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ABSTRACT

Introduction: Many research proves that fluorapatite cement is one of the materials in dentistry that 
can restore and treat severe carious lesions. The current research was aimed to study the chemical 
reaction of calcium phosphate cement (CPC), calcite, and calcium fluoride as a base in fabricating the 
fluorapatite cement as an anti-caries agent. Methods: The type of research is a descriptive method.  The 
preparation of DCPA was initially performed by measuring 0.2g of DCPA powder which was prepared for 15 
samples. Fluorapatite was fabricated using dicalcium phosphate anhydrous (DCPA), calcite (CaCO3) as the 
precursor to form carbonate apatite crystal, and calcium fluoride (CaF2). CaF2 will be mixed into sodium 
dihydrogen phosphate (NaH2PO4) with different percentages, 1%, 5%, and 10%. The samples were then 
incubated for 24 hours at 37˚C under 100% moisture condition. X-Ray Diffraction (XRD) characterization 
will be conducted to determine the phase composition and crystallinity of fluorapatite. In addition, the 
samples were analyzed with the Fourier Transform Infrared Spectroscopy (FTIR) examination to determine 
the crystal functional group. Results: All of the samples showed a satisfactory setting reaction. The XRD 
characterization results showed the formation of the crystal apatite phase at 32.43˚ and 32.83˚. The FTIR 
results indicated the stretching vibration of the fluoride compound at 1400 cm-1. The intensity formation 
of the apatite crystal phase at particular degrees was not as high as the standard hydroxyapatite data 
due to the incomplete formation of apatite crystal within 24 hours—the stretching vibration presence in 
the FTIR graph at 1400 cm-1 proven to be fluorapatite cement. Conclusions: Fluorapatite cement as an 
anti-caries agent can be fabricated through the mixing process of DCPA, CaCO3, and CaF2 powders with 
NaH2PO4 solution.

Keywords: Fluorapatite cement; anti-caries agent; calcium phosphate cement;X-Ray Diffraction; 
Fourier Transform Infrared Spectroscopy.
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INTRODUCTION

Fluorapatite with the chemical formula of 
Ca5(PO4)3F is one of the apatite families with 
the most stable phase, least soluble in the 
physiological condition of human body fluid, with 
the hardest characteristics.1,2,3 The precipitates 
with F are commonly and widely used in dentistry, 
mostly in restoration because of their anti-
cariogenic characteristic, making dental enamel 
and dentin very resistant toward caries.4 Equally 
important as to prevent caries activity, Al-Taie5 
was trying to develop dental composite materials 
containing fluorapatite as a filler as it is used 
in dental composite material to bring down the 
shrinkage that happens because of the curing, 
fluorapatite is corporate as secondary filler in 
the composite material to develop highly filled 
model resin composites. It was deduced that 
fluorapatite crystal has a unique morphology that 
augments the filler in the resin matrix compared 
to other commercial dental composites. Besides 
restoration, fluorapatite has been introduced 
as one of the components in ceramic scaffolds 
for bone tissue engineering in the oral surgery 
field. It was known that calcium phosphate-based 
ceramics are proven to maximize activation of 
cells and growth factors in the fabrication of bone 
tissue engineering scaffolds. Recent research 
added fluoride into calcium phosphate to produce 
fluorapatite-based ceramic, which is fluorapatite-
glass ceramics. It is used to produce ceramic 
scaffolds for bone regeneration by augmenting 
the differentiation of human mesenchymal stem 
cells.6,7

Nowadays, many pulp capping materials 
have been introduced which all of them are 
composed of different kinds of cement and have 
many different advantages. Calcium hydroxide 
(Ca(OH)2) has become a gold standard to be 
a pulp capping agent as it shows excellent 
biocompatibility towards pulp structure. Besides, 
deionization of Ca(OH)2 has bactericidal effects.8 
However, Ca(OH)2 exhibits the dissolution effects 
in tissue fluids, degradation on tooth flexure, and 
tunnel defects formation under dentinal bridges, 
making it fail to reach the objectives pulp capping 
to stimulate the reparative dentin formation and 
to prevent secondary caries.9,10 A pulp capping 
method developed in 2012 using a single bond 

adhesive system shows various subclinical failures 
associated with pulp tissue.11 Hence, we are trying 
to minimize the failure function of pulp capping 
to ensure the objectives of pulp capping can be 
achieved. Several factors must be focused on the 
cement type selection. The cement should have 
a good biocompatibility characteristic in which it 
should be able to adapt with the dental pulp and 
soft tissue. In addition, cement should have good 
physical and mechanical properties to ensure 
it could endure various forces and pH levels in 
the oral cavity.12,13 A study has been conducted 
regarding the advantages of calcium phosphate 
cement (CPC). The result appears that CPC 
exhibits excellent biological properties as it could 
be a source of grafting application and inducing 
odontoblast cells in dentinal tissue.14,15 

In this current research, for the first time, we 
were investigating the production of fluorapatite 
by preliminary test using the mass ratio of 60:40 
of DCPA. Calcite will be mixed with a different 
concentration of Calcium Fluoride as the source of 
F-. Therefore, the current research was aimed to 
study the chemical reaction of calcium phosphate 
cement (CPC), calcite, and calcium fluoride as a 
base in fabricating the fluorapatite cement as an 
anti-caries agent.

METHODS

The current research was conducted with 
a descriptive method to observe the X-Ray 
Diffraction (XRD) and Fourier Transform 
Infrared Spectroscopy’s (FTIR) graph pattern. 
An experimental laboratory was conducted in 
the Integrated Laboratory of the Faculty of 
Dentistry Universitas Padjadjaran, Indonesia. XRD 
analysis was performed at the Faculty of Mining 
and Petroleum Engineering Bandung Institute of 
Technology, Indonesia, while the FTIR analysis was 
performed at the Faculty of Pharmacy Universitas 
Padjadjaran, Indonesia, from March until May 2019.

The materials used were dicalcium 
phosphate anhydrous (DCPA) powder, calcite 
powder, distilled water, and 1, 5, and 10% of 
calcium fluoride (CaF2) powder diluted in sodium 
dihydrogen phosphate (NaH2PO4) solution. This 
mixture was expected to produce the fluorapatite 
paste. The samples were then analyzed through 
the X-Ray Diffraction (XRD) and Fourier Transform 
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Infrared Spectroscopy (FTIR) to determine 
the phase composition and IR spectrum. The 
instruments used in this research were digital 
scale, measuring cylinder, beaker glass, magnetic 
stirrer, hot plate, lab glass, spatula, Teflon mold      
(6mm x 3mm), C-clamp, and incubator (Memmert 
Incubator IN 30).

The preparation of DCPA was initially 
performed by measuring 0.2g of DCPA powder 
which was prepared for 15 samples. Afterwards, 
the preparation of 1, 5, and 10% of calcium fluoride 
in 0.2M of sodium dihydrogen phosphate solution 
was conducted by measuring 0.5g of calcium 
fluoride powder in a measuring cylinder, then 
diluted in 50ml of sodium dihydrogen phosphate 
solution in a beaker glass. This step was repeated 
with different amounts of calcium fluoride powder 
(2.5g and 5.0g) to create different solution 
concentrations.

The fluorapatite paste was created by 
initially mixing 0.2g of DCPA powder. The calcite 
powder was diluted with 0.1ml of 1% calcium 

fluoride in sodium dihydrogen phosphate solution. 
The paste created was then packed into a 6mm 
x 3mm Teflon mold. Both ends of the mold were 
then covered with glass plates held by a C-clamp, 
then incubated for 24 hours with 100% relative 
humidity box at 37˚C. Another 4 samples were 
created with the same steps as prior, and all 
sample pastes were diluted in 5 and 10% calcium 
fluoride in sodium dihydrogen phosphate solution. 
After 24 hours of incubation, the samples were 
taken out and dipped into an ethanol solution for 
3 minutes, then dried in the incubator for 3 hours. 
All samples were subjected to an XRD analysis 
to determine the crystallization phase and FTIR 
analysis to determine each of the functional 
groups’ vibration in the sample.

RESULTS

The experiment was conducted to fabricate the 
samples within 24 hours, as suggested in Table 1 
and Figure 1.

Table 1. The positive result of the samples within 24 hours

Sample Sample A Sample B Sample C

Setting reaction (+/-) 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

+ + + + + + + + + + + + + + +

  
Figure 1.A. Sample A manage to set within 24 hours; B. Sample B manage to set within 24 hours; C. Sample C manage to set 

within 24 hours

A                                                         B                                                          C

The samples were then being taken for 
the X-Ray Diffraction process to examine the XRD 
graph qualitative data. This experimental XRD 
data was made and dictated with the reference 
XRD graph.16 In this case, a hydroxyapatite (HAp) 
XRD graph was used to dictate what phases existed 
in the sample. The data of the HAp XRD graph 
was based on International Centre for Diffraction 

Data17, and presented as the comparison of the 
XRD graph between the ICDD hydroxyapatite and 
fluorapatite sample (Figure 2).

The XRD pattern shown in Figure 2 showed 
the differences between standard hydroxyapatite 
data and fluorapatite XRD pattern obtain from 
the sample as apatite crystal was observed in 
standard hydroxyapatite data at phase 32.26˚ and 
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A                                                                                                             B
Figure 2A and B. Comparison of XRD graph between ICDD hydroxyapatite and fluorapatite sample

Figure 3. The spectrum  of F- at 1400 cm-1

Table 2. Absorption of common functional groups

Functional 
groups

Absorption location 
(cm-1)

Absorption 
intensity

Fluoro compound 
Carbonate

1400 Strong 

compound
Phosphate

877, 1050, 1650 Strong

Compound 
Carbon dioxide

1085, 1640  Sharp shoulder 

Water 2349 Strong

3200-3550 Strong

32.98˚, which were almost at the same phase with 
fluorapatite sample at 32.43˚ and 32.83˚. The 
intensity of the diffraction in the phase indicated 
that the apatite crystal in the fluorapatite sample 
was lower than the standard hydroxyapatite      
data. The FTIR spectrum result, which observed 
the absorption peaks of the sample characteristic, 
was presented in Figure 3.

The FTIR spectrum presented in Figure 3 
showed the characteristic absorption peaks of 
sample fluorapatite based on Table 2. A broad band 
at 1400 cm-1 indicates the stretching vibration of 
F- while CO3- at 877cm-1, 1050 cm-1 and 1650 cm-
1. The characteristic of the CO2 band appeared 
in 2349cm-1 while PO3- at 1085 cm-1 and 1640 cm-
1. A strong and broad carboxylic acids functional 
group is detected at 2880cm-1 besides an alcohol 
functional group at 3420cm-1.18,19

DISCUSSION

Alot of pulp capping agents are being invented to 
fulfill the functions with several advantages in each 
of the materials, including fluorapatite cement. 
Fluorapatite cement is a new alternative for pulp 
capping agents that is claimed to has excellent 
biocompatibility.20 Furthermore, CPC associated 
with carbonate apatite can induce osteoblast 
cells in dental, craniofacial, and other orthopedic 
implements.21 In the future, the formation of 
fluorapatite produced by this research could be 
used in the form of cement in order to repair the 
enamel defects as well. In 2010, research had 
been done involving a fluoride form of crystalline 
apatite cement paste that could be applied 
directly to the cavities.22 The mixture of the paste 
is done by mixing the fluorapatite powder with 
cement liquid which is water with a different 
ratio of powder to liquid (P/L), and the hardened 
cement is defined as the fluorapatite. On the 
other hand, research conducted in Beijing Peking 
University fabricated fluorapatite cement mixed 
with diluted phosphoric acid (H3PO4). It claimed 
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to have the mixture which can be directly applied 
into the carious cavity to repair the defects at the 
teeth enamel.23

Fluorapatite is claimed to be one of the 
apatite family members, which has the most 
stable phase, is least soluble in the physiological 
condition of human’s body fluid, and has the 
hardest characteristics. In this research, we try 
to mix DCPA, CaCO3, and different percentages of 
CaF2 in NaH2PO4 solution to produce fluorapatite 
paste that can be applied for pulp capping 
material. According to XRD and FTIR results, it 
is shown that the hardened paste is fluorapatite 
cement since the presence of apatite crystal in the 
XRD result and fluor compound in the FTIR result 
are detected. The presence of fluor compound 
in the hardened paste is the main component 
that makes the cement the anti-caries agent. 
The combination of it with the apatite crystal 
producing fluorapatite results in the cement being 
resistant to the oral environment’s critical pH1,2,3 
This advantage of fluorapatite could endure with 
critical pH of the oral environment so that its 
usage might be long-lasted.

The apatite phase of the crystal attributed 
its presence in the XRD graph in figure IV-5 (a) 

for the fluorapatite sample. The differences of 
the X-Ray intensity in fluorapatite sample and 
standard hydroxyapatite data is observed that 
fluorapatite sample has lower intensity compared 
to standard hydroxyapatite data in the same 
degree of diffraction. This might occur because of 
the incomplete formation of the apatite crystal 
within 24 hours. Cahyanto, in his research, proven 
that the use of NaH2PO4 as a liquid for the mixture 
of carbonate apatite powder consists of DCPA and 
CaCO3 needs 96 hours of incubation for a complete 
formation of apatite crystal.24

FTIR is used in this research to indicate 
chemical bonds by producing an infrared 
absorption spectrum. The vibration produced will 
identify the compound present in the sample. In 
this research, after the samples undergo FTIR, 
several compounds could be detected, as clarified 
in table IV-2. The stretch vibration of F- at 
1400cm-1 to the anti-caries agent’s characteristic 
of the sample while the stretch vibration of CO3

- 
at 877 cm-1, 1050 cm-1, and 1650 cm-1. Phosphate 
compounds can be detected at 1085 cm-1, and 
carbon dioxide compounds found at 2349 cm-1. 
The stretch vibration at 3200 cm-1 to 3550cm-1 
attributes to the absorbed water.

When the mixture process occurs, the 
ionization process will happen as well. F- and CO3

- 
will compete with each other to attract Ca3(PO4)2. 
It is concluded from the above equation that F- 
from CaF2 will attach to the hydroxyapatite crystal 
in Ca5(PO4)3OH instead of CO3

- because of the high 
reactivity of F- compared to CO3

-. The reactivity 
of these ions will be explained further by the 
periodic table of elements.25 When further across 
to the right of the periodic table, the reactivity 
of the non-metal elements will increase as the 
non-metal elements tend to gain electrons. As 
F- is located further away to the right compared 
to CO3

-, F- is expected to be attracted towards 
apatite ions instead of CO3

-.26,27

The presence of CO3
- in the mixture could 

contribute as the buffer for fluorapatite paste as 
the liquid use has acidic properties. The critical 
pH for enamel is 5.5 while 6.2 for dentin, in which 
tooth layers are sensitive in acidic conditions. As 
the pH value in the oral cavity drops below the 

6     CaHPO4 (s) + CaF2 (l) +   3     CaCO3 (s) + 9O2 NaH2PO4 2 Ca10(PO4)6F2 (s) + 3 CO2 + 3 H2O

critical pH of enamel and dentin, this might cause 
the demineralization of the tooth and necrosis 
towards the pulp. Hence, the ionization of calcite 
would naturalize the acidic pH of the paste.28

Fluorapatite cement might be possible to 
be used as an alternative therapy for pulp capping 
agent besides Mineral Trioxide Aggregate (MTA) 
and calcium hydroxide [Ca(OH)2] because of its 
ability to remain in the oral cavity to prevent 
secondary caries on research stating that Ca(OH)2 
it is very soluble if contaminated with any liquids 
including water. Furthermore, Ca(OH)2 has a high 
pH reaching 12.5, which might cause irritants and 
necrosis towards pulp tissue.

Samples that undergo setting reactions 
need to be incubated for a more extended 
period, at least 72 hours, to ensure the complete 
formation of apatite crystal. It is also suggested to 
continue the research regarding the setting time 
of fluorapatite cement to resolve the disadvantage 
of this research where the structure of the samples 
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that are expected to undergo setting reaction is 
not satisfactorily following the shape of the mold      
used.

CONCLUSIONS

Fluorapatite cement could be produced by      
mixing DCPA, CaCO3, and CaF2 powders with 
NaH2PO4 liquid.
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