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Abstract

Background and aims. A carious lesion is the accumulation of numerous episodes of de- and remineralization, rather than
a unidirectional demineralization process. Tooth destruction can be arrested or reversed by the frequent delivery of fluoride or
calcium/phosphorous ions to the tooth surface. The present study compared and evaluated the remineralization potential of
sodium fluoride and bioactive glass delivered through a bioerodible gel system.

Materials and methods. Longitudinal sections of artificial carious lesions, created at the gingivofacial surface of 64 pri-
mary maxillary incisors were photographed under a polarized light microscope and quantified for demineralization. The sec-
tions were repositioned into the tooth form and randomly mounted in sets of four that simulated an arch form. The teeth were
divided into 4 groups: 1) sodium fluoride films, 2) bioactive glass films, 3) control films placed interproximally and 4) non-
treatment group. Following exposure to artificial saliva for 30 days, the lesions were again photographed and quantified as
above. The recorded values were statistically analyzed using Student’s paired t-test for intragroup comparison, one-way
ANOVA and Post-Hoc Tukey’s test for pairwise comparison.

Results. The sodium fluoride and bioactive gel groups showed significant remineralization compared with the control groups
(P <0.001).

Conclusion. Bioerodible gel films can be used to deliver remineralizing agents to enhance remineralization.

Key words: Bioactive glass, bioerodible gel, drug delivery systems, in vitro caries model, remineralization, sodium

fluoride.

dynamic demineralization/remineralization processes
has led to the current consensus scientific opinion that
a constant supply of low levels of intra-oral fluoride,
particularly at the plaque/saliva/enamel interface, is of
most benefit in preventing dental caries. Thus, fre-

Introduction

Dental research over the last century has advanced
our understanding of the etiology and pathogene-
sis of carious lesions. Increasing knowledge of the
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quent applications of topical fluorides are advised in
order to maximize the effectiveness of preventive
regimens.'

However, most clinical fluoride administration
achieves only limited long-term bioavailability.
Therefore, slow release devices seem to be an interest-
ing method to sustain low but prolonged fluoride con-
centrations in saliva.” This approach can be effective
in targeting high caries risk groups of the population.
Recent clinical studies indicate that slow release fluo-
ride systems are promising cariostatic agents.'”

Although fluoride still remains the cornerstone of
modern non-invasive dental caries management, new
and emerging methods, which can be used as alterna-
tives to fluoride, have been and are in the process of
being developed.”

Recently, bioactive glass materials have been intro-
duced into many fields of dentistry. This unique mate-
rial has numerous novel features; the most important
feature is its ability to act as a biomimetic mineralizer,
matching the body’s own mineralizing traits. Bioac-
tive glass was considered a breakthrough advance in
remineralization technology.’ Bioactive glass (BAG)
consists of minerals that naturally occur in body flu-
ids. It reacts when it comes in contact with water, sa-
liva or other body fluids. This reaction releases cal-
cium, phosphorus, sodium and silicon ions in a way
that results in the formation of hydroxyapatite crystals
(HAP)." The aim of the present study was to evaluate
the effect of slow release of bioactive glass on remin-
eralization of carious lesions as compared to fluoride,
when a bioerodible gel system was used.

Materials and Methods

In this study, 64 primary maxillary incisors extracted
for therapeutic reasons were included. All teeth were
evaluated under a stereomicroscope (Leica Wild M3Z,
Germany), using the following inclusion criteria:
Absence of caries

Absence of developmental defects

Absence of enamel fractures and micro-fractures
Absence of discoloration

Absence of internal/external pathologic resorp-
tion

f. No attempted pulp therapy treatment.

All soft tissue and calculus were removed from the
teeth with a periodontal scaler. The teeth were cleaned
using slurry of pumice and stored in distilled water at
room temperature until further use.

A rectangular window measuring 1 mm length by 5
mm width (mesio-distal) was made on the labial cer-
vical third surface of each of the 64 primary maxillary
incisor teeth and the remaining portion of each tooth
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was painted with nail varnish. The window dimen-
sions were confirmed in all the samples, with a Wil-
liams periodontal probe to ensure uniformity of the
enamel window.’

Artificial caries-like lesions were created on the ex-
posed enamel by suspending all teeth in an artificial
caries system for 2 days (50 ml per sample).’ The car-
ies solution consisted of 2.2 mM Ca2+, 2.2 mM PO,
and 50 mM acetic acid at a pH of 4.4. The solution
was kept at a temperature of 37°C, under constant cir-
culation. The solution was changed every 12 hrs.

After two days, the teeth were removed from the ar-
tificial caries system. A tooth section of 100 pum thick-
ness (TS 100) was obtained by cutting through the
center of the enamel window using a Silverstone-
Taylor hard tissue microtome (Tempo instruments and
equipments Pvt Ltd, Mumbai, India). These sections
were evaluated and photographed under a polarized
light microscope (Leica Wild M3Z, Germany). The
demineralized areas were then quantified with an im-
aging system (Image Pro-Plus, Measure and Classify,
Media Cybernatics, Inc., Bethesda, MO, USA).

Quantification of the lesions using Image Pro-Plus

The artificial lesion was quantified at 3 points. The
lesion depth was measured from the surface of the
lesion to the depth of the lesion, at D1, D2 and D3.’
Lesion depth for each section (in pm) was taken as the
average of the three representative measurements
from the surface of the lesion to the depth of the le-
sion.

Preparation of bioerodible gel film

The bioerodible gel films were prepared using poly-
mer/polymer blends along with the drug and a suitable
solvent, by casting method. Water soluble polymers—
ethylcellulose, HPMC 47CPS, Eudragid RL-100, and
Eudragid RS-100—were used for this purpose.® The
polymers were weighed accurately and dissolved in
their respective solvents. Sodium fluoride (NaF) and
Bioactive glass (BAG) were weighed (15 mg) and
dissolved in 3 ml of ethanol. The drug solution was
then added to the polymer dispersion. A glass mould
of size 5x3 cm’ was placed on a flat surface and the
drug-polymer mixture was poured into it. The mould
was kept in hot air oven for 1 hr at 50°C for drying.
After this period, an inverted funnel was placed over
the mould, overnight to remove the remaining solvent.
The film was removed from the mould and placed in
wax paper and stored in a dessicator.

Preparation of samples for remineralization

After quantification, the mounted sections were posi-



tioned into the teeth from which they were originally
obtained, with a dentin-bonding agent (Prime & Bond
NT, Dentsply, Germany) applied only on the outer
enamel surface at the incisal edge. Before reassem-
bling the sections, nail varnish was painted on the cut
surface of the tooth sections, except for the enamel
window. The teeth were then randomly mounted in
acrylic blocks in groups of four. The four teeth were
arranged to resemble a properly contoured arch form,
which were referred to as simulated arch blocks
(SAB). The 16 blocks, with four teeth in each block,
were divided randomly into control and experimental
groups and were color coded as follows:

Control groups

Group I (Negative Control, n = 3) included SABs in
which 0.5 mm of plain bioerodible gel film was
placed interproximally. The SABs were color-coded
using yellow colored adhesive tape (3 blocks, 12
teeth).

Group II (Positive Control; n = 3) included SABs
that were suspended in artificial saliva. The SABs
were color-coded using blue colored adhesive tape (3
blocks, 12 teeth).

Experimental groups

Group III (n = 5) included SABs in which 0.5 mm of
bioerodible gel film impregnated with Sodium Fluo-
ride (NaF) was placed interproximally. The SABs
were color-coded using green adhesive tape (5 blocks,
20 teeth).

Group IV (n = 5) included SABs in which 0.5 mm
of bioerodible gel film impregnated with BAG (No-
vamin® 4505, Alachua, Florida, USA; particle size 5
pm), was placed interproximally. The SABs were
color-coded using red adhesive tape (5 blocks, 20
teeth).

Each of the SABs were placed individually in a
closed environment with 200 ml media of artificial
saliva,5 consisting of 20 mM NaH,CO;, 3 mM
NaH,PO,, and 1 mM CaCl, at 37°C, pH 7, for a pe-
riod of 30 days with constant circulation. The saliva
was changed every 48 hrs.

At the end of the 30-day experimental period, the
bonded sections were disassembled. The TS 100,
which were used earlier for evaluating the deminerali-
zation, were retrieved from each tooth and were ori-
ented longitudinally on the glass cover slides for
evaluation under the polarized microscope. The
remineralized lesions in all of the four groups were
again quantified using an imaging system, the Image
Pro-Plus, as described for demineralization.
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Statistical analysis

Results were expressed as mean + standard deviation,
range and percentage changes. Paired t-test was per-
formed to analyze the changes in the depth of demin-
eralization and remineralization. One-way ANOVA
was used for multiple group comparison followed by
Post-Hoc Tukey’s test for pair-wise comparisons. For
all the tests, a p-value of 0.05 or less was considered
statistically significant.

Results

The difference in the mean depth of de- and re-
mineralization in the experimental and control groups
was statistically significant (P < 0.001). The intra-
group comparison of the percentage of remineraliza-
tion was found to be highly statistically significant in
all the groups (P < 0.001) (Table 1). The intergroup
comparison of the remineralization potential was sta-
tistically significant for all groups except for group I
and group II (P = 0.15) and group III and group IV (P
=0.99) (Table 2).

Discussion

The mechanisms of fluoride action in the prevention
of primary caries are posteruptive through topical ef-
fects that can interfere with the dynamic equilibrium
at the interface between the mineral surface and oral
fluid. The frequent delivery of fluoride to the tooth
surface is currently the most efficient measure for the
arrestment and reversal of caries; thus, fluoride deliv-
ery has caused a paradigm shift where it is now estab-
lished that incipient non-cavitated enamel caries can
be healed.’

In our study, the experimental groups included fluo-
ride and bioactive glass, which were delivered through
a bioerodible gel system that released fluoride and
calcium ions for a longer duration of time.

The greatest degree of depth of remineralization was
found in the NaF group, which was similar to the ob-
servations made by Sawyer & Donly,” who reported
that slow release of fluoride over a prolonged period
of time enhanced remineralization.

In a similar study conducted by Mazzavi et al,'’ who
evaluated the efficacy of a bioerodible fluoridated
resin on the inhibition of demineralization and com-
pared it with sodium fluoride varnish, found that bio-
erodible resin group demonstrated less demineraliza-
tion compared with the sodium fluoride varnish group.
They also concluded that the bioerodible resin used in
their study was a potential alternative to topical fluo-
ride in the prevention of caries.
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Table 1. Comparison of the depth of demineralization and remineralization among the various control and experimen-

tal groups
Groups Demineralization (um) Remineralization (um) Difference” % of remineralization’ t P
Negative control group
Group | 71.2+£12.0 142+3.6 57.0+£9.0 21.1+3.3 22.0 <0.001
Positive control groups
Group Il 68.6 £ 12.0 21.1£52 47.5+13.0 30.7+£2.5 12.7 <0.001
Experimental groups
Group 111 69.3+14.8 46.7+10.9 22 .6+49 67.7+3.8 20.6  <0.001
Group IV 64.3+104 46.7+7.1 16.6 +4.6 73.0+3.0 12.3 <0.001

"Intra-group comparison by paired t-test; P < 0.001
fOne-way ANOVA; F = 38.2, P <0.001; Highly significant

An important finding in the remineralization con-
cept was the effect of the concentration of calcium
ions on the remineralization process. Over the past
several decades, remineralizing or calcifying fluids
with variable formulations of calcium, phosphate and
fluoride have been developed and investigated in the
laboratory."

The BAG group in our study also showed a signifi-
cant amount of remineralization. The remineralization
observed in the BAG group could be attributed to the
sustained and prolonged release of ions, which in-
cluded Ca” and P~ ions, thus increasing the concentra-
tion of available calcium and phosphorus for the
remineralization of artificially-created carious le-
sions.'> Bioactive glass in an aqueous environment
immediately begins the surface reaction in three
phases, leaching and exchange of cations, network
dissolution of SiO,, and precipitation of calcium and

phosphate to form an apatite layer."
Although BAG, with an average particle size of 5
um, produced a significant amount of remineraliza-

Table 2. The inter-group comparison of remineraliza-
tion among the various control and experimental groups

Mean difference in P value of difference in

Groups remineralization (%) remineralization
lvs. I 6.9 0.44, NS’
Tvs. 11 325 <0.01, S
lvs. IV 324 <0.01,S
I vs. 1 25.6 <0.01,S
Ivs. IV 25.5 <0.01,S
HIvs. IV 0.1 0.88, NS

Post-hoc Tukey’s test; Group I: negative control group; group II: positive
control group; group III: experimental group (NaF); group IV: experimen-
tal group (bioactive glass)

"NS: Not significant, P > 0.05

'S: Significant P < 0.01, P <0.05
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tion, the percentage remineralization was not signifi-
cant and was less than that observed with sodium
fluoride. Nanometric BAG (45S5) with a particle size
of 30 £ 7.8 nm, which was used in a recent study,14
was reported to show greater remineralization poten-
tial due to the increased surface area, the increased
release of ions and Ca/P precipitation in its environ-
ment. This implies that the smaller particle size of the
bioactive glass enhances the remineralization due to
increased surface area.

Another similar study evaluating the remineraliza-
tion potential of bioactive glass on artificially carious
enamel and dentin using Raman Spectroscopy indi-
cated that bioactive glass has the potential for remin-
eralizing artificially carious enamel and dentin.’

The positive and the negative control groups also
demonstrated a remineralization effect, although at a
significantly lower level than the experimental groups,
which was similar to previous other studies.’” The
remineralization was expected to occur as the teeth
were placed in artificial saliva, which was supersatu-
rated with calcium and phosphate.

Within the limitations of our study and among the
various materials evaluated, it appears that sodium
fluoride and BAG, when delivered through a bioerod-
ible gel system, can be used for remineralizing artifi-
cial carious lesions. Before extrapolating the results of
our study into clinical practice, it must be reiterated
that our results were obtained in an ideal in vitro envi-
ronment free of any microbes. It is, therefore, prema-
ture to draw any conclusions regarding the reminerali-
zation potential of medicaments delivered through a
bioerodible gel system in situ. Saliva, plaque and
many other confounding factors may affect the release
of remineralizing agents through such systems. We
therefore recommend further controlled studies on in
vivo models to confirm our observations and ascertain



the true clinical efficacy of these newer drug delivery
systems.

Conclusions

The following conclusions were drawn from the pre-
sent study:

1. Bioactive glass can be used as an alternative to
fluoride as a remineralizing agent.

2. Bioactive glass can be delivered using controlled
drug delivery systems so that the concentration of
calcium and phosphorous can be increased at the
target site (carious lesions) so as to enhance the
remineralization in the absence of fluoride.

3. The film had the added advantage of being placed
in close proximity to the lesions and the method of
application was simple.
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