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Abstract

Objective: To compare the fluoride release profiles of
four glass ionomer cements (GICs)-GC Gold Label 2
(GC Corporation, Japan), Micron Superior (Prevest
DenPro, India), Neocem 2 (Orikam, India) and Prime
Cem 2 (Prime, India) over 21 days.

Materials and Methods: Forty cylindrical specimens (5
mm x 2 mm) were prepared from 4 groups of 10 each.
Samples were stored at 37°C and fluoride release was
measured at time points (Day 1, Day 2, Day 3, Day 4,
Day 5, Day 6, Day 7, Day 14, Day 21) using a fluoride
ion-selective electrode with TISAB buffer for accuracy.
Statistical analysis was performed using unpaired t-tests
and two-way ANOVA and Tukey Kramer multiple
comparison tests (p=0.05).

Results: Micron Superior released the most fluoride
followed by GC Gold Label 2, Neocem 2 and Prime Cem
2. Intergroup differences were statistically significant (p
< 0.05).

Conclusion: Extent of glass ionomer matrix plays an
important role in determining fluoride releasing ability.
Micron Superior (Prevest DenPro, India) demonstrated
the highest fluoride-releasing potential, indicating its
better performance in cariogenic environments. These
findings can guide material selection in patients at high
risk of dental caries.

Keywords: demineralization, remineralization, fluoride,
matrix erosion

Introduction

The prevention and control of dental caries remains a
primary objective in modern restorative dentistry. Among
various restorative materials, glass ionomer cements
(GICs) have stood out for their unique properties,
particularly their ability to release fluoride—a feature that
not only helps in remineralization of enamel and dentin

but also =

inhibits cariogenic bacterial activity
Originally developed by Wilson and Kent in the 1970s,
GICs have undergone several modifications to improve

their clinical performance, aesthetics, and longevity while
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retaining their ion-releasing capabilities *. The fluoride-
releasing property of GICs is perhaps their most
biologically significant feature. Fluoride ions exert a
multifactorial cariostatic effect: they reduce enamel
solubility, enhance remineralization of early carious
lesions, and inhibit key enzymes in acidogenic bacteria
such as Streptococcus mutans %6 As a result, fluoride-
releasing materials are especially beneficial in high
caries-risk patients, in minimally invasive dentistry, and
in pediatric and geriatric populations. Fluoride release
from GICs is governed by both material-intrinsic factors
such as the glass composition, particle size, powder-
liquid ratio, and setting characteristics—and extrinsic
factors like pH and composition of the surrounding
environment’.  Conventionally, fluoride release is
described as a biphasic pattern: an initial “burst effect” in
the first 24 hours, followed by a slower, sustained release
over time °. This pattern is especially important for the
material's caries-inhibiting properties during the critical
post-restorative period when bacterial invasion is most
active. The medium in which the GIC is immersed

diffusion.® .

significantly  affects  fluoride ion
Comparing fluoride release provides clinically relevant
insight into the material's performance under varying
intraoral conditions. While GC Gold Label 2 from GC
Corporation (Japan) is a well-established and widely
studied conventional GIC, several newer formulations
have entered the Indian market in recent years. These
India),

Neocem 2 (Orikam, India), and Prime Cem 2 (India), all

include Micron Superior (Prevest DenPro,
of which are marketed as high-performance restorative
materials with fluoride-releasing potential. However,
limited peer-reviewed data exist on the fluoride release
behavior of these newer materials. Understanding the

fluoride release dynamics of these GICs is critical for

evaluating their real-world effectiveness, especially in
patients prone to low salivary pH or poor oral hygiene.
This study aims to conduct a short-term comparative
analysis of fluoride ion release from four different
conventional GICs- GC Gold Label 2 (GC Corporation,
India) ,

Neocem 2 (Orikam, India), and Prime Cem 2 (Prime,

Japan), Micron Superior (Prevest DenPro,

India ) over a 21 day period. The findings are expected to
provide insights into the suitability of these materials for
preventive and restorative strategies, especially in
cariogenic oral environments.

Methodology

A total of forty cylindrical samples, each measuring 5
mm in diameter and 2 mm in height, were fabricated
using four different glass ionomer restorative materials-
Group 1(n=10): GC Gold Label 2 (GC Corporation,
Japan), Group 2 (n=10): Micron Superior (Prevest
DenPro, India), Group 3 (n=10): Neocem 2 (Orikam,
India) and Group 4 (n=10): Prime Cem 2 (Prime, India).
Glass slides and a Mylar strip were placed over the
specimen's upper surface, and it was left to cure
chemically for 10 minutes at room temperature. A light
source (Pencure, J Morita MFG company., Japan) was
used for 40 seconds to cure the light-curing materials
from top to bottom. In the center of the sample, an extra
20 s of light was applied from both sides. All specimens
were incubated at 37°C for 24 hours to simulate oral
conditions. Each group's specimens (n = 10) were then
placed in polyethylene vials with 1 ml of deionized water
and kept in an incubator set at 37°C. A uniform
immersion protocol was followed across all groups to
assess fluoride release. After 24hours, the specimens
were carefully removed from the containers, rinsed with 1
ml of deionised water to eliminate surface residues, and

returned to a new vial containing 1ml of deionized water.
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Cumulative fluoride ion release was measured over a 21-
day period at five designated intervals: Day 1, Day 2,
Day 3, Day 4, Day 5, Day 6, Day 7, Day 14, Day 21. The
concentration of fluoride in the storage solutions was
analyzed using a fluoride ion-selective electrode (Model
720A, Orion Research Inc., Boston, MA, USA), which
was calibrated before each session. Electrode slope
verification was performed daily and after every batch of
10 measurements to ensure instrument accuracy and
consistency. To stabilize the ionic environment and

Results

facilitate accurate fluoride quantification, Total lonic
Strength Adjustment Buffer (TISAB) was added to all
sample solutions prior to measurement. TISAB serves to
buffer the pH, maintain consistent ionic strength, and
release fluoride ions from potential complexes. It
includes 2% CDTA (1, 2-cyclohexanediaminetetraacetic
acid),

polyvalent cations, thereby liberating complexed fluoride

a chelating agent that preferentially binds

ions for precise detection.

Table 1: Cumulative fluoride release from tested materials (ug/cm?); standard deviations are given in parenthesis

Cumulative Fluoride Release (pg/cm?)

Days D1 D2 D3 D4 D5 D6 D7 D14 D21
Micron 4512 | 68.34 |88.17 |102.84 |11640 | 12655 |134.92 |162.47 | 184.38
Superior | (6.02) | (7.98) |(855) | (9.76) | (10.33) |(11.42) |(11.9) |(135) | (14.8)
GC Gold [ 4488 |70.13 |8241 |96.38 10872 | 117.90 |12571 |154.86 | 176.05
Label 2 (5.47) | (7.24) |(8.13) |(9.65 | (10.96) | (11.74) |(115) | (13.19) | (14.96)
Neocem2 |32.74 |62.99 |79.13 |93.81 99.33 10840 | 12226 |131.38 | 146.14

(824) [(9.22) |(9.95 |(10.42) |(11.11) |(11.84) |(126) | (14.77) | (15.92)
Prime Cem | 30.34 | 5592 |78.83 | 90.54 101.87 | 10321 |119.44 |12399 |133.72
2 (458 |(571) |(679 |@91) |80 |(710) |(6.16) | (559) | (8.67)

Figure 1: Cumulative fluoride release of dental materials
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Fluoride ion release from the four tested glass ionomer
cements- GC Gold Label 2 (GC Corporation, Japan),

Micron Superior (Prevest DenPro, India), Neocem 2

(Orikam, India), and Prime Cem 2 (Prime, India) were
evaluated over a 21-day period, with measurements taken
at nine specific intervals. The results were expressed in
(ng/cm?) and presented graphically in graph (Figure 1),
which illustrate the comparative fluoride release across
all groups and time points. Statistical analysis was
performed wusing unpaired “t” tests and one-way
ANOVA. A highly significant difference was observed in
fluoride release (p < 0.001). Throughout the study
duration, all materials consistently released ties varied

significantly between them.
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Intergroup comparison

The cumulative fluoride release (ug/cm?) of the four glass
ionomer cements (GICs) over a 21-day period showed
significant intergroup variation. Micron  Superior
exhibited the highest fluoride release consistently across
all time points. On Day 1, Micron Superior released
45.12+6.02 pg/cm?, which increased progressively to
13492+11.9 pg/em* by Day 7, and
184.38 +14.8 ug/cm?* by Day 21. GC Gold Label 2
demonstrated a comparable release pattern, starting at

44.88 +£5.47 ug/cm? on Day 1 and rising to 125.71 £11.5

reached

ug/cm? on Day 7, ultimately reaching 176.05+14.96
pg/cm? at the end of Day 21. While the release was
initially similar to Micron Superior, GC Gold Label 2
showed slightly lower values at each subsequent time
point. Neocem 2 presented a moderate fluoride release,
starting at 32.74 =£8.24 pug/cm? on Day 1 and increasing
to 122.26+12.6 pg/cm? by Day 7. By Day 21, the
cumulative fluoride release reached 146.14+15.92
pg/cmz, which was lower than both Micron Superior and
GC Gold Label 2. Prime Cem 2 recorded the lowest
cumulative fluoride release throughout the evaluation
period. The release on Day 1 was 30.34+4.58 pg/cm?,
rising to 119.44+6.16 pg/cm? by Day 7, and reaching
133.72£8.67 pg/em?* by Day 21. Overall, Micron
Superior demonstrated the greatest cumulative fluoride
release over the 21-day period, followed closely by GC
Gold Label 2. Neocem 2 and Prime Cem 2 released
comparatively lower fluoride amounts throughout the
evaluation period.

Discussion

The present study aimed to compare the fluoride ion
release of four commercially available glass ionomer
cements (GICs)—Micron Superior, GC Gold Label 2,

Neocem 2, and Prime Cem 2—over a 21-day period in

deionized water. Fluoride release is one of the most
critical biological properties of GICs due to its well-
documented role in

inhibiting  demineralization,

enhancing remineralization, and suppressing bacterial
metabolism, especially of Streptococcus mutans >3,
Our findings demonstrated that Micron Superior released
the highest amount of fluoride at all evaluated time
points, followed by GC Gold Label 2, Neocem 2, and
Prime Cem 2. These differences were statistically
significant (p < 0.001), supporting the hypothesis that
GICs differ in their fluoride-releasing ability based on
formulation and composition. The initial burst effect
observed on Day 1, followed by a sustained release
pattern, is consistent with the biphasic release behavior
previously described in the literature ***°. This pattern is
clinically beneficial, as the early high fluoride levels may
provide immediate cariostatic protection post-restoration,
while the sustained release contributes to long-term
maintenance of oral health . The superior performance of
Micron Superior may be attributed to its powder-to-liquid
ratio, smaller glass particle size, and higher content of
reactive fluoroaluminosilicate glass, which increases
fluoride availability *°. Studies have shown that GICs
with higher glass content and smaller particle size release
more fluoride due to increased surface area and reactivity
1718 - Additionally, the use of polyacrylic acid of optimal
molecular weight in some newer formulations can
enhance diffusion and fluoride ion exchange **. GC Gold
Label 2, a benchmark material, demonstrated consistently
high fluoride release but slightly lower than Micron
Superior. Previous studies evaluating GC materials have
shown reliable fluoride release and clinical durability,

reinforcing its reputation '°. Neocem 2, although
positioned as a high-performance material, demonstrated

moderate release. Its lower fluoride emission could be
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due to differences in matrix structure or glass
composition, potentially reducing fluoride solubility %.
Prime Cem 2 consistently exhibited the lowest fluoride
release, suggesting it may be less suited for high-caries-
risk scenarios where fluoride activity is paramount. The
clinical implication of these findings is significant. In
populations with high caries activity—such as children,
elderly patients, and individuals with xerostomia—
materials with superior fluoride release (like Micron
Superior and GC Gold Label 2) are preferable to enhance

the preventive effects of restorations 2%

. Moreover,
fluoride-releasing materials also play a role in preventing
secondary caries and in atraumatic restorative treatment
(ART) settings where professional dental care access is
limited #%*. Despite the promising results, the study has
limitations. It was conducted under in vitro conditions
using deionized water, which does not fully replicate the
dynamic pH changes, salivary proteins, and ionic
interactions of the oral environment °. The results may
differ in media such as artificial saliva or lactic acid,
where pH variation and ionic competition influence
fluoride release *°. Additionally, only cumulative fluoride
release up to 21 days was evaluated. Long-term data (e.g.,
over 3-6 months) would provide more insight into the
material’s prolonged anticariogenic potential %°. Future
studies should consider evaluating fluoride recharge
ability, pH cycling conditions, antibacterial efficacy, and
mechanical properties such as wear resistance and bond
strength. Such data would offer a more comprehensive
view of the material’s suitability for clinical use,
particularly in high caries-risk or low-resource settings.
Conclusion

Within the limitations of this in vitro study, it can be
concluded that fluoride release from glass ionomer
cements  varies different

significantly ~ among

formulations. Micron Superior exhibited the highest
cumulative fluoride release over the 21-day period,
followed by GC Gold Label 2, Neocem 2, and Prime
Cem 2. These differences were statistically and clinically
significant. The findings underscore the importance of
material composition—particularly the glass content and
matrix structure—in influencing fluoride ion release.
Given its superior fluoride-releasing ability, Micron
Superior may be better suited for patients at high risk of
dental caries or those requiring enhanced preventive care.
These results may help clinicians make more informed
decisions regarding the selection of restorative materials
in cariogenic environments. Further long-term and in
vivo studies are recommended to validate these
observations under clinical conditions.
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