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ABSTRACT

Glass ionomer cement (GIC) is widely used in dentistry because of its chemical adhesion to tooth structure, fluoride release,
biocompatibility, and stability in an aqueous environment. However, its relatively low compressive strength restricts its use
in stress-bearing areas. Hydroxyapatite [Caio(PO4)s(OH):], a bioceramic material structurally similar to natural tooth
mineral, has demonstrated potential to enhance the mechanical properties of dental materials, particularly in nanoscopic
form.

This study evaluated the effect of incorporating naturally synthesized nano-hydroxyapatite into glass ionomer luting cement
on compressive strength. Nano-hydroxyapatite was added at 4% by weight to Fuji I commercial GIC, and the compressive
strength of the modified cement was compared with that of conventional GIC.

Within the limitations of the study, incorporation of nano-hydroxyapatite resulted in a 42% increase in compressive
strength, exceeding improvements reported with synthetic nano-hydroxyapatite. These findings suggest that naturally
synthesized nano-hydroxyapatite is a promising additive for glass ionomer luting cements, warranting further
biocompatibility and clinical investigations..
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INTRODUCTION

Glass ionomer cement was introduced by Wilson and Kent
in 1969. The advantages of GIC over other dental cements
include good adhesion to tooth, stability in an aqueous
environment, lack of exothermic polymerization, its
fluoride release resulting in anti-cariogenic property, and
good biocompatibility. However their use is guarded in
high-stress sites such as Class I and II restorations. The
compressive strength of GIC luting cement is established at
86MPa as per the ADA specification. Thus there is a need
for improving the compressive strength of the material.
Hydroxyapatite [Caio(PO4)s(OH)] is a natural mineral and
has properties that are favorable in dental restoration. It is a
bioceramic with calcium to phosphorus ratio of 1.67. It is
utilized in enhancement of surface hardness, toughness and
biocompatibility because Hydroxyapatite’s structure looks
like natural tooth. Nanoscopic particles have more
similarity to natural tooth mineral phase as far as crystal size
is concerned. Additionally, the high surface area of the

nanoscopic particles would offer good mechanical
interlocking with the polymer matrix.

The mechanical strength (compressive, diametral tensile
and biaxial flexural strength) of the GICs have been
evaluated previously upon incorporation of polymers and
HA/FA nanopowders. This showed a positive response. The
aim of this work was to investigate the effect of addition of
hydroxyapatite nanoparticles to GIC luting cement and
studying its influence on the compressive strength.

We have attempted to introduce naturally synthesized
Nanohydroxyapatite into GIC luting cements and test for
enhanced mechanical strength properties, specifically
compressive strength. Naturally synthesized materials also
have the additional benefit of being biogenic, thus does not
induce any adverse reaction to the human body.

MATERIALS AND METHODS

1. Nanohydroxyapatite

Synthesis of Nanohydroxyapatite from sea shell

Three grams of naturally synthesized Nanohydroxyapatite
powder was procured and used in this study (Figure 1).
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2. Glass Ionomer Luting Cement
Glass ionomer cement (GIC) procured from GC America
(Fuji Type I).

Methods

Preparation of unmodified GIC sample

Commercial grade glass ionomer powder and liquid were
obtained (GC Gold Label Type I, Light Yellow, Luting and
Lining Cement, Mini Pack, Lot number 1805161) (Figure
2). Conventional self-cure glass ionomer cement (Fuji Type
I) powder and liquid were mixed at a powder/liquid ratio of
1.8 g:1 mL by weight and mixed for 20 seconds according
to manufacturer instructions. Liquid was measured using a
2 mL pipette with 0.01 mL calibrations (Figure 3). Powder
was measured using a digital weighing balance of 1 mg
accuracy (Figure 4). 500 mg of powder and 2.7 mL of
liquid was measured accurately and mixed to fill 1 PTFE
mould adequately (Figure 5). The mixing was done by hand
by using a Teflon coated paper pad and plastic agate spatula.
The mix was then placed in a PTFE mould of dimension 4.4
mm diameter and 8 mm height (Figure 5). The glass
ionomer mix was allowed to set at room temperature for 30
min. The cylindrical specimen was then evaluated. They
were inspected for any void, scratch or defect. Preparation
of Hybrid GIC sample

Hybrid samples were prepared by mixing 2% and 4% by
weight Nanohydroxyapatite powder with GIC powder and
liquid. The mixture was mixed as detailed above to even
homogenous consistency. Eight samples each were
produced in 2% (Group B) and eight samples in 4% groups
(Group C).

Figure 2

Testing the specimens

Testing was done at the Strength of Materials (SOM) testing
lab, Manufacturing Engineering Department - National
Institute of Technology, Trichy. A universal testing machine
- Tinius Oslen was used to test the compressive strength of
the specimens. Measurement was done at cross head speed
of 0.5 mm/minute.

The maximum load applied to fracture the specimens were
recorded and the compressive strength, CS (MPa), was

calculated using the formula CS = 4P/mtd® where P is the

load in Newton at fracture and d is the diameter of the
specimen in millimeters. The maximum load at fracture was
obtained from the computer calibrated to the universal
testing machine. Three sets of 8 samples each were tested
sequentially (Groups A, B and C).

Figure 3

Figure 4
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Figure 5

Figure 6

RESULTS AND INTERPRETATION

The mean compressive strength for the 8 GIC luting
unmodified (Group A) samples tested was 70.88 MPa with
a standard deviation of 5.80. The 8 samples that were
reinforced with 2% Nanohydroxyapatite (Group B) showed
a mean compressive strength of 80.92 MPa, which is a
14.16% increase from the unmodified GIC (Group A). The
mean compressive strength of that GIC samples reinforced
with 4% Nanohydroxyapatite (Group C) was found to be
100.6MPa which is an increase of 24.4% from the 2%
Nanohydroxyapatite (Group B) samples and 42.02% from
the unmodified GIC (Group A) samples. The calculated F
value is 23.74. The P-value is <0.001 and is highly
significant. The mean, SD along with the F value and p-
value are listed below (Table 1)

Table: 1

Group Mea | Std F- p-value
n deviatio | valu
n e

Unmodified GIC | 70.8 | 5.80
luting cement 8 23.7 | 0.001
GIC luting | 80.9 | 8.37 4 Significa
cement +2% | 2 nt
Nanohydroxyapa
tite
GIC luting | 100. | 11.3
cement +4% | 6

Nanohydroxyapa
tite

DISCUSSION

Hydroxyapatite is a mineral component in enamel. Its
composition and crystal structure are similar to apatite in
the human dentition and skeletal system (Dorozhkin, 2008).
Hydroxyapatite is a catalyst that is involved in ion exchange
and it also acts as an adsorbent. This material when added
to GIC forms an intermediate layer when bonding to
enamel, and this intermediate layer is difficult to break thus
increasing bond strength (Nicholson, 1993)®- The
hydroxyapatite also has calcium in it which increases the
release of fluoride from the cement. This favors
remineralization of decalcified tooth structure. Firstly, the
bonding strength was greater with nanohydroxyapatite
reinforced GIC than micro-hydroxyapatite.
Nanohydroxyapatite is similar in size to the minerals in the
teeth which leads to its increased surface area and solubility.
The film thickness of the hybrid was also decreased (Lee,
2010)®- Huang 2009 had studied the effect of
nanohydroxyapatite on initial enamel caries lesion and
stated that a concentration of up to 10% addition showed a
definite increase in remineralization potential but
concentrations more than this would cause unavoidable
aggregation of the granules.

Nanohydroxyapatite’s influence on compressive strength of
GIC is due to the polysalt bridge formation during its setting
reaction (Alatawi 2008)"" Also Wilson et al. postulated
that during adsorption, polyacrylate penetrates the surface
of HAp, displacing and replacing surface phosphate.
Calcium ions are displaced from HAp along with phosphate
as part of a complex series of ionic exchanges. He inferred
that, as a consequence of those interactions, an
“intermediate layer” of calcium and aluminum phosphates
and polyacrylates would form at the interface between the
cement and HAp. This layer is very resistant to acid and is
difficult to break.

Reinforcement of GIC restorative cements with 4%
Nanohydroxyapatite by weight has been reported to
increase the compressive strength of the cement by about
12%. (Moshaverinia 2008) @ This study resulted in a
hybrid cement with higher compressive strength 177-179
MPa, higher diametral tensile strength 19-20 MPa and a
much higher biaxial flexural strength 28-30 MPa as
compared to the cement without reinforcement.

Further, Gu et al.®) has reported that glass-ionomer cements
containing 4% hydroxyapatite particles exhibited enhanced
mechanical properties in comparison to commercial glass-
ionomer cements. This is due to the formation of more
hydrogen bonds due to the presence of hydroxyl, phosphate,
fluoride and carbonyl groups in the matrix. Due to their
small size, the nanoparticles incorporated into glass powder
of glass ionomers led to wider particle size distribution
which resulted in higher mechanical values. They can
occupy the empty spaces between the glass-ionomer
particles and act as a reinforcing material in the composition
of the glass-ionomer cements.

1JDDT, Volume 16 Issue 1s, 2026

Page: 632



Effect Of Incorporation Of Naturally Synthesized Nanohydroxyapatite On Compressive Strength Of Glass Ionomer Luting Cement —
An In Vitro Study

Nanohydroxyapatite has also been added in concentrations
of 8% by Alatawi in 2008 ™. This is stated to increase the
bacterial inhibition zone to 8.6 mm. Further increase in
concentration of Nanohydroxyapatite to 10% neither
improved the effect on the cement biologically nor
mechanically and so 8% was determined as the upper limit
for addition of Nanohydroxyapatite.

Reinforcement of Fuji Type I luting cements have not been
attempted and enhancing its properties would be clinically
beneficial especially with its increasing use in fixed
prosthesis these days.

Recent efforts have been directed at production of
nanohydroxyapatite from natural resources, one such
material is sea shell. Nanohydroxyapatite particles (nano
rods) derived from this method range in size from a
diameter of 42 to 60 nm and length of 96 to 129 nm. Tons
of sea shells are produced as bio-waste around the world.
They create foul odour, promote microbial growth and emit
CO2 amidst global warming. By utilizing these shells to
produce nanohydroxyapatite we can benefit by the double
advantage of reducing pollution and achieving value from
waste shells.

Results revealed that Iluting cement with 2%
Nanohydroxyapatite (by weight) additive increased the
compressive strength by 14% and luting cement with 4%
Nanohydroxyapatite (by weight) additive had a 42%
increase as compared to the unmodified GIC (Table 1).
When we tried incorporating Nanohydroxyapatite of higher
concentrations, 8% and 10% by weight, with GIC
restorative material it resulted in specimens that had a rough
surface. Such samples would fracture when compressed in
a universal testing machine at the sites where they are weak
and the results would not be accurate, and they cannot be
used to provide a fair estimate of the compressive strength
of the material.

The fact that the addition of Nanohydroxyapatite improves
the compressive strength of the material suggests that the
additive has chemically bonded with the GIC cement. If not,
the additive would act as an inclusion body/impurity
resulting in a weakening of the cement mix TEM
(Transmission Electron Microscopy), SEM (Scanning
Electron Microscopy) and EDS (Energy Dispersive
Spectroscopy) characterization studies (Wakeel 2005)
can be done to assess the dispersion of Nanohydroxyapatite
in the mix.

CONCLUSION

Within the limitation of this study, the following conclusion
can be drawn. The addition of naturally synthesized
Nanohydroxyapatite (4% by weight) to Fuji I commercial
GIC enhanced the compressive strength of the resulting
hybrid cement up to 42%. This was far more impressive
compared to the previous studies that incorporated synthetic
Nanohydroxyapatite into GIC restorative cements. These
bioceramics are therefore considered promising additives
for GIC luting cements. More investigation is required to
assess the interaction between Nanohydroxyapatite and the
polymer matrix. Also comparisons can be done, by
incorporation of Nanohydroxyapatite into various

commercially available glass ionomer Iuting cements.

However, before its clinical application further
biocompatibility tests should be carried out
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