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ABSTRACT

Purpose: This study designed to evaluate the remineralizing effect of nanofilled
glass ionomer combined with titanium dioxide nanoparticle and nano hydroxyapatite
in root caries like-lesions. Materials and Methods: sixty specimens from sound
human premolars, standardized rounded class V cavities were prepared in the middle
of cervical one third of the labial surface of root. Then the specimens were divided
into three main groups according to the experimental restored material (20 specimens
each). Group (A): received nanofilled glass ionomer (NGI), group (B): received 10%
nano hydroxyapatite (NHA) incorporated into conventional glass ionomer (GI), and
group (C): received 10% titanium dioxide nanoparticles (TiO,NPs) incorporated
in conventional glass Ionomer (GI). Each group was further subdivided into two
subgroups of (10 each), according to the topical application of nano hydroxyapatite
solution either the surface was treated with 10% nano hydroxyapatite solution (I), or
the surface was not treated (II). EDAX measurements were done for all specimens
before demineralization, after demineralization, and after remineralization.
Results: all materials caused significance remineralization of dentin. When comparing
the materials effect on remineralization, (NHA) and (NGI) had much higher phosphors
and calcium % change than (TiO, NPs) when used without (NHA) coat. In comparing
use of coat of NHA solution, results showed no significant effects in remineralization,
except with TiO, NPs. Conclusion: Modification of conventional GI restorations using
nanoparticles is beneficial to dentin remineralization. NHA topical coat has limited
beneficial effect when used in conjunction with NHA and NGI restoration. TiO, NPs

although produces remineralization, is of lesser value than NHA.
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INTRODUCTION

Root caries is a common problem among the
elderly. It occurs on the root of the tooth. Root
caries most often occurs supragingivally, at or close
to the cemento-enamel junction (within 2mm). The
location of root caries has been positively associated
with age and gingival recession. Root caries occurs
in a location adjacent to the crest of the gingiva
where dental plaque accumulates 2.

The etiology of root caries is multifactorial, the
factors implicated in the development of root le-
sions include dietary habits, microbial plaque, and
decreased salivary flow. Root lesions are often very
difficult to restore due to their location, problems
with moisture control ®#, and proximity to the pulp
and are therefore prone to high recurrence rates. The
treatment and management considerations for root
caries vary depending upon the extent and location
of the lesion, as well as the type of materials being
used 9,

Several materials and procedures can be used to
restore decayed roots. But there is some evidence
that glass-ionomer cement may be the material of
choice for the restoration of root caries lesions 7.
Glass ionomer cements (GICs) are composed pri-
marily of a calcium fluoroaluminosilicate glass
powder and an aqueous solution of a homo- or co-
polymer acrylic acid.

The use of GICs is widespread in dental clinical
applications, as luting materials, liners and bases,
orthodontic bracket adhesives, core buildups, pit
and fissures sealants, and restorative materials ®.
GIC has unique properties including its coefficient
of thermal expansion close to the tooth structure,
biocompatibility, antimicrobial potential, adhesive
strength, anticariogenic capability ©’, and Fluoride
release is considered one of the important advantag-
es of glass-ionomer cements. Fluoride can inhibit
demineralization in early carious lesions and pro-
mote remineralization of hard dental tissues.
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Conversely, GICs have been reported to present
clinical limitations such as low wear resistance,
low fracture toughness, low mechanical properties,
prolonged setting rate, and high early moisture
sensitivity (?. These limitations might contribute
to restoration failure with bacterial proliferation
and consequent recurrent caries and/or teeth or
restoration fractures. Efforts have been made to
improve GICs’ physical and mechanical properties
without affecting their biological properties, by the
addition of a variety of filler materials including
glass fibers 'V, hydroxyapetite (HA) ?, bioactive
glass particles as pre reacted glass ionomer particles,
and casein phosphopeptide-amorphous calcium
phosphate 1,

However, literature is sparse in evaluation the
combined effect of nano hydroxyapatite and titanium
dioxide nanoparticles into conventional glass
ionomer, withe or without topical application of nano
hydroxyapatite solution, and due to lack definitive
action of titanium dioxide on mineralization, and
the action of nano hydroxyapatite when added to

glass ionomer.

Thus the purpose of present study was to evaluate
the remineralizing potential of conventional glass
ionomer incorporated with nano hydroxyapatite,
titanium dioxide nanoparticles, and nanofilled glass
ionomer alone or with a NHA coat.

MATERIALS AND METHODS

Teeth selection

A total of 60 freshly extracted sound human
Premolars extracted due to orthodontic treatment
from patients with average age 18 to 25 years
old were included in this study. The teeth were
examined to be free from decay or cracks. They
were cleaned by soft brush to remove any debris.
The teeth were stored at 4°C in thymol solution until
used. Each sample was embedded in round hollow
plastic mould containing chemically cured acrylic
resin exposing buccal or lingual surface. Then the
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mold was removed and the resin/ tooth surface was
polished using silicon carbide paper until smooth
surface have obtained.

Cavity preparation

A total of 60 standardized rounded class V
cavities were prepared in the middle of cervical one
third of the labial and the lingual surfaces of root. A
round carbide bur size # 023" with high speed hand
piece was used under water coolant. The depth of
the cavity was adjusted to 2 mm by inserting the
entire head of the bur !4,

Sample grouping

The sixty teeth were divided into three main
groups according to the experimental restored
material (20 specimens each). Group (A): received
nano filled glass lonomer, group (B): received 10%
nano hydroxyapatite incorporated into conventional
glass ionomer, and group (C): received 10% titanium
dioxide nanoparticles incorporated in conventional
glass ionomer. Each group was further subdivided
into two subgroups of (10 each), according to the
topical application of nano hydroxyapatite solution,
either the surface was treated with 10% nano
hydroxyapatite solution (I), or the surface was not
treated (II).

Preparation of nano particles

Nano Hydroxyapatite powder: Hydroxyapatite
nanoparticles have been prepared in nanotech Egypt
by wet chemical method as reported by several
authors >®_ Hydroxyapatite nanoparticles are
formed through the wet chemical reaction of calcium
nitrate, with ammonium hydroxide (NH4)2HPO4)
the grain size was controlled by changing the time
and the temperature of HA precipitation, with pH
values between 10 and 12 and the reaction was
performed at room temperature (/¢17,

Titanium Dioxide Nanoparticles: Titanium
Dioxide nanoparticles have been prepared by wet
chemical method, they were successfully synthesized
via sol-gel method using Nano crystalline Titanium
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powders and were synthesized at room temperature
(22 C) by a sol-gel method and using TiCl4 as a
precursor with ethanol solution "*2”. After mixing
for a specific duration, the gel solution was formed
followed by aging. Then the sol-gel dried and
cleaned at a room temperature “'%2.

Nano Hydroxyapatite Solution: Supplied as
10% Nano Hydroxyapatite prepared in NanoTech
Company, by dispersed the NHA powder in distilled
water.

Demineralization of specimens: Each sample
was exposed to 37% phosphoric acid gel for 2
minutes *.

Restoration of specimens: Group (A): (n=20)
received Nano filled Glass lonomer, group (B):
(n=20) received 10% Nano hydroxyapatite
incorporated into Conventional Glass lonomer, and
group (C): (n=20) received 10% Titanium dioxide
Nanoparticles incorporated in Conventional Glass
Ionomer. Each group was further subdivided
into two subgroups of (10 each), according to the
topical application of Nano Hydroxyapatite solution
(n=10); either the surface was treated with 10%
Nano hydroxyapatite solution (I), or the surface was
not treated (II).

Restoration of specimens:

With Nano glass ionomer

Nano glass ionomer material (3M ESPE Ketac
Nano) was applied as follows: the primer was
applied before restoration for 15 seconds, it was
dried using air syringe for 10 seconds, light cur the
primed surface for 10 seconds. The capsule of Nano
glass ionomer was triturated by shake it to loosen the
powder, then inserted in to the activator click once
to activate it, it was removed from the activator then
inserted into mixer for 10 seconds, after that it was
inserted into applier to dispensed the restoration
immediately into the cavity, condensed the material
by the tip of capsule or plastic instrument, then
exposed the entire area to dental light curing unit
for 15 seconds.
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With glass ionomer incorporated with Nano
hydroxyapatite

Conventional glass ionomer (3M ESPE
Ketac™ Molar Easymix) incorporated with NHA
was prepared by mixed with glass ionomer liquid
in proportion of one full spoon of powder to one
drop of liquid were mixed on pad, and applied in
the cavity till over filled. The excess of cement was
removed by sharp instrument.

With glass ionomer incorporated with titanium
dioxide nanoparticles

Conventional glass ionomer with TiO, NPs was
prepared as CGI with NHA.

Application of Nano hydroxyapatite coat

The Specimens in subgroups (Al, BI, CI) were
exposed to one layer of NHA coat around the
restoration by small brush and allowed to dry for
60 seconds.

Remineralization evaluation:

Specimens were placed in distill water for
24hrs till specimens were evaluated for minerals
change. Results were compared to base line, after
demineralization and after remineralization ¥,

Energy
analysis

Dispersive Analytic X-ray (EDAX)

All samples were analyzed to determine the
calcium and phosphorous mineral contents and the
changes in the levels of these elements in dentine
at base line, before and further treatments. Three
points 100xm from cavity margin were selected
for analysis, an average of the three points was
calculated ®.

The samples were placed under vacuum and
excited to higher energy state with an electron
beam. As the electrons of each element falls back
down to it is original energy state it emits X-ray
energy at different specified wavelength. Each
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element identified by knows wavelength on the
X-axis represented by a peak and the intensity of
that peak on the Y-axis determine the amount of
elements. These minerals were expressed as a
weight percentage.

The EDAX was performed using Jole model JSM
6510 LV installed on scanning electron microscope
(SEM). The measurements were taken at baseline,
after demineralization and remineralization in a
point at 1000X magnification directly on ESEM
microscope monitor within the different beams.
The specimens were analyzed in the Environmental
Scanning Electron operated with backscattered
electron mode at 1000X magnification. The mean
of the all regions was calculated.

Statistical analysis

The data was obtained, recorded, tabulated and
statistically analyzed by computer using statistical
program SPSS ver.17.0* (Statistical Package for
Scientific Studies). Numerical data were presented
as mean and standard deviation values. Mean
and standard deviation values were estimated of
quantitative data. Data analysis was performed
using one way ANOVA, pair-wise Tukey’s post-hoc
and Student t-tests.

RESULTS

Effect of tested materials on remineralization in
each group assessed by EDAX

Effect on Phosphorus content: Table (1)
showed the mean, standard deviation (SD) and
probability (P) value of phosphorus (P) weight%
values respectively at baseline, demineralization
and remineralization of all experimental groups.
There was statistically significant decrease in
phosphorus content after demineralization, followed
by statistically significant increase in phosphorus
after remineralization in coated and no coated of all
groups.



Remineralizing Effect of Nanofilled Glass Ionomer Combined with Titanium Dioxide Nanoparticle

(183)

Table (1): Descriptive statistics of P Weight% values in all groups.

Experimental group Baseline Demineralization Remineralization P value
Mean SD Mean SD Mean SD

NGI No coat 7.90 1.00 2.13 0.46 8.07 0.07 0.0000*
Coat 891 3.12 3.16 1.35 9.04 0.67 0.0007*
No Coat 7.26 1.48 3.20 0.76 13.45 1.01 0.0000*

NHA
Coat 9.35 2.20 3.94 0.84 17.09 1.46 0.0000*
No Coat 8.12 0.89 401 0.61 7.81 1.46 0.0000*

TiO2 NP

Coat 7.76 1.03 2.96 0.58 10.69 3.70 0.0005*

Effect on Calcium content: Table (2) and figures
(1,2,3) showed the mean, standard deviation (SD)
and probability (P) value of calcium (Ca) weight%
values respectively at baseline, demineralization
and remineralization of all experimental groups.

There was statistically significant decrease in
calcium content after demineralization, followed by
statistically significant increase in calcium content
after remineralization in coated and no coated of all

group.

Table (2): Descriptive statistics of Ca Weight% values in all groups.

Experimental group Baseline Demineralization Remineralization P value
Mean SD Mean SD Mean SD

NGI No coat 11.8 0.6 3.19 0.76 9.37 0.33 0.0000*
Coat 11.70 4.07 4.85 1.79 10.44 0.73 0.0031*
No Coat 12.15 1.33 5.59 0.71 19.39 1.02 0.0000*

NHA
Coat 14.41 243 592 0.81 21.20 1.60 0.0000*
No Coat 11.82 0.79 5.55 1.33 12.56 2.37 0.0000*

TiO2 NP

Coat 11.62 0.38 471 0.30 16.75 6.76 0.0014*

Nano Glass lonomer

Not Coated

| pBaseline pDemineralization ORemineralization I

Nano Glass lonomer + Nano HA

Not Coated
DODemineralization

Coated
DRemineralization I

Figure (1) A bar chart showing mean values of calcium mineral
weight in both coated and uncoated subgroups at
different stages in group (A) NGI.

Figure (2) A bar chart showing mean values of calcium mineral
weight in both coated and uncoated subgroups at
different stages in group (B) GI with NHA.
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Nano Glass lonomer + Nano Ti
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Figure (3) A bar chart showing mean values of calcium mineral
weight in both coated and uncoated subgroups at
different stages in group (C) GI with TiO2 NPs.

Comparison between experimental groups:

Effect of restorative material on mineral content
as assessed by EDAX

Comparison of percent Change of calcium in
all groups: Table (3) showed no statistically sig-
nificant difference in calcium% change between the
three materials in both coated and no coated groups.
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Table (3): Comparing mean percentage change%

of Calcium (Ca) between restorative materials in

both coated and uncoated groups.

. No coat Coat
Experimental
material Mean SD Mean SD
NGI 204.98 | 60.71 | 137.21 | 77.54
NHA 252.11 | 54.57 | 263.70 | 56.36
TiO, NP 140.16 | 91.69 | 256.04 | 141.00
P values 0.080 NS 0.116 NS

Effect of coat on percentage change of mineral
gain (phosphorus and calcium):

Table (4) showed no statistically significant
difference in Phosphorus and calcium percentage
change in coated and non-coated subgroups,
except in TiO, NPS showed significant increase in
percentage change of phosphorus.

Table (4): Comparing percent change % of calcium and phosphorus mineral gain after remineralization in

both coated and no coated of all groups.

Experimental No coat Coat P value
xper:me a Minerals
group Mean Mean SD
P 288.98 63.80 227.06 120.38 0.170
NGI
Ca 204.98 60.71 137.21 77.54 0.081
P 337.24 96.17 348.84 95.32 0.426
NHA
Ca 348.84 95.32 263.70 56.36 0.062
P 95.02 27.79 254.39 63.55 0.0004*
TiO, NP,
Ca 140.16 91.69 156.04 141.00 0.081
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DISCUSSION

In this study, when evaluating remineralizing ef-
fect of the tested restorative materials, results showed
that all materials caused significant remineralization
of dentine. The potential of remineralization of cari-
ous lesions in dentin in vitro by glass-ionomer ce-
ments (GIC) has been long established, and related
to the release of fluoride ions from the restorative
material. Diffusion of additional ions from GIC, like
calcium, and phosphate has an additional effect on
remineralized dentin in vivo in permanent teeth 9.
Those results are in agreement with others studies
@72 " which showed significant remineralization ef-
fect of Nano glass ionomer on dentin.

Results showed increase in mineralization when
was added NHA to glass ionomer, this was in
agreement with other study ®”, which reported that
NHA had the potential to remineralize tooth lesions.
The remineralizing effect of NHA on demineralized
enamel and dentin has also been confirmed in
several other studies ?'**?*2%_ The HA nanoparticles
penetrate into the porosities and act like a scaffold.
They uptake calcium and phosphate ions from the
remineralizing solution and lodge them into the
superficial enamel. By doing so, they fill the gaps
in between the enamel calcium crystals, yielding a
uniform crystalline enamel structure.

Hydroxyapatites have been used to improve
the properties of glass ionomers. The HA is the
main mineral compound in the structure of teeth
and bone. Its small particle size, similar to other
minerals in the tooth structure, confers increased
surface area and high solubility. The NHA, due to
high solubility, can efficiently fill the micro-pores
present in enamel and dentin defects by releasing
inorganic ions like calcium and phosphate, increase
resistance to demineralization and improve the bond
strength of restorative materials to tooth. The results
of present study is supported by numerous studies
(230 have demonstrated that addition of NHA to
GIC increased resistance to demineralization. Due
to small particle size, NHA can deposit on the
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demineralized enamel. Moreover, high solubility
of NHA results in efficient release of calcium and
phosphate ions that fill the micro-pores. Penetration
of inorganic ions and HA particles into the
demineralized tooth surface prevents the wash-off
of calcium ions released from the enamel surface;
thus, resistance to demineralization increases.

The titanium dioxide nanoparticles showed
effectiveness in remineralization. Those results
were supported by another study ©V found the
dental adhesives containing TiO,Ns were shown to
be bioactive in terms of spontaneous hydroxyapatite
formation than pure adhesive. This was attributed
to the surface chemistry and charge of titanium
dioxide nanoparticles, which can modify the surface
and producing a negative surface charge, inducing
growth of new hydroxyapatite by attraction of Ca
ions to the surface to produce a positively charged
surface, which in turn leads to attraction of P ions to
it, thus forming hydroxyapatite.

The TiO, NPs when comparing mineral content
with NHA and GI, Titanium dioxide Nano particles
incorporated into conventional glass ionomer
showed significantly lower phosphorus% change
than both Nano glass ionomer group and Nano
hydroxyapatite
glass ionomer. Those results are in line with previous
study ©?, which found the TiO NPs was attributed

to that; either titanium dioxide nanoparticles cannot

incorporated with conventional

provide a uniform surface for the hydroxyapatite
growth, or the surrounding the nanoparticles affects
the environment for hydroxyapatite growth. This
difference could be related to the technique of
synthesis of titanium dioxide, which may affect the
bioactivity.

In comparing use of coat of nano hydroxyapa-
tite particles, it results that generally, Phosphorus
and calcium percentage change in coated and non-
coated subgroups showed non-statistically signifi-
cant difference, except in TiO2 group were the coat
caused significant increase in percentage change of
phosphorus.
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Results concerned effect of coat with TiO, NPs
there was an increase the mineral content especially
P. This may be due to the fact that TiO, NPs was
not on par with the other materials in remineraliza-
tion, and the added coat may have provided a better
scaffold for HA crystals formation. And also, may
be due to that the restorative material provided suf-
ficient remineralization saturating the surface with
minerals. This is agreement with pervious study
@3 which evaluated a variety of dental restorative
materials is able to promote tooth remineralization
and/or inhibit tooth demineralization.

CONCLUSION

It was concluded the modification of conven-
tional glass ionomer restorations using nano par-
ticles is beneficial to dentin remineralization, and
nanohydroxyapatite topical coat has limited benefi-
cial effect when used in conjunctional with nano-
hydroxyapatite and nano glass ionomer restoration.
Titanium dioxide nanoparticles although produces
remineralization, is of lesser value than NHA NPs.
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