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Abstract

Aim: To evaluate the efficacy of incorporated novel additives in Glass lonomer Cement to ameliorate biocompatibility and
mechanical properties.

Introduction: Though Glass lonomer Cement (GIC) has multiple advantages, it is not strong enough for medical applications,
and its biocompatibility is questionable. To improve biocompatibility and its mechanical properties, a study was performed
to investigate the potential benefits of adding graphene, carbon nanotubes, hydroxyapatite, and bioactive glass to GIC. The
objective was to enhance both the mechanical properties and biocompatibility of GIC.

Material and Method: Modified Glass lonomer Cement was prepared by creating five groups. Hydroxyapatite, multi-walled
carbon nanotubes, graphene, and bioactive glass were incorporated in a 10:1 weight ratio, respectively. Group 5 was
designated as the control group and used Fuji Type Il GIC. After preparing 90 samples, they were kept in deionized water for
a day and then evaluated their compressive strength, microhardness, and diametral tensile strength, and also checked their in
vitro cytotoxicity by direct contact with L929 mammalian fibroblast cells.

Statistical Analysis: The data were examined using mean and standard deviation descriptive statistics. The comparative
evaluation was done via Tukey HSD test and one-way ANOVA using S.PS.S. software.

Result: It showed that Group 3 had better results in compressive strength (144.478+- 3.989), diametral tensile strength
(20.29+4-0.8601), and microhardness (131+-3.536) when compared with other groups while in the biocompatibility (viability
%) Group 1 [82.55], Group 3 [76.49], Group 4 [87.63], while Group 2[58.02].

Conclusion: Group 3 has better physical properties in microhardness, diametral tensile strength, and compressive strength,
than the other groups. In Biocompatibility, Group 1, Group 3, Group 4, and Group 5 were noncytotoxic at the same time
multi-walled carbon nanotubes group (Group 2) had cytotoxic potential.
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Itis crucial for oral cavity materials to remain stable and passive,
without adverse interactions. Amalgam, various cements, and
composite resins exemplify such traits. Fluoride-releasing
materials offer added benefits. In recent years, “smart” dental
materials have gained traction for their potential in enhancing
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dental health." Hydroxyapatite (HAP) mimics bone minerals,
sharing a similar composition and lattice structure with human
dental and skeletal apatite. Its biocompatibility stems from a
calcium—phosphorus ratio identical to human bone.” Bioactive
glass (BAG) integrated into glass ionomer cement (GIC) aims to
enhance tooth regeneration potential and bioactivity. Despite
BAG incorporation reducing mechanical strength, combining
it with GIC offers potential benefits.”!

Graphene, a remarkable nanomaterial, boasts high
elastic modulus, extensive surface area, and flexural
strength. Incorporating graphene nanosheets enhances
the hardness and mineralization of bioactive calcium
silicate.*>) MWCNT feature cylindrical carbon structures
arranged hexagonally. Their needle-like fibrous form
may influence final product bioactivity.® Multiwalled
carbon nanotubes (MWCNTs) exhibit excellent biological
adaptability and bioactivity, expanding their potential
applications in dentistry.”

MATERIALS AND METHODS

Modified GIC was prepared in an amalgamator for 30 s,
as suggested by the manufacturer. The recommended P/L
ratio for this particular substance is 2.7/1.

Five groups of 18 samples each were prepared, with
Group 1 containing GIC (Fuji II) modified with HAP (ratio
10:1 by wt.), Group 2 with multiwall carbon nanotube (ratio
10:1 by wt.), Group 3 with graphene (ratio 10:1 by wt.),
Group 4 with a BAG (ratio 10:1 by wt.), and Group 5 as the
control group.

The compressive strength of the samples was measured
by preparing a split mold of 4 mm in diameter and 6 mm
in height, mixing cement for 30 s in an amalgamator, and
applying a compressive load at 1.0 mm/min along the
specimen’s long axis after 24 h of mixing.

The diametral tensile strength was measured by positioning
a cylindrical test specimen between the platens of a
mechanical tester and applying a load along the long axis
of the sample at a crosshead speed of 0.5 mm/min.

The microhardness of the samples was evaluated using the
Vickers hardness test with a diamond indenter, a load of
100 g, and a dwell period of 10 s. The Vickers hardness
values were calculated using the equation provided.

The biocompatibility of the samples was assessed using an
in vitro cytotoxicity test with negative and positive control
samples. The test materials were sterilized by autoclaving
and placed on the cell layer of triplicate wells. The plates
were then cultured for 24 h and examined under a phase
contrast microscope to assess changes, detachment,

vacuolization, cell lysis, and membrane integrity. The culture
media was then replaced with fresh media and the MTT
((3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium
bromide) assay is based on the conversion of MTT into
formazan crystals by living cells, which determines
mitochondrial activity) solution was added to each well
for incubation and measurement of absorbance at 570 nm
concerning 690 nm on a microplate reader.

Statistical analysis

Descriptive statistics were used to calculate the mean and
standard deviation. Tukey’s honest significant difference
and one-way analysis of variance tests were conducted
using SPSS Statistical software (Acquired by IBM Chicago,
IL) software for comparative evaluation.

RESULTS

Compressive strength comparison revealed Group 3 with
the highest strength (144.478 = 3.989), followed by
Group 2 (138.756 = 3.709), Group 5 (123.788 = 7.442),
Group 4 (103.214 = 3.975), and Group 1 with the lowest
strength (95.108 = 20.765). Significant differences were
observed between various groups: Group 1 versus Group 2
and Group 3 (P < 0.001, mean differences: —43.648
and —49.370), Group 1 versus Group 5 (P < 0.01, mean
difference: —28.680), Group 2 versus Group 4 and Group 3
versus Group 4 (P < 0.001, mean differences: 35.542
and 41.264), Group 3 versus Group 5 and Group 4 versus
Group 5 (P < 0.05, mean differences: 20.690 and — 20.574).
Notably, some comparisons such as Group 1 versus Group 4,
Group 2 versus Group 3, and Group 2 versus Group 5 were
statistically nonsignificant (P > 0.05) [Table 2].

Diametral tensile strength analysis indicated that Group 3
exhibited the highest strength (20.29 = 0.8601), followed
by Group 2 (18.58 = 2.206), Group 5 (17.928 + 1.790),
Group 1 (17.874 £ 4.766), and finally, Group 4 with the
least strength (17.21 % 1.571). Statistical analysis showed
nonsignificant differences between various groups [Table 2].

Microhardness comparison displayed higher values for
Group3(131 £ 3.536)comparedto Group2(126.8 = 2.950),
Group 1 (109.6 = 3.507), Group 5 (107 = 3.742), and
finally, Group 4 (105.2 * 3.899). Significant differences
were observed in certain comparisons such as between
Group 1 versus Group 2 and Group 3 (P < 0.001, mean
differences: —17.200 and —21.400) and Group 2 versus
Group 4 and Group 5 (P < 0.001, mean differences:
21.600 and 19.800). Other comparisons were statistically
nonsignificant [Table 2].

Biocompatibility assessments revealed varying reactivity
levels among groups with microscopic observations
indicating mild reactivity for Groups 1 and 4, moderate
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reactivity for Groups 2 and 3, and no reactivity for Group 5.
Quantitative cytotoxicity analysis using MMT assay showed
varying cell viability percentages with Group 4 exhibiting
the highest (87.63%), followed by Group 1 (82.55%),
Group 5 (77.71%), Group 3 (76.49%), and Group 2 with the
lowest percentage of cell viability (58.02%).

DISCUSSION

Novel additives aim to enhance GIC by improving its
mechanical properties and biocompatibility. Incorporating
nanoparticle fillers into GIC has shown promise in boosting
its mechanical strength, biological compatibility, and
antibacterial properties.®® The interaction between
polyacrylic acids carbonyl anion, Ca2+ ions, phosphoric
acid, and hydroxyl groups in HAP, the tooth’s main
constituent, facilitates the binding of GIC to the tooth
structure. HAP forms a macromolecular electrolyte chain,
with polyacrylate replacing surface phosphate during
adsorption, resulting in the formation of an “intermediate
layer” of calcium and aluminum phosphates and
polyacrylates at the GIC-HAP interface. Incorporating HAP
into GIC can enhance both its biocompatibility and physical
properties.['%!1

Adding Micro-HAP to conventional GIC has been found
not to affect diametral tensile strength.'” Carbon
nanotubes (CNTs), invented by Kroto have shown potential
in improving the mechanical, biological, and structural
properties of various materials, including biomaterials."'>1%
The composition of CNTs in biomaterials can significantly
influence their bioactivity, with a higher CNT content
offering improved mechanical and electrical characteristics.

In our study, multiwalled carbon nanotubes were
incorporated into glass ionomer cement to enhance
biocompatibility and mechanical properties.'® Graphene
nanoparticles have also been investigated for reinforcing
glass ionomers, leading to significant improvements in
their physio-mechanical characteristics when combined
with poly (acrylic acid) glass ionomer or hydrothermally
reacted with glass ionomer to create composite matrices.
However, research on standard glass ionomer cement
treated with graphene to enhance physical properties and
biocompatibility is limited."'” Graphene has been shown

to improve the physical properties of various cementitious
materials and composites, including BAG, resulting in
increased Vickers hardness number (VHN) and fracture
toughness.""8 Incorporating BAG into glass ionomer cement
aims to enhance its mechanical and biological properties.

Specimen preparation was standardized using a brass
split mold, and mechanical strength tests, including
compressive strength and diametral tensile strength, were
conducted. Microhardness testing indicated improvements
in Group 3 compared to other groups, consistent with
prior research. Cytotoxicity evaluation performed on L929
murine fibroblast cell lines revealed superior mechanical
properties in Group 3 in terms of compressive strength,
diametral tensile strength, and microhardness. However,
the addition of BAG particles decreased the modulus of
elasticity and compressive strength, suggesting loose
attachment to the glass ionomer matrix.!"!

These findings are supported by previous studies
conducted by Bresciani E (2004), Silva RC (2007), Ahmed
HM (2011).12°221 Fyji IX GIC exhibited lower microhardness
compared to Bio dentine™ at 48 h, 7, and 14 days, but was
equivalent at 21 days."*!

Biocompatibility results indicated mild reactivity (Zone
limited area under specimen) for Groups 1 and 4, while
Groups 2 and 3 showed moderate reactivity (Zone extending
specimen size up to 1 cm). Group 5 (control) exhibited
nonreactivity (No detectable zone around or under the
specimen). A grade >2 was considered cytotoxic [Table 1].
The MTT assay revealed that Group 4 had the highest
cell viability (87.63%), followed by Group 1 (82.55%)
and Group 5 (77.71%), while Group 3 exhibited 76.49%
viability [Table 1]. However, Group 2 showed the lowest
cell viability at 58.02%. Microscopic observation confirmed
intact mitochondrial activity in [Figure 1c, e, g], indicating
normal cell morphology [Figure 1]. Figure le displayed
intact mitochondrial activity but with morphological
changes, such as multiple granules and altered cell
shapes. figure 1d exhibited more dead cells compared
to the negative control [Figure 1la]. The MTT assay
accurately assessed cytotoxic potential. Uneven sample
surfaces, especially evident in the edges of groups 2
and 3, might have contributed to cell damage and

Table 1: Mean value of compressive strength, diametral tensile strength, microhardness, and reactivity grade and
viability of cell for direct contact test by microscopic observation of Group 1-Group 5

Quantitative measurements of
cytotoxic effects by MTT assay
Viability (%)

Grades Reactivity

Groups Compressive Diametral Microhardness
strength tensile strength (mean value)
(mean value) Mpa (mean value) Mpa VHNV (kg/mm?)
Group 1 95.108 17.874 109.6
Group 2 138.756 18.58 126.8
Group 3 144.478 20.29 131
Group 4 103.214 17.21 105.2
Group 5 123.788 17.928 107

2 Mild reactivity 82.55
3 Moderate reactivity 58.02
3 Moderate reactivity 76.49
2 Mild reactivity 87.63
0 No reactivity 77.71

The achievement of numerical grade >2 is considered cytotoxic viability and is reduced to <70% of the negative control, it has cytotoxic potential. VHNV: vickers hardness
number value, MTT: (3-[4,5-dimethylthiazol-2-yI1-2,5 diphenyl tetrazolium bromide) assay is based on the conversion of MTT into formazan crystals by living cells, which

determines mitochondrial activity
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Figure 1: (a) Negative control shows normal mitochondrial activity and morphology of cells. (b) Positive control shows all dead
cells. (c) Group 1 shows normal mitochondrial activity and morphology of cells. (d) Group 2 shows more dead cells with a
smaller number of normal cells normal cells. (e) Group 3 shows some changes in morphology of cell with intact mitochondrial
activity. (f) Group 4 shows normal mitochondrial activity and morphology of cells. (g) Group 5 shows normal mitochondrial

activity and morphology of cells

Table 2: Mean difference and P value of compressive strength, diametral tensile strength, and microhardness of

Group 1-Group 5

Comparison Compressive strength Diametral tensile strength Microhardness
Mean difference P Mean difference P Mean difference P

Group 1 versus Group 2 —43.648 <0.001*** —0.7060 >0.05 (NS) —17.200 <0.001***
Group 1 versus Group 3 —49.370 <0.001*** —2.416 >0.05 (NS) —21.400 <0.001***
Group 1 versus Group 4 —8.106 >0.05 (NS) 0.6640 >0.05 (NS) 4.400 >0.05 (NS)
Group 1 versus Group 5 —28.680 <0.01** —0.05400 >0.05 (NS) 2.600 >0.05 (NS)
Group 2 versus Group 3 —5.722 >0.05 (NS) —1.710 >0.05 (NS) —4.200 >0.05 (NS)
Group 2 versus Group 4 35.542 <0.001*** 1.370 >0.05 (NS) 21.600 <0.001***
Group 2 versus Group 5 14.968 >0.05(NS) 0.6520 >0.05 (NS) 19.800 <0.001***
Group 3 versus Group 4 41.264 <0.001*** 3.080 >0.05 (NS) 25.800 <0.001***
Group 3 versus Group 5 20.690 <0.05* 2.362 >0.05 (NS) 24.000 <0.001***
Group 4 versus Group 5 —20.574 <0.05* —0.7180 >0.05 (NS) —1.800 >0.05 (NS)

**%P<0.001 - highly significant, ** P<0.01 - mild significant, * P<0.05 - significant. NS: Not significant

cytotoxicity |Figure 1b and c]. Glass ionomer cement and
nanohybrid composite demonstrated lower cytotoxicity
compared to flowable and bulk-fill flowable composites.?4

Regarding graphene biocompatibility, various factors
influence its cytotoxicity, including surface functionalization,
shape,  dispersibility, size, and concentration.
Graphene-based nanomaterials may induce cytotoxicity
through reactive oxygen species production and cell
membrane damage. Guazzo R. found that adding 1 wt.%
Graphene oxide nanoparticles to Portland cement improved
surface microhardness while maintaining biocompatibility.!

Li et alP suggested that multiwalled carbon
nanotubes (MWCNT) are more likely to interact with
cells, with Group 3 showing the least cell contact. These
findings were supported by Lulu Zhou et al. in 2017, who
demonstrated that pristine MWCNTs are more harmful
to cells, while functionalized MWCNTs cause more gene
damage compared to the pristine form.?”

CONCLUSION

Based on the study, it was concluded that the
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graphene-incorporated GIC group has better physical
properties such as compressive strength, diametral tensile
strength, and microhardness compared to other groups.
In addition, in terms of biocompatibility, the HAP group,
Graphene group, BAG group, and conventional GIC group
did not show any cytotoxicity, while the multiwalled
carbon nanotubes group was found to have cytotoxic
potential.
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