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Porous three-dimensional scaffolds with potential for application as cancellous bone graft substitutes
were prepared using the freeze-drying technique. Hydroxyapatite with different weight ratio was embed-
ded in the network of poly(acrylic acid) grafted chitosan accompanied by using TiO, as an auxiliary
component to fabricate porous nanocomposite bone scaffolds. Fourier transform infrared spectroscopy,
scanning electron microscopy, energy-dispersive X-ray spectroscopy, and X-ray diffraction analysis and
mechanical tests were carried out to characterize the prepared scaffolds. These scaffolds showed well-

Key Wo.rds" . . controlled and interconnected porous structures. The pore size and porosity of the scaffolds could be
Bone tissue engineering . . . . .

Scaffold effectively modulated by selecting appropriate amounts of hydroxyapatite. The results obtained from
Titanium dioxide mechanical properties measurements indicated that the scaffolds could basically retain their strength in
Hydroxyapatite their dry state and have adequate mechanical properties close to those of cancellous bone. The swelling
Chitosan behavior of the scaffolds was also examined in both water and phosphate buffer saline solution. The

cytotoxicity of the scaffold was determined by MTT assays on human fibroblast gum (HuGu) cells for 24,
48 and 72 h. In conclusion, this investigation demonstrates that the fabricated nanocomposite scaffolds
are suitable for bone tissue engineering.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction The bone consists of ample amount of proteins and minerals.

It possesses a two phase organic and inorganic structure which

Millions of people encounter bone defects because of trauma,
tumor, natural ageing, bone fractures, obesity and indigent phys-
ical activity around the world [1]. In order to treat these defects,
autografts, allografts and xenografts have been implemented but all
have problems such as donor shortage, immune system response
and disease transmission. Therefore, researchers in bone tissue
engineering have approached a way to create a three-dimensional
porous structure that mimics the bone and has overcome the men-
tioned problems using new natural and synthetic materials in forms
of scaffolds. This porous scaffold should possess the properties of
a natural bone such us biocompatibility, osteoconductivity, high
porosity and reasonable mechanical strength [2,3].
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is made up of type I collagen, glycosaminoglycans, proteogly-
cans, glycoprotein and calcium phosphate [4]. The most dominant
(60-65%) ceramic phase in bone is hydroxyapatite (HAp) with
chemical formula of Cajg(PO4)s(OH),. HAp as a bone substitute
has drawn much attention because of its osteoconductive, bioac-
tive, biocompatible properties [5]. It also bears excellent chemical
and biological affinity with bony tissue [6]. Despite its many bio-
logical merits, HAp is brittle but the use of polymers and creating
a ceramic/polymer composite scaffold can overcome this issue
[7-10]. Many HAp/polymeric scaffolds have been studied over the
past years and HAp/chitosan composite is highly appealing among
them[11,12]. Chitosan (CS)is alinear copolymer of 3-(1 — 4)linked
2-acetamido-2-deoxy-[3-D-glucopyranose and 2- amino-2-deoxy-
[3-p-glycopyranose. It is retrieved by deacetylation of its parent
polymer chitin, a polysaccharide widely distributed in nature (e.g.
crustaceans, insects and certain fungi) [13]. CS is a non-toxic,
biodegradable, anti-bacterial and hemostatic active natural poly-
mer. Due to its hydrophilic surface it can promote cell adhesion,
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proliferation and differentiation [14,15]. In spite of versatile char-
acteristics, unmodified CS also shows poor wet-state mechanical
properties [16] and fast degradation [17]. The major obstacle with
CS/HAp composite scaffold is still lack of mechanical strength to
carry load after insertion into the adult body. TiO, was chosen as an
auxiliary material in the present investigation, since TiO, ceramic
scaffolds as a bone substitute material attracted particular atten-
tion due to its excellent mechanical properties compared to other
ceramic materials [18-20]. Titanium (Ti) is well established as a bio-
material for bone substitute [21] and has been used in a variety of
clinical applications because it is corrosion resistant, light weight,
and its surface is covered by a layer of TiO, believed to contribute
to its overall biocompatibility [22,23]. In a very recent research,
Kim et al. created an osteoinductive hybrid scaffold by using silk
fibroin, TiO, and HAp. The results affirmed that the porous silk
fibroin/TiO,/HAp hybrid scaffold had improved osteoinductivity
compared with the porous silk fibroin scaffold [24].

The aim of the present investigation was to develop novel scaf-
folds, based on TiO, doped in the network of poly (acrylic acid)
grafted CS comprising various amount of n-HAp. In order to inves-
tigate the effect of ceramic composition in the physical, chemical
and biological properties, four different nanocomposite scaffolds
with different portions of CS/n-HAp were synthesized by freeze-
drying technique. The morphology and structural characteristics
were observed by scanning electron microscopy (SEM), Fourier
transform infrared spectroscopy (FTIR), energy-dispersive X-ray
spectroscopy (EDS), and X-ray diffraction analysis (XRD). The suit-
ability of these scaffolds as bone substitute was analyzed. The
mechanical properties of the scaffolds were measured by compres-
sive test instrument. Furthermore, the swelling behavior of the
scaffolds was also examined in both water and phosphate buffer
saline (PBS) solution. Finally, cytotoxicity of the scaffolds was tested
by culturing HuGu cells in vitro.

2. Experimental procedures
2.1. Materials

Medium molecular weight CS (Aldrich) with 75-85% deacety-
lation and potassium persulfate (BDH) as an initiator was used
to synthesize the nanocomposite scaffold. Acetic acid 37% was
used as solvent for CS. Acrylic acid (AAc) from Merck was used
as a monomer and N,N’-methylene-bis-acrylamide from Aldrich
was used as a crosslinker. Both were applied without further
purification. Nano HAp powder (<100 nm particle size, >97%) and
TiO, (<100 nm particle size, >99.7%) were supplied by Aldrich. In
order to prepare PBS solution, sodium chloride, potassium chloride,
sodium hydrogen phosphate, di-potassium hydrogen phosphate
and hydrochloric acid, all from Merck, were used as received.

2.2. Synthesis of nanocomposite scaffolds

In a two-step procedure the nanocomposite scaffolds were
prepared. (I) preparation of the nanocomposite powder, (II) dissolv-
ing of the prepared nanocomposite powder in a suitable solvent,
freeze-drying and then preparation of TiO, doped in chitosan-graft-
poly(AAc)/n-HAp scaffolds.

1.6% w/v CS was dissolved in 2% v/v diluted acetic acid solution.
The prepared solution was transferred in a two-necked round-
bottom flask fitted with a nitrogen gas inlet in a water bath at
60 °C and stirred continuously. As an initiator 0.04 g potassium per-
sulfate was added to the CS solution. After 15 min, 0.25 mL AAc
and N,N’-methylene-bis-acrylamide (0.04% of AAc) were added to
the initiated CS solution as monomer and crosslinker, respectively.
After 30 min, TiO, (0.2 g) with different known amounts of n-HAp

powder (from 0.4 to 1.6g) were added slowly, and the solution
was stirred for 3 h. Grafting Poly(AAc) into CS was done by free
radical polymerization method. In addition, TiO, and n-HAp were
trapped in the network of CS-graft-poly(AAc). In the final stage,
with removing the nitrogen gas flow and cooling the solution,
the graft polymerization and crosslinking was stopped. In order to
remove any unreacted monomer or homopolymer the suspension
was vacuum-filtered, washed with a large amount of distilled water
and was dried overnight in an oven at 50 °C. Different nanocom-
posite powders, containing 1:0.25, 1:0.5, 1:0.75 and 1:1 CS/n-HAp
ratio containing constant amounts of poly(AAc) and TiO, were syn-
thesized and the designations of the systems are summarized in
Table 1.

In the second step, the prepared nanocomposite powder (0.4 g)
was dispersed sufficiently in acetic acid/water mixture (1:10) with
a powder/solution ratio of 1:10 to create a uniform paste. The paste
was inserted into a cylindrical plastic mold (2 x 8 cm?2). In order to
solidify and prompt solid-liquid phase separation, the molds were
frozen at —80°C for 24 h. Afterwards, the solidified mixture was
located in a freeze dryer machine (FD=10; Pishtaz Engineering Co.
[fan) for 2 days. Lastly, cylindrical nanocomposite scaffolds without
any major deformation or shrinkage were obtained.

2.3. Characterization methods

The morphology of the prepared nanocomposite scaffolds was
analyzed by SEM (JEOL, 6400). Samples were sputter coated with
gold at an accelerating voltage of 15kV. To measure the pore
size, Image] software was used [25,26]. First, ten different cross-
sectional SEM micrographs representing different regions of the
scaffold were selected. Then, the dimensions of more than 30 pores
were measured and averaged to obtain a mean pore size. The chem-
ical structure of chitosan powder and the prepared nanocomposite
powder was evaluated using a FTIR spectroscopy (Thermo Nico-
let FTIR, Nexus 670) over the range of 400-4000cm~!. In order
to investigate the crystallinity and phase content of the scaffolds,
XRD method (Rigaku, Tokyo) has been applied. EDS was used for
finding a chemical composition of the prepared scaffolds. Mechan-
ical properties were investigated using a standard testing machine
(SANTAM, STM-20, Iran) with a loading rate of 0.5 mm/min and
the load cell was 20kn. Load and displacement data were used
to generate engineering stress—strain curves and to determine the
compressive strength. Elastic modulus refers to the stiffness of an
elastic material and is typically calculated by determining the slope
of a stress-strain curve during the elastic region of a compressive
strength test. Elastic modulus values for all samples were derived
using the test results for compressive strength.

2.4. Determination of the prepared scaffold porosity

To define a porosity (%) of the prepared nanocomposite scaf-
folds, liquid displacement method was applied [27]. A fixed amount
of water (V1) was poured into a scaled cylinder. The cylinder was
used for soaking the dried scaffold. Now the new volume of the
cylinder containing water and the dried scaffold is V,. Considering
better water penetration, the scaffold was kept under water for 3 h
until no air bubbles were observed. V3 is the measured residual vol-
ume of water after removing the wet scaffold from the cylinder. The
porosity (%) of the synthesized composite scaffolds was calculated
by the following equation:

Vi —-V3
Vo, — Vs

porosity (%) = x 100 @)
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Table 1

Chemical composition of the prepared nanocomposite scaffolds and their average pore size and porosity.

Scaffolds identity CS(g) AAc (mL) TiO; (g) n-HAp (g) Pore size (jum) Porosity (%)
S1 1.6 0.25 0.2 0.4 207 £2 5541
S2 1.6 0.25 0.2 0.8 185+1 63+2
S3 1.6 0.25 0.2 1.2 153+£2 78 £1
S4 1.6 0.25 0.2 1.6 92+2 81+1

Fig.1. The important peaks in FTIR spectra of the prepared nanocomposite scaffolds
with different CS/n-HAp ratio of 1:0.25, 1:0.5, 1:0.75 and 1:1 (called S1, S2, S3 and
S4) in the range of 400-4000 cm~' were shown.

2.5. Swelling properties of the prepared scaffolds

The swelling property was characterized by immersing dried
pieces of the prepared nanocomposite scaffolds (W) both in dis-
tilled water and PBS solution (with pH 7.4, at 37°C). The PBS
solution was prepared in the laboratory. To do so, 8 g NaCl, 0.2 g KCI,
1.44 g Nay;HPOy4,0.25 g KH,PO4 were added to 800 mL of bi-distilled
water. The solution was stirred for 5min and then the pH was
adjusted to 7.4 using a solution of hydrochloric acid (0.1 molL-1)
in a dropwise manner. Finally, the total volume of PBS solution
reached 1L by the addition of extra bi-distilled water.

The scaffolds began to soak and imprison liquids in their pores
for a time period until equilibrium was reached. The swollen
nanocomposite scaffolds were taken out and weighed (Ws) after
removing excess water on their surface. Lastly, the swelling (%) of
the prepared nanocomposite scaffolds was calculated as follows:

Swelling (%) = w x 100 (2)
d

2.6. Cell culture and MTT-base cytotoxicity assay

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium-
bromide (MTT, Aldrich) assay, which was based on the extraction
method, was applied to evaluate the cytotoxicity of the prepared
nanocomposite scaffolds. First, Human gum fibroblast cells (HuGu)
taken from the gums of a 45-year old female purchased from the
Iranian Biological Resources Center (IBRC) was cultured in a fresh
growth medium containing 89% high-glucose Dulbecco’s Modified
Eagle’s Medium (DMEM), 2 mmol L~! L-glutamine (Biochrom), 10%
fetal bovine serum (FBS), and 1% penicillin (Merck). The cells were
incubated at 37°C in a humid atmosphere of 5% CO, and fed every
3 days. Second, the HuGu cells suspension with a concentration of

Fig. 2. The XRD patterns of the prepared nanocomposite scaffolds (S1-S4) was
shown. The increase in intensity of apparent signals correspond to the n-HAp from
S1 to S4 in the diagram confirm the presence of different amounts of n-HAp in the
structure of the prepared nanocomposite scaffolds.

5000 cells in 100 p.L of medium were placed into a 96-well culture
plate in triplicate and incubated at 37°C in an incubator. The
plate was left undisturbed to allow cell attachment to occur. After
seeding of the fibroblast cells, they were treated with five different
concentrations of scaffold extracts (0.125-2.00 mgmL~!) and was
incubated. After 24, 48 and 72 h, the medium was aspirated and
then 20 wL of MTT solution (5mgmL-! of PBS) was added to
each well, including controls (cells seeded without the addition
of the scaffolds extract). The last incubation was conducted for
another 4h at 37°C. The upper solvent of wells was removed
and formazan precipitate was solubilized with 200 pL of dimethyl
sulfoxide (DMSO). Finally, the optical density values were recorded
at 570 nm by the absorbance microplate reader (Bio-Tek, ELx-800,
USA). The cell viability (%) is calculated as follows:

oD Sample 00

Cell viability (%) = 0D Control *

(3)

3. Results and discussion
3.1. Characterizations of the prepared scaffolds

3.1.1. Fourier transform infrared (FTIR) spectroscopy

Fig. 1 shows the FTIR spectrum of TiO, doped in CS-graft-
poly(AAc)/n-HAp nanocomposite scaffolds with different n-HAp
contents. As can be seen, the absorption bands observed at 1029,
1092, 961, 602 and 566 cm~! correspond to symmetric and asym-
metric stretching and bending vibrations of the PO43~ groups in
n-HAp, which were improved by increasing the n-HAp contents in
the nanocomposite scaffolds (from S1 to S4) [9,28]. It is notewor-
thy that the peaks below 700 cm~1 attributed to Ti—O and Ti—O—Ti
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Fig. 3. The morphology of the prepared gold coated nanocomposite scaffolds (S1-S4) at an accelerating voltage of 15kV, which was analyzed by SEM was shown. Also,
elemental composition of the prepared nanocomposite scaffold (S3) was analyzed by EDS.



S. Abd-Khorsand et al. / International Journal of Biological Macromolecules 101 (2017) 51-58 55

Fig. 4. The stress-strain curves of the prepared nanocomposite scaffolds (S1-S4)
in dry state using load and displacement data. Inset shows the mechanical prop-
erties consisting of the compressive strength and elastic modulus of the prepared
nanocomposite scaffolds, which were measured from stress-strain curves. The elas-
tic modulus is the slope of the initial linear portion, and the compressive strength
is the maximum point of the curve.

bonding of TiO, overlapped with the mentioned peaks of n-HAp
[29]. In addition, the peaks between 900cm~! and 1100cm~"! dis-
played an overlap with the two very sharp peaks at 1159 cm~! and
1082 cm~1, which are related to the alcoholic and etheric stretch-
ing vibrations of the O—C—O0 bridge of CS. The characteristic N—H
stretching peak of CS appeared at 1658 cm~! has a minor shift due
to the graft polymerization [30]. The modifications that took place
during the graft polymerization of poly(AAc) onto CS can be con-
firmed by the presence of a peak at 1562 cm™! related to a C=0
groups of poly(AAc) [31]. Also, the peak corresponding to the C—N
stretching at 1406 cm~! can support the grafting of AAc onto CS.
The sp3 C—H stretching vibration of the CS backbone and CS-graft-
poly(AAc) is observed at 2924 cm™!. The broad absorption peaks
between 3000cm~! and 3700cm~! are assigned to the stretch-
ing vibration of the O—H groups of CS, n-HAp, poly(AAc) and to
the probable presence of water. This peak has overlapped with the
—NHjy stretching vibration peak of CS. These supportive results con-
firmed the synthesis of TiO, doped in CS-graft-poly(AAc)/n-HAp
nanocomposite scaffolds.

3.1.2. X-ray diffraction (XRD) analysis

The XRD diffractograms of the prepared nanocomposite scaf-
folds were shown in Fig. 2. The XRD patterns of all the prepared
samples were almost similar and exhibited the characteristics
peaks of CS at around 26 of 10° and 20°, albeit with low intensity
[32]. This reduction in the crystallinity of CS in the nanocompos-
ite scaffolds can be due to the formation of hydrogen bonds and
ionic interactions during the graft polymerization of poly(AAc) to
CS and the imprinting of n-HAp accompanied by TiO, in the net-
work of grafted polymer, which can lead to more disordering in
the crystalline region of chitosan [33,34]. In addition, the pattern
of all the prepared scaffolds shows the diffraction peaks indicated
TiO, at 12°, 26°, 38° and 54° in the structure of the prepared scaf-
folds. However, 20 angle of TiO, deviated from normal TiO, X-ray
diffraction spectra, due to the molecular rearrangement in struc-
ture of nanocomposite [35]. Moreover, the intensity of the peaks
corresponded to the CS and TiO, decreased with increasing n-
HAp content from S1 to S4 sample. This reduction implies that the
impact of CS-g-poly(AAc)/TiO, in the crystallinity of the prepared

Fig. 5. The swelling behavior of the prepared nanocomposite scaffolds in distilled
water and PBS solution were shown [In these experiments, 0.5 g of the prepared
nanocomposite scaffolds were immersed in 100 mL of solutions (i.e., water and PBS
solution) at 21 °C for 24 h].

nanocomposite scaffolds against n-HAp is too low. According to the
previous studies, the X-ray pattern of n-HAp displays crystalline
peaks at 20 of 23.2°, 26°, 29.3°, 32.2°, 46.6°, and 49.4° [36]. It is
worth mentioning that an increase in peak height and a decrease
in peak width in the XRD patterns of the scaffolds from S1 to S4 con-
firm the presence of n-HAp with different contents in the structure
of the prepared nanocomposite scaffolds.

3.1.3. Scanning electron microscopy (SEM)

The SEM images of the prepared nanocomposite scaffolds
in Fig. 3 shows interconnected irregular and random pores
with interconnected pores with 44-75 um diameter range. This
microstructure gives an opportunity for possible application of the
prepared nanocomposite scaffolds in tissue engineering due to easy
seeding cells, entrance of nutrients, oxygen diffusion, blood vessels,
growth factors and the exiting of waste [25,33]. Ideal pore sizes
depending different cells and tissues. They have various dimensions
and an ideal pore sizes should be at least a few times bigger than
the cell size [37]. The porosity and average pore size of the prepared
nanocomposite scaffolds are listed in Table 1. The pore distribution
increased from 55% to 81%, while pore size decreased around 56%
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Fig. 6. Optical images of the HuGu cell morphology using an optical microscope in the presence of the S3 scaffold extract ranging from 0.125 to 2.00 mgmL~" after 24, 48,
and 72 h were shown. The culture medium was consisted of high-glucose 89% DMEM supplemented with 2 mmolL~! glutamine, 10% FBS, and 1% penicillin. Extracts of the
samples were prepared by incubation of the S3 scaffold (0.250-4.00 mg) in culture medium at 37 °C for 24 h. Then, sample extracts with five different concentrations of

(0.125-2.00 mg mL-1) were filtered through a 0.2 Lm membrane.

from S1 to S4. This can be justified with an increase in the numbers
of HAp nanoparticles in the structure of the prepared nanocom-
posite scaffolds, which acts as a barrier to prevent exhausting of
fluid during freeze drying process and cause an incline in the pore
size. In addition, the morphology of the nanocomposite scaffolds
revealed that the n-HAp and TiO, particles are agglomerated into
large clusters and fixed in the CS-graft-poly(AAc) matrix.

By selecting the random place in the SEM images of the S3 sam-
ple, the EDS spectrum shows the several signals for carbon, oxygen,
nitrogen, calcium, phosphorus, and titanium atoms related to the
components of nanocomposite scaffold (i.e., CS, poly(AAc), n-HAp
and TiO, ). These results can suggest that the components homoge-
neously distributed within the pores wall of the scaffolds.

3.2. Mechanical properties of the prepared nanocomposite
scaffold

The mechanical properties consisting of the compressive
strength and elastic modulus of the prepared nanocomposite scaf-
folds were measured from stress-strain curves (see Fig. 4). As can
be seen, the elastic modulus of scaffolds was increased by increas-
ing the amount of n-HAp in samples S1 to S4 from 0.8+ 0.2 GPa
to 1.7 £0.1 GPa. This can be attributed to the higher elastic mod-
ulus of n-HAp (i.e., 18 +£5 GPa) which is approximately 67 wt% of
the natural mineral constituent of human bone compared with CS
and poly(AAc) (i.e., 30+ 10 KPa, and 17.9 +0.1 MPa, respectively)
[38-41]. Therefore, it is expected that sample S4 with the highest
amounts of n-HAp has the highest elastic modulus. Also, the high-
est values of compressive strength (6.7 & 0.2 MPa) were related to
the S4 sample with the highest amount of ceramic phase compared

with S1with3.1 £+ 0.2 MPa. Accordingly, it can be concluded that the
mechanical properties of the prepared nanocomposite scaffolds are
particularly satisfactory and the obtained mechanical values are in
agreement with the range reported for trabecular bone (i.e., com-
pressive strength of 2-6 MPa and elastic modulus of 0.1-0.3 GPa)
[42].

3.3. Swelling properties of the prepared nanocomposite scaffold

The wettability and the structural stability of scaffolds play an
important role in tissue engineering for cell nutrition and growth.
Fig. 5 shows the swelling behavior of the prepared nanocomposite
scaffolds in both distilled-water and PBS solution. Among the pre-
pared nanocomposite scaffolds S1 sample with the lowest amount
of n-HAp has the maximum swelling percentage and S4 sample
with the highest amount of n-HAp has the minimum swelling per-
centage in both distilled water and PBS solution. Therefore, it can
be found out that wettability is inversely proportional to the n-HAp
concentration in the network of the prepared nanocomposite scaf-
fold. These results may be due to the relatively low hydrophilicity
of n-HAp particles in comparison to CS-graft-poly(AAc) and also
the role of n-HAp as a crosslinker [43]. The increased amount of
n-HAp resulted in the generation of more crosslink points in the
polymeric network, which can lead to a decrease in the elasticity
of the nanocomposite and consequently, a decrease in the swelling
percentage [44]. As can be seen from the behavior of the prepared
nanocomposite scaffolds, at the beginning the water molecules
were in contact with the pores of the scaffold and they penetrated
inside the scaffold structure and thus the rate of water uptake for all
the samples sharply increased. However, the osmotic pressure dif-
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Fig. 7. the result of MTT assay for the S3 scaffold extracts with concentrations rang-
ing from 0.125 to 2.00mgmL-! in the presence of HuGu cells after 24, 48, and 72 h
incubation time at 37 °C, in terms of optical density values (OD) which were recorded
at 570 nm by the absorbance microplate reader and the cell viability (%) which were
calculated using the Eq. (3).

ference between the solution and the scaffold might be reduced by
the increasing water-scaffold interactions, and after passing ~5h
the rate of swelling decreased. Finally, the osmotic force at the equi-
librium state was balanced and the big differences in liquid uptake
were not observed with further increases in time until it reached a
plateau.

3.4. Biocompatibility of the prepared nanocomposite scaffold

It is necessary to consider the cytotoxicity of either the orig-
inal prepared scaffold or the material that may leach out from
them through in vitro assays for biological applications. The cyto-
toxicity of the prepared scaffold extracts (S3) with 5 different
concentrations (from 0.125mgL~! to 2.00mgL-1) was estimated
by evaluating the viability of HuGu cells using an MTT assay.
According to Fig. 6 that shows the optical imaging of the HuGu
fibroblastic cells during 72 h of culturing time, the number of cells in
the presence of scaffold extracts increased compared to the control
(cells without the addition of the scaffolds’ extract). After 72 h, the
cells were densely arranged and seemed to be pile up on each other.

In addition, the results of OD and cell viability in Fig. 7 revealed
that the prepared nanocomposite scaffold in each concentration of
extract is not cytotoxic. The good cell viability higher than that of
control samples indicates a higher proliferation rate.

4. Conclusion

In summary, we report fabrication of novel biocompatible
nanocomposite scaffolds for bone tissue engineering applications.
The present study investigated the preparation of new nanocom-
posite scaffolds based on TiO, doped in grafted CS/n-HAp using
freeze-drying technique. Nano-sized HAp particles had a signif-
icant effect on the scaffold structure and proved to be a highly
important parameter affecting the mechanical properties of the
nanocomposites. Based on our experimental data, the nanocom-
posite scaffolds showed excellent bioactivity and biocompatibility.
Results revealed scaffolds with large pore sizes and high porosities.
The S3 nanocomposite scaffold with ideal porosity (i.e., 78 +1%)
and pore size (153 & 2 um) was chosen in favor of cell growth and
proliferation. Pure n-HAp scaffold is brittle, but deformability could
be gained due to the presence of the CS and poly(AAc). The results
obtained from compressive mechanical measurements indicated
that the nanocomposite scaffolds have a compressive strength of
~6.5 MPa, similar to the value of the strength of cancellous bone.
The results indicated that the prepared nanocomposites in this
study are suitable for further development and could be valuable
for the fabrication of bone-substitution materials with adjustable
mechanical properties.
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