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BIOMIMETIC REMINERALIZATION WITH NANO-HYDROXYAPATITE
TREATMENT OF ENAMEL EROSION (AN IN VITRO STUDY)
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ABSTRACT

Objective: The objective of this study was to determine the effect of nano-hydroxyapatite and different bioactive
remineralizing agent in the treatment of loss of enamel minerals. Material &Methods: Initial enamel lesions were prepared
in human enamel with an acid etching, then three remineralizing agents were applied on labial surface; nano-hydroxyapatite,
casein phospho-peptide amorphous calcium phosphate and sodium fluoride, while artificial saliva was applied on control
specimens. Surface microhardness measurements baseline were calculated, and before/after demineralization, surface
roughness was seen using a digital 3D Profilometer. Results: Nano-hydroxyapatite group showed no significant difference
mean hardness with CPP-ACP nanoparticle group while there is a significant difference between other remineralizing material.
Nanohydroxyapatite was significantly greater than other material. Conclusion: Nano-hydroxyapatite has the potential to
remineralize initial enamel lesions. Nano-hydroxyapatite and CPP-ACP are bioactive remineralizing agent that improve loss of

enamel minerals. Nano-hydroxyapatite may be optimal for remineralization of early enamel caries.
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INTRODUCTION

Dental caries is the most common oral
disease . Enamel erosion is the decomposition
of inorganic particles and demineralization®.
Enamel is both acellular and avascular and
cannot heal itself by a cellular repair mechanism.
The formation of incipient enamel caries is a
reversible process where periods of progression
alternates with periods of remineralization®.
Remineralization become the predominant
process, leading to apparent repair of the lesion®.

Fluoride was the most useful effective remin-
eralizing agents in caries prevention®. Hydroxy-
apatite (HA) is one of the most biocompatible
and bioactive materials and is widely applied
nanosized particles®®. Nano-hydroxyapatite has

a similar morphology to crystal apatite of enamel
and added to toothpastes, mouthwashes”. There-
fore, the efficacy of prevention of enamel erosion
depends on the actual precipitation of hydroxy-
apatite structure like enamel required for the rem-
ineralization process ®.

Casein phospho-peptide amorphous calcium
phosphate (CPP-ACP); ACP complexed with
milk protein have a multifactorial anticariogenic
effect and remineralization potential and are
available as a topical nano-complex cream ©. It
promotes remineralization of the carious lesions
by maintaining a supersaturated state of minerals;
in addition to maintaining a high concentration of
calcium and phosphate ions . The aim of this
study was to evaluate the remineralization effect
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of nano-hydroxyapatite in comparison to other
remineralizing agents to improve enamel and stop
the progression of carious disease.

SUBJECTS AND METHODS

Sixty sound non carious human anterior teeth
extracted for pathologic reasons were collected
from outpatient Surgery Clinic, Faculty of Dental
Medicine, Al Azhar University. Teeth that were
free of cracks and any developmental defects were
washed and scaled to remove calculus and remnants
of periodontal tissue and polished with fine pumice
and soft rubber cups rotating at low speed under
water coolant. Teeth were stored in distilled water
at room temperature until use.

The labial surface of each sound tooth was
then coated with acid resistant nail varnish
leaving a window of 1 mm x 1 mm wide V. Acid
etching with 35% phosphoric acid (3M ESPE)
for 1 minute was applied to create erosive enamel
lesion of approximately 100-120 ym deep among
the selected teeth. After that teeth were subjected
to sectioning longitudinally using microtome
(Isomet 4000, Buehler, Lake Bluff, IL, USA).
Teeth were randomly divided into four equal
groups, with 15 in each group as follows: Group
A, nanohydroxyapatite (Nanostreams NS0012):
Group B, GC MI paste plus (CPP ACP) (GC
International, Itabashi- Ku, Tokyo, Japan.); Group
C, Sodium Fluoride (Sultan Healthcare, USA);
Group D, positive control artificial saliva (prepared
at Department of Chemistry, Faculty of Science, Al-
Azhar University).

Surface treatments: The application of
remineralizing agent on labial surfaces of specimens
by disposable brush and scrubbing the surface
with brushing motion for 20 seconds three times
for group (A, B&C). While group (D) specimens
were immersed in artificial saliva for 3 minutes. All
samples were stored in artificial saliva at 37°in an
incubator with 100% humidity at different storage
times (one day, one week, and one month) and the
artificial saliva changed daily.
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Microhardness assessment: Surface micro-
hardness of the specimens was determined (base-
line, demineralized and after remineralization) us-
ing Digital Display Vickers Micro-hardness Tester
(model HVS-50, Laizhou Huayin testing instrument
Co. Ltd., China) with a Vickers diamond indenter
and a 20X objective lens. A load of 200g was ap-
plied to the surface of the specimens for 20 seconds.
Three indentations, which were equally placed over
a circle and not closer than 0.5 mm to the adjacent
indentations, were made on the surface of each
specimen. Micro-hardness was obtained using the
following equation HV=1.854 P/d 2 where, HV is
Vickers hardness in Kgf/mm?2, P is the load in Kgf
and d is the length of the diagonals in mm.

Surface roughness assessment: Enamel surface
roughness of each specimen was determined using
non-contact profilometer. The optical methods tend
to fulfill the need for quantitative characterization
of surface topography without contact. Specimens
were photographed using USB Digital microscope
with a built-in camera connected with an IBM
compatible personal computer using a fixed
magnification of 90X. The images were recorded
with a resolution of 1280 x 1024 pixels per
image. Digital microscope images were cropped
to 350 x 400 pixels using Microsoft office picture
manager to specify/standardize area of roughness
measurement. The cropped images were analyzed
using WSxM software. Within the WSxM software,
all limits, sizes, frames and measured parameters are
expressed in pixels. Therefore, system calibration
was done to convert the pixels into absolute real-
world units. Calibration was made by comparing
an object of known size (a ruler in this study) with
scale generated by the software. Subsequently, a
3D image of the surface profile of the specimens
was created. 3D images were collected for each
specimen, both in the central area and in the sides
at area of 10 ym x 10 ym. WSxXxM software was
used to calculate average roughness expressed in
um which can be assumed as a reliable indices of
surface roughness.
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The data were collected, tabulated and statisti-
cally analyzed by Kolmogorov-Smirnov and Sha-
piro-Wilk tests and showed parametric (normal)
distribution. ANOVA test was used followed by
Tukey’s post-hoc were used to compare between
different variables. The significance level was set at
P < 0.05. Statistical analysis was performed with
IBM® SPSS® Statistics Version 20 for Windows.

RESULTS

The result table (1) of nano-hydroxyapatite
group; baseline showed the highest significant
mean Hardness followed by remineralized and

TABLE (1) Effect of microhardness on nanoparticles
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demineralized with no significant difference
between each other. While in CPP-ACP nanoparticle
group; baseline showed the highest mean Hardness
followed by remineralized and demineralized with
no significant difference between each other.

However, (figure 1) sodium fluoride nanoparticle
group; baseline showed the highest significant
mean Hardness followed by remineralized and
demineralized with no significant difference
between each other. Similarly, artificial saliva
group; baseline showed the highest mean hardness
followed by demineralized and remineralized with

no significant difference between each other.

Microhardness Mean+ SD
Type of Nanoparticles Baseline Demineralized Remineralized P-value
NanoHydroxyapatite (n HA) 312.00°+ 8.98 275.00° + 13.49 286.68" + 11.29 0.004*
(CPP-ACP) 293.67 +29.16 23500 £2291 271.07 £45.09 0.180 ns
Sodium fluoride NaF 292.67*+25.11 231.00° +20.30 25233+ 17.79 0.003*
Artificial saliva AS 295.67 +£21.39 243.67 +37.85 218.00 +35.76 0.065 ns

CPP-ACP; Casein phospho-peptide amorphous calcium phosphate
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FIG (1) Bar chart showing comparison of different types of
nanoparticles groups on enamel microhardness.

The effect of storage for one day, one week, and
one month on nano-hydroxyapatite group as seen
in (table 2), showing baseline enamel microhardness
mean values with a statistical insignificant difference
between sodium fluoride nanoparticles and artificial
saliva. While CPP-ACP showing no statistical
insignificant difference. However, sodium fluoride
and artificial saliva microhardness mean values

revealed a statistical insignificant difference.
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TABLE (2) Comparison of different storage time of nanoparticles groups on enamel microhardness.

Microhardness Mean+SD
Type of Nanoparticles p-value
Baseline Demineralized Remineralized
1 day 293.67+£29.16 235.00+2291 271.07+45.09 0.651 ns
Nano Hydroxyapatite
(n HA) 1 week 281.67 £29.16 249.00 +£22.91 271.07 +£45.09 0.210 ns
1 month 267.67 +25.11 293.00 +20.30 265.33+17.79 0.008 ns
1 day 310.67+12.10 247.33+15.04 272.00+12.49 0.935ns
(CPP-ACP) 1 week 266.67 +29.16 288.00 +22.91 271.07 +45.09 0.160 ns
1 month 291.67 £25.11 261.00 = 20.30 27433 +17.79 0.006 ns
1 day 283.67+£34.21 232.33+46.80 269.67+29.50 0.202 ns
Sodium flouride NaF 1 week 293.67 +£29.16 235.00 +£22.91 271.07 +£45.09 0.080 ns
1 month 292.67 +25.11 231.00 +20.30 25242 +17.79 0.03 ns
1 day 295.67+21.39 243.67+37.85 218.98+35.76 0.023 ns
Artificial saliva AS | ooy 286.67 +29.16 290.00 +22.91 244.67 +45.09 0.180 ns
1 month 254.67 +25.11 249.00 = 20.30 273.56 = 17.79 0.008ns

CPP-ACP; Casein phospho-peptide amorphous calcium phosphate

Profilometer photo scanning results figure(2,3):

The surface topography of remineralization with nano hydroxyapatite is resembling the surface topogra-

phy of sound enamel. Also, the remineralization with Casein phosphopeptide-Amourphous Calcium Phos-
phate revealed a surface topography effect of remineralization.
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FIG (2) Optical scan of the sample after nano hydroxyappetite

application.

FIG (3) Optical scan of the sample After Casein phosphopep-

tide Amourphous Calcium Phosphate application.
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DISCUSSION

In the current study, nano-hydroxyapatite was
directly selected as a biomimetic remineralizing
agent as its deposition of calcium / phosphate min-
erals in enamel resembling the hydroxyapatite, how-
ever, the crystalline deposition of minerals mimic
the natural one and due to filling the micropores
on demineralized enamel®. Nano-hydroxyapatite
particles were regularly deposited on the demin-
eralized enamel surface. Non-cavitated lesions
as well as carious extending up to dentino-enamel
junction can be arrested if the cariogenic challenges
of the micro-environment are sufficiently controlled
or/and if therapeutic agents are applied for tissue
healing. Sodium fluoride, CPP-ACP nanocomplex-
es and Nano-hydroxyapatite particles demonstrated
remineralizing capacity 12.

These results confirmed the ability of nano-
hydroxyapatite to aid in remineralizing enamel.
The higher effect of n-HA has been attributed to
elevation of calcium concentrations causing the
remineralization of early caries lesions !¥. Large
amounts of calcium and phosphate ions in CPP-ACP
nanocomplexes promote the enamel like crystal .

Optical Profilometer determine the thickness of
enamel structure and progression of remineralization
indirectly by special software or by scanning the
tomography, also, measure the hardness .

Nano-HA precipitation and deposition of Ca”
and PO, accelerate the remineralization effect
due to surface morphological structure Wu et al
19 also, demonstrated that surface hardness of
the demineralized enamel increased with nano-
HA. It was clear that remineralization continued
over an extended period. However, the rate of
remineralization in all treatments of mineral
deposition in erosive lesions also supported the

data of the current study.

Furthermore, the higher microhardness value
of nHA group can be explained by the presence of
Ca/PO, that induce precipitation of apatite by the
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formation of sub-surface high mineral content 17
Another explanation might be attributed to porous,
partially demineralized and wide surface area '®.

The results are in agreement with Surmeneva et
al 1 they found that nano-HA promote preferential
remineralization of the outer layer of enamel caries
lesion and full remineralization does not occur.
This indicates that nano-hydroxyapatite reveal a
completely cure in remineralization of early enamel
lesions 7.

Calcium and phosphate are essential compo-
nents in the presence of CPP, these minerals remain
soluble that precipitate and maintain high concen-
trations of ca/p ions on enamel surfaces, thus pro-
moting remineralization @Y. CPP-ACP remineral-
izing potential that stabilize nanoclusters of amor-
phous calcium phosphate (ACP) with increase in
minerals ratio. This is consistent with a previous in
situ remineralization study which showed that the
CPP-ACP containing gums were able to remineral-
ize enamel subsurface lesions 2.

ACP buffers the free Ca/P ion to maintain a
state of super-saturation on enamel surface, so
promoting remineralization . Moreover, it has
been suggested that the mechanism of this action is
related to the phospho-peptide casein and calcium
phosphate components *.

On the other hand, when sodium fluoride reacts
produce fluorapatite and sodium hydroxide, the flu-
orapatites is more acid resistant than hydroxyapatite
and sodium hydroxide increased the pH of the treat-
ment media ®¥. Despite, release of fluoride over a
prolonged period, remineralization enhanced in the
NaF groups. Moreover, the remineralizing agents
have pointed to the resistance to erosion of tooth
surfaces similarly by artificial saliva ®>. Deminer-
alization caused by acidic beverages may have the
tendency to decrease with the exposure to saliva in-
cluding a remineralizing solution in the mouth.
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CONCLUSIONS

Within the limitations of this in vitro study, the
following conclusions can be drawn:

1. Nano-hydroxyapatite has the potential to
remineralize initial enamel lesions.

2. Nano-hydroxyapatite and CPP-ACP are
bioactive remineralizing agent that improve loss
of enamel minerals.

3. Nano-hydroxyapatite may be optimal for bio-
mimetic remineralization of enamel erosion.
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