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Abstract

Background: Fluoride-releasing restorative materials
have been investigated in order to minimise the risk of
secondary caries as well as remineralise the underlying
lesion. Apart from fluoride, the release of sodium,
phosphate and silicate ions also make the cement a
bioactive material.

Aim: The present study is designed to evaluate and
compare the release of remineralizing ions at acidic and
neutral ph. from GIC, bioactive glass and bulk-fill Alka
site material under in-vitro conditions.

Materials and methodology: The study was conducted
in 120 freshly extracted human premolar teeth. The

procedure involved disinfection of specimen using 0.1%

thymol solution and thereafter storage in normal saline
for 24 hours. A standardized cavity of 2mm depth, 3mm
length and 1.6mm width was prepared in all the sample
teeth. The samples (n = 120) were randomly divided into
the three groups: group 1: (n = 40): Glass ionomer
cement (GIC), group 2: (n = 40). Bioactive Glass
restorative material (BAG), and, group 3: (n = 40): Alka
site restorative material (ARM). The thermal cycling test
comprised of 500 cycles in water of 20 seconds each,
ranging between 5°C and 55°C. Next, each group of 40
samples were further divided into 2 subgroups on the
basis of pH (acidic pH - 4, neutral pH - 7) of the

solution used for testing the remineralization potential of
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the samples. At the end of the first 24 hours and at 7-,
14- and 21-days testing for ions was done.

Observations and results: Acidic medium showed a
higher concentration of fluoride, phosphate, hydroxyl
and calcium ions release as compared to neutral medium
(p<0.005). The release of fluoride, phosphate and
hydroxyl ions at the end of 21 days from Cention-N was
significantly higher as compared to GIC and bioactive
glass material (p<0.005). The ion release increased as
the time duration increased from 24 hours to 21 days.
Conclusion: BAG and ARM may be used as alternatives
to GIC because of their evident remineralizing potential.
Keywords: Remineralisation, GIC, Bio glass, Alka site,
Secondary caries.

Introduction

Dental caries or tooth decay continues to be one of the
leading chronic lifestyle diseases worldwide [1]. The
prevalence of dental caries as 27% to 64% in 12-year-old
children and 26% to 83% in adults [2]. It is a well-
known fact that, dental caries involves interactions
between the tooth structure, the microbial biofilm
formed on the tooth surface and sugars, as well as
salivary and genetic influences’ [3,4]. Secondary caries
on the other hand, is largely a complication following
dental restorations. It is defined as ‘lesions at the
margins of existing restorations’ or ‘caries associated
with restorations or sealants [5,6]. It is considered
‘complicated’ as secondary caries can be either causally
associated with a defective restoration or causally
associated with an intact restoration or not causally
associated with the restoration at all, but simply primary
caries that was left behind adjoining the existing
restorations. The pathogenesis of secondary caries is a
result of misbalance in the demineralisation-
remineralisation cycle, the former being dominant.

Another very important factor that modifies the
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pathogenesis is the property of the dental restorative
material at the restorative margin. Prevention of
secondary caries or lowering the risk of it is largely
responsible on location of the restoration, caries
susceptibility of the patient, operator skill and dental
restorative materials used [7,8,9].

Fluoride-releasing restorative materials have been
investigated in order to minimise the risk of secondary
caries as well as remineralise the underlying lesion [10].
One of the commonly used cements with wide range of
applications and sustained release of fluoride is glass
polyalkenoate cement or glass-ionomer cement (GIC). It
is proven that GIC provides an ‘early burst” of fluoride
release followed by sustained lower-level diffusion-
based release [11]. It is interesting to note that fluoride
release increases in the acidic medium. The drawbacks
of GIC like poor compressive strength and marginal
leakage are compensated in the recently developed
bioactive glass containing material (BAG). Bioactive
glass is made up of amorphous sodium calcium
phosphosilicate and is a highly reactive material in the
oral cavity. BAGs experience ionic dissolution and glass
degradation when they come into contact with body
fluids or simulated body fluid via the interchange of H+
ions in the solution and Na+ and Ca2+ from the glass
network.

Another new fluoride-releasing bulk-filling restorative
material is metal-free Alka site restorative material. Alka
site refers to a new category of restorative material,
somewhat similar to compomer or ormocers and is a
subgroup of the composite. Alka sites utilize an alkaline
filler which is capable of releasing acid-neutralizing ions
[12]. The active component is a calcium fluorosilicate
glass which shows degradation behaviour similar to
bioactive glasses [13]. The absence of phosphate in this

material helps in the increased formation of fluorite
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unlike other bioactive glasses [14]. The material releases
Ca2+ and F— and forms “apatite like” phase upon
immersion containing orthophosphate. In acidic medium
calcium fluoro-silicate glass particles undergo glass
degradation at the surface but to a lesser extent at the
neutral pH [15].

The aim of this in vitro cross-sectional study was to
evaluate and compare the release of remineralizing ions
in acidic and neutral medium from glass ionomer
cement, bioactive glass and bulk-fill Alka site materials
at 24 hours, 7, 14 and 21 days.

Materials and method

The present study was carried out in the Department of
Pedodontics and Preventive Dentistry following review
and clearance by the Ethical Committee Board of the
University.

Sample size estimation: Sample size was calculated
using G Power Software (version 3.0.10). Based on the
calculated effect size of 0.26, 5% level of precision, 95%
confidence level and 80% power of the study.

120 freshly extracted human teeth were included in the
study. The specimens were then disinfected using 0.1%
thymol solution and thereafter stored in normal saline for
24 hours Figure 1A, B [16].

Preparation of standardized cavity: A standardized
cavity of 2mm depth, 3mm length and 1.6mm width was
prepared using modified SF-41 1SO 109/010 bur.

The samples (n = 120) were thereafter randomly divided
into the following three study groups using draw of lots:
Group 1: (n = 40): Glass ionomer cement (GIC) (Ketac
3M, ESPE), Group 2: (n = 40): Bioactive Glass
restorative material (BAG) (Pulp dent Activa), and
Group 3: (n = 40): Alka site restorative material (ARM)
(CENTION-N) Figure 2. All the teeth were restored
using the respective restorative materials. The materials
were mixed by

single researcher as per the
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manufacturer’s instructions. A layer of nail varnish was
then used to coat the samples.

The restored specimens were stored in water at 37°C for
24 hours before subjecting them to thermocycling (500
cycles in water of 20 seconds each, ranging between 5°C
and 55°C) to simulate the oral environment. Next, each
group of 40 samples were further divided into 2
subgroups using draw of lots. The sub-grouping was
done on the basis of pH (acidic pH - 4, neutral pH - 7)
of the solution used for testing the remineralization
potential of the samples. 120 plastic containers were
arranged and half of them were filled with 5ml of acidic
buffer and the rest with 5ml of neutral buffer solution
Figure 3,4. The samples were then suspended into the
solution containing containers Figure 5. At the end of the
first 24 hours the containers were thoroughly shaken and
5 sample containing containers from each of the 6
subgroups were sent to laboratory to check for
remineralizing ion release. Similar procedure was carried
out at the end of 7, 14 and 21 days. The storage medium
of the containers was changed every 24 hours of the
experiment time so as to avoid ion saturation of the
buffer solution that may hinder further ion release from
the restorative material.

The data collected was entered in the excel spreadsheet
using Microsoft Excel Software (Versionl17.0) and was
transferred to Statistics Package for Social Sciences
(SPSS) version 26.0.

Results

Comparison of release of remineralizing ions from GIC,
BAG and ARM materials in acidic and neutral medium
was done (Table 1) where, a significant difference was
found in ion release among the three groups. The highest
fluoride release was seen in GIC at all the observed time
intervals whereas the highest hydroxyl, phosphate and

fluoride release was seen in ARM.
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Discussion

The present study has been based on restorative
materials that have recently caught attention due to their
biomimetic properties and remineralization potential at
tooth-restoration interfaces thereby limiting secondary
caries.

The results of the present study demonstrate the release
of fluoride, hydroxyl, phosphate and calcium ions from
GIC in acidic and neutral medium at different time
intervals. Acidic medium showed a higher concentration
of respective ion release as compared to neutral medium.
The ion release increased with time from 24 hours to 21
days. Several scientific researches have confirmed that
fluoride release from glass ionomer cements is
characterised by a quick initial release, followed by a
rapid decline in the rate of fluoride release after a short
period [17-19]. To further corroborate this finding, in a
study by Attin T et al. (1999), the capacity of glass
ionomer sealants to act as a fluoride reservoir in the oral
cavity while maintaining a low fluoride level in oral
fluids was demonstrated [20]. Moreover, the amount of
fluoride released by ‘fresh’ GIC, which is similar to the
material against a cavity wall, is more than twice that of
matured specimens, according to laboratory tests [21].
The present study confirms all the previous research
findings in terms of its initial burst and later sustained
release. Aside from the aqueous nature and pH of the
oral environment, a variety of other factors, such as
surface erosion and component leaching, can have a
significant impact on the behaviour of a restorative
material and its ion leaching properties ElI-Mallakh BF
and Sarkar NK (1990) discovered that the amount of
fluoride released from various GICs varied significantly
depending on the storage medium [22]. Fluoride release
into the acidic medium has been found to be

significantly higher than in neutral buffers, which could
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be attributed to increased erosion of the resin-modified
GIC at low pH. This increased release of fluoride at
acidic conditions may reduce secondary caries risk, as
has been observed in vitro by various authors [23-25].
GIC is a good choice of restorative material in treating
patients at increased risk for caries because of its
capacity to release and store fluoride. The release of
hydroxide ions from a restorative material may help to
neutralise excess acidity during acid attacks by
cariogenic flora, preventing demineralization [26].
However, the release of hydroxyl ions from GIC is not
in significant amounts as per the present study results.
The results of the present study are in accordance with
previously published literature which demonstrates
release of hydroxyl from GIC to be negligible [14]. The
phosphate and calcium ion release from GIC was
negligible but increased from 24 hours to 21 days in
acidic medium as well as in neutral medium. Nicholson
JW et al. (2021) discussed from their observations that
when stored at 20-22 °C, glass-ionomer cement has
been shown to release sodium, silicon, aluminum, and
phosphorus under neutral and acidic conditions, and
calcium under acidic conditions [27]. The authors also
stated that sufficient phosphorus was released during the
short storage time experiments with daily water changes.
However, the release was negligible in the long-term
storage experiment with monthly changes of the storage
water.

The mean fluoride concentration release from BAG at 24
hours in acidic medium was 0.09 + .01 which increased
to 1.86 + 0.06 at 7 days and 2.66 + 0.05 at 21 days. In
neutral medium, the fluoride concentration at 24 hours
was 0.05 + .01 which increased to 1.20 + 0.07 at 7 days
and then further to 1.87 + 0.12 at 21 days. Bio glass
dissolution is determined by the breakdown of the Si-O-

Si link, which results in a rapid increase in fluoride ion

Page4‘ 5 7



Dr. Akanksha Garg, et al. International Journal of Dental Science and Innovative Research (IJDSIR)

concentration between days 0 and 3, followed by a
gradual drop [28,29]. This shows that chemical makeup
of bio glass has a significant impact on its fluoride
release profile. Davis et al. (2014) found that composites
containing silicon-rich  bio glass particles had
considerably increased long-term fluoride release [30].
Mneimne et al. (2011) reported that bio glass particles
containing phosphate or fluoride might induce apatite
development faster and at a lower pH [31]. Hence the
results of the present study are in accordance with the
previously published scientific literature. This release if
compared to that from GIC is significantly less at 24
hours and at 7 days as GIC shows an initial burst in
fluoride release. This is in accordance with study by
May E and Donly KJ (2017) but in another research by
Nagi SM et al. (2018) the authors concluded that there
lies no significant difference in release of fluoride
between conventional RMGIC and ACTIVA. However,
it was additionally reported that the former exhibited
better recharge and release properties [32,33]. The
release of hydroxyl, calcium and phosphate was
observed to increase over time although the quantity
may not be ideal enough to cause tooth remineralization.
Similar findings were reported by According to Tiskaya
M et al. (2019), Activa released very few ions, including
fluoride, when immersed in Tris Buffer solution (pH 7.3)
and artificial saliva (pH 7), but more ions, including
large amounts of aluminum when using the same media.
This suggests that the glasses in Activa are acid
degradable fluoro-aluminosilicate glasses, similar to
those found in glass ionomer cements [34]. When F-
containing bioactive glass (BAG) is added to RB-ILMs,
the BAG works like an ion source, releasing Ca, P, F,
and other ions when the BAG filler comes into contact
with fluid, even at neutral ph. This allows for controlled

F release. As a result, the hydrophilicity and acidic
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nature of RBILM resin matrices had an impact on
enhancing F release [17,34,35]. The present study shows
that at the end of 21 days the release of fluoride from
Cention N is highest and significantly more from that
released from GIC or Activa, thereby corroborating the
previous findings. The results of the study done by
Ruengrungsom C et al. (2020) demonstrated that all
groups released more fluoride ion in acidic pH than in
neutral pH, indicating that when conditions become
acidic due to cariogenic difficulties, Cention-N will
release more fluoride ion. This could be because
lowering the pH of the solvent causes more surface
dissolution of the materials, which increases fluoride ion
release [36]. In a study by Gupta N et al. (2020), the
authors reported that when compared to Cention-N
(light-cure) and GIC, Cention-N (self-cure) had the
largest fluoride ion release in acidic pH [14]. The release
of hydroxyl ions was prominent compared to phosphate
and calcium over the 21-day period, although the release
of all three ions was higher in acidic medium. In a study
by Ruengrungsom C et al. (2020), the authors confirm
that Cention N had excellent capacity for Ca release and
rechargeable ability of Ca/P. This result is similar to that
of the present study.*’” The authors also stated that in
acidic pH, Cention-N showed a very strong alkalizing
potential. This could be due to the hydroxyl and calcium
ions released by Cention-N alkaline glass fillers, which
can have a direct effect on the pH levels in the oral
cavity, allowing excess acidity caused by cariogenic
bacterial activity to be neutralized [36]. In another study
by Kasraei S et al. (2021), it was shown that Cention N
has the maximum alkanizing potential owing to its high
phosphate release when compared to RMGIC and Activa
[37,38].

The smaller sample size and limited time of observation

can be considered as drawbacks. However, the materials
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were tested in both neutral and acidic media which

confirms clarity of the results observed. Further studies

should be conducted with longer periods of observations

to confirm the remineralizing potentials of the newer

restorative materials when compared to the gold

standard, glass ionomer cement.

Conclusion

The following conclusions were derived from the

observations from the present study:

1. The release of ions from three restorative materials

was higher in acidic medium when compared to neutral

medium.

2. GIC releases highest amount of fluoride ions

compared to BAG and ARM at the end of 24 hours.

3. ARM release maximum fluoride in the overall

observation period of 21 days followed by GIC and

BAG.

4. ARM released hydroxyl and phosphate ions in

significant amounts compared to GIC and BAG in 21

days.

5. Release of calcium from all three restorative materials

was found to be in trace amounts.
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Time |F oh Po,” Ca™
interv | GIC |BAG | ARM | GIC BAG ARM | GIC |BAG |ARM |GIC BAG | ARM
al
ACIDIC MEDIUM
24 012 |015+ |01+ |0.03+ |053+ |148+ [153 |146+ |0.64+ |114+ |154 |381+
hours | + 0.01 0.01 .001 0.014 0.012 |+ 0.11 0.08 0.11 + 0.79
013 .064 0.07
p- 0.0001 0.0001 0.0001 0.0001
value
7days | 328 |18+ |186+ | 038+ |097+ |144+ |187 |206+ |250+ |1.88+ |218 |116.70+
+ 0.06 0.13 0.008 | 0.012 0.01 + 0.11 0.14 0.01 + 1.20
0.15 0.05 0.05
p- 0.0001 0.0001 0.0001 0.0001
value
14 462 |366+ 438+ [081+ 021+ |[093+ |206 [239+ 356+ |280+ |354 |122.34+
days |+ 0.09 0.26 0.005 | 0.005 0.05 + 0.06 0.08 0.07 + 0.68
0.18 0.09 0.07
p- 0.0001 0.0001 0.0001 0.0001
value
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21 6.48 | 496+ |6.28+ |018+ 013+ |052+ |246 |252+ |432+ |316+ |[3.89 |1249+

days |+ 0.05 0.13 0.008 | 0.013 0.01 + 0.06 0.16 0.06 + 0.56
0.08 0.03 0.07

p- 0.0001 0.0001 0.0001 0.0001

value

NEUTRAL MEDIUM
24 0.08 |0.10+ |0.07+ [0.01+ |0.016+ [0.034 |1.27 |096+ |036+ |0.77+ |1.08 |315+
hours | +.01 | 0.01 0.008 | 0.00 0.008 + + 0.05 0.049 | 0.04 + 1.17
0.005 |0.04 0.08

p- 0.001 0.0001 0.0001 0.0001

value

7days | 266 |120+ 122+ | 003+ |026+ |0.03+ |1.65 |187+ |183+ |149+ 191 |11054+
+ 0.07 0.15 0.000 |0.015 0.007 |+ 0.07 0.12 0.06 + 0.57
0.18 8 0.029 0.067

p- 0.0001 0.681 0.003 0.0001

value

14 410 |316+ |354+ | 003+ 0022+ 002+ |185 |213+ |[3.06+ |243+ |3.11 |117.96+

days |+ 0.04 0.089 | 0.000 |0.010 0.007 | + 0.039 |0.11 0.08 + 0.62
0.06 8 0.05 0.07

p- 0.0001 0.111 0.0001 0.0001

value

21 6.13 | 415+ | 558+ |0.036 |0.022+ |0.029 [225 |230+ |389+ [290+ |338 |121.18+

days |+ 0.12 0.08 + 0.008 + + 0.03 0.06 0.07 + 0.58
0.04 0.004 0.005 |0.11 0.06

p- 0.0001 0.012 0.0001 0.0001

value
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Figure 1: (a) samples stored in thymol solution, (b)
samples stored in normal saline

Figure 4: plastic containers filled with acidic and neutral
buffer solution respectively

Figure 2: (a) glass ionomer cement, (b) bioactive glass,
(c) bulk-filling Alka site material, (d) normal saline,
thymol, buffer solutions and distilled water
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¢ Figure 5: (a) prepared specimens; (b) specimens
suspended in plastic containers filled with acidic and

neutral buffer solution respectively; (c) specimens

suspended in plastic containers with acidic and neutral
Aa)
buffer solution respectively

Figure 3: (a) acidic buffer solution being filled in plastic

containers, (b) neutral buffer solution being filled in
plastic containers
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