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significant applications in medicine. Various polymers have been considered for the
fabrication of bone scaffolds due to their biocompatibility, biodegradability, and excellent
mechanical properties. Polycaprolactone and polylactic acid are both biodegradable and
biocompatible polymers; however, polylactic acid is brittle, and polycaprolactone is

Keywords: hydrophobic, which reduces cell adhesion on the surface. Therefore, combining these two
polymers may be an effective approach to developing a new biomaterial. In this study,
PLA/PCL scaffolds with different PLA/PCL weight ratios were fabricated using the solvent

casting/particle leaching method. To evaluate the morphology, wettability, and mechanical
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showed that all the samples have porosity ranging from 70 to 85%, with pore sizes of 250 to
500 micrometers, which is suitable for cell infiltration, proliferation, and growth. Contact
angle measurements indicated that the presence of PLA increased the hydrophilicity of
composite samples. PCL/PLA samples have lower ductility and higher stiftness than pure
PCL. However, the weak interface between PLA and PCL resulted in some composite
samples having lower strength than pure PCL. The PCL/PLA scaffold shows promise as a
candidate for bone tissue engineering.
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L. Introduction infection, and chronic pain [1]. To address these

Bone grafting is one of the most common surgical limitations, the development of bone graft substitutes

procedures for bone regeneration in orthopedic
procedures. However, it is a very expensive procedure
that can lead to complications at the donor site, such as
damage, disability, disfigurement, and scarring. It also

carries surgical risks including bleeding, inflammation,
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(BGS) has emerged as one of the most promising
solutions in orthopedics [2]. Bone tissue engineering
(BTE) uses scaffolds, cells, and growth factors to create
artificial bones for implantation in patients [3].

Scaffolds play an important role in bone tissue
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engineering. Their purpose is to mimic the function and
structure of the natural bone extracellular matrix (ECM)
by providing a three-dimensional (3D) environment that
promotes adhesion, proliferation and differentiation,
while also possessing sufficient physical properties for
bone repair. An ideal scaffold should be biodegradable,
biocompatible, bioactive, bone conductive and bone
inductive [4].

Various artificial and natural, biodegradable and
non-biodegradable materials have been used in the
fabrication of bone scaffolds, including polymers,
ceramics, metals and composites. Each of these
materials has  unique surface activity and
biocompatibility, which influence bone induction and
conduction [5]. Polymers are widely used as scaffolds
due to their biocompatibility, excellent mechanical
properties, low risk of allergic reactions, favorable
enzymatic responses for cell growth and controlled
biodegradation rate [6]. Polycaprolactone (PCL),
polylactic acid (PLA), polyglycolide (PGA), poly-L-
lactic acid (PLLA) and polyvinylidene fluoride (PVDF)
are biocompatible polymers used in tissue engineering
[3,7,8].

Polycaprolactone is a semi-crystalline linear
polyester and is one of the most well-known synthetic
polymers in bone tissue engineering. This polymer's
characteristics include a very low glass transition
temperature (T, = -60 °C), low melting point (59-64 °C),
biocompatibility, biodegradability, high toughness,
favorable mechanical strength, good processability, high
permeability for various drugs, and high hydrophobicity
[9, 10]. PLA, an aliphatic polyester, is used in various
fields, including the pharmaceutical industry,
biomedicine and food packaging. Its properties include
biocompatibility, biodegradability, a glass transition
temperature of 60 °C, a melting point of 160 °C,
processability, high strength and low flexibility [7, 11-
13].

PLA and PCL have been approved by the US Food
and Drug Administration (FDA) for use in medical
applications such as scaffolds in tissue engineering [3].
Although both polymers are biocompatible and

biodegradable, neither is an ideal scaffold for bone tissue
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engineering. PCL's hydrophobicity reduces cell
adhesion, and PLA is brittle. Therefore, a composite of
these two polymers offers an effective option for
developing a new biomaterial with favorable mechanical
and biological properties [14, 15].

There are various methods for the fabrication of
scaffolds; the most common include phase separation,
gas foaming, solvent casting/particulate leaching, freeze
drying, electrospinning, and 3D printing [16]. Among
these, the solvent casting/particulate leaching technique
is a widely used method for producing polymer-based
scaffolds. In this technique, the polymer is dissolved in
a suitable solvent, then mixed with an insoluble salt.
Evaporation of the solvent produces a salt-polymer
composite, which is subsequently washed to remove the
salt particles and porosity in place of the salt. The solvent
casting/particulate leaching method is relatively simple
and does not require specialized or expensive equipment.
In addition, it allows for control over the final porosity
and pore size, producing a three-dimensional structure
similar to the bone matrix [17]. This method is mostly
used for cartilage and bone tissue engineering
applications, with scaffold porosity ranging from 50 to
90 percent [6].

Electrospun nanofibrous scaffolds with different
weight ratios of PCL/PLA (i.e., 0.100, 40.60, and 80.20)
were fabricated through thermally induced self-
agglomeration of nanofibers (TISA). The results showed
that all 3D scaffolds were flexible and had
interconnected pores with a size of 300 pm. Among
them, PLA8O scaffolds demonstrated the best overall
properties in terms of density, porosity, water absorption
capacity, mechanical properties, bioactivity and cell
viability [18]. Additionally, 3D porous scaffolds
composed of different ratios of PCL and PLLA were
prepared using the salt leaching method for bone
regeneration applications. The addition of PLLA
increased the porosity, pore size and compressive
strength of the scaffold, while also the biocompatibility
of the samples was improved by increasing the PLLA
content [18]. PCL/PLA/ZnO scaffolds were fabricated
using melt extrusion 3D printing. The printed scaffolds

had a regular structure with pore sizes between 300 and
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400 um. By adding PLA to PCL, the stiffness increased
from 52 MPa to 214 MPa [19].

Considering the potential of PLA/PCL composites as
bone scaffolds, the fabrication of this composite using
the solvent casting/particulate leaching method has
received less attention, despite the method’s simplicity,
low cost, and ability to produce a 3D structure. The
purpose of this research was to fabricate a PLA/PCL
composite scaffold using the solvent casting/particulate
leaching method to create a 3D structure that mimics the
bone extracellular matrix and to investigate its
morphology, as well as its physical and mechanical

properties.

2. Experimental Procedures

2.1. Materials and methods

To fabricate PLA/PCL composites, polylactic acid
(Hisun, REVODE190 (L130)) and polycaprolactone
(Aldrich with an average MW of 80,000 Da) were used
as the primary materials. Chloroform (Merck) with a
purity of 99% served as the solvent, and sodium chloride
with a particle size of 250 to 500 microns (Arvin Shimi)
was utilized as a porogen.

A 12 wt.% solution of PLA and an 18 wt.% solution
of PCL in chloroform were prepared separately at 60 °C.
Two solutions were then blended with PLA/PCL weight
ratios of 0/100, 25/75, 50/50, 75/25, and 100/0 and
stirred at 60 °C for 2 hours to achieve a uniform mixture.
Next, sodium chloride was added as a porogen to the
polymer mixture at a polymer/salt ratio of 1:8 to create
porosity. The resulting mixture was poured into a
cylindrical silicone mold with a diameter and height of
11 and 15 mm, respectively. The samples were dried at
room temperature for 24 h, after which they were
immersed in DI water for 72 hours to dissolve and
remove the salt particles, thereby creating porosity.

Finally, the samples were dried at 40 °C.

2.2. Characterization
The morphology of the composites was investigated
using scanning electron microscopy (TESCAN-Vega 3).

The porosity percentage of the samples was measured by
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the liquid displacement method, as shown in Eq. (1):

%Porosity = (V1/(V1+V2)) x 100 (1)

In this equation, V1 represents the volume of sample
porosity, calculated by measuring the volume of liquid
filling the pores after immersion in ethanol. This volume
is determined by the difference between the wet and dry
weight of the sample, divided by the density of the
liquid. V2 represents the true volume of the scaffold,
obtained by dividing the dry weight by the theoretical
density of the sample. The PLA/PCL interactions in
composite samples were evaluated using Fourier
transform infrared spectroscopy (FTIR) (Tensor II,
Bruker, Germany) within the 400-4000 cm™' range. The
wettability of the samples was assessed using a contact
angle goniometer and tensiometer (CAG10, Jikan, Iran).
Cylindrical samples with an initial height-to-diameter
ratio of 1 and dogbone samples, prepared according to
the ASTM D638 standard, were prepared for
compression and tensile tests, respectively. The
mechanical properties of the samples were assessed
using a tensile test instrument (SANTAM, Iran) at a

crosshead speed of 10 mm/min.

3. Results and Discussion

The pore structure of the scaffolds was evaluated using
SEM images. Fig. 1 presents the electron micrographs of
the fracture surface of the fabricated samples. As shown,
all samples exhibit continuous and uniform porosities,
achieved by removing the salt. The pore sizes are
proportional to the size of the salt used, ranging from 250
to 500 micrometers. The pores are interconnected, and
the pore distribution is relatively uniform. The size and
geometry of the pores play a critical role in cell
infiltration within the scaffolds. Generally, in scaffolds
with pore sizes between 80 and 190 micrometers, cell
accumulation was observed and proper cell infiltration
did not occur. A pore size of at least 300 micrometers is
necessary for effective cell infiltration, and the sample
porosity provides sufficient space for cell infiltration,

proliferation, and growth [19].
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Fig. 1. SEM images of scaffolds with different PLA/PCL compositions: (a) PLA, (b) 7SPLA-25PCL, (c) SOPLA-50PCL, (d)
25PLA-75PCL, and (e) PCL.

The porosity of PLA/PCL scaffolds was calculated using
the solvent displacement method, and the results are
reported in Table 1. The porosity of the samples ranges
from 70% to 85%, which, except for the PLA sample,
aligns closely with the theoretically calculated porosity
based on the amount of salt used. This suggests that all
the salts have been dissolved, resulting in the intended
porosity. In the PLA sample, due to its hardness, inherent
brittleness, and lack of flexibility, it is more challenging
to remove the salt completely, leading to reduced
porosity. Residual salt particles that are not fully
dissolved can be observed in the SEM images. The
porosity percentage of the samples is suitable for cell
migration and penetration within the scaffold structure.
The FTIR spectra of PLA, SOPLA-50PCL, and PCL
samples are shown in Fig. 2. In the PCL spectrum, the
bands at 582, 1166, 1721, 2876 and 2953 cm!
correspond to C=0O wagging, C-O stretching, C=0
stretching, and symmetric and asymmetric CH»
stretching vibrations, respectively, and are characteristic
bands of PCL. In the PLA spectrum, the bands at 1746,
2995, 2946 and 1080 cm™! are associated with C=0
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stretching, asymmetric and symmetric CH3 stretching,
and C-O stretching vibrations, respectively. The bands at
1452 and 1361 cm™' are due to asymmetric and
symmetric CH3 bending vibrations. As no new bonds
are formed in the composite sample, confirming the lack
of interaction between PLA and PCL, the two polymers
are immiscible.

The increase in hydrophilicity enhances cell
adhesion on the surface of the scaffold. Therefore, the
hydrophilicity of PLA/PCL scaffolds was evaluated, and
the water contact angle of the samples is shown in Fig.
3. As illustrated, PCL is more hydrophobic than PLA,
and the presence of PLA in composite scaffolds reduces
the contact angle to some extent, which can improve cell

adhesion on the scaffold.

Table 1. The porosity percentage of pure PLA and PCL, and
their blended scaffolds

Sample Porosity (%)
PLA 70
75PLA-25PCL 84
SOPLA-50PCL 85
25PLA-75PCL 76
PCL 80
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Fig. 2. FTIR spectra of PLA, 50PLA-50PCL, and PCL.
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Fig. 3. Water contact angle of pure PLA, pure PCL, and their
blended scaffolds.

The mechanical properties of the samples were
investigated. For the compression test, cylindrical
samples with a diameter of 11 mm and a height ranging
from 11 to 14 mm were prepared. The resulting
engineering stress-strain curves are shown in Fig. 4. The
stress-strain curves of the porous composite scaffolds
exhibit foam-like behavior, characterized by three
distinct regions: linear elastic deformation at low strains,
a plateau region at higher strains, and a densification
region at high strains. The stiffness (slope of the elastic
region), onset strain of the densification region, and pore
wall fracture stress were calculated, and the results are
provided in Table 2. As shown, the PLA sample exhibits
significantly higher stiffness than the PCL sample.
Consequently, stiffness increases in the composite

samples as the amount of PLA increases. Comparing the
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onset strain of the densification region and the pore wall
fracture stress shows that with an increase in PLA
content, the onset strain decreases while the strength of
the pore walls increases, which is expected given the
higher strength of PLA compared to PCL. Only the
50PLA-50PCL sample does not follow this trend, as it
has the lowest pore wall fracture stress. The reduced pore
wall strength of the S0PLA-50PCL sample can be
attributed to the weak interface between PLA and PCL.
If the polymer mixture is miscible, a strong interface
forms between two polymers; however, if the mixture is
immiscible, the interface between the polymers is weak.
Based on the FTIR results, no interaction was observed
between the PLA and PCL polymers, indicating that
these two polymers are immiscible. Miscible mixtures
are typically clear, while immiscible mixtures are
cloudy, and the cloudiness of the PLA and PCL mixture
further supports their immiscibility. Therefore, due to
the weak interface between the two polymers, their
mixture exhibits lower strength than the pure samples.
The SOPLA-50PCL sample has the lowest wall strength,
likely due to the larger interfacial area between the

polymers.

Table 2. Stiffness, onset strain of the densification region,
and wall fracture stress of each scaffold

Slope q The

of Onset strain pore

Sample first o.f the q wall

region dens'lﬁcatlon fracture

(MPa) region (£4) stress

(ca)

PLA 12.17 0.62 2.07
75PLA-25PCL 5.9 0.63 1.17
50PLA-50PCL 1.6 0.67 0.94
25PLA-75PCL 1.62 0.64 1.05
PCL 0.44 0.66 0.87

To evaluate the tensile properties, a tensile test was
performed on PCL, PLA and PLA/PCL composite
samples. The engineering stress-strain curves of these
samples are shown in Fig. 5. Stiffness, ultimate strength
and elongation of the samples were calculated, and the
results are provided in Table 3. As shown, stiffness
increases and elongation decreases with increasing PLA
content. Although it is expected that tensile strength

would increase with a higher PLA content, the strength
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Fig. 4. Compressive stress-strain curves of pure PLA, pure
PCL, and their composite scaffolds.

Table 3. Stiffness, tensile strength, and elongation of each

scaffold
. Tensile .
Sample S(tll\t}';;;s strength Elo?%tlon
(MPa)

PLA 30.01 0.87 5
75PLA-25PCL 18.17 0.66 8.3
50PLA-50PCL 8.17 0.34 12
25PLA-75PCL 3.55 0.24 24

PCL 1.82 0.35 90

of the 25PLA-75PCL and 50PLA-50PCL composite
samples is lower than that of pure PCL. This can be
attributed to the immiscibility of the two polymers and
the resulting weak interface between them, which
reduces the mechanical strength of the scaffold. It can be
concluded that in composite samples with a lower
amount of PLA, the weak interface effect outweighs the
benefits of PLA, resulting in a composite strength lower
than that of pure PCL. Due to alignment issues and
manufacturing defects, the compressive modulus of the
samples is not equal to the tensile modulus [20]. Given
that the Young’s modulus of cancellous bone ranges
from 0.1 to 1 MPa, the fabricated scaffolds are suitable

for use in cancellous bone applications [21].

4. Conclusion

In the present study, PLA/PCL scaffolds with five
different PLA/PCL ratios (100/0, 75/25, 50/50, 25/75
and 0/100) and a polymer/salt ratio of 1:8 were
fabricated using the solvent casting/particulate leaching

method.
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Fig. 5. Tensile stress-strain curves of pure PLA, pure PCL,
and their composite scaffolds.

The porosity and pore size of the samples ranged
from 70 to 85% and 250 to 500 micrometers,
respectively, providing sufficient space for cell
infiltration, proliferation and growth. The presence of
PLA increased the hydrophilicity of the composite
samples. Due to PLA’s higher strength, the composite
samples exhibited greater stiffness and reduced ductility
compared to pure PCL. However, the weak interface
between PLA and PCL caused some composite samples
to have lower strength than pure PCL. Based on
mechanical properties and contact angle, the 75PLA-

25PCL sample most closely resembles bone tissue.
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