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Glass ionomer cement (GIC) is an important restorative dental biomaterial which is uti-

lized in filling, lining and adhesion restoration. The aim of this work is the enhancement

of  the mechanical, morphological, antibacterial and fluoride release properties of the glass

ionomer cement by incorporation of different wt% of nano hydroxyapatite powder (HA).

The result of this work refers to that, the addition of nano-HA to GIC enhance its fluoride

ion release, compressive strength and antibacterial effect against Streptococcus mutans and

the bacterial inhibition zone reached to about 8.6 mm when 8% HA wt% is used. This sug-

gests that addition of nano-HA particles to GIC to produce GIC-HA hybrids which can be

used as suitable materials for improving its fluoride ion release, mechanical properties and

inhibiting residual bacteria in dentine.
ompressive ©  2018 Brazilian Metallurgical, Materials and Mining Association. Published by Elsevier

Editora Ltda. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
.  Introduction

lass ionomer cement (GIC) was invented by Wilson and
ent [1] in 1969 and developed by Mclean and Wilson [2]

n 1970, where GIC is a cement consisting of a basic glass
nd acidic polymer which sets by an acid–base reaction. GIC
erm covers two sub-groups which are glass-polyakenoate and
lass–polyphosphonate [3,4].

In 1990s, the highly viscous conventional glass ionomer
Please cite this article in press as: Alatawi RA, et al. Influence of hydroxy
Mater Res Technol. 2018. https://doi.org/10.1016/j.jmrt.2018.01.010

ement (C-GIC) was produced by a neutralization reaction
etween a basic calcium or strontium salt of fluoro-alumino-
ilicate glass powder with an electrolyte acidic water soluble
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polymers and copolymers of acrylic, itaconic, maleic and vinyl
phosphonic acids [5]. The freeze dried electrolyte acidic water
soluble acidic polymers attacks the basic glass powder result-
ing in glass surface degradation and releasing of metal ions as
Ca2+, Sr2+, Al3+ and non metal F−. Carboxylic group of acidic
polymers reacts with the released metal ions forming salts
of polyacid which combine with silica hydrogels forming a
cement matrix. Glass ionomer cement has a mortar form and
is usually used as a filling material in dental treatments as
base material or adhesive in the deciduous teeth restoration
[6].

However, C-GIC has some deficiency in its mechanical
apatite nanoparticles on the properties of glass ionomer cement. J

properties because it is highly sensitive to moisture and its
fast dehydration. These insufficient mechanical properties of
C-GIC led to limitation of its applications in the non-stress
bearing regions. For GIC strengthening and wear resistance

iation. Published by Elsevier Editora Ltda. This is an open access
enses/by-nc-nd/4.0/).
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improving, several ways were carried out as; “Maiacle mix”
was produced in 1980s by blending the silver amalgam with
C-GIC [7]. Also “Ketac siver” was obtained by addition of Ag
metal into GIC powder under the effect of high tempera-
ture. Silver modification of GIC properties did not achieve
desired results in enhancement of the stress bearing areas
harness and resistance [8,9]. Photo polymeric resin, which
acts as strengthening material when meets a visible light
was used to produce moisture protected resin-GIC (R-GIC).
The produced R-GIC has a higher mechanical and resistance
properties than C-GIC. Resin-GIC (R-GIC) can also be obtained
via hydroxyethyl methacrylate (HEMA) or Glycidyl Methacry-
late monomer (GMA) free radical polymerization producing
poly(HEMA) or poly(GMA) bonded with the poly acid with a
covalent bond resulting in insoluble material with both ionic
and covalent bonds. Improvement of the mechanical proper-
ties of polymeric materials by nanoparticles incorporation was
studied [10,11]. Hydroxyapatite [Ca10(PO4)6(OH)2] is a natural
mineral and called “bone mineral” and have feature prop-
erties that are favourable in dental restoration. It is utilized
in enhancement of surface hardness, toughness and biocom-
patibility because Hydroxyapatite structure looks like natural
tooth. Hydroxyapatite nanoparticles addition to R-GIC was
used for production of materials similar to human hard tissues
used in dental restoration [12,13]. The aim of this work is inves-
tigation the effect of hydroxyapatite nanoparticles addition
on the mechanical, chemical, fluoride release and antibac-
terial properties of conventional glass ionomer restorative
material.

2.  Materials

Glass ionomer cement (GIC) supplied from Riva, SDI, Australia.
GIC consists of two parts, (i) powder part composed of stron-
tium fluoro-silicate glass powder, polyacid copolymer powder
and pigments. (ii) Liquid part composed of acrylic acid copoly-
mer, tartaric acid, water, accelerants and hardeners.

Nano-hydroxyapatite powder with molecular weight:
502.31 g/mol and particle size less than 200 nm,  supplied from
Sigma, Aldrich, Germany.

Mitis Salivarius agar medium, supplied from RalinBV,
Netherlands, the agar media composed of Casein enzymatic
hydrolysate, crystal violet, dextrose, dipotassium phosphate,
peptic digest of animal tissue, sucrose and tryptan blue. Strep-
tococcus mutans (S. mutans)  from Microbiologics, Inc., USA,
ATCC; 25127.

3.  Methods

3.1.  Preparation  of  C-GIC  control  sample  [14]

Conventional self-cure glass ionomer cement (C-GIC) powder
and liquid were mixed at a powder/liquid ratio of 2.17:1 (W/W)
according to manufacturer instructions [14]. The Mixing of the
powder and liquid was done using a metal spatula and a glass
Please cite this article in press as: Alatawi RA, et al. Influence of hydrox
Mater Res Technol. 2018. https://doi.org/10.1016/j.jmrt.2018.01.010

slab at room temperature. The mix  was then placed in a pre-
fabricated Teflon mould having 5 holes (10 mm in diameter
and 2 mm in height), and then covered with a celluloid strip
and a microscopic glass slab under hand pressure. The glass
0 1 8;x  x x(x x):xxx–xxx

ionomer was allowed to set at room temperature for 15 min,
then the bottom of the mould was pushed upwards using fin-
ger pressure to remove the disc specimen. The excess material
was removed, thereafter, gently with a scalpel.

3.2.  Preparation  of  C-GIC-HA  hybrid

Experimental material powder was prepared by mixing differ-
ent wt% (1:10%) of nano-hydroxyapatite (HA) powder with GIC
powder and evenly mixed. The nano-HA powder was mixed
with GIC powder by a spatula on a glass slab. The powder con-
taining 5 wt% nano-HA and liquid of GIC material were mixed
according to manufacturer’s instructions with a ratio of 2.17:1.
Disc specimens were then prepared as described previously.

3.3.  Evaluation  of  antibacterial  activity  in  vitro
materials  [15]

3.3.1.  Preparation  of  the  culture  medium
Culture media for S. mutans; Mitis Salivarius Agar was pre-
pared according to manufacturer instructions as follows: 90 g
Mitis Salivarius agar, and 200 g sucrose were dissolved in 1 l of
distilled water. The medium was then heated to dissolve the
components, then autoclaved at 121 ◦C. The medium was left
to cool at 45 ◦C, after which 1 ml  of 1% sterilized potassium tel-
lurite solution and 5 �g Bacitracin were added. Sterile plates
were poured with nearly 20 ml  of the medium and the plates
were allowed to dry for 24 h at room temperature, plates were
then stored in the refrigerator at 4 ◦C.

3.3.2.  Test  method
The antibacterial spectrum of C-GIC-HA hybrids with different
HA wt% samples were determined against the test bacteria
by disc well-diffusion method on an agar plate [16]. Briefly
incubated cultures of bacteria were swabbed uniformly on the
individual plates using sterile cotton swabs on the Mitis Sali-
varius Agar, 50 �l of C-GIC-HA hybrid samples with different
HA wt% were loaded in sterile disc, Plates were incubated at
37 ◦C for 24 h. The inhibition effect was verified by the pres-
ence of inhibition zones around the discs where the solution
was deposited and sized for analysis and comparison.

3.4.  Fluoride  ion  measurement

3.4.1.  Specimen  preparation
Ten discs specimens from control C-GIC and from each C-GIC
hybrid (10 mm in diameter and 2 mm in height) were prepared
using fabricated Teflon moulds. Specimens were stored at
37 ◦C for 25 h. Each specimen was immersed in 20 ml  of deion-
ized water in a closed plastic container at 37 ◦C. At the time of
fluoride ion measurement, each specimen was removed from
its container and the storage solution was collected for anal-
ysis. The discs were plotted dry and then placed in a new
container with fresh 20 ml  of deionized water [17].
yapatite nanoparticles on the properties of glass ionomer cement. J

3.4.2.  Test  method
Measurement of fluoride ions concentration were made using
ion selective electrode [18], at 24 h, 48 h, 72 h, 7days, 14 days
and 28 days.

https://doi.org/10.1016/j.jmrt.2018.01.010
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sion of C-GIC and its hybrids with different HA wt%  in
deionized water for 24 h, 48 h, 72 h, 7days, 14 days and 28 days
and the results are listed in Table 1 and illustrated in Fig. 2.

Table 1 – Fluoride ion release from C-GIC and its hybrids
with different HA wt% for different immersion time.

Immersion time HA wt%

0% 1% 3% 5% 8% 10%

24 h 0.12 0.11 0.10 0.10 0.09 0.09
48 h 0.09 0.15 0.16 0.18 0.21 0.21
72 h 0.06 0.09 0.18 0.20 0.27 0.26
j  m a t e r r e s t e c h n o

Results were calculated as the amount of fluoride per unit
urface area of the specimen (�g/mm2). Fluoride levels in ppm
ere obtained using the ion-selective electrode connected to

 digital metre. Total fluoride in �g was calculated by multiply-
ng the 1 ppm = 1 �g/ml by the tested solution volume (20 ml).
he total fluoride was then divided by the area of the sample
isc to obtain the fluoride release in �g/mm [19].

.5.  Compressive  strength  measurement

.5.1.  Specimen  preparation
en cylindrical C-GIC specimens and from each C-GIC hybrid

6 mm in height and 4 mm in diameter) were made using pre-
abricated Teflon moulds and tested for compressive strength
ccording to 1SO 9917 [20]. The specimens were stored at 37 ◦C
or an hour and then immersed in a small container for incu-
ation in water at 37 ◦C for 7 days [21].

.5.2.  Test  method
ompressive strength (CS) was assessed at 7 days after mixing.
et specimens were placed in a vertical position with force

ncident on their long axis, and loaded in compression at a
rosshead speed of 1.0 mm/min  in a universal testing machine
Model WDW-20, Beijing Sinofound; Beijing, China), until frac-
ure occurred. The CS was calculated by the following formula:
/�r2, where P is the load at fracture, r is the radius of the spec-
men, and � = 3.14. The CS values [kgf/mm2] were converted
nto Mega Pascal (MPa)  as follows [22]:

S [MPa]  = CS [Kgf/mm2] × 0.09807

.6.  Scanning  electron  microscope  (SEM)

pecimens for this study were cut from the samples. Speci-
en  size was 10 mm diameter and it was circular in shape.

hese samples subjected to sputter coating (Edwards’s model
140A) of gold ions to have a conducting medium. Sputter
oated samples were scanned with JEOL Model JSM-T20 SEM.

.7.  Fourier  transform  infra-red  (FT-IR)
Please cite this article in press as: Alatawi RA, et al. Influence of hydroxy
Mater Res Technol. 2018. https://doi.org/10.1016/j.jmrt.2018.01.010

TIR was used for monitoring the chemical characteriza-
ion and modification which occurred in the C-GIC after
A nanoparticle addition. Thus, the samples were analyzed
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Fig. 1 – Effect of C-GIC and its HA hybrids with d
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before and after HA addition with a FTIR spectrometer (Model
6100 Jasco, Japan). Each spectrum was obtained in the trans-
mission mode with TGS detector and by using KBr method
and represents (2 mm/s) co-added scans at the spectral region
ranging from 4000 to 400 cm−1 with resolution of 4 cm−1.

4.  Results  and  discussion

4.1.  Antibacterial  effect

The antibacterial effect of C-GIC and its HA hybrids with dif-
ferent HA wt% against S. mutans bacteria is illustrated in Fig. 1.
From the figure, it can be concluded that, the pure C-GIC
almost did not record any inhibition zones when applied to S.
mutans bacteria. The results also showed that, the increasing
in HA wt% till 8% enhance the antibacterial effect of C-GIC-
HA hybrid against S. mutans and the bacterial inhibition zone
reached to about 8.6 mm.

4.2.  Fluoride  release  measurement

It is known that nano HA particles have a large surface area
due its small size, and its addition to C-GIC led to increasing
the acid-base reaction activity, then, increasing the release of
fluoride ion [23].

Fluoride ion release (�g/mm2) was determined by immer-
apatite nanoparticles on the properties of glass ionomer cement. J

7 days 0.05 0.08 0.22 0.29 0.30 0.30
14 days 0.06 0.08 0.14 0.19 0.36 0.30
28 days 0.05 0.07 0.10 0.12 0.24 0.25

5% 8% 10%

 Wt %

ifferent HA wt% against S. mutans bacteria.

https://doi.org/10.1016/j.jmrt.2018.01.010
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Table 2 – Compressive strength (MPa)  for C-GIC and its
hybrids with different HA wt%.

HA wt%

0% 1% 3% 5% 8% 10%

Compressive 136.49 141.58 147.12 149.72 147.75 149.70

surface was observed in case of HA addition due to highly
strength (Mpa)

From the data listed in the table and illustrated in the
figure, it is clear that, the fluoride ion release from C-GIC
is increased by HA addition till 8% HA wt% [24]. From the
table it is also noted that, the control C-GIC has a high-
est value of F− release after 24 h where the highest value
of F− release for C-GIC-HA hybrids is directly proportional
with HA wt%. This result attributed to the high ability of
HA for ion exchange. This ion exchange ability permits the
ionic exchange between OH− ions in HA by ions with the
same charge F− (releasing from C-GIC surface degradation
when freeze dried acidic polymers attacks the basic glass
powder), therefore, F− exchanged between C-GIC and HA
[25].

4.3.  Compressive  strength  measurement

Compressive strength is an important feature for C-GIC to be
used as restorative material, distinctly in the process of masti-
Please cite this article in press as: Alatawi RA, et al. Influence of hydrox
Mater Res Technol. 2018. https://doi.org/10.1016/j.jmrt.2018.01.010

cation. This test is more  suitable for the comparison of brittle
materials, such as GIC which show relatively low tolerance
when subjected to tension [26].
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Fig. 3 – Compressive strength (MPa)  for C-GIC
ith different HA wt% for different immersion time.

Mechanical properties of C-GIC and its hybrids with differ-
ent HA wt% was determined by measuring the compressive
strength in (MPa) for each sample. The results are listed in
Table 2 and illustrated in Fig. 3.

The result indicated that, GIC with different HA wt%  gave
higher values for compressive strength when compared with
C-GIC. This can be attributed to the influence of nano HA on
each of GIC polysalt bridge formation level and its setting reac-
tion, which improve mechanical properties of the obtained GIC
material [27].

From the obtained results, it is clear that addition of
nano-HA to C-GIC enhance its fluoride ion release, compres-
sive strength and antibacterial effect against S. mutans. This
suggests that adding nano-HA particles to GIC can be used
as suitable materials for improving its fluoride ion release,
mechanical properties and inhibiting residual bacteria in den-
tine.

4.4.  Scanning  electron  microscope  (SEM)

Fig. 4 illustrates the morphology examination of the C-GIC
and its hybrid GIC-HA with 8% HA we % using SEM analysis.
From the figure it is clear that, the matrix surface cracking
and degradation is caused by attacking of the freeze dried
acidic polymers to the basic glass powder resulting of metal
and non-metal ions releasing.

Furthermore, the increasing in the matrix degradation
yapatite nanoparticles on the properties of glass ionomer cement. J

bonding between the matrix surface and HA nanoparticles,
which means that, the strength of the GIC is increased by
HA nanoparticle addition where the adsorption of HA by

5 6 7 8 9 10

A %

 and its hybrids with different HA wt%.

https://doi.org/10.1016/j.jmrt.2018.01.010
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he GIC surface is completed during CIG hardening reaction
28].

.5.  Fourier  transform  infra-red  (FT-IR)

TIR analysis of the C-GIC and its hybrid GIC-HA were obtained
nd illustrated in Fig. 5. From the figure, it can be con-
luded that, GIC-HA hybrid exhibited diffraction peaks at
691 cm−1 which was characteristic for HA hydroxyl group the
A nanoparticles. Also, the GIC-HA hybrid exhibits HA phos-
hate vibration diffraction peaks at 1043 and 439 cm−1. These
esults were an indication for the successfully embedding of
A nanoparticles into the C-GIC matrix [29].

.  Conclusion
Please cite this article in press as: Alatawi RA, et al. Influence of hydroxy
Mater Res Technol. 2018. https://doi.org/10.1016/j.jmrt.2018.01.010

ifferent wt% (1:10%) of nano-hydroxyapatite powder was
uccessfully loaded to conventional glass Ionomer cement
C-GIC) with different concentrations and produced GIC-Ha
ybrids. The results showed that, addition of nano-HA to
d GIC-HA hybrid.

C-GIC enhance its fluoride ion release. Compressive strength
and antibacterial effect against S. mutans were also stud-
ied. The bacterial inhibition zone reached to about 8.6 mm
when 8% HA wt% is used. This suggests that adding nano-
HA particles to GIC can be used as suitable materials for
improving its fluoride ion release, mechanical properties
and inhibiting residual bacteria in dentine. The C-GIC and
GIC-HA were characterized by SEM and FTIR analysis in
order to confirm the success of HA nanoparticle loading
process.
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