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Introduction

Human teeth are complex structures consisting primarily of
dentin and enamel.1 Dentin is a hard, bone-like tissue that

comprises most of the tooth structure. It is located beneath
the enamel in the tooth’s crown and the root’s cementum.
Dentin is composed of approximately 70% inorganic materi-
al.2 Enamel is the tooth’s outermost layer, protecting the
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Abstract Objective This study aimed to investigate the effect of hydroxyapatite from snakehead
(Channa striata) fish bone on the surface hardness of the enamel of the primary teeth.
Materials and Methods Twenty-six primary maxillary incisors were mounted on self-
cured acrylic resin, divided into two groups, and demineralized. Remineralization was
performed using hydroxyapatite paste synthesized from C. striata fish bone by the
precipitation method. The case group was subjected to 15% hydroxyapatite paste and
subsequently submerged in artificial saliva, while the control group was only exposed to
artificial saliva. Enamelhardnesswasmeasuredby theVickershardness tester after 7daysof
treatment. The statistical analysis used in this research was an independent t-test.
Results The case group had a surface hardness of 356.192�25.218, and the control
group had a surface hardness of 269.686�22.931. Statistical tests showed a signifi-
cant difference between the case and control groups.
Conclusion Hydroxyapatite paste from snakehead (C. striata) fishbone stimulates
remineralization of primary teeth, as evidenced by an increase in the enamel surface
hardness of the teeth.
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underlying dentin and pulp. Dentin is the most resilient and
highly mineralized substance in the human body, consisting
of approximately 96% inorganic components. The remaining
4% consists of organic matter and water. Hydroxyapatite
(HAP) is a calcium phosphate compound with the chemical
formula Ca10(PO4)6(OH)2. It is the primary mineral constitu-
ent of both dentin and enamel.3 Enamel has a bright white
appearance and is extremely reflective because of the tight
packing of HAP crystals. This dense crystalline structure also
helps protect the tooth from external factors like acids and
bacteria.4

Enamel is unique among the hard tissues of the body
because it does not regenerate once it is formed. The forma-
tion of enamel, known as amelogenesis, is a highly controlled
biomineralization process that occurs before the tooth erupts
into the oral cavity.5 Modern oral care significantly empha-
sizes protecting and preserving existing enamel. One of the
most widely used strategies for enamel protection is fluo-
ride. Fluoride helps strengthen enamel and make it more
resistant to demineralization by acids produced by oral
bacteria, which can lead to tooth decay.6 In the oral care
field, particulate HAP is an active ingredient in advance.
Particulate HAP can help remineralize and repair minor
enamel lesions by promoting the deposition of minerals,
such as calcium and phosphate, onto the tooth surface.7 This
process can help restore and strengthen enamel, making it
more resistant to acid attacks.8

HAP has been effectively used as an active ingredient in
remineralizing toothpaste and topical formulations.9 HAP,
especially in nanocrystalline or microcluster forms, has
gained recognition in oral care. Synthetic HAP bears a
striking resemblance to the mineral composition of human
teeth. It is bioactive and biocompatible, displaying a robust
affinity for tooth tissues.10 HAPmay also serve as a reservoir
for calcium and phosphate ions. Nano-HAP can greatly
increase the remineralization process in acidic environ-
ments, such as those caused by oral bacteria and their
metabolic byproducts. This occurs because it facilitates the
diffusion of calcium and phosphate ions into the deminer-
alized areas of the tooth.11

Numerous eco-conscious methods have been employed
for HAP production. Presently, scientists are directing their
efforts toward harnessing natural resources such as plants,
animals, biogenic materials, and aquatic sources in the
development of HAP.12,13 HAP powder derived from natural
sources is an environmental-friendly approach with poten-
tial benefits, that is, abundance, cost-effectiveness, and sus-
tainable resource.7 This contributes to initiatives aimed at
promoting environmental sustainability in dentistry. An
effective strategy for achieving sustainability is minimizing
overhead costs and utilizing renewable resources such as
natural waste materials.14,15

Natural waste materials that can be used as the source of
HAP include cow bones,16 fish bones,17–26 and materials
derived from shells such as clamshells,27 crab shells,28,29

and eggshells.30–33 Channa striata fish bones are natural
waste material that can serve as a viable source of
HAP.19,22–25 Channa striata, a carnivorous species, is often

encountered in the freshwater environments of Indonesia.24

These fish are in high demand, particularly in the food
and pharmaceutical sectors. Channa striata is commonly
used in the food sector to produce fillets and is often
employed as a source of fish-derived albumin supple-
ments.34 The growth of the C. striata processing industry
has led to a rise in waste production, particularly fish bones.
Channa striata fish bones, although underutilized, are a
valuable source of minerals, notably calcium, phosphorus,
collagen, and amino acids.26,35 Based on this background,
this study aimed to determine the effect of HAP from C.
striata fish bone on the surface hardness of primary teeth
enamel.

Materials and Methods

The study received approval from the Committee of Medical
Research Ethics of Dentistry Faculty, Lambung Mangkurat
University, with the reference number 022/KEPKG-FKGUL-
M/EC/IV/2022.

Sample Preparation
This in vitro experimental investigation utilized primary
maxillary anterior teeth exfoliated from children aged 5 to
8 years who had visited dental clinics in Banjarmasin, South
Kalimantan, Indonesia. The teeth were chosen through con-
venience sampling, resulting in a group size of 13. Each tooth
was meticulously dried using an air syringe and visually
examined. Any teeth that showed obvious cavitated lesions,
structural flaws, white spot lesions, or discoloration were
excluded. Following collection, any remnants of soft tissue
on the teeth were delicately eliminated, and the teeth were
cleaned with fluoride-free pumice, a polishing brush, and
distilled water to ensure thorough cleaning. The samples
were preserved in Hanks’ Balanced Salt Solution (HBSS) until
their utilization.

The specimens were prepared by precisely sectioning the
crowns at the cementoenamel junction using a low-speed
diamond saw with water cooling. This cutting was done in
the mesiodistal direction, resulting in two specimens from
each crown (►Fig. 1). The exposed surfaces of the tooth
sections were coated with acid-resistant nail varnish. These
tooth slices were then preserved at 4°C until they were
suitable for use, per ISO/TS 11405 recommendations.

Calcium Oxide Preparation
Fish bones were cut to pieces measuring approximately 2 to
5mm. This step increases the surface area for subsequent
processes. One kilogramof fish bonewas boiled for 2hours to
eliminate the attached fish flesh and any other organic
contaminants from the bones. After boiling, the bones
were dried for 2 days. This drying period ensures that water
and any remaining organic material from the boiling process
are completely removed. Dried bonewasmashed using a ball
milling machine into a fine powder. Samples were then
calcined using a furnace at 1,000°C for 5hours.22,24,36 The
calcination process aimed to remove residual organic ele-
ments and noncalcium metals while breaking down calcium
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carbonate (CaCO3) within bones into calcium oxide (CaO).
This CaO serves as a precursor to produce HAP powder.17

Synthesis of Hydroxyapatite
HAP was synthesized through the precipitationmethod. CaO
powder derived from fish bones was mixed with HNO3

solution. This reaction yields a solution of calcium nitrate
(Ca(NO3)2). Subsequently, this Ca(NO3)2 solution was mixed
with phosphoric acid (H3PO4) solutionwhile being heated to
40°C at a speed of 300 rpm. The pH of the resulting solution
was initially measured and then adjusted to pH 10 by adding
ammonium hydroxide (NH4OH). The process was conducted
over a 24-hour period to generate a settled precipitate. This
precipitate was subsequently filtered to separate HAP from
the liquid and then rinsed with distilled water to eliminate
byproducts, particularly ammonium nitrate (NH4NO3). The
resulting precipitates were then dried in an oven at 110°C for
5hours to remove any remaining moisture. These dry pre-
cipitates were re-sintered at a furnace at 900°C for 5 hours to
enhance the crystallinity and stability of HAP. As a result,
synthesized HAP was obtained in the form of a white
powder.36

Hydroxyapatite Paste
The HAP paste was prepared by heating distilled water,
followed by adding nipagin and sodium carboxymethyl
cellulose (NaCMC), and stirring until a homogeneous mix-
ture was obtained. Fine HAP powder weighing 15 g, previ-
ously characterized using X-ray diffraction (XRD), was

moistened with glycerin. Menthol was dissolved in alcohol
and, after that, combinedwith theHAPpowder that had been
immersed in glycerin and the hot distilled water mixture.
Then,mentholwas added to theHAPwater and stirred until a
homogeneous paste was formed.25

Characterization of the Quality of Hydroxyapatite
Paste

Homogeneity Test
The homogeneity of the toothpastewas assessed by applying
a thin layer of 0.1 g of the product onto a glass surface, which
was subsequently covered with another glass object and
visually examined. Testing was conducted every week for
3 weeks.37

pH Test
Determination of the pH of the paste was carried out with a
calibrated pH meter. The pH meter was calibrated using a
standard pH solution.37

Viscosity Test
The toothpaste samples were subjected to a viscosity test
using a Brookfield viscometer with spindle no. 6 at a speed of
2.0 rpm. Testing was carried out every week for 3 weeks of
storage.37

Characterization of Hydroxyapatite Paste
The HAP powder was characterized using XRD PANalytical
Aeris. This analysiswas conducted to identify themineralogy
of the sample powder and to assess the crystals’ structure,
orientation, and size. TheXRD study revealedHAP formation,
derived from calcium precursors from the disintegration of
mackerel bones and phosphate precursors obtained from
diammonium hydrogen phosphate.18 The function group
was investigated using Fourier transform infrared (FTIR)
Spectrophotometer Thermo Scientific Nicolet iS10 at wave-
number 500 to 4,000/cm.

Preparation of Hydroxyapatite Paste
NaCMC was prepared by mixing it with distilled water and
stirring until homogenous solution was achieved. The HAP

Fig. 2 Mounting procedure. (A) The cut teeth. (B, C) The cut teeth mounted in acrylic resin.

Fig. 1 Cutting procedure for crowns of the primary teeth.
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powder, previously characterized using XRD, was blended
with glycerin and water. This glycerin mixture was then
slowly incorporated into the prepared NaCMC while stirring
to ensure a homogenous mixture.

Lesion Formation and Remineralization
The samples were placed in a demineralizing solution with
a pH of 5.2 containing phosphate acid. They were kept in this
solution for 48 hours at 37°C and a relativehumidity of 50% to
induce lesion formation. Following the demineralization
procedure, the specimens were assigned randomly to two
groups. Specimens of the first group were applied with HAP
paste (15% w/v) for 30minutes (case group). The specimens
were thoroughly rinsed with distilled water and placed in
artificial saliva for 24 hours. This procedure was repeated for
7 days. Specimens of the control group were immersed in
artificial saliva. Artificial saliva was refreshed daily in all
groups.

Enamel Microhardness Test
Every specimen was securely embedded within an acrylic
block, oriented with the enamel surface facing outward
(►Fig. 2). Approximately 150 µm of the enamel layer was
sequentially removed to prepare the sample through polish-
ing with 240, 400, 600, and 1,200 grit sandpaper under water
cooling. The microhardness of the tooth surface was mea-
sured by subjecting each sample to a 100-g load for 10 sec-
onds at two distinct locations using a Vickers microhardness
tester (Wilson Instruments 402 MVD). The Vickers hardness
number (VHN) was determined by calculating the load
(expressed in kilogram-force) divided by the surface area

(measured in square millimeters). This was done using the
formula in equation 138:

VHN¼ F/A¼1.8544F/d2, (1)

where F represents the applied load in kilogram-force and
A is the surface area in square millimeters.

After determining the VHN, the average microhardness of
the two measurement locations was calculated and then
reported as the enamel’s microhardness. The data distribu-
tion was assessed using the Shapiro–Wilk test. The mean
values of the case and control groups were compared using
the independent t-test.

Results

The analysis of the HAP sample from C. striata fish bone
using the XRD curve profile and HighScore Plus software
revealed that the sample was pure HAP (100% HAP, no
other compounds). The chemical formula of the HAP was
Ca10(PO4)6(OH)2, and it had a hexagonal shape/crystal struc-
ture with dimensions of a¼9.439Å, b¼9.439Å, and c
¼6.886Å. The space group of the HAP was P63/m, with a
space group number of 176 (►Fig. 3).21,39

The XRD analysis revealed distinct peaks on the curve,
indicating a hexagonal crystal lattice, a characteristic feature
of the HAP compound. These peaks correspond to specific
crystal lattice planes: (002), (012), (112), (030), (202), (221),
(222), (230), (213), (321), (140), and (004). The correspond-
ing angles two theta for these peaks were the following:
25.856, 28.100, 32.155, 32.843, 34.019, 40.372, 46.625,

Fig. 3 X-ray diffraction (XRD) pattern of hydroxyapatite from Channa striata fish bones.
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48.504, 49.426, 50.392, 51.168, and 53.161 degrees. The
majority of the peak widths appeared to be broad rather
than narrow. The examination revealed a crystallinity level
of around 37.09%.21,39

The FTIR spectroscopic investigation focused on the func-
tional groups present in the HAP sample derived from C.
striatafish bone (►Fig. 4). Thehydroxyl (OH–) and phosphate
(PO4

3–) functional groups were observed in the samples. The
results of FTIR analysis of C. striata fish bone samples were
found in the IR region with a wavelength of 500 to 3,500/
cm. ►Fig. 4 shows the peak around wave number 3,399.53/
cm, corresponding to the –NH functional group, namely
amine. Wave 1,636.54/cm showed absorption for the car-
bonyl group C¼O or amide I functional group. Carboxylic
acids exhibit an absorption of OH groups in the 3,300 to
3,500/cm area, specifically at awave number of 3,399.53/cm.
Within the range of wave numbers 500 to 1,100/cm, there
were phosphate ions detected at wave numbers 570.68,
611.52, 669.35, 873.55, and 1,030.78/cm.40,41

The HAP paste had a pH value of 7.8, indicating that it is
neutral. According to the pH guidelines established by the
IndonesianNational Standard (SNI), which ranges from4.5 to
10, the paste preparation is within the safe range for teeth
and mouth usage. Through spreadability tests conducted
with various weights, it was determined that the application
of the HAP paste exhibited excellent spreading ability. The
spreadability of the HAP paste derived from C. striata fish
bone was 6.25 to 7.25 cm (►Table 1). The accepted range for
good spreadability, defined by the SNI, is 5 to 7 cm.42

The 3-day homogeneity test confirmed that the HAP paste
was homogeneous. This indicates that all the components in
the paste were thoroughly blended and had a smooth
consistency without any air pockets, distinct particles, or
uneven texture (►Table 2).42

►Table 3 presents the average microhardness value
(�standard deviation) of the two groups. The independent
t-tests showed significant statistical differences between the
paired groups. The microhardness values of samples treated
with the HAP paste were considerably more significant than
those of the control group (p¼0.00).

Discussion

Producing HAP from fish bones is a cost-effective method
that can also yield pure HAP.20 Scientists have developed a
method to produce HAP from fish bones since they are easily
accessible. This technique involves calcination,20,43,44 pre-
cipitation,18,45 sol-gel,46,47 alkali hydrolysis,23 and hydro-
thermal.44 In Indonesia, mackerel and tuna are commonly
utilized to produce HAP. The selection of fish bone variety is
frequently influenced by the quantity and arrangement of
the bones, which tend to detach easily from the flesh.48

Through precipitation, Anggresani et al successfully
obtained HAP from mackerel bone.45 Before precipitation
occurred, the bones of mackerel fish underwent calcination
at 800°C to produce CaO. The precipitation process involved
the combination of Ca(OH)2 suspension as a calcium

Fig. 4 Fourier-transform infrared (FTIR) spectrum of hydroxyapatite from Channa striata fish bones.

Table 1 Spreadability hydroxyapatite paste from Channa
striata fish bone

Load (g) Diameter (cm)

50 6.25

100 6.60

150 6.90

200 7.25
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precursor and (NH4)2HPO4 as a phosphate precursor. The
resulting mixture was then sintering at 900°C for 5hours.
Mutmainnah et al used amodified precipitation technique to
produce HAP from tuna bones. Prior to utilization, tuna fish
bones underwent calcination to generate CaO, as done in
prior research. Phosphoric acid solution was used as a
precursor for HAP production, followed by sintering the
resulting precipitates.49 In this study, HAP was synthesized
from the bones of C. striata fish using the precipitation
method. This study employed the methodology established
by Devitasari et al to produce HAP from the bones of tilapia
fish (Oreochromis niloticus).36 The chemical precipitation
approach is advantageous because of its simplicity and
cost-effectiveness. Another notable advantage of this ap-
proach is the production of nontoxic byproducts.50

The XRD analysis was employed to ascertain and validate
the crystalline phase and quantify HAP’s crystallinity level.
The XRD analysis revealed that not all HAP compounds
exhibited crystalline structure, namely a hexagonal atomic
arrangement. Some were still amorphous (i.e., the atomic
arrangement was irregular). HAP had a crystallinity level of
around 37.09%. This diverges from the research findings of
Anggraini et al.51 Theyemployed the calcination technique to
produce HAP from C. striata fish bone. Their findings dem-
onstrated 59.5 and 88.9% crystallinity at 600 and 800°C,
respectively.46 Increasing the temperature during the calci-
nation process leads to a greater formation of HAP phases.
The peaks exhibit enhanced acuity with rising temperatures.
Thewidth of the line decreases, suggesting a higher degree of
crystallinity.52

The FTIR analysis conducted in this study revealed the
presence of specific functional groups in the materials,
including amine (–NH), phosphate (PO4

2–), carbonate
(CO3

2–), and hydroxyl (OH–) groups. Tarmidzi et al’s state-
ment supported thefindings of this research, confirming that
the wave number regions 1,610 to 1,690 and 625 to 767/cm
are indeed part of the analysis results for globular protein
compounds. Additionally, it was observed that albumin
extract protein contains multiple –NH groups, which are
amine groups. There were more amine groups than O-H

groups or hydroxyl groups. The phosphate group exhibited
distinct properties at specific wave numbers within the 500
to 1,100/cm range. These included wave numbers at 570.68,
611.52, 669.35, 873.55, and 1,030.78/cm.40,41

The HAP paste was found to meet the requirements out-
lined in the SNI (12-3524-1995) based on the results of the
characteristic tests, which included pH value, homogeneity,
and spreadability. The pH of the HAP paste was classified as
neutral, indicating that it is safe for application on the teeth
and in the mouth. Pastes with excessively acidic pH levels
might irritate the mouth cavity. A homogeneous paste
preparation can produce maximum effect because the
paste’s ingredients have been mixed evenly.53 To evaluate
the application properties of the paste, a spreadability test
was performed to measure its ability to spread equally upon
contact with the sample. According to Warnida et al, the
capacity to spread is crucialwhen formulating pastes. It has a
crucial impact on the successful administration of active
substances to the enamel at the appropriate dosage, ease of
application, the force required to dispense it from the
packaging, and its reception by customers.54

Microhardness testing, mainly using the Vickers harness
technique, is a valuable tool in dentistry for evaluating the
mechanical characteristics and surface alterations in enamel,
such as demineralization and remineralization.7 The enamel
hardness test results demonstrated an increase in enamel
hardness in the case group following the application of the
HAP paste. The average enamel hardness value in the case
group was 356.2 VHN, while the average enamel hardness
value in the control group was 269.7 VHN. The two groups
exhibited a notable disparity in enamel hardness, likely
attributed to the remineralization capability of HAP derived
from C. striata fish bones. The results of this research are
comparable to the results of Devitasari et al’s research, which
stated that the HAP paste from tilapia bone waste can
increase the surface hardness of enamel. An increase in
enamel hardness occurred after the application of 10 and
15% tilapia fish bone HAP for 7 days.36

Dental enamel primarily comprises HAP, a mineral of
calcium, and phosphate ions. Enamel is characterized by a
highly organized structure,withHAP crystals forming tightly
packed enamel rods that extend from the dentin–enamel
junction to the outer surface of the tooth enamel. Inter-
spersed between these enamel rods are areas referred to as
enamel inner rods.2 The highly organized three-dimensional
structure of enamel is essential for itsmechanical strength. It
allows enamel towithstand the forces of biting and chewing,
making it one of the hardest substances in the human body.
The compact structure of enamel rods and their highmineral
content make enamel resistant to microbial attacks and

Table 2 Homogeneity of hydroxyapatite paste from Channa
striata fish bone

Testing day Homogeneity

1 Homogenous

2 Homogenous

3 Homogenous

Table 3 Mean and standard deviation (SD) of enamel microhardness

Group N Mean� SD

Microhardness Case 13 356.1923�25.2186

Control 13 269.6862�22.9325
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reflect lights.55 Under normal circumstances, a dynamic
equilibrium exists between the HAP minerals within the
tooth’s structure and oral fluids.56 Demineralization, on the
other hand, denotes the net reduction of calcium and phos-
phate ions from the tooth’s structure. This occurs when acids
produced by bacteria in dental plaque become active and
dissolve HAP crystals. In contrast, remineralization reintro-
duces calcium and phosphate ions into the enamel structure.
This restorative process occurs when supersaturated oral
fluids, abundant in calcium and phosphate, come into con-
tact with the previously demineralized enamel.57

Calcium and phosphate ions can be obtained by applying
HAP on enamel surfaces, contributing to enamel reminerali-
zation.58 HAP obtained from natural sources like plants,
animals, biogenic materials, and aquatic sources offers an
eco-friendly alternative to synthetic HAP. Natural HAP is
inexpensive and abundant.7 One source of HAP from natural
materials is C. striata fish bone. Channa striata is endemic to
waters throughout Indonesia, especially inwetland areas such
as South Kalimantan. Channa striata fish bones have a high
mineral content of calcium and phosphate. The calcium and
phosphate content of C. striata fish bones can be used tomake
HAP paste to initiate remineralization.22 According to the
findings of Rosmawati et al, the bones of C. striata fish contain
21.74/900 to 1,000g of calcium and 12.82/900 to 1,000g of
phosphorus.35 Tawali et al’s researchfindings indicate that the
C. striata fish powder contains 35.85mg/g of calcium and
0.70mg/g of phosphorusmineralswhen reduced to nanosizes.
The snakehead powder without nanosize contains 34.4mg/g
of calcium and 0.69mg/g of phosphorus minerals.26

HAP acts as a reservoir of calcium and phosphate ions,
essential for remineralizing tooth enamel and dentin. It can
be incorporated into the porous tooth structure that results
from the caries process. This incorporation helps replenish
the lost minerals, increasing the mineral content and hard-
ness of the affected tooth surfaces.59 HAP plays a significant
role in enhancing the degree of remineralization, particular-
ly in acidic conditions, by increasing the supply of calcium
and phosphorus ions to the demineralized zone.60

HAP contributes to maintaining an oversaturated state of
enamel minerals. This oversaturation actively promotes the
formation of a uniform apatite surface, thereby reducing the
likelihood of demineralization and facilitating remineraliza-
tion.61 This effect may be attributed to depositing a fresh,
uniform apatite surface layer on the previously demineral-
ized area. This deposition aids in the restoration of lost
minerals, ultimately boosting the mineral content and hard-
ness of the affected tooth surfaces.62 The newly formed
apatite surface layer acts as a protective barrier against
acid attacks and aids in restoring the enamel structure.
HAP further promotes the buildup of minerals in the outer
layer of caries lesions, creating a denselymineralized surface.
This outer layer acts as a barrier, preventing mineral ions
from infiltrating the deeper portions of the demineralized
lesions, which could potentially halt the progression of
dental decay.60

HAP infiltrates the pores formed by the breakdown of
calcium and phosphate ions in early enamel lesions.10 It

efficiently replenishes themissing ions and forms a synthetic
enamel layer on the tooth surface. This synthetic layer acts as
a “sacrificial layer” during future acid attacks, providing a
protective barrier that helps prevent further demineraliza-
tion of the underlying natural enamel. In dentin, HAP pen-
etrates the demineralized collagenmatrix. This action serves
as a scaffold for remineralization and provides a localized
source of calcium and phosphate.3

HAP functions as a protective coating on the teeth’s
surface and a component of dental biofilms.11 When acids
from food or oral bacteria come into contact with the
particulate HAP in the dental biofilm, it will be dissolved.
This dissolution results in the release of calcium ions. The
release of calcium ions increases the pH of the dental
plaques. This elevated pH makes the acidic environment
less favorable for further demineralization.63

HAP has a superior remineralization potential compared
to fluoride, primarily due to its ability to penetrate deeper
into the affected area. Fluoride remineralization primarily
targets the surface layer of dental lesions. It works by
promoting the redeposition of minerals, primarily fluoride,
calcium, and phosphate ions, on the layer of the lesion.64 The
remineralization facilitated by HAP seems to extend deeper
into the subsurface layer of the lesion and exhibit a more
uniform distribution. HAP particles act as templates of the de
novo formation of HAP crystals around each particle. This
process continuously attracts large amounts of calcium and
phosphate ions from the surrounding solution into the tooth
tissue.65 This biomimetic mineralization process promotes
crystal integrity and growth and enables regeneration of the
enamel and dentin.63

Conclusion

HAP was successfully synthesized from C. striata fish bones
using the precipitationmethod. TheHAP paste from C. striata
fish bone stimulates the remineralization of primary teeth,
characterized by an increase in enamel surface hardness.
Therefore, the HAP paste has the potential to be applied as a
caries preventive agent for primary teeth.
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