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ABSTRACT

Introduction: Non-invasive treatment protocol of demineralized enamel lesions as a more
conservative procedure by different remineralizing agents would bring a major approach in the
clinical management of these enamel defects.

Aim: The present study was aimed to investigate in-situ remineralization of the demineralized
enamel surface, by treatment with different remineralizing agents and stored in artificial saliva with
neutral pH, at 37 °C for 21 days.

Materials and Method: We investigated the morphology, and chemical composition of the
demineralized and remineralized enamel surface, which treated with Chicken Eggshell powder
solution (CESPS), Bioactive Glass (BAG), and Casein phosphopeptide-amorphous calcium
phosphate (CPP-ACP) as remineralizing agent twice daily and stored in artificial saliva for 21 days.
The surface morphology, as well as the chemical composition of the remineralized enamel samples,
were studied by scanning electron microscopy (SEM) coupled with energy dispersive X-ray (EDX)
spectrometry.

Results: CESPS resulted in higher and significant remineralization results when comparing
with BAG alone or in combination with it as well as showed a significant effect when compared
with CPP-ACP.

Conclusion: CESPS, BAG, and CPP-ACP can use as a non-invasive treatment of early carious
enamel lesions.
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INTRODUCTION inorganic apatite structure; known as hydroxyapatite
(HA), which is calcium-phosphate mineral complex
(Ca,, [PO,] 6[OH] ,) ®. Additionally, enamel made
up of organic components like lipids and proteins,

Enamel is the outer layer of the tooth crown and
considered the hardest human tissue, even harder

than bone 2. It is essentially composed of an as well as, water ®?.
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Dental caries initiated as a result of demineral-
ization - remineralization imbalance which is a cy-
clic process and considers the utmost importance in
caries prevention and/or treatment “. The ratio be-
tween cyclic demineralization and remineralization
process is the key that determines the progression
or prevention of tooth caries . Fortunately, the ear-
ly stage of enamel demineralization is a reversible
process 9,

Demineralization process of enamel known as
dissolution and finally loss of carbonated hydroxy-
apatite minerals from tooth structure due to pH de-
cline of the oral environment ®”. Highly consump-
tion of acidic beverage as well as acids produced by
food fermentation by oral cariogenic bacteria leads
to an oral environment with a lower level of mineral
ion content in comparing to the enamel mineral and
demineralization phase initiated ©¢®.

Furthermore, the existence of the demineraliza-
tion phase for a long period may lead to excessive
mineral loss and finally enamel cavitation. The de-
mineralization process of enamel can be reversed
when oral pH rise, resulting in mineral deposition
back to the enamel 59,

Remineralization process can be defined as
the process whereby calcium (Ca) and phosphate
(HPO,) ions are supplied from an external source
to the tooth enamel to push for ion deposition
into mineral vacancies in demineralized enamel
to fruitage net crystalline mineral gain'?. It
was reported that various bioactive agents like
bioactive glass (BAG), and casein phosphopeptide—
amorphous calcium phosphate (CPP-ACP), was
successful in the treatment of demineralized enamel
via Ca and HPO, deposition !'"'9.

BAG is a bioceramic material that can release
calcium, sodium (Na), silicate, and HPO, ions,
also, it capable of forming a calcium-phosphate
“hydroxyapatite” when exposed to the oral fluid
which precipitates on the tooth surface and helps in
enamel remineralization . Recently, “NovaMin”
toothpaste was introduced in the dental market
based on this formulation .
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CPP-ACPis a complex of casein phosphopeptide
(CPP) which is “milk-derived protein” and amor-
phous calcium phosphate (ACP). Casein phospho-
peptide is the charged region of this complex that
can bind to enamel minerals and used to stabilize
the clusters of amorphous calcium phosphate which
can precipitate on the enamel surface to elevate Ca
levels in the plaque fluid to help in its remineraliza-
tion 9. This formulation was utilized in the dental
market to produce toothpaste, chewing gum, and
mouth rinses U417,

Additionally, it was found that Chicken eggshell
powder (CESP) has higher Ca content and can
remineralize the demineralized enamel, as it
contains approximately 39% (w/w) elemental Ca
with a bio-accessibility as high as from calcium
carbonate (CaCO,) "

The non-invasive treatment of demineralized
enamel by various remineralizing agents has major
importance in conservative restorative management
and researchers %2,

Therefore, this in-vitro study aimed to evaluate
the remineralization effect of various remineralizing
agents containing Ca and/or HPO, ions.

MATERIALS AND METHODS

Preparation of Chicken Eggshell Powder:

CESP was prepared via calcination process to
obtain pure, pathogenic free, and highly alkaline
powder @?, according to the World Property intel-
lectual organization protocol (W0O/2004/105912:
Method of CESP production) ®. On calcination;
the CESP which normally contains about 95%
CaCQ,, converts to basic Calcium oxide (CaO),
and this is the cause for increased alkalinity “?. Ten
chicken eggs were obtained from the local indus-
try (Cairo, Egypt). The chicken eggshell (CES) was
cleaned with running water to remove any depress
content and then was boiled in a hot water bath at
temperature 100° C for about 10 minutes to facili-
tate the removal of its inner membrane. These ES
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then was crushed for about 5 minutes using a clean
mortar and pestle to obtain small size crushed par-
ticles which heated in a muffle furnace at 1200° C
(Thermolyne 48,000) for about 20 minutes followed
by quenching and then was crushed again using a
mortar and pestle for 5 minutes to obtain a powder
with the relatively same size ¥,

Preparation of Artificial Saliva:

The artificial saliva was prepared via addition
of 0.2 mM MgCl,, 1 mM CaCl,, 4 mM Na HPO,,
16 mM KCl, 4.5 mM NH,CI and 20 mM HEPES
(4-(2-hydroxyethyl) piperazine-1-ethane-sulfonic
acid) buffer. The pH of the resulted solution was ad-
justed to 7.0 with 1 M NaOH and stored at 4 °C @¥.

Preparation of Remineralization Solutions:

Five grams of CESP and Bioactive glass (Nano
gate, Egypt) were dissolved in 100 ml of distilled
water in a graduated plastic container. These
solutions were steered in magnetic stirrer for 3
minutes and then kept in the refrigerator until use®.
For every 24 hours, freshly prepared solutions were
used and the samples washed with distilled water
before each successive immersion.

Sample Collection and Preparation:

Thirty caries-free, human premolars extracted
for orthodontics purpose were collected and used
in this study. The premolar’s teeth were cleaned
using distilled water and then decoronated at the
cementoenamel junction (CEJ). Each crown was
varnished with nail varnish at all surfaces except
the buccal surface.

Demineralization Procedure:

Twenty-five premolars samples before storage
and treatment were immersed in the demineralizing
solution for 72 hours at 37°C. The demineralization
solution composed of (2.2 mM of CaCl, (calcium
chloride), 22 mM of NaHPO, (monosodium
phosphate), and 0.05 mM of acetic acid having pH
adjusted to 4.5 using NaOH (sodium hydroxide) to
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created sub-surface demineralization on the buccal
surface of the premolar’s samples (1829,

Sample Grouping:

All demineralized teeth samples were randomly
divided into five groups (n=5) according to the
remineralizing solutions as follow:

Group I: Untreated group “control group”.

Group II: Subsurface demineralization only
“demineralized group”.

Group III:
followed by immersion in the CESP solution.

Subsurface  demineralization

Group IV: Subsurface demineralization followed
by immersion in BAG solution.

Group V: Subsurface demineralization followed
by immersion in CESP/BAG solution (1:1).

Group VI: Subsurface demineralization
followed by topical application of CPP-ACP (GC
MI paste Plus®, GC, USA).

Each group was immersed in 20 ml of artificial
saliva separately in a plastic graduated container
for 21 days in the refrigerator. The samples of
each group were daily removed from saliva and
washed with distilled water before immersion in the
remineralizing solutions or application of topical
CPP-ACP for 2 minutes twice daily. The samples
then were washed copiously again with distilled
water before re-immersion in saliva.

Surface Morphology and Remineralization Analysis

The morphology and elemental chemical
composition on the surface of the investigated
samples were examined by scanning -electron
microscopy (SEM) coupled with energy dispersive

X-ray (EDX) spectroscopy.

Energy dispersive x-ray (EDX) spectrometry
(Module Oxford 6587 INCA x-sight) attached to
scanning electron microscopy (SEM) at 20KV, at the
Regional Center of Mycology and Biotechnology
(RCMB), Cairo, Egypt, were used to analyze
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the Ca/P ratio in all samples. Enamel surface
morphology was examined by scanning electron
microscopy (SEM) (JEOL JSM-5500 LV, JEOL
Ltd, Japan) by using a low vacuum mode after gold
coating using SPI-Module sputter coater.

Statistical Analysis

All collected data were analyzed with One-way
ANOVA followed by Tukey’s test. Statistical analy-
sis was done with SPSS version 23 software (IBM
Corp., USA) with a significant level at p <0.05.

RESULTS
Morphological analysis by SEM

Imaging of the demineralized enamel

According to the image of SEM at low
magnification of 500X, the artificially demineralized
enamel surface showed a discontinuous and broken
enamel crystal (Figure 1B). It also revealed
the

a cribriform-plates that might resemble
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honeycomb-like profile of demineralized enamel at

higher magnification due to the loss of minerals.

Imaging of treated groups

Asshownin SEM images in (Figure 1) the surface
of the treated samples revealed a lot of similarities,
which exposed the effect of different treatment in
enamel remineralization. The surface of all treated
samples illustrated newly grown hydroxyapatite
layers were formed on the demineralized enamel
which of
demineralized enamel samples (Figure 1C - 1F).

surface indicates remineralization

In (Figure 1C); CESP treated surfaces, appeared
covered by a relatively uniform layer of newly
formed hydroxyapatite crystals. However, enamel
micro-cavities were filled with the newly formed
minerals, but their borders were still visible. While,
in (Figures 1D, 1E, and 1F); the enamel surface ap-
peared covered by a more uniform, fine, and smooth
layer of newly formed hydroxyapatite minerals.

n BE6E

28KV

Fig. (1) SEM images of untreated enamel (1A), demineralized enamel (1B), CESP treated enamel (1C), BAG treated enamel (1D),
CESP/BAG treated enamel (1E), and CPP-ACP treated enamel (1F).
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Elemental chemical Analysis by EDX

The results of EDX atomic analyses revealed
that; the quantitative amounts of Ca atomic %
and P atomic % was statistically greater for all
the four treated groups when compared with the
demineralized group. Although, there was no
statistical difference among all treated groups which
tested for elemental Ca% and P% atomic analysis.
However, there was a statistically significant
analysis in the Ca/P ratio among all investigated
groups (Table 1).

The demineralized group that treated with the
CESP solution showed the highest Ca/P ratio among
all treated groups followed by the group that treated
with BAG/CESP solution. While the demineralized
group that treated with CPP-ACP showed the lower
Ca/P ratio among the all treated groups.

TABLE (1) Ca/P ratio for all tested groups

Group Ca% P% Ca/P ratio
Group I (Control) 72.874A | 27.13A | 2.68%
Group II 25588 | 14.42% | 1.77®
Group III 70.394 | 29.614 | 2.37~
Group IV 65.694 | 34314 | 1.948
Group V 67.214 | 32794 | 2.04"
Group VI 66.414 | 33.594 | 1.97®

*Different letters mean statistically significant

DISCUSSION

Enamel is the outer-most layer of the tooth, it
should withstand a wide range of chemical changes
namely; acid challenges from diet and plaque as
well as physical changes that include abrasion,
attrition, and compressive forces (up to 700 N)
during chewing @,

There was complex chemistry between diet,
oral bacteria, and salivary components, which
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finally resulted in the dissolution of the carbonated
hydroxyapatite mineral of the enamel during the
process is known as demineralization . If the
demineralization process stands for a long time,
the result will be loss of enamel minerals as well
as the loss of enamel structure hence the tooth
cavitation as the result ©. The remineralization
process has been studied for a long time to control
the demineralization process and/or enhance the
remineralization of enamel thus giving potential
benefits for life-time oral health @,

Current traumatic treatments of early enamel
carious lesions should be replaced with safe effective,
and recent atraumatic remineralization treatment,
especially at very early stages of enamel lesion ¢72%).
It was found that the use of remineralizing agents
as CESS, BAG, and CPP-ACP have a remarkable
ability to enhance remineralization throughout
all layers in initial caries-like enamel lesions
invitro!*1H1%),

In this study, the selection of saliva as storage
media to accommodate the oral conditions as well
as because of the saliva is an important factor in
the demineralization-remineralization cycle. As,
when saliva becomes over-saturated with Ca and
HPO, ions, it contributes to the decrease of minerals
content on the surface of enamel, that demineralized
previously, and increases its resistance to the
demineralization process ?**.

Also, it was found that the demineralization
process resulted in subsurface lesions due to the deep
penetration of acid ions leaving the surface intact.
While, the remineralization process preferentially
occurs at the enamel surface due to increase levels
of calcium and phosphate ions, fluoride ions, and
buffering by salivary products 52,

In the present study, the concentration of both
Ca and HPO, ions in the demineralizing solution
was at approximately 50% of saturation level,
which caused only the dissolution of enamel for
about 150 microns width with an intact surface to
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simulate an early enamel carious lesion "**>. While,
the calcination process in a muffle is done to obtain
pathogenic free, pure CESP as well as to increase its
alkalinity 822,

The results of the present study showed that; the
use of CESS as a remineralizing agent was led to
the formation of a relatively uniform layer of newly
formed hydroxyapatite crystals as well as a higher
Ca/P ratio among the treated groups. This might
be due to a very high percentage of bio-available
calcium (about 95% wt./wt.) in CESP, as the
calcium plays an active and significant role in the
remineralization process of enamel (83132,

BAG was considered as a huge step forward in
enamel remineralization technology as it contains
minerals that present naturally in oral fluids 2.
Also, it reacts when it comes to direct contact with
saliva or water to release Ca, HPO,, sodium (Na),
and silicon (Si) ions hence it was able to form HAP
crystals (1053,

It was found that the concentration of Ca ions in
the remineralizing agent is a determinable factor in
the remineralization process '?. This can explain the
result of this study; where the demineralized enamel
group treated with CESS alone (Group III) showed
a higher Ca/P ratio than that treated with BAG alone
or CESS/BAG (Group IV and V). Additionally, why
the enamel that treated with CESS/BAG showed a
higher Ca/P ratio than that treated with BAG alone.
This may be due to that the concentration of Ca ions
in the BAG is about from 20% to 24.5 % 4.

Generally, during the manufacturing process of
CPP-ACP; the calcium fluoride (CaF), coexist in a
protective-like barrier. This acts as a transporting
media for tri-calcium phosphate to tooth enamel.
When it came in contact with saliva during tooth
brushing, the protective barrier will break and
eventually makes Ca, HPO,, and F ions readily
available to the enamel. This was helpful in the
termination of the demineralization process and
promotes remineralization 39,
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According to the results of this study, it was
found that; CPP-ACP with 900 ppm fluoride level,
as claimed by the manufacturer shows the lesser
remineralization effect in surface and subsurface
carious-like lesions of enamel among all treated
groups. This may be due to that, the concentration
of the diffusible calcium in form of free Ca ions
in CPP-ACP was about 5.0 to 9.0 %, while, the
reminder Ca ions were in complex with CPP ©¢7).

CONCLUSIONS

With the limitation of this in-vitro study, it was
found that; the use of CESS, BAG, and CPP-ACP
showed beneficial effect as a non-invasive treatment
of early enamel lesion. However, CESS showed a
significant improvement in the recovery of invitro
carious like enamel lesion.
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