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Porous poly (vinyl alcohol) scaffold samples were fabricated using nanoparticles and nano-fibers of tri-
calcium phosphate, which were added separately to the scaffolds with two ratios 0.05 and 0.25, respec-
tively. Then, the results obtained were compared. The surface morphology and spectrum were examined
by scanning electron microscope and Fourier transform infrared spectroscopy. The phase composition
by X-ray diffraction was also examined to prove the bioactivity of the scaffold. The biodegradation,
mechanical properties, porosity, density, and swelling were also tested. The impact of the strength
values was enhanced significantly from 3.89 to 13.24 kJ/m2 by using the nano-fibers of tri-calcium
phosphate. However, the porosity of the tri-calcium phosphate nano-particles was higher than the
tri-calcium phosphate nano-fibers by up to 62%. In fact, the porosity values in nano-fibers tri-calcium
phosphate were also acceptable in comparison with the natural human bone. The samples show the
highest percentage of 43% in losing weight in the G5 after incubation in phosphate buffer saline for the
biodegradation test.
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1. Introduction

Tissue engineering aims to treat the damaged tis-
sue by replacing it with complex three-dimensional
tissues. The properties of bioactivity and biodegra-
dation are considered to be the two most important
characteristic features that biomaterials must pos-
sess to be suitable for use as a bone scaffold. This
characteristic feature can facilitate the process of
replacement of the scaffold with regenerative tissue
and stimulate the body to heal itself [1, 2]. More-
over, the main requirements for scaffolds to be de-
signed are discerned with large surface area, and its
structure has interconnected pores and high poros-
ity. It is confirmed that the interconnected pores in
the scaffolds play a very effective role in cell nutri-
tion, proliferation, and migration for tissue vascu-
larization and formation of new tissues. However,
there is a decrease in the mechanical properties
with increasing porosity. There are many polymers
scouted for different tissue engineering applications
such as hydrogels and hydrophobic polymers [3].

Porous poly (vinyl alcohol) (PVA) is a biocom-
patible water-soluble polymer with non-toxic prop-
erties. The PVA has hydroxyl groups which are
present in the repeating units. Thus, hygrogen
bonds can be formed [4]. A bioceramic such as
(TCP) could be incorporation with the PVA hydro-
gel to enhance the mechanical properties and to sim-
ulate the tissue structure and chemical composition

of the natural bone [5]. The tri-calcium phosphate
(TCP) and hydroxyapatite (HA) are phases of cal-
cium phosphate which have the same mineral con-
stituents as the natural bones and can easily bond
to the bone. Also, calcium and phosphate ions can
enhance osteogenesis [6, 7]. In addition, the latest
work [8] shows that the calcium phosphate whiskers
can be used in improving the mechanical properties
of polymers. The effects of hydroxyapatite whiskers
have been investigated to reinforce the mechanical
properties of the polymer, and it was found that
tensile strength and elastic modulus can increase ef-
fectively [6–8]. It is known that many materials can
be synthesized as fibers. However, biocompatible
non-toxic whiskers and fibers preparation remain
as an important assignment. For example, whiskers
of asbestos which have been used many times are
now known to be very hazardous and highly car-
cinogenic [9].

The most common bioactive materials that at-
tract significant attention are calcium phosphate
and bioactive glass — widely used in bone tis-
sue engineering. In particular, the composition
of calcium phosphate which is very close to the
bone tissue mineral part, makes it more traditional
for bone graft substitution. However, their perfor-
mances could still be improved [10]. The sulfuric
acid is used as a catalyzer, while citric acid is cho-
sen due to its structure of multi-carboxylic between
the hydroxyl groups on the PVA and the carboxyl
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groups on citric acid, the esterification could take
place [11, 12]. H. Mahnama et. al [13] prepared
a PVA scaffold with gelatin (Gel) and investigated
the effect of Gel/PVA ratio, polymer concentration,
swelling ratio, biodegradation, and the ratio of glu-
taraldehyde/gelatin on the morphology of pores.
The results show that the scaffolds have uniform
distribution of pore sizes and are almost degraded
in 28 days, but the swelling ratio decreases notice-
ably as the polymer concentration increases. This
is because of lower porosity and interconnectivity,
and also because of small pore sizes.

Bhowmick et.al [14], studies the effect of zirco-
nium oxide (ZrO2) nanoparticles on a composite
of chitosan (CTS), poly (vinyl alcohol), and hy-
droxyapatite (HAP). It was noticed, that the com-
posites had interconnected porous structures with
porosities in the range of human cancellous bone.
These porous composites have a reduction in aque-
ous and SBF swelling ability with increasing nano-
HAP–ZrO2. Costa et al. [1] used the sol-gel route
to prepare hybrid porous PVA/bioactive glass with
partially and fully hydrolyzed PVA. From the re-
sults of surface morphology obtained with SEM,
the scaffolds appeared as the macro-porous struc-
tures having pore sizes ranged from 50 to 600 µm.
Hybrid polyvinyl alcohol/bioglass foams need to be
very well combined to allow the control of foaming
and gelatin. Such system has the potential to be
used in bone tissue engineering, but further studies
should be conducted.

Porous PVA foams are considered as potential
biopolymers and can be utilized for bone tissue en-
gineering. However, their lower mechanical strength
limits their biological applications. This work aims
to enhance the mechanical and biological proper-
ties of the scaffolds. The scaffolds as bone tissue
were manufactured from PVA, nano-particles of tri-
calcium phosphate (NP-TCP), and nano-fibers of
tri-calcium phosphate (NF-TCP) with two ratios
(0.05, 0.25), in addition to sulfuric acid as a catal-
izer, citric acid, and NACL to finally formaldehyde.
The in vitro tests of biodegradation and bioactiv-
ity have been performed. The Fourier transform-
infrared spectroscopy (FTIR), scanning electron mi-
croscope (SEM), and X-ray diffraction (XRD) are
carried out on all samples. The flexural strength,
impact of strength, porosity, density, and swelling
ratio are also examined. The mechanical proper-
ties highly increased with NF-TCP, the impact
of strength values are enhanced significantly and
raised from 3.89 to 13.24 kJ/m2. The usage of the
two different forms of TCP (NP & NF) with a dif-
ferent ratio is to reach the best medical applications
by enhancing biodegradation and bioactivity.

2. Materials and methods

The nanoparticles (NP) and nano-fibers (NF)
of tri-calcium phosphate (TCP) (Ying Tong Chem
and Tech, LTD, density 3.14 g/cm3, China) were

TABLE I

The proportions of adding NP-TCP and NF-TCP to
the 4 gm. of polyvinyl alcohol (PVA).

Additives Name Percentage [%]

none G1 0

nanoparticles TCP
G2 0.05
G3 0.25

nanofibers TCP
G4 0.05
G5 0.25

added with ratios of (0, 0.05, 0.25) with respect to
the weight of 4 g of PVA (Central Drug House,
molecular weight 13000–23000, viscosity 3.5–4.5,
Hydrolysis 87–89%, pH 4.5–6.5, India) after dissolv-
ing in 24 ml distilled water with a heating stirrer
at 85◦C for 10 min as shown in Table I.

For catalizer, the 8 ml of sulfuric acid (Central
Drug House, molecular weight 98.08, India) was
used, citric acid (Central Drug House, molecular
weight 192.13, India) of 24 g added to the mix-
ture for creation of esterification bonding. The 24 g
of NaCl (Central Drug House, molecular weight
58.44, pH 5–8, India) were added to the mixture.
Finally, the formaldehyde (Central Drug House,
molecular weight 30.03, India) of 3 ml was added
to the mixture. The mixture was injected into the
metal molds for ASTM tests and cured at 85◦C
for 45 min.

3. Method

The impact of strength test was carried out with
the chirpy impact test machine for un-notched sam-
ples (Impact tester N, 43-1). The pendulum with
2 kg of weight was released from a specific height to
record the zero reading. The pendulum was dropped
again after placing the sample horizontally on the
carrier and records the impact on the sample. The
impact of strength (IS) [kJ/m2] was calculated [15]
as

IS =
E − zero reading

bd
, (1)

where the energy of fracture is represented by E.
The test sample width and thickness are denoted
by (b) and (d), respectively.

The flexural strength was carried out by (In-
stron, 1195), a tensile testing machine. The dis-
tance between two parallels supporting the spec-
imens was equal to 50 mm. The load was ap-
plied to the center of the sample of the weight
of 20 kN until it was broken, and with a speed
of 5 mm/min. The flexural strength (FS) [MPa] is
determined by [15]

FS =
3PL

2bd2
, (2)

where P [N] denotes the maximum load , and L is
the separation distance.
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The density (ρ) and porosity (p) of the foam
samples were measured by the liquid displacement
method and calculated, respectively, as

ρ =
W

V2 − V3
(3)

and

p =
V1 − V3
V2 − V3

× 100%. (4)

Here, the weight of the dry sample is W and the
volume of ethanol is V1. The total volume of the
sample and ethanol, after immersing the sample
into ethanol for 24 h to saturation, is V2. Finally,
V3 is the residual ethanol volume after the sample
removal from the ethanol [14].

The aqueous swelling ratio was measured by im-
mersing the samples in distilled water at specified
time intervals after recording their dry weight (Wd).
The samples were then removed from water and
carefully dried up by filter paper to remove ex-
cess water and record their wet weight (Ww). The
swelling index was calculated accordingly

Swelling index =
Ww −Wd

Wd
× 100%. (5)

The biodegradation test was carried out by in-
cubating the samples in phosphate buffer saline
(PBS) (pH 7.4, concentration of 0.1 M) at 37◦C
for 1 week. The samples were removed and dried
at 50◦C overnight. The mass loss [%] was calculated
accordingly

mass loss =
W0 −Wt

W0
× 100%, (6)

where W0 is the initial mass, Wt is the mass after
incubated in PBS. This calculation was repeated for
4 weeks for the degradation test.

The bioactivity was tested by immersing the sam-
ples in Ringer’s solution for 21 days at 37◦C in water
bath. Then, they are removed from the Ringer’s so-
lutions and dried at room temperature. The XRD
with Cu Kα (λ = 1.54 Å) at 40 kV and 30 mA were
employed to confirm the presence of tri-calcium
phosphate as a sign of bioactivity. Ionic substitution
and differentiation between different levels of rela-
tive crystallization were identified by the FTIR ma-
chine (SHIMADZU IRFFINITY) which records in
the wave number range from 400 to 4000 cm−1. The
sample surface morphology was examined by SEM
(FEI Quanta 450) to obtain the size of the pores.

4. Results and discussion

The morphology of surfaces with NP-TCP and
NF-TCP added to scaffolds are shown in Fig. 1a and
1b, respectively. A spherical NP powder with an av-
erage diameter of 43.4 nm is observed in Fig. 1a.
The average diameter of NF-TCP is 40.3 nm and is
shown in Fig. 1b.

Figure 2 gives SEM micrographs illustrating sur-
face morphology of PVA scaffold samples with and
without different additives. The observed morpholo-
gies of the scaffolds vary with various additives.

Fig. 1. Scanning electron micrographs of the TCP
used in scaffolds (a) NP-TCP, (b) NF-TCP.

The porosity and pore sizes are dependent on the
composition of the scaffold and on the concentra-
tion of the additives. It can be seen that the sam-
ples have an irregular and overlapping porous struc-
ture, which increases the porosity of the sample
and its susceptibility to biodegradation, but also
has an opposite effect on the mechanical proper-
ties, restricting the addition of more TCP. Figure 2c
and d shows G2 with increased NP-TCP content,
and G3 with increased NP-TCP content is shown
in Fig. 2e and f. If G2 and G3 can destroy the
crystalline cross-linking points, then the number
and size of the pores inside the scaffold structure
increases compared with G1 which contain PVA
without additives. The average diameter observed
in NP-TCP is up to 350 ± 40 µm. The micro-
pores enable the transport of nutrients and oxy-
gen that are required for cell survival. The mor-
phology of samples with NF-TCP additives differs
from that of NP-TCP particles additives, whereas
the pore size became smaller with the average diam-
eter of about 135 ± 40 µm in NF-TCP samples as
compared to NP-TCP samples. This happens be-
cause of large area of NF compared to NP which
leads to increased density and decreased poros-
ity, as shown in Fig. 2g, h and 2i, j, respectively.
The cancellous bone has 300–600µm diameter pores
and the cortical bone has 10–50 µm diameter
pores [16].

Figure 3 illustrates the FTIR spectra of PVA
scaffolds nanocomposite. The peak in scaffold G1
(without additives) has a broad band of the hy-
droxyl O–H bond between 3100 and 3600 cm−1

and the absorption peak located at 3493.68 cm−1

is for (-N–H-) bond. For G2 and G3 samples,
the peaks of the sp3 C–H alkyl bond appear at
2924, 2958, 2964 cm−1, respectively. Both G4 and
G5 show the same strength in broad peaks at
3100 and 3740 cm−1, respectively, and are as-
signed to the characteristic stretching peaks of hy-
droxyl (O–H) reflecting the intramolecular charcter
of the hydrogen bond. The peaks of C=C appear
at 1640–1680 cm−1. The PVA group of the vinyl
acetate remains non-hydrolyzed and is observed
by the appearance of peaks at 1124–1174 cm−1,
which are due to stretching vibrations of C=O and
C–O, respectively. The absorption peak appeared
at 1730–1732 cm−1.
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Fig. 2. Scanning electron micrographs (SEM) of: (a, b) G1: PVA scaffold without additive, (c, d) G2: 0.05%
NP-TCP, (e, f) G3: 0.25% NP-TCP Particles, (g, h) G4: 0.05% NF-TCP, (i, j) G5: 0.25% NF-TCP.

Fig. 3. FTIR spectra of PVA scaffold with differ-
ent additives.

The band ranging from 2900 to 2950 cm−1 repre-
sents symmetric and asymmetric stretching modes
related to –CH2 groups [17]. Also, new PVA bands
appeared in the range 1411 and 1350 cm−1 that
represent C–H bending modes. In the FTIR spec-
trum of the PVA, the peaks at 1174, 1163, 1151,
and 1068 cm−1 remain unchanged, and are as-
signed to stretching vibrations of C–O–C–O–C. Fi-
nally, the O–H bending vibration that appeared
at 1640 cm−1 is shown also in the FTIR spectrum
related to the PVA.

The porosity affects cell proliferation and adhe-
sion. According to Table II, the porosity of PVA
scaffold samples is increased as the additives in-
crease. The PVA contains many hydroxyl groups
and it is easy to form hydrogen bonding, resulting
in lower porosity. After incorporation of both TCP
particles and fibers, the porosity of the scaffold in-
creases and reaches 62% and 58% respectively. The
reason for the decrease in the porosity values of
the NF-TCP compared to the NP-TCP is due to
the fact that the NF-TCP takes up a larger area
and therefore its density is larger compared to the
NP-TCP. The porosity percentage of human spongy
bone has the value of 50–90 [18]. Thus, the poros-
ity values in fibers are also acceptable. The poros-
ity decreases with increasing packing density of the
scaffolds and fiber diameters [19]. Often, there is
an inverse relation between porosity and density, as
with increasing porosity the density decreases and
vice versa. Tables II and III show the increasing and
decreasing porosity and density values with increas-
ing the addition ratio respectively.

The mechanical properties of the porous scaffold
should be enhanced. However, the low strength and
brittleness of TCP have limited its wide application
in hard tissue implants [20]. The TCP is used like
fibers, and the results are compared in Table IV. In-
corporation of NP to β-TCP in PVA scaffold causes
a reduction in impact strength and this reduction
increases with the increase of powder addition, how-
ever, it is clear that the impact strength increased
with NF-TCP to 13.24 MPa in G5.
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TABLE IIStatistical values of porosity percentage.

Group No.
Avg. pore
size [µm]

Porosity [%]
Mean Min Max SD

G1 26.9 47 41 53 2.3
G2 72.9 52 46 55 3.4
G3 340.5 62 55 68 4.6
G4 27.9 50 44 57 6.1
G5 135.2 58 50 61 5.4

TABLE IIIStatistical values of density.

Group No.
Density [g/cm3]

Mean Min Max SD
G1 0.51 0.47 0.56 0.03
G2 0.44 0.39 0.48 0.05
G3 0.38 0.31 0.45 0.04
G4 0.5 0.43 0.59 0.08
G5 0.43 0.39 0.5 0.07

TABLE IVStatistical impact strength.

Group No.
Impact strength [kJ/m2]

Mean Min Max SD
G1 3.89 3.54 4.15 0.31
G2 3.36 3.19 3.5 0.16
G3 2.77 2.63 2.97 0.09
G4 9.42 8.98 10.1 1.30
G5 13.24 12.78 14 3.4

The flexural strength results recorded a signif-
icant decrease when using NP-TCP. While the re-
sults are different when using the NF-TCP, the flex-
ural strength value increases with the increase in
the percentage of additions in G4 and G5, as shown
in Table V. By increasing the ratio of fibers, we
can obtain higher values of the flexural strength.
The mechanical properties are increased by using
the fibers because the fibers absorb the shock or
the load applied to the sample.

Aqueous swelling tests of scaffolds have been car-
ried out to obtain the water uptake capabilities.
The aqueous swelling reaches equilibrium after 24 h
and is highly increased for all samples, as shown
in Fig. 4. This can be traced back to the penetra-
tion of water and the physical bonding with water
molecules resulting from hydroxyapatite and un-
reacted hydrophilicity of the PVA [19]. There are
no relevant differences observed when using differ-
ent ratios of the TCP particles. The same rise is
obtained with the TCP nano-fibers as well as the
TCP nano-particles, however increase in the aque-
ous swelling in high G5 containing nano-fibers is rel-
atively slower than in other samples. These results
indicate that the optimum medium uptake will help

Fig. 4. The aqueous swelling ration of PVA sam-
ples with different additives of particles and fibers
TCP.

TABLE VStatistical flexural strength.

Group No.
Flexural strength [MPa]

Mean Min Max SD
G1 6.1 5.8 6.3 0.28
G2 5.75 5.51 6 0.42
G3 1.41 1.23 1.68 0.07
G4 6.3 6.06 6.42 0.16
G5 7.2 6.56 7.45 0.54

in the attachment and proliferation of cells on the
scaffold because of blood’s hydrophilic nature. This,
in fact, can lead to improved delivery of scaffolds’
drugs and nutrients to cultured cells [21].

The PVA scaffold sample shows a 43% weight
loss which is the highest weight loss in G5 af-
ter four weeks of incubation in phosphate buffer
saline (PBS), as shown in Fig. 5. The samples have
more amorphous domains as the XRD results show
(see Fig. 6). The mobile chains will allow water to
penetrate through it easier than through dense crys-
talline regions, so the scaffold samples are expected
to undergo hydrolytic degradation [22]. In physi-
ological content, β-TCP is degraded by chemical
dissolution and by its effects on the bone remod-
eling process [23]. Hence, the PVA scaffold compos-
ite sample is considered to be an ideal biodegrad-
able material for use as a scaffold in bone tissue
engineering.

Bioactivity test of samples was performed with
XRD to confirm the formation and presence of
TCP. The X-ray diffraction (XRD) has been car-
ried out to get scaffold’s spectra before and af-
ter immersion in Ringer’s solution and to describe
phase changes. The results showed that the XRD
pattern changed considerably after immersing the
sample in solution for 21 days, as shown in Fig. 6.
We notice also that G3 and G5 samples before im-
mersion have peaks at 2θ = 28.36◦, 29.24◦, 29.27◦,
31.16◦ and 31.48◦ which refer to tri-calcium phos-
phate nanoparticles [24, 25], and the diffraction pat-
tern with semi-crystalline nature around 2θ = 22◦

and 22.72◦, due to the presence of PVA [26].
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Fig. 5. Biodegradation indicated by weight loss [%] of scaffold samples.

Fig. 6. The XRD patterns of the samples with
high percentage of additive, (G3: NP-TCP) and
(G5: NF-TCP).

After immersion in Ranger’s solution for 21 days, we
notice that all peaks disappear, except the peak at
2θ = 29.48◦ in G3 which represents the tri-calcium
phosphate present in the natural bone [21]. With
regard to G5, we notice a magnification of the peak
at 2θ = 29.32◦ of tri-calcium phosphate and its
drag up to 2θ = 29.8◦. Therefore, the sample is
biologically effective for the bone because TCP is
the main material in the natural bone. The peaks
representing the structure of calcium phosphate are
similar to those present in the human bone tissue,
thus maintaining similarity in the pattern [27]. It is
likely that the rest of the peaks will disappear due
to their biodegradation after this period and the
sample will be covered with TCP instead.

5. Conclusions

In addition to what is shown, TCP as powder
or fiber added to PVA affects porosity and pore
size. The porosity of the nanoparticles of tri-calcium
phosphate NP-TCP is higher than the nanofibers of
tri-calcium phosphate NF-TCP. The porosity values
in NF-TCP are also acceptable. The pore size in-
creases when NP-TCP is used, while it is decreased
if NF-TCP is used instead. The mechanical strength
values increase significantly when NF-TCP is used,
namely the strength values increase from 3.89 to
13.24 kJ/m2, after they have decreased when using
the NP-TCP. The scaffolds show good biodegrada-
tion and bioactivity. The results confirm the pres-
ence and growth of the peak of calcium phosphate
in the composite material, which is also present in
human bone tissue, thus maintaining similarity in
the pattern.
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