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a b s t r a c t
Porous b-tricalcium phosphate (b-TCP) has been used for bone repair and replacement in
clinics due to its excellent biocompatibility, osteoconductivity, and biodegradability. However, the application of b-TCP has been limited by its brittleness. Here, we demonstrated
that an interconnected porous b-TCP scaffold inﬁltrated with a thin layer of poly(lacticco-glycolic acid) (PLGA) polymer showed improved mechanical performance compared
to an uncoated b-TCP scaffold while retaining its excellent interconnectivity and biocompatibility. The inﬁltration of PLGA signiﬁcantly increased the compressive strength of
b-TCP scaffolds from 2.90 to 4.19 MPa, bending strength from 1.46 to 2.41 MPa, and toughness from 0.17 to 1.44 MPa, while retaining an interconnected porous structure with a
porosity of 80.65%. These remarkable improvements in the mechanical properties of
PLGA-coated b-TCP scaffolds are due to the combination of the systematic coating of struts,
interpenetrating structural characteristics, and crack bridging. The in vitro biological evaluation demonstrated that rat bone marrow stromal cells (rBMSCs) adhered well, proliferated, and expressed alkaline phosphatase (ALP) activity on both the PLGA-coated b-TCP and
the b-TCP. These results suggest a new strategy for fabricating interconnected macroporous
scaffolds with signiﬁcantly enhanced mechanical strength for potential load-bearing bone
tissue regeneration.
Ó 2011 Elsevier Ltd. All rights reserved.

1. Introduction
Bone grafts are needed for repairing large craniofacial
and skeletal defects resulting from congenital malformation, oncologic resection, pathological degenerative bone
destruction, and common fractures [1–3]. Current bone
grafts include autologous bone, allografts, and synthetic
scaffolds [4]. Autologous bone is considered as the clinical
gold standard due to its high efﬁcacy of bone repair. How-
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ever, this treatment is limited by both its supply and additional morbidities caused by bone harvesting. Allografts
have a high failure rate in addition to a risk of disease
transmission and quality inconsistency. Bone tissue engineering is an alternative approach that may be able to
circumvent many of the above shortcomings [4,5].
Bone is a natural composite material consisting primarily of a collagen-containing organic polymer phase as a
matrix and a mineral ceramic phase composed of hydroxyapatite [6]. Over the past decade, many efforts in bone
tissue engineering have been dedicated to the development of biodegradable scaffolds with both excellent biocompatibility and mechanical properties mimicking those
of natural bone tissues [7,8]. Many studies on ceramic/
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polymer composite scaffolds have attempted to take
advantage of the strong compressive strength of ceramics
as well as the ﬂexibility of ductile polymers [9,10,2]. However, there has been only limited success in improving the
mechanical strength of composite scaffolds through different methods, including the polymer matrix approach (topdown) [11,12] and the self-assembled mineralized collagen
method (bottom-up) [13,14]. Coating is an alternative
method for fabricating composite scaffolds by immersing
polymer scaffolds into ceramic slurry [15,16], or coating
the ceramic scaffolds with a thin layer of polymer
[17,18]. For example, Miao et al. [19] found that the compressive strength of hydroxyapatite/b-tricalcium phosphate (HA/b-TCP) scaffolds prepared by a polyurethane
foam replica method was signiﬁcantly increased from
0.05 MPa before coating to 0.6 MPa after coating with
poly(lactic-glycolic acid). Kim et al. [20] indicated that a
polycaprolactone (PCL) coating on HA scaffolds improved
the compressive strength of the HA scaffolds. The highest
compressive strength obtained in PCL coated scaffolds
was 0.45 MPa, which was approximately three times higher than that of the uncoated HA scaffold (0.16 MPa), but
the compressive strength of the polymer coated ceramic
composite scaffolds was still much lower than that of
human cancellous bone (2–10 MPa) [21].
In our previous study, a novel method, named
template-casting, was developed to produce a completely
interconnected porous b-TCP scaffold with high compressive strength [22]. In this study, we aimed to develop a
polymer/ceramic composite scaffold with enhanced
bending strength and toughness by coating the ceramic
scaffolds within a thin layer of polymer. Poly(lactic-coglycolic acid) (PLGA) was used for it is an FDA-approved
biodegradable polymer with ductility and excellent biocompatibility [23,24]. The open interconnected macropores of b-TCP scaffolds would allow for the inﬁltration of
the polymer to homogeneously coat entire struts. This
coating could achieve a highly interpenetrated polymer
and ceramic network, potentially leading to a composite
scaffold with higher mechanical strength and toughness.
We ﬁrst prepared PLGA coated b-TCP composite scaffolds,
and then characterized the compressive strength, bending
strength, and toughness of the scaffolds with and without
the PLGA coating. Finally, we examined cell adhesion, proliferation, and differentiation on these scaffolds in vitro.

2. Materials and methods
2.1. Materials
b-Tricalcium phosphate powder with speciﬁc area of
17 m2/g was purchased from Nanocerox Inc. (Ann Arbor,
MI). Poly(lactic-glycolic acid) (PLGA, ratio M/M% 75:25, iv
0.2 dl/g) was purchased from PURAC America Co. Carboxymethyl cellulose (CMC) powders, parafﬁn granules, and
anhydrous ethyl alcohol were purchased from Fisher
Scientiﬁc (Pittsburgh, PA). All other chemicals were analytical grade and were used as received.

2.2. Preparation of b-TCP scaffold and PLGA-coated b-TCP
composite scaffold
b-TCP scaffolds with completely interconnected pores
were prepared by the template-casting method [22]. The
method includes the preparation of parafﬁn spheres and
b-TCP ceramic slurry, casting the slurry into a mold containing parafﬁn spheres, solidifying and sintering. Parafﬁn
spheres were prepared by a conventional water-dispersion
method [22]. The parafﬁn spheres with particle sizes
between 0.71 and 1 mm were used in this study. b-TCP
powder, CMC powder, dispersant (Darvan C) and surfactant (Surfonals) were mixed with distilled water while stirring to form the ceramic slurry. After ﬁlling the parafﬁn
beads into customized molds, the b-TCP slurry was cast
into the molds under a vacuum. The mold with slurry
was dehydrated and solidiﬁed in a series of ethyl alcohol
solutions, typically 70%, 90%, and 95% at 40–70 °C. After
removing the dehydrated green body from the mold, the
green body was put into an electric furnace and heated
up to 1250 °C for 3 h to sinter the b-TCP scaffolds.
To fabricate the PLGA/b-TCP composite scaffolds, PLGA
pellets were ﬁrst dissolved in dichloromethane (CH2Cl2)
solvent (10 wt%), then the b-TCP scaffolds were immersed
into the PLGA solution under vacuum to allow for complete
inﬁltration into the porous structures. The soaked scaffolds
were then centrifuged at 300 rpm for 30 s to remove the
excess PLGA solution from the scaffolds. The scaffolds were
then taken out of the centrifuge tubes and left to dry in a
fume hood overnight and dried again in an oven for 4 h
at 45 °C, and further dried at least 3 days at room temperature to evaporate all of the organic solvent.

2.3. Characterizations
2.3.1. Porosity of the scaffolds before and after PLGA coating
To test the porosity of the b-TCP scaffolds with and
without PLGA coating, a scaffold of weight Ws was
immersed in a graduated cylinder containing a known volume (V1) of water. The total volume of the water and scaffold was then recorded as V2. The volume difference
(V2 V1) was the volume of the constructs of the scaffold.
The bulk density (qb) equals the weight of the scaffold (Ws)
divided by the volume of the scaffold (V2 V1). The theoretical density of b-TCP (qt) is 3.156 g/cm3 [22]. The porosity of scaffolds was determined by using the following
equation: porosity = (1 qb/qt)  100% [25]. The weight
of each sample was measured using an electronic balance.
At least three specimens were used to determine the
porosity.

2.3.2. SEM analysis
A scanning electron microscope (FEI Quanta 400) was
used for the morphological characterization of the scaffolds. The scaffolds were mounted onto aluminum stubs
with double carbon tape and coated with gold using a
sputter coater (CRC-150). The porous structure was
observed under an acceleration voltage of 15 kV.
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2.3.3. Mechanical testing
An Instron 4465 mechanical tester with a 5 KN load cell
was used to test the compression strength and bending
strength according to the guidelines of ASTM standards.
The crosshead speed was set at 1 mm/min, and the load
was applied until the scaffold cracked. The diameter of
each sample was measured by a Vernier caliper before
loading. For the compressive strength test, scaffold samples were polished on two opposite sides with sand paper
using a metallic sample holder in order to ensure that the
lower and upper sides were parallel. For the bending
strength test, the span was kept at 20 mm. To calculate
the bending strength of the scaffold, the following equation was used: FL/pr3, where F represents the applied maximum load, L represents the span, and r represents the
radius of the scaffold. Toughness, or energy absorption to
failure, can be commonly determined by its absorption energy of mechanical deformation per unit volume (in unit of
J/m3). A toughness value was determined by integrating
the area under the stress–strain curve from zero to the
point of maximum stress for each individual specimen by
Origin8.1 program (Originlab, USA) [26]. Three samples
per group were measured, and each test repeated twice.
2.4. Biocompatibility in vitro
2.4.1. Cell culture and cell seeding
To evaluate the cell proliferation and differentiation on
the scaffolds, rat bone marrow stromal cells (rBMSC) were
separated from the gene-transferred rat by green ﬂuorescent protein (GFP). The rBMSC were isolated from the
femurs of rats and pooled to obtain a single cell suspension
according to the instructions of a cell isolation kit (Chemicon International). Passage 5 rBMSC were used in this
study, and the cells were grown in culture media containing Dulbecco’s modiﬁed Eagle’s medium (DMEM) supplemented with 10% FBS, 1% L-glutamine, 1% antibiotic–
antimycotic solution and osteogenic factors (10 nM
dexamethasone, 50 lg/mL L-ascorbic acid and 10 mM
b-glycerophosphate). Medium was changed every 3 days.
The scaffolds were decontaminated by soaking three times
in 70% ethanol for 15 min each, and then rinsed three times
with phosphate buffer solution (PBS) for 15 min before
being left to dry overnight in a sterilized hood. Cells were
loaded onto the sterilized scaffolds at a density of
1  105 cells/scaffold suspended in 100 lL culture media.
The scaffolds used for the cell culture in this study were
8 mm in diameter and 6 mm in height. After 1 h incubation, the cell-seeded samples were cultured in 2 mL culture
medium for the designated time points.
2.4.2. Cell morphologies
To investigate cell attachment ability and the cell morphologies on the scaffolds with and without PLGA coating,
1  105 cells were loaded on the scaffold and incubated in
2 mL culture medium. After day 3, the scaffolds were
removed from the culture wells, rinsed with PBS (pH
7.4), and ﬁxed with 4% paraformaldehyde in PBS for 1 h.
The ﬁxative was removed, and the wells were washed with
PBS and the attached morphologies of rBMSCs grown on
the b-TCP scaffolds were observed by a confocal laser scan-
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ning microscope (CLSM, Olympus IX81) after day 1 and
3 days. For SEM observation, ﬁxed cells were washed and
then post-ﬁxed in 1% osmium tetroxide in PBS for 1 h followed by sequential dehydration in graded ethanol (70%,
90%, 95%, and 100%, each 10 min). The specimens were
dried in hexamethyldisilizane (HMDS) for 5 min before
sputter coating with gold for SEM analysis. The morphological characteristics of the attached cells on the scaffolds
were observed using SEM (FEI Quanta 400).
2.4.3. MTT assay
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrasodium
bromide (MTT) was used to quantify the number of metabolically active cells. At each time point (Day 1, 3, 5, 7),
cells/scaffolds were transferred into a new 24-well plate
and 1 mL of serum-free growth medium containing
100 lL 5 mg/mL MTT was added (1/10, ﬁnal concentration
was 0.5 mg/mL) into the 24 well plate. Cells were allowed
to incubate at 37 °C for 4 h, during which time MTT was
taken up by viable cells and reduced in the mitochondria
to insoluble purple formazan granules. The formazan crystals formed were solubilized by adding 0.5 mL dimethyl
sulfoxide for 30 min under shaking. The optical density
(OD) of formazan in the solution was then read using a
microplate reader at 490 nm (BIO-RAD Model 680). b-TCP
scaffolds without PLGA coating were used as control.
2.5. Alkaline phosphatase activity
To evaluate alkaline phosphatase (ALP) activity, rBMSCs
were seeded on the porous scaffolds for 1, 3, 7, 14, and
21 days. At each time point, cells were washed with PBS
and lysed in 0.2% Triton X-100 solution for 30 min at room
temperature after three freeze/thaw cycles ( 80/37 °C).
Cell lysates were placed in a 96-well plate for the measurement of ALP activity with p-nitrophenyl phosphate (p-NPP)
substrate as described elsewhere [27]. The resultant absorbance values can be measured at 405 nm in a microplate
reader (BIO-RAD Model 680, USA) after 30 min incubation
at 37 °C. The amount of total protein in the cell lysates was
determined using a micro-BCA Protein Assay Kit (Thermo
Scientiﬁc). ALP activity was normalized to total protein
concentration and expressed as units per gram of protein.
2.6. Statistical analysis
All the data were statistically analyzed using Student’s
t tests to investigate the signiﬁcant difference between
the two groups, before and after PLGA coating and are
reported as mean values ± SD. Differences at a probability
of less than 0.05 were considered to be statistically
signiﬁcant.
3. Results
3.1. Porous structures of b-TCP scaffolds with/without PLGA
coating
In this study, a novel method, named template-casting,
was used to prepare a porous b-TCP scaffold. By this
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Fig. 1. Digital and SEM images of the scaffolds. (a) Scaffolds with different geometries. (b) The interconnected open macropores of the as-prepared scaffolds.
(c) The b-TCP grains at a higher magniﬁcation. (d) The surface of the scaffold struts contains micropores. (e) The strut surface of the PLGA-coated b-TCP
scaffolds after PLGA coating. (f) PLGA ﬁlled some open micropores in the struts. The white arrows indicate the PLGA coating and inﬁltration of PLGA into the
micropores.

method, a b-TCP scaffold with completely interconnected
macropores and high mechanical strength was successfully prepared. Fig. 1a demonstrates some scaffold examples of different geometries and shapes. Scaffolds with
different geometries can be fabricated by customizing
the templates in the designated shapes. Fig. 1b shows
the interconnected open macropores of the as-prepared
scaffolds, and the pore sizes range from 350 to 500 lm
measured by NIH imageJ program. The b-TCP grains with
sizes between 2 and 8 lm were measured using the NIH
ImageJ program on the higher magniﬁcation SEM picture
(Fig. 1c). The struts of the as-prepared scaffolds contain
micropores (Fig. 1d). After the inﬁltration of PLGA solution

followed by a drying process, the surfaces of the b-TCP
scaffolds formed a thin PLGA layer (Fig. 1e), and some
micropores in the struts became ﬁlled with PLGA
(Fig. 1f), giving the surfaces a much smoother appearance
compared to that of the uncoated struts (Fig. 1d). The
thickness of the layer is less than 2 lm measured by ImageJ program. From the SEM observations, the thin coating
of PLGA did not change the open macroporous structure
when compared to the uncoated scaffold (Fig. 1b and e).
The porosity of the b-TCP scaffold was 82.49 ± 0.04%, and
decreased slightly after PLGA coating to 80.65 ± 0.02%,
but there was no statistically signiﬁcant difference as
determined by t-test statistical analysis.

Y. Kang et al. / European Polymer Journal 47 (2011) 1569–1577

3.2. Mechanical properties of b-TCP and PLGA-coated b-TCP
scaffolds
Fig. 2 indicates that the compressive strength of b-TCP
scaffolds was 2.90 ± 0.67 MPa, while the compressive
strength of PLGA-coated b-TCP scaffolds signiﬁcantly increased to 4.19 ± 0.84 MPa. The compressive strength of
the PLGA coated b-TCP scaffolds was signiﬁcantly higher
than that of the uncoated scaffolds. PLGA coating can penetrate some micropores and small cracks in the struts,
resulting in increased compressive strength. However,
overall compressive strength was mainly a result of the
stiffness of the ceramic content. The strength of b-TCP scaffolds was reinforced by PLGA coating, and the compressive
strength was comparable to that of cancellous bone (2–
10 MPa) [18].
Fig. 3a shows typical load–displacement curves obtained in uniaxial tests performed on the b-TCP and
PLGA-coated b-TCP scaffolds. The compression curves
showed that b-TCP failed in an elastic-brittle manner,

Fig. 2. The compressive and bending strength of the b-TCP and PLGAcoated b-TCP scaffolds. Marker indicates a signiﬁcant difference (p < 0.05).
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exhibiting a steep linear elastic region followed by a collapse plateau presumably dominated by brittle fracture
of the struts. Some drops in load were observed from the
curve, which could be associated with the development
of microcracks in the struts of the scaffolds. The compression curve of PLGA-coated scaffold indicated the signiﬁcant
increase of this linear elastic region range followed by a
steep drop and then a short plateau. This considerable
yield resistance after coating is clearly superior to that of
the plain b-TCP scaffold.
The bending strength of the scaffolds in the presence
and absence of the PLGA coating was evaluated by a
three-point bending test. Results demonstrated that the
bending strength of the b-TCP scaffolds coated with PLGA
was 40% higher than that of those without the PLGA polymer coating (p < 0.05). The bending strength increased
from 1.46 ± 0.62 MPa for the uncoated scaffolds to
2.41 ± 0.45 MPa for the PLGA coated samples (Fig. 2).
Fig. 3b shows representative ﬂexure load–deﬂection
curves of experimental results obtained in the three-point
bending test for the b-TCP scaffolds and PLGA-coated scaffolds. During the beginning stage, the two curves both had
similar slopes, which demonstrated the linear elastic
behavior of the scaffolds. However, plain b-TCP scaffolds
broke at small stains, indicating the typical brittle behavior
of ceramic, while the PLGA-coated scaffold resisted up to a
0.25 mm ﬂexure deﬂection. An approximate eightfold increase in toughness of the PLGA-coated scaffolds
(1.44 ± 0.95 MPa) was observed when compared to that
of plain b-TCP scaffolds (0.17 ± 0.13 MPa) (Fig. 4a). The
toughness of the coated scaffold signiﬁcantly increased
(p < 0.01). Despite cracking and breaking of the b-TCP
struts early on, the broken parts were not separated and
scattered, but remained an entire single piece held together by the PLGA. SEM observation showed that the
PLGA formed a ﬁbril-like structure bridging the crack
opening as shown in Fig. 4b. With further displacement
of the composite scaffold, the PLGA progressively began
to reach its maximal crack opening and the entire piece
of a composite scaffold separated.

Fig. 3. Representative load–displacement curve obtained during uniaxial compression tests performed on the b-TCP and PLGA-coated b-TCP scaffolds (a).
Representative ﬂexure load–deﬂection curves obtained from three points bending tests performed on the b-TCP and PLGA-coated b-TCP scaffolds (b).
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Fig. 4. (a) The toughness of the b-TCP and PLGA-coated b-TCP scaffolds, determined by area under the curves from ﬂexure load–deﬂection curves (p < 0.05).
(b) SEM micrograph of the fracture of the PLGA-coated during the bending test.

Fig. 5. Confocal laser scanning microscopy images of the morphology of rBMSCs on the b-TCP and PLGA-coated b-TCP scaffold after 24 and 72 h of
incubation.

3.3. Cell attachment and morphologies

3.4. Biocompatibility of the scaffolds and cell proliferation

In order to observe the attachment of rBMSCs to the
scaffold, a laser confocal ﬂuorescent microscope was used
to observe the morphologies of cells on the inner pores
and struts of the scaffolds. It was seen that the cells attached well to the inner pore wall and strut surface of
the b-TCP and the PLGA coating surface after seeding
(Fig. 5). With incubation time, the cells continued to proliferate well on the b-TCP and the PLGA coated struts (Fig. 5).
SEM images also indicate the adhesion and spreading of
cells on the scaffolds (Fig. 6a and b). Together, these results
suggest that cells can attach and spread well on the b-TCP
and PLGA-coated composite scaffolds.

The MTT assay was used to determine the viability of
cells grown on the scaffolds. Results showed that there
was no signiﬁcant difference in the optical density (OD)
values between the b-TCP and PLGA-coated b-TCP scaffolds
(Fig. 7). This result suggests that cells can proliferate well
on both coated and uncoated b-TCP scaffolds.
3.5. Alkaline phosphatase activity
Alkaline phosphatase is one of the most widely recognized early biomarkers for bone progenitor cell differentiation. Alkaline phosphatase activity of rBMSC cells
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Fig. 6. SEM images of rBMSC on scaffolds. rBMSCs spread well on the b-TCP (a) and PLGA-coated b-TCP (b).

cultured on the b-TCP and PLGA-coated b-TCP scaffolds for
1, 3, 7, 14, and 21 days are presented in Fig. 8. Our results
indicated that ALP activity on the b-TCP and PLGA-coated
b-TCP composite scaffolds increased with culture time,
and that there was no statistically signiﬁcant difference between the two groups after t-test analysis. This result suggests that these cells were able to carry out osteogenic
functions and differentiate on both the coated and uncoated b-TCP scaffolds.
4. Discussion

Fig. 7. Quantitative measurement of the amount of the formazan present
in the cell seeded scaffolds by a MTT assay.

Fig. 8. Quantitative measurement of alkaline phosphatase activity in
rBMSC cells on the b-TCP and PLGA-coated b-TCP scaffolds over time.
There is no signiﬁcant difference between the two groups (p > 0.05).

The scaffolds applied in bone regeneration should have
an interconnected pore structure for new bone tissue ingrowth and have good mechanical properties to withstand
loading during bone formation. b-TCP, a calcium phosphate
(CaP) ceramic, has been used in clinics for bone repair due
to its excellent osteoconductivity and biodegradability
[28,29], but there is a great need to improve its toughness
and reliability for use in load-bearing applications [28].
In our previous study, a template-casting method was
developed to prepare b-TCP scaffolds with high compressive strength and completely interconnected pores. In this
study, we hypothesized that a porous composite scaffold
with high mechanical strength and toughness could be obtained through combining the template-casting and polymer impregnation methods. Our results manifested a 3D
interconnected porous b-TCP/PLGA composite scaffold
with signiﬁcantly enhanced compressive strength, bending
strength, and toughness. Coating with PLGA polymer resulted in the increase of the compressive strength of the
scaffold from 2.90 to 4.19 MPa, bending strength from
1.46 to 2.41 MPa and toughness from 0.17 to 1.44 MPa.
Clearly, the introduction of PLGA into porous b-TCP scaffolds effectively enhanced the mechanical properties of
the b-TCP scaffold. It is worth noting that the signiﬁcant increase in mechanical strength of the composite scaffolds
was primarily not a result of the decrease in porosity,
though the decrease in porosity by approximately 2%
would lead to the slight increase of compressive strength
of scaffolds [28]. The porosity reduction in our study was
consistent with Chen’s study [30], in which there was
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about 2.2% reduction in macroporosity after the polymer
coating on the ceramic scaffolds. Since the pores of the
b-TCP scaffold prepared by the template-casting were large
and completely interconnected, the inﬁltration of polymer
formed a continuous and interconnected coating on the
b-TCP scaffold. This thin layer of polymer leads to the systemic coating of all the struts and the formation of the
highly organized and interpenetrating polymer/ceramic
composite at the strut level. This interpenetrating
structural characteristic is probably responsible for the
strengthening and toughening of the composite scaffolds.
In general, a ceramic scaffold has open micropores and
defects such as microcracks in the struts after sintering.
The inﬁltration of a polymer ﬁlled pre-existing open
micropores and exposed microcracks on the surface of
scaffolds and formed an interlaced structure. This interlaced and continuous layer of polymer further inhibited
the propagation of cracks in the ceramic. This defect healing mechanism has already been described in Pedro Miranda’s study about the mechanism of strengthen in b-TCP
rods [31]. From the load–displace curve of the b-TCP/PLGA
composite scaffolds in Fig. 3, the observation of a signiﬁcant increase of linear elastic region range before a steep
drop and then a small plateau clearly demonstrated that
there was a considerable yield resistance increase after
coating. In the present study, the observation of stretched
ﬁbrils in the fracture surface (Fig. 4b) also suggested another toughening mechanism: crack bridging. According
to Pezzotti and Asmus [32], when microcracks propagate,
the ductile polymer ligaments could be stretched upon
crack opening and consume energy. The toughness of bone
tissue is partially due to crack bridging by collagen ﬁbrils
[17,33]. In other words, the PLGA appeared to act like natural collagen ﬁbrils, enhancing the toughness of the PLGAcoated b-TCP scaffolds by a similar mechanism (Fig. 4).
Therefore, the combination of the systematic coating of
struts, the interpenetrating structural characteristics, and
crack bridging signiﬁcantly improved the mechanical
strength of the composite scaffolds and enhanced their
toughness. In the future, we may also further improve
the mechanical strength and toughness of composite scaffolds for load-bearing applications by optimizing the structural design, polymer/ceramic combinations, polymer
inﬁltration process, and interface interaction between
polymer and ceramic.
In this study, we investigated the biocompatibility of
the composite scaffolds by performing cell attachment,
proliferation, and differentiation assays. Our results indicated that rBMSC cells seeded on both the scaffolds were
able to proliferate and differentiate. No signiﬁcant difference in cell behavior was observed, suggesting that both
the polymer coated scaffolds and uncoated scaffolds exhibited excellent biocompatibility. Additionally, the bioactivity of composite scaffolds can be further enhanced by
incorporating bioactive macromolecules, such as cytokines
or growth factors, or mixing some bioactive phase, such as
inorganic powders, into the polymer coating [34]. This
polymer coating can function as a carrier for the controlled
release of biological cues to guide cell response in addition
to strengthening and toughening the composite scaffolds
for the repair of large bone defects.

5. Conclusions
Here we show that a combination of template-casting
and polymer impregnation methods can be used to fabricate a completely interconnected porous ceramic/polymer
biodegradable scaffold with signiﬁcantly improved
mechanical performance and excellent biocompatibility.
The enhancement of the composite scaffold’s characteristics is due to a combination of the systematic coating of
struts, the interpenetrating structural characteristics, and
the crack bridging by the polymer. The structural gradation, interconnected pore sizes and porosity of these composite scaffolds can easily be regulated. The inﬁltrated
polymer coating can also be used for the controlled release
of biological cues.
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