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Abstract

BACKGROUND: Coral calcium is a new biomimetic product and dietary supplement which consists mainly of 
alkaline calcium carbonate. 

AIM: The aim of the current study is to compare the remineralization effect of coral calcium in different formulations 
and application methods.

METHODS: A total of 35 extracted molars was collected, examined, and sectioned to obtain 70 sound enamel 
discs, all specimens were examined for calcium mineral content using energy dispersive analysis of X-rays (EDAX) 
coupled with scanning electron microscope. Hydroxyapatite (HA) nanoparticles were synthesized through wet 
chemical precipitation approach and characterized by transmission electron microscopy (TEM) and Fourier transform 
infrared (FT-IR) analysis. Teeth specimens were subjected to demineralization, and mineral content was measured, 
specimens were divided into ten groups according to the remineralizing agent used, where Groups 1–3 used 10, 
20, and 30 weight % (wt.%) coral calcium gel, respectively, Groups 4–6 used 10, 20, and 30 wt.% coral calcium and 
nanohydroxyapatite mix gel, and Groups 7–9 used 10, 20, and 30 wt.% coral calcium with argon laser activation and 
Group 10 (control group) without a remineralizing agent. All groups were re-examined by EDAX after remineralization.

RESULTS: The TEM and FT-IR analysis confirmed the formation of rod shape HA in nanoparticles size range. 
All groups showed a statistically significant decrease in calcium level after demineralization, all groups showed a 
statistically significant increase in calcium content after remineralization except for the control group. Moreover, 
Groups 2 and 8 showed the highest increase in calcium level after remineralization.

CONCLUSION: Coral calcium showed a significant remineralizing effect on carious enamel (demineralization) with 
an optimum concentration of 20 wt.%.
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Introduction

Dental caries is one of the most widespread 
diseases which lead to the destruction of tooth structure 
by acid production by oral cariogenic pathogens due 
to carbohydrate fermentation [1], [2], [3]. The natural 
remineralization procedure of enamel depends on 
the salivary calcium and phosphate ions in addition 
to fluoride [4], [5]. The strategy of dental caries in 
demineralization is performed through secretion of 
acid by bacteria in dental plaque biofilms [6]. Dental 
caries is a cyclic disease composed of alternating 
cycles of de- and re-mineralization. The process of 
de- and re-mineralization is controlled by the degree of 
acid attack versus the saturation of saliva with apatite 
minerals [7]. Providing the proper change in conditions, 
re-mineralization will dominate, resulting in lesion 
repair. To stimulate lesion re-mineralization, elevated 
calcium and phosphate concentration in contact to the 
de-mineralized lesion will enhance the process [8].

Dental enamel is composed of approximately 
96 weight% of minerals, similar to hydroxyapatite (HA) 
Ca10(Po4)6(OH)2. The structural nature of apatite crystal 
means that they allow many substitutions in its crystal lattice 
without changing identity. In apatite crystals, the substitution 
of calcium ions may occur by ions such as sodium, zinc, and 
strontium, while phosphate in the lattice can be substituted 
by carbonate. The process of interaction between enamel 
and oral fluids is ruled by the dissolution behavior of the 
apatite mineral, of which enamel is composed [9], [10].

HA nanoparticles are recently considered as 
an enamel substitute due to chemical similarity. Many 
dental studies recommend to remineralize enamel using 
HA or amorphous calcium phosphate (ACP) [11], [12]. 
Calcium-based compounds could be efficiently used 
for healing of biological dental tissues [13], [14], [15], 
[16]. Despite the complicated hierarchical structure of 
enamel, it is now clear that the main structure of enamel 
is generally consists of 20–40 nm HA nanoparticles. 
HA particles in nanosize could serve as an analog 
compound that mimics the normal biological apatite 
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[17], [18], [19]. The use of the biomimetic technical 
concept suggests that the localized repair of enamel 
surfaces can be achieved through using the analog 
compound of the basic structure of enamel [19], [20].

The HA nanoparticles can precipitate onto the 
enamel surface strongly and can even prevent further 
demineralization [20]. It has also been shown that 
nanohydroxyapatite 10–20 nm diameter and 60–80 nm 
length can enhance the penetration of crystals into the 
inter-prismatic protein, resulting in re-mineralization of 
the superficial layer of the carious lesion and reversing 
the progression of initial carious lesions [21].

Availability of calcium comes in many forms 
calcium carbonate, calcium citrate, calcium phosphate, 
and coral calcium is a form of calcium carbonate. Coral 
calcium is calcium sourced from fossilized coral calcium 
sources and is the most common form of calcium on the 
planet. A study showed the ability of coral calcium to 
enhance calcium deposition in bone and helping to heal 
bone fractures. It has also launched in the market as a 
dietary supplement to prevent osteoporosis. The effect 
of coral calcium topical application on enamel and its 
remineralizing capability on teeth is not yet adequately 
studied. Therefore, the aim of the current study is to 
compare the remineralization effect of coral calcium in 
different formulations and application methods.

Materials and Methods

Both HA nanoparticles, coral calcium, and 
mixtures of them in different concentrations were used 
as a remineralizing agent. The coral calcium was 
delivered from (Coral Calcium Plus, Bone Health, Now 
Foods, USA).

Preparation and characterization of HA 
nanoparticles

HA nanoparticles were prepared through the 
wet chemical process [15], [22]. The precursors use 
calcium nitrate [Ca(NO3)2] and ammonium phosphate 
[(NH4)3PO4], NH4OH was used as a precipitating agent. 
First, an aqueous solution of Ca(NO3)2 (0.042 M) was 
freshly prepared and put in a 500 ml three-neck flask. 
Another two separate solutions in two different flasks of 
(NH4)3PO4 (0.025 M) and NH4OH were also prepared. 
The last two solutions were added dropwise through to 
the Ca(NO3)2 solution while the pH was monitored at 10. 
Through the addition process, a white precipitate was 
formed that taken as an indication for the formation of 
HA nanoparticles. Finally, all the HA powders obtained 
were sintered at 300°C. The HA with Ca/P ratio equal 
1.67 was prepared according to the following equation: 
10Ca(NO3)2. 4H2O+6(NH4)2HPO4+ 8NH4OH= Ca10(PO4) 
6(OH)2+20NH4NO3. 46H2O

Characterization of the prepared HA 
nanoparticles was done through transmission electron 
microscopy (TEM) instrument (Model JOEL JEM-2010) 
operating by accelerating voltage of 200 kV equipped 
using Gatan Digital Camera (Model Erlangshen 
ES500). The Fourier transform infrared (FT-IR) analysis 
was carried out using a spectrometer (JASCO) in the 
scanning range from 4000 to 400 cm−1 for analysis of the 
structural composition of the prepared HA nanoparticles 
as well as the coral calcium, the mixture of them.

Preparation of the remineralizing agent

A total of 70 sound enamel disc specimens 
was obtained from the collection of 35 extracted human 
molars, tooth examined under stereomicroscope 
(Olympus SZH10 - Olympus Optical do Brasil, Ltda., 
São Paulo, SP, Brazil), and any tooth having cracks or 
flaws was discarded, then it was cleaned and polished 
by means of a manual dental scaler, polishing paste, 
and rotating brush. Roots were removed by a diamond 
stone and pulp tissues were eliminated. Teeth were cut 
by a microtome (ISOMET™ 1000, Buehler) to obtain 
70 sound enamel disc specimens. Discs were coated 
with acid-resistant colored varnish except for a 1mm 
diameter area and stored in distilled water.

Remineralization analysis

Initial mineral content examination for calcium 
mineral content was measured before any treatment 
via scanning electron microscope coupled with energy 
dispersive analysis of X-rays (EDAX). The procedure 
of demineralization (artificial caries) was induced by 
individual immersion of the specimens in 10 ml of a 
demineralizing solution of pH 4.3 at 37°C for 14 days 
where the solution was changed every other day. The 
solution contained: 0.1 mol/l lactic acid buffer, 0.2% 
polyacrylic acid (Carbopol® 980 - DEG Importadora 
de Produtos Químicos Ltda., São Paulo, SP, Brazil), 
and 0.03 ppm F (Gen-phos HA - Hospitália Cirúrgica 
Catarinense Ltda., Florianópolis Santa Catarina, Brazil) 
at pH 5.0. To avoid fungal growth in the demineralizing 
solution, 0.18% methylparaben was added to it. 
Calcium mineral content was measured after induction 
of demineralization (artificial caries) using EDAX.

Remineralizing gel was prepared by the addition 
of different formulation of coral calcium (cc) to cellulose 
gel purchased from Sigma Aldrich. The specimen was 
divided equally into ten groups, where Groups 1–3 
used 10, 20, and 30 weight % (wt.%) coral calcium gel, 
respectively; Groups 4–6 used 10, 20, and 30 wt.% coral 
calcium and nanohydroxyapatite mix gel; Groups 7–9 
used 10, 20, and 30 wt.% coral calcium with argon laser 
activation (5 s); and Group 10 (control group) without 
using a remineralizing agent. The final examination of 
the calcium mineral content was re-measured after the 
remineralization. The calcium levels were calculated, 
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mean values were obtained, and percentage of change 
was calculated to detect the remineralization ability of each 
gel. Data were explored for normality using Kolmogorov–
Smirnov and Shapiro–Wilk tests and showed parametric 
(normal) distribution. One-way ANOVA followed by Tukey 
post hoc test was used to compare between more than 
two groups in non-related samples.

Results

The TEM image of the prepared HA nanoparticles 
was represented in Figure 1. It was observed that HA 
particles were created as rod shape flakes with an 
average size (80–100 nm length) and (15–20 nm width).

Figure 2: Fourier-transform infrared spectra of the synthesized 
hydroxyapatite nanoparticles, coral calcium, and the mixture

(Group 7), (Group 8), and (Group 9). Moreover, 
there was a statistically significant difference between 
(Group 2) and each of (Group 3), (Group 4), (Group 5), 
(Group 6), (Group 7), and (Group 9). 
Table 1: Mean and SD of the percentage of calcium 
remineralization (after application of remineralizing gel) of the 
different groups

Groups Percentage of calcium remineralization SD
Mean

Group 1 (10% cc) 38.62b 6.00
Group 2 (20% cc) 48.64c 5.95
Group 3 (30% cc) 39.06b 6.19
Group 4 (10% cc+HA mix) 39.06b 7.09
Group 5 (20% cc+HA mix) 33.04b 8.27
Group 6 (30% cc+HA mix) 37.29b 6.23
Group 7 (10% cc+argon laser) 35.38b 6.39
Group 8 (20% cc+argon laser) 47.49c 5.14
Group 9 (30% cc+argon laser) 36.20b 4.45
Group 10 (control) 7.26a 3.67
p-value <0.001*
Mean values having dissimilar letters denote statistical significance differences *significant-set at (p<0.05). 
SD: Standard deviation.

In addition, a statistically significant difference 
was found between (Group 8) and each of (Group 1), 
(Group 3), (Group 4), (Group 5), (Group 6), (Group 7), 
and (Group 9) where (p < 0.001).

Figure 3: Representative histogram of calcium levels percentage of 
change for all groups before and after application of remineralizing 
gel

Discussion

The HA nanoparticles were synthesized through 
wet chemical precipitation approach. This technique 
is characterized by being simple, using inexpensive 
raw materials, and low reaction temperature. The 
synthesized HA was characterized using TEM and FT-IR 
analysis. The TEM image observes the morphologies 
of the particles and confirms that the particles fall into 
the nano-sized range. The FT-IR spectra confirmed the 

Figure 1: Transmission electron microscopy image analysis of the 
prepared hydroxyapatite nanoparticles

The investigation of the FT-IR of the main 
functional groups in the free HA, free coral calcium, 
and the mixture between them were represented 
in Figure 2. The FT-IR charts of the HA and the Mix 
showed phosphate ions vibrational modes at 472, 566, 
and 602 cm−1. While it was noticed bands identified at 
960, 1029, and 1096 cm−1. In addition, one pronounced 
broad peak centered at 3435 and 3428 cm−1 in the charts 
of the HA and the Mix, respectively. Furthermore, both 
IR charts of the HA and the Mix possessed intensity 
bands seen at 875 and 1420 cm−1.

Mean and standard deviations values of the 
percentages of calcium remineralization (before and 
after application of remineralizing gel) for all groups 
are presented in (Table 1) and (Figure 3). The results 
showed a statistically significant difference between 
the control group (Group 10) and each of (Group 1), 
(Group 2), (Group 3), (Group 4), (Group 5), (Group 6), 
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structural composition of the prepared HA nanoparticles, 
coral calcium, and a mixture of them [22].

The phosphate ions vibrational modes at 472, 
566, and 602 cm−1 may attribute to ν2 and ν4 symmetric 
bending modes of O–P–O in phosphate ions. While the 
bands identified at 960, 1029, and 1096 cm−1 suggested 
corresponding ν1-symmetric and ν3-asymmetric 
stretching modes for the P–O in Phosphate ions, 
these results are in agreement with those obtained 
previously [22]. The appearance of these bands in the 
chart of the mix indicated the presence and loading of 
HA in the mixture. In addition, one pronounced broad 
peak centered at 3435 and 3428 cm−1 in the IR charts 
of the HA and the Mix, respectively, assigned to the 
symmetric stretching mode of the hydroxyl group (-OH). 
Furthermore, both IR charts of the HA and the mixture 
possessed intensity bands seen at 875 and 1420 cm−1 
due to components of v2 and ν3 symmetric modes of 
carbonate ions. The band appeared in the IR charts of 
coral calcium and Mix at 2390 cm−1 are attributed to the 
C–H stretching modes originated from methyl group in 
the methylcellulose and C–H coral calcium [22].

The enamel crystals start a demineralization 
process when the bacterial acids drop the pH below 
5.5 (critical pH). A white spot lesion is detected in early 
phases as a result of loss of calcium and phosphate 
from surface and subsurface. The demineralization 
of crystals can be reversed on the condition that the 
acidogenic pH of the biofilm is buffered. Normal healthy 
saliva demonstrates a major role in helping to regain 
a remineralization favorable pH at the tooth surface 
by its buffering capacity due to its slight alkalinity and 
enriched mineral content [4].

The process of remineralization requires 
removal of the dietary carbohydrate and subsequent 
elevation in the pH of the biofilm to 7.0. When the pH 
is above the critical level (alkaline), demineralization 
will be reduced, the mineral begins to regain calcium 
and phosphate from saliva, and from other topical 
sources such as mouthwashes, toothpastes and 
dietary components, diffuses into the tooth and, with 
the help of remineralizing agents, builds on the surface. 
Newly formed crystal is composed of a layer of well-
established minerals, together with deficient minerals. 
The crystal on the surface is less soluble to the attack 
of acid than the original HA crystals [23].

Coral calcium is calcium carbonate natural 
material with many other minerals which are essential 
for the human body; it increases the alkalinity of the 
enamel surface as well as enhancing remineralization 
of initial enamel lesion [24].

Therefore, in this study, coral calcium was 
tested as remineralizing agent in different concentrations 
and forms, whereby, it was used in 10%, 20%, and 30 
wt.% concentrations using argon laser to increase the 
temperature so to enhance the precipitation of calcium 
into the enamel surface and in a combined form with 

nanohydroxyapatite to promote its remineralization 
process. The specimens were evaluated using EDXA 
to determine the amount of calcium after placing them 
in demineralizing solution and after remineralization.

The process of enamel demineralization 
depends on pH, calcium, phosphate, and fluoride 
contents of teeth, these factors determine the level of 
mineral saturation. Thus, a sub-saturation condition 
can result in dissolution of HA crystals into the tooth and 
diffusion of calcium ions towards the enamel surface. 
A hyper-saturation of these ions on the enamel surface 
can lead to re-deposition of HA crystals known as 
remineralization, and consequently to the formation of 
an intact superficial layer on enamel surface [25].

The ability of the coral calcium to remineralize 
the demineralized enamel may be due to the 
precipitation of calcium ions of calcium carbonate from 
the coral calcium gel. The high calcium concentration 
changes the acidic pH into alkaline [26]. Moreover, 
the presence of silica promotes the adsorption of the 
gel to the tooth structure [27]. When the formulation 
contained only coral calcium as compared with 
combined HA nanoparticles mixed with coral calcium, 
they demonstrate less remineralization. This may be 
due to the possible mechanisms of HA nanoparticles in 
remineralization as the deposition of HA nanoparticles 
on the outer enamel surface will apparently block their 
pores thus minimize the diffusion of the minerals into 
the lesion [28]. Using argon laser was not effective 
in promoting the remineralization process. This may 
be due to their effect being limited to inhibition of 
cariogenic bacteria rather than the mechanism of 
remineralization itself [29]. The most powerful formula 
for remineralization was 20 wt.% coral calcium, this 
may be due to the concentration of 30 wt.% causing 
more early calcium precipitation without penetration 
into tooth, while the formula of concentration of 10 wt.% 
may be not sufficient for adequate remineralization.

Bioactive glasses can help in prevention of 
enamel demineralization. For example, dentifrice with 
bioactive glasses was more effective than fluoride only 
in reducing enamel demineralization [5]. Coral calcium 
in all its forms showed the ability to remineralize the 
demineralized enamel which coincides with studies 
depends on the application of other calcium phosphate-
based systems as casein phosphopeptide-ACP [4].

Conclusion

Coral calcium in all its forms showed the 
potential to remineralize initial enamel caries lesions. 
A suspension of 20 wt.% coral calcium had the optimal 
concentration for remineralizing early enamel caries. 
Within the restrictions of the current study, we can 
conclude that coral calcium of optimal concentration 
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could be beneficial in enhancing remineralization with 
regular usage.

Recommendation for future works

It is recommended to perform in vivo study 
about the remineralization effects of the coral calcium 
over a long period to get a more accurate result as it is 
a promising natural material.
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