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Fluor-hydroxyapatite (FHA) is a biomaterial with dental and orthopedic potential that is highly regarded as a result of bioactivity
and high biocompatibility. Chitosan is used as a growth promoting agent in the tissues of the tooth and bone. Composite scaffold
from these biomaterials is used as a pattern of natural bone and tooth grafts in tissue engineering. In this study FHA was
synthesized through coprecipitation method. Then chitosan/FHA composites with different amounts of FHA (15 and 30 wt%)
were prepared via freeze drying way. Structural and physical characteristics of the scaffolds were determined by powder X-ray
diffraction (XRD), Fourier transform infrared spectroscopy (FTIR) spectra, and morphological properties of the scaffolds were
investigated using SEM evaluation. The compressive strength, water-uptake capacity, and biodegradation behavior of scaffolds
were performed, as well. The results indicated that chitosan/30%FHA scaffold showed more compressive strength, lower biodeg-
radation in phosphate buffer solution after 4 weeks. Therefore, it might be a suitable scaffold for tooth engineering.

1. Introduction

Composites of calcium phosphates and natural biopolymers
are widely used as biomaterials for bone tissue repair and
engineering [1-4].

Calcium phosphate (CP) is well-known as the basic sub-
stance for human hard tissue. A lot of researches have
been conducted on CP-based biomaterials which they have
led to creation of hydroxyapatite. Hydroxyapatite (HA,
Ca;o(PO4)6(OH),) is the most important ingredient of
bone and it is approximately consisting 69% of bone weight.
It shows bioactivity and biocompatibility properties and it is
used in bone grafts, dental implants, etc. [5-7]. Hydroxyap-
atite (HA) is the most important inorganic phase in hard
tissue of mammals and other organisms. It is well known
that HA crystallites in different parts of a living body have
different morphological characteristics, depending on their
specific function. For instance, their average size can vary

from 20 to 40 nm long and 1 to 5nm wide in bone up to
several microns in extent in the dentin.

By replacing the fluoride ions with hydroxyl ions in cal-
cium phosphate structures, a new material is created that is
called fluorapatite (FA, (Cas(PO,4);F)). When it is compared
with HA, it has higher mechanical and biological properties
and thermal stability (melting point=1650°C). Due to the
smaller and equal fluoride ions, their placement in calcium
phosphate structure is better than hydroxyl ions. Conse-
quently, FA is more changeless and it is less dissoluble than
HA. FA improves the cell activity and it is used in biomedical
applications and it can be a good alternative for HA [8].

Scaffolds for bone tissue engineering, which are a prom-
ising approach for the treatment of defective and lost bone,
are required to have osteoconductivity and biodegradability
in addition to their three dimensional (3D) interconnected
porous networks. It has been indicated that a scaffold pore
size in the range of 100—400 ym is favorable for cell coloni-
zation, proliferation, and penetration [9].
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Chitosan (CS) is well-known to be excellent in biocom-
patibility, biodegradability, antimicrobial property, wound
healing, cell proliferation, and tissue regeneration, is a linear
polysaccharide composed of glucosamine and N-acetyl glu-
cosamine with 5, 1-4 glycosidic linkages; the latter is a moi-
ety of glycosaminoglycans [10]. It is known that during the
biomineralization processes living organisms are able to
crystallize and deposit a wide range of minerals. Among
them calcium phosphates which are produced in vertebrates
not only in normal (bones, teeth) but also pathological (den-
tal and urinary calculus and stones, atherosclerotic lesions)
calcifications of tissues [11-13].

Since, the single component system cannot cover all the
confidants of bone tissue therefore, improving multicompo-
nent systems for bone tissue is important. The integration of
calcium phosphate particles, such as FHA, inside bioactive
polymers such as the chitosan may potentially create multi-
phase biocomposites with the improved mechanical and bio-
logical response. In this paper, in order to combine the
favorable biocompatibility of CS with the osteoconductivity
of FHA, CS/FHA composites with favorable properties
were prepared by freeze drying method. Then, their struc-
tural, mechanical, and physical properties were investigated,
as well.

2. Experimental Details

2.1. Materials. The necessary materials for making the chit-
osan scaffold were obtained from Merck. These materials
include: nano-fluorhydroxyapatite, calcium carbonate, ammo-
niumdihydrogen orthophosphate, ammonium fluoride.

2.2. Precipitation of FHA. Fluorhydroxyapatite was prepared
by coprecipitation method as described by Shanmugam and
Gopal [14]. About 3.96 g ammoniumdihydrogen orthophos-
phate was added in 125 ml of distilled water. Then, the pH of
the solution was kept equal to 12 using amounts of ammo-
nium hydroxide. After that, 0.5 g of ammonium fluoride was
dissolved to phosphate solution as the fluoride source. The
phosphate solution was added into 75 ml calcium solution
with stoichiometric quantities under stirring conditions. The
suspension was maintained for 4 hr. The obtained product
was centrifuged, dried overnight at 80°C, and calcined in air
at 750°C for 1hr.

2.3. Preparation of Scaffolds. At first chitosan was dissolved
in 50 ml of 20% acetic acid solution using a stirrer for 1 hr to
obtain a homogeneous solution. Then, different amounts of
synthesized fluorhydroxyapatite in Section 2.1, were slowly
added into the separately chitosan solution, under stirring at
500 rpm and were maintained for 24 hr at room temperature
Then, 0.25% (v/v) glutaraldehyde was added to the ratio of
the prepared solution and stirred for about 2 hr. The resul-
tant solution was prefrozen at —55°C for 2 hr and followed
by freeze-drying at —80°C for 24 hr. According to amounts
of wt% FHA, the prepared scaffolds were labeled CS/15FHA
and CS/30FHA (Figure 1).
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FiGure 1: Prepared scaffolds of CS/FHA by freeze drying method.

2.4. Characterization. The X-ray diffraction (XRD) charac-
terization of FHA and composites were investigated at ambi-
ent temperature; using a Bruker D8 diffractometer with Cu Ka
radiation (40kV and 30mA). Fourier Transform Infrared
Spectra (FTIR) is recorded in the range 4,000-400 cm ™" using
Thermo 6700 model. Scanning electron microscopic images
are recorded by VEGA TESCAN.

2.5. Mechanical Testing. To study the mechanical strength of
Chitosan/15Fluor-hydroxyapatite (CS/15FHA) and Chitosan/
30Fluor-hydroxyapatite (CS/30FHA) scaffolds, compressive
strength, and young’s modulus were conducted using the Uni-
versal. Next, the compressive pressure was employed by a test-
ing machine (STM 400 Santam at a rate of 0.5 mmmin~" at
ambient temperature and with a 0.2 kN load cell. The samples
with a size of (10 and 12.5mm in diameter and thickness,
respectively) were used in the compressive property test.

2.6. Porosity Investigations. The porosity of scaffolds was
considered by fluid displacement method [15]; therefore,
hexane was used as the replacement liquid. The scaffolds
pieces’ size was 11X 1.5cm and placed in a 10 ml gradu-
ated cylinder with a specific hexane volume (V;). The
hexane-impregnated scaffold volume was considered as V,
and gained by the immersed scaffold in hexane for 1 hr. The
volume difference (V,—V)) represented the composite scaf-
fold volume. V5 was determined as the residual hexane vol-
ume in the graduated cylinder after the impregnated sample
was eliminated from the cylinder. The hexane volume in the
scaffold (V,—V3), was known as the scaffold empty volume.
Hence scaffold total volume was V= (V,—V;)+(V,—=V3)=
V,—V3. The scaffold porosity (&) was resulted as follows:

¢ (%) —%x 100. (1)

2.7. Water-Uptake Capacity. The scaffolds dry weight
(CS/15FHA and CS/30FHA) was shown as Wy. Then, they
were soaked in deionized distilled water overnight. In con-
trast, the scaffolds wet weight was shown as W,,. Eventually
the scaffolds water-uptake capacity was measured as the
following:
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Figure 2: XRD analysis of pure FHA, CS/15FHA, and CS/30FHA
scaffold.
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2.8. In Vitro Degradation. The degradation rate of fabricated
scaffolds was measured in phosphate buffer solution (PBS)
(pH: 7.4) and 37°C for 4 weeks. Each week, one scaffold was
exited from PBS and washed in deionized distilled water to
clean surface absorbed ions and then freeze-dried. The scaf-
folds initial weight was calculated as W, and the final weight
after freeze drying was measured as Wy, [16]. Finally, the
degradation (%) was calculated based on the following:

(Wo = Wp)

Degradation (%) = A
0

X 100. (3)

3. Results

3.1. Structural Characterization. X-ray diffraction patterns
for the pure FAH, CS/15FAH, and CS/30FAH scaffolds,
are shown in Figure 2. For pure FHA all appeared peaks at
20=26.06°,31.97°,32.36°, 33.14°, 34.25°, 40.48°, 46.98°, and
49.52°, according to (211), (112), (300), (002), (213), (222),
(202), and (310), crystalline plates, respectively, which are
related to FHA formation in crystalline phase form. This
result is in agreement with reported results previously [8].
The sharp diffraction peak at 20 of 31.97° exhibited that FHA
fabricated well-structure crystals [14]. All of the FHA peaks
and CS peaks of CS/15FHA and CS/30FHA scaffolds,
(26-20°) appeared successfully. These results are agreement
with similar research [17]. However, with the increase in CS
content (decrease in FHA content), the intensities of peaks
decreased indicating of the lower crystallization of FHA in
CS/15FHA than to CS/30FHA scaffold. The severity of CS
peaks was simultaneously decreased as increasing of the FHA
content increased, as well. The crystalline average size of
FHA and FHA/CS composites based on (112) and (300)
crystalline plates was estimated by Scherer equation:
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Ficure 3: FTIR spectra of pure FHA and CS/30FHA scaffold.

D _Lﬂ (4)
~ fcosO’

where D is the mean size of the ordered crystalline, K is a
dimensionless shape factor, | is the X-ray wavelength, /3 is the
line broadening at half of the maximum intensity (FWHM),
and @ is the Bragg angle. According to Scherer equation, it
can be concluded that the crystallite size of FHA is estimated
about 14.6 nm and for both of scaffolds obtained 19.7 nm.

As it shown in Figure 3 the Fourier transform infrared
spectroscopy absorption peaks of the FAH and CS/30FHA
synthesized scaffolds were investigated in the 400-4,000 cm ™"
range. The spectra display the characteristic vibrational modes
corresponding to the apatite phosphate group (stretching
(947-1,037cm™") and bending vibrations (571-611 cm™) of
P—O bond. The intensity peaks at 632 and 559 cm™" attributed
to y4 of phosphate, whereas the bands at 968 and 1,048 cm™"
were assigned to y1 of phosphate and y3 of the phosphate mode
respectively [14, 17]. The FTIR spectrum of FAH indicates that
stretching vibrations and bending modes of OH were observed
at 3,445 and 632 cm™, respectively.

For the CS/30FHA scaffold could be characterized by
broadening of the band at 1,050 cm ™! shows the presence of
polymer and its interaction with the phosphate groups [8, 17].
The bands at 1,550-1,700 cm ™" are attributable to mode super-
position of the hydroxyapatite OH group and the chitosan
amide I and amide IT groups. The bands at 3,400-3,700 cm ™"
are attributed to the hydroxyl groups present in chitosan. The
hydroxyapatite phosphate stretching (vibration) bands are at
1,000-1,100 cm ™" and the phosphate bending bands are at
500-600 cm ™" [18].

The CS/15FHA and CS/30FHA scaffolds SEM images are
revealed in Figure 4. For both scaffolds, the number of inter-
connected pores are obvious. For the CS/15FHA, intercon-
nected pores are higher compared to CS/30FHA. Therefore,
FHA amount increasing (the decrease in CS content) in scaf-
fold structure causes rougher pore walls which are proper for
the cell attachment [17]. Also, the mean porosity and the



FIGURE 4: SEM images of CS/15FHA and CS/30FHA scaffolds.

interconnectivity of CS/FHA composite scaffolds were mostly
influenced by the FHA amount. The porosity reduction
resulted from the increasing amount of FHA since agglomer-
ation of nHA occurred as pore walls become thicker [19]. Due
to the intermolecular hydrogen bonding between NH, groups
of CS and OH groups of FHA, the increase in FHA amount
reduced porosities [20]. Therefore, SEM study of the CS/FHA
scaffold stated that the microstructure provides a good micro-
environment for tissue engineering.

3.2. Water-Uptake Capacity and Porosity Measurement. CS/
FHA water-uptake and porosity investigations are shown in
Figures 5(a) and 5(b). The composite scaffolds studies stated
that the water retention capacity is more than the aboriginal
weight and proper water-uptake capacity. The result revealed
that the FHA addition (reduction in CS amount) decreased
the CS/FHA scaffolds swelling. This may be attributed to
cross-linked chains of FHA that decreased the hydrophilicity
by the phosphate and calcium bonding to the hydrophilic
groups of OH or NH, [21]. Water-uptake could develop the
cell’s permeation into the scaffolds by a 3D structure, during
cell culture. Also, water-uptake increases the scaffolds pore
size and total porosity.

Porosity measurement is vital for transporting oxygen
and nutrients to the internal composite scaffolds bits. In
fact, the cell proliferation rate was improved by scaffold sur-
face adhesion. According to Figure 5(b), as the CS amount
decreased from CS/15FHA to CS/30FHA, the porosities
decreased from 61% to 40% as well. This was due to the
FHA in the scaffold. By controlling the key freeze-drying
parameters such as the cooling and temperature rate, could
cause greater pore sizes due to the ice crystals growth that
influenced the pore sizes [16].

3.3. Mechanical Properties. Appropriate mechanical charac-
teristics of scaffolds contribute to the tissue restoration. Also,
matrices mechanical properties affect cell behaviors substan-
tially, e.g. adhernece, growth, and differentiation. In this study,
the FHA insertion effect (increasing in the FHA or decreasing
in CS amount) on the compressive strength (Figure 6) of the
composite scaffolds was examined. The results revealed that
mechanical strength of CS/FHA scaffolds changed as FHA
amount increased (considering the decreasing in the CS
amount). However, the scaffolds water uptake and porosity
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FiGure 5: Water-uptake capacity and porosity of CS/15FHA and
CS/30FHA scaffolds.
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Ficure 6: Compressive strength of CS/I5FHA and CS/30FHA
scaffolds.

may improve cell attachment, it could decrease its mechanical
properties. As shown in Figure 6, the compressive strength of
CS/30FHA is higher compared to CS/15FHA.

3.4. Biodegradation Behavior. Figure 7 reveals the degrada-
tion rate of various weight concentrations of CS/FHA com-
posite scaffolds in PBS solution was studied for 4 weeks. A
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FiGure 7: Biodegradation behavior of CS/15FHA and CS/30FHA
scaffolds.

previous study stated that by increasing the degradation
time, the macromolecules of the scaffold surface broke into
small molecules (oligomer units) with preferential hydrolytic
scission, which could be dissolved in PBS [22]. According to
the results by FHA addition into the composite (the decreas-
ing in CS), the scaffolds degradation value was reduced.
Finally, after 4 weeks, every composite weight was reduced
by 11%-15%. This proved that the degradation of the com-
posite scaffold may be controlled by FHA and CS amounts
which could be suitable for tissue engineering approaches.

4. Conclusions

In this study FHA nanoparticles with particle size of 14.6 nm
was synthesized by coprecipitation method successfully. After
that, CS/FHA scaffolds were fabricated by freeze drying in
—80°C. The XRD results indicated that by increasing of CS
(decrease in FHA) content in scaffolds, decreased the intensity
of FHA crystalline peaks. Also according to SEM images
enhancement of FHA leads to rougher pore walls and reduced
interconnected pores which is the main reason of higher com-
pressive strength of CS/30FHA than CS/15FHA scaffold.
According to the results, with the incorporation of FHA into
the composite (the decrease in CS), the degradation behavior,
water-uptake capacity, and porosity change are controllable.
Therefore, CS/FHA composite can be a desired candidate as a
scaffold for tissue engineering.
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