion®.

There are many researches about fluoride releasing
property of glass ionomer cements, but little informa-
tion is available about remineralization effect of glass
ionomer cements on adjacent interproximal caries.
Moreover, there is no objective and quantitative
study and no assessment of long-term change, be-
cause the conventional study methods depend on re-
searcher s subject and are destructive.

The purpose of this in vitro study is to compare the
remineralizing effects of three glass ionomer cements
(high filled glass ionomer cement, compomer, resin
modified glass ionomer cement) with resin composite
(control group) on incipient interproximal caries,
and, to assess long-term change of remineralization
effect in each material.

I . Materials and methods

Twenty-six extracted permanent premolars were
obtained and stored in 0.1 percent thymol solution.
Twenty teeth with caries-free mesial and distal prox-
imal surface were selected. The entire surface of
these teeth were covered with an acid resistant var-
nish (nail varnish), with exception of an area of
enamel, approximately 1mm X 6mm at the interproxi-
mal contact area on the mesial and distal surface.
Then, the teeth were suspended in an artificial caries
solution (2.2mM Ca*?, 2.2mM PO.3, 50mM acetic
acid) at a pH 4.4, 37°C and constant circulation, un-
til an artificial caries lesion was induced. It took
three days to create these artificial lesions. After
these lesions were formed, the varnish was removed.
And two mesial specimens and two distal specimens,
which included the artificial caries lesion, were ob-
tained from each tooth by sectioning with ISOMET®
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Low Speed Saw (BUEHLER™, Lake Bluff, Illinois,
USA). The sections were then mounted in acrylic
resin blocks and initial tomographic images were
‘taken using a desktop X-ray micro CT scanner
(SkyScan-1072, SkyScan b.v.b.a., Belgium).

As restorations adjacent to teeth, in the new
acrylic blocks, holes with 5mm in diameter were
made and filled with following restorative materials,
according to the manufacturer s instructions:

Group 1: Fuji IX GP (GC Corp., Tokyo, Japan)

Group 2: Vitremer (3M ESPE, St. Paul, Minn.,
USA)

F2000 (3M ESPE, St. Paul, Minn., USA)
7250 (3M ESPE, St. Paul, Minn., USA)

Each group has sixteen specimens and restored

blocks, and each restored blocks was paired with a

Group 3:
Group 4:

specimen. Every two-block pairs was fixed with utili-
ty wax. Each of these groups was placed into a
closed container with 250mL medium of artificial
saliva per 100mL, consisting of 1g Carboxymethyl
cellulose sodium, 3g D-sorbitol, 84mg NaCl, 120mg
KCl, 15mg CaCl, bmg MgClz, 34mg phosphate diba-
sic. These acrylic blocks were maintained at 37C and
pH 7.0 for a time period of thirty days with constant
circulation. At the end of thirty and sixty days, to-
mographic images were taken from these specimens
with micro CT scanner. With these tomographic im-
ages, the final 3-D images were reconstructed by
Vworks™4.0 (CyberMed, Korea) (Fig. 2). ,

Using density-measuring program in Vworks, the
density of surface area on the specimens was mea-
sured. Each variable was the mean of 25 values
measured on the randomly selected 5 slices (random-
ly selected 5 sites per slice) (Fig. 3). The mean den-
sity changes of each group were compared to the oth-
er groups to evaluate the effect of remineralization.

The data from this study was analyzed using the
Statistical Package for Social Science (SPSS),
Version 11.0. The mean density change and standard
deviation was calculated and recorded for each
group. For each group, a 1-way ANOVA (analysis-of-
variance) was used to determine the remineralization
effects of restorative materials, and post HOC Tukey
pairwise comparison test was used to determine
which groups of mean density change were signifi-
cantly different from the others.
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. Results

The density of lesion increased in all groups at 30
days and 60 days(Fig. 1).

Post hoc Tukey multiple comparison test (Table 1)
demonstrates that the density change of the artificial
caries lesions in every month significantly increased
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Fig. 1. Mean density change and standard deviation of
each restorative material in every month.

Table 1. Comparison of density change among all groups

(p<0.05) in all glass ionomer cement groups (Group
1, 2, 3), compared to the control group (Group 4).
There were no statistically significant differences be-
tween glass ionomer cement groups.

Table 2 shows that the comparison of density
change (the amount of addition) between all groups.
In all glass ionomer groups, the amount of density
change decreased significantly (p<{0.05) every month.
But, resin composite group (Group 4) was not signif-
icantly different every month.

V. Discussion

The present study demonstrates that the reminer-
alization effect of fluoride released from high filled
glass ionomer cement, resin-modified glass ionomer
cement and compomer compared to resin composite
on adjacent interproximal caries lesion. It is known
that fluoride released from Class II glass ionomer ce-
ments in direct interproximal contact with adjacent
teeth reduce enamel demineralization and promote
remineralization™". The findings from this in vitro

Difference
1st month 2nd month
Group 2 0.994 0.978
Group 1 Group 3 0.762 0.657
Group 4 0 0
Group 1 0.994 0.978
Group 2 Group 2 0.606 0.874
Group 3 0 0
Group 1 0.762 0.657
Group 3 Group 2 0.606 0.874
Group 4 0 0
Group 1 0 0
Group 4 Group 2 0 0
Group 3 0 0
* The mean difference is significant at the 0.05 level
Table 2. Comparison between months in each group
‘ Group 1 Group 2 Group 3 Group 4
1st month 2nd month 0.001 0.002 0.033 0.225

* The mean difference is significant at the 0.05 level
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study coincide with other studies?.

The literature suggests that resin-modified glass
ionomer materials release at least as much as con-
ventional glass ionomer cements'*®. The result of
the present study presented support the view that
resin-modified glass ionomer cements release more
fluoride than compomers although the difference is
little. It has been shown that resin-modified glass
ionomer materials have a caries inhibition effect
equivalent to that for conventional glass ionomer ma-
terials when tested in vitro'*'?.

A previous study shows the fluoride release from
the glass ionomer cement and the compomer. For the
glass ionomer cement, the rate of fluoride release de-
creased with time. For the compomer, the fluoride
release was relatively small initially, but the rate of
release increased significantly after several months'?,
Present study shows that remineralization effect of
compomer decreased with time, but the test period of
this study was only three months, and it is shorter
than that of previous study.

To examine the remineralization of enamel effec-
tively, the most frequently used method are polarized
light microscopy, microradiography and light mi-
croscopy™. They are good study methods, but have
some limitations. The method used in this study is a
new and quantitative way for assessment of reminer-
alizing effect’*'®. Any conventional optical or electron
microscope allows visualizing only two-dimensional
images of a specimen surface or thin slices. But in
most cases a final conclusion about original three-di-
mensional object structures cannot be made on the
base of two-dimensional information. One can obtain
the three-dimensional information of object struc-
tures by cutting them into very thin slices, which can
be visualized in the light microscope and interpolate
the two-dimensional information into a three-dimen-
sional structure model. An x-ray (radiography) sys-
tem produces two-dimensional shadow images of
complete internal three-dimensional structures, but
in a single two-dimensional shadow projection the
depth information is completely mixed. Only an x-ray
tomography system allows us to visualize and mea-
sure complete three-dimensional object structures
without sample preparation or chemical fixation.
Typically the spatial resolution of conventional med-
ical CT-scanners is in the range of 1~2.5mm, which
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corresponds to 1~10 cubic mm voxel (volume ele-
ment) size. Computerized x-ray microscopy now
gives possibilities to improve the spatial resolution
by seven to eight orders in the volume terms. The
system “SkyScan 1072 allows to reach a spatial res-
olution of 5um corresponding to near 1x107 cubic mm
voxel size. As in “macro’ CT-scanners, the internal
structure can be reconstructed and analyzed fully
non-destructively. SkyScan-1072 is a compact, desk-
top X-Ray system for the nondestructive three-di-
mensional reconstruction with high spatial resolu-
tion. It allows obtaining transmission images and re-
constructing cross sections or the complete 3-D inter-
nal microstructure. The main application areas are:
electronic components, biomedical objects, compos-
ites, non-destructive testing, oil collectors, geology,
building materials, diamond certification and cutting
optimization, etc.

Vworks™4.0 is a PC-based software to reconstruct
DICOM (Digital Image Communication in Medicine)
3.0 files or medical images from CT, MR, 3-D
Ultrasound, and other medical equipments into vari-
ous image formats (slice image, MPR image, oblique
image, etc.), and is a 3-D medical modeling and
medical image treatment software to create, save and
manage 3-D medical models and images. Using this
program, doctors can do image treatment and make
3-D models on their own desktop PCs. Doctors can
save, print and manage (measuring distance, densi-
ty, volume, etc.) 3-D models or various images,
which they made on their own PCs.

The advantages of this method are as follows:
First, Microtomographic study is nondestructive, as
oppose to microhardness test or microscopic study, so
investigator can perform before and after comparison
study on the same specimen. Second, this method is
more objective and accurate than conventional
method, because the data processed by Vworks is

quantitative'®?

. Finally, it is a visualizing study
method, so we can visualize the effect of remineral-
ization effect.

Finally, the present study looks over some charac-
teristics of glass ionomer cements, for example the
fluoride reuptake by fluoride dentifrice, so the result
is not perfectly coincide with the real oral environ-
ment. In further study, these factors must be consid-

ered for exact result®®'5%,
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V. Conclusions

1. The lesion density of all groups increased.

2. The mean density increase of Group 1, 2, 3 were
higher than that of Group 4 at every month
(p€0.05).

3. There were significant differences of density
change among glass ionomer group(Group 1, 2, 3).
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Explanations of Figures

Fig. 2. 3-D reconstructed image by Vworks™4.0

p{t17, 195)d=85 p(139, 183)d=255
{119, 212)0=57 ; pl123, 224)d=87

p(134, 314)d=0

Fig. 3. Randomly selected 5 sites in a slice. “0" means the best
radiolucent pixel of this image. And “255" means the best radiopague

pixel of this image.
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Abstract

REMINERALIZATION EFFECTS OF GLASS IONOMER RESTORATIONS ON ADJACENT
INTERPROXIMAL CARIES - A MICROTOMOGRAPHIC STUDY

Hyeok-Sang Lee, Sang-Dae Lee, Jung-Wook Kim,
Chong-Chul Kim, Se-Hyun Hahn, Ki-Taeg Jang

Department of Pediatric Dentistry, School of Dentisiry, Seoul National University
& Dental Research Institute

The purpose of this in vitro study was to compare the remineralizing effects of three glass ionomer ce-
ments (high filled glass ionomer cement, compomer, resin modified glass ionomer cement) with resin
composite (control group) on incipient interproximal caries, and to assess long-term change of remineral-
ization effect, in each material, evaluated by microtomography.

Proximal restoration was simulated with tooth specimen and Glass Ionomer Cements. And each of
these groups was placed into a closed container with artificial saliva at 37 and pH 7.0 for a time period
of thirty days with constant circulation. At the end of thirty and sixty days, tomographic images were
taken from these specimens with micro CT scanner.

Materials used in this study were as follows.

Group 1: Fuji IX GP (GC Corp., Tokyo, Japan)

Group 2: Vitremer (3M ESPE, St. Paul, Minn., USA)

Group 3: F2000 (3M ESPE, St. Paul, Minn., USA)

Group 4: Z250 (3M ESPE, St. Paul, Minn., USA)

Using density-measuring program, the micro-density of carious lesions on the specimens were mea-
sured. The mean density changes of each group were compared to the other groups to evaluate the effect
of remineralization.

The results were as follows:

1. The lesion density of all groups increased.

2. The mean density increase of Group 1, 2, 3 were higher than that of Group 4 every month(p<0.05).

3. There were significant differences of density increase among glass ionomer group(Group 1, 2, 3).

Key words : Glass ionomer cement, Interproximal caries, Remineralization, Microtomography
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