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Biosoluble ceramic fiber reinforced poly(L-lactic acid) bone
scaffold: degradation and bioactivity
Cijun Shuai1,2, Zhicheng Wang1, Haiyang Zhang1, Jiye Jia1, Liping Huang3, Dong Wang3, Shijie Chen3✉ and Pei Feng 1✉

Poly (l-lactic acid) (PLLA) exhibits great potential as a kind of scaffold material for bone defect repair because of its good
biocompatibility and processability, while the too slow degradation rate hinders its further application. In this study, the biosoluble
ceramic fiber (BCF) was introduced into PLLA matrix, and the PLLA/BCF composite scaffold was manufactured by selective laser
sintering (SLS). It was observed that water contact angle of the composite scaffold decreased from 87.4° to 61.1° with the increasing
content of BCF, while the pH value raised from 6.6 to 7.8, and the molecular weight of PLLA decreased after immersion for 4 weeks.
The mechanism of degradation acceleration was that the dissolution of BCF not only released OH− into solution environment and
produced alkaline microenvironment, but also formed capillary channels on the interface between BCF and PLLA matrix, beneficial
for the infiltration of water into the hydrophobic PLLA matrix, which contributed to the degradation both on the surface and in the
interior of the matrix. Besides, the dissolution of BCF released Ca2+, Si2+ and Mg2+ simultaneously and absorbed PO4

3− from the
environment, contributing to the formation of bone bonding between the scaffold and host bone. In addition, the introduced BCF
improved the mechanical capacities of the scaffold via fiber breakage, fiber debond and fiber separation, and so on.
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INTRODUCTION
The appropriate degradation rate is critical to the application of
biopolymer scaffold for bone defect repair in order to avoid
hindering bone tissue regeneration when degradation is too fast
and failure to provide structural support when degradation is too
slow1,2. Among various biopolymer, poly (l-lactic acid) (PLLA), with
biodegradable ability, exhibits great potential as scaffold material
for bone defect repair because of its good biocompatibility and
processability3–5. It has received approval from the US Food and
Drug Administration for clinical trials on human6. In physiological
environment, the ester bonds in the PLLA chains are broken by
the attack of water molecules, and long PLLA chains are broken
down into short chains, which participates in the tricarboxylic acid
cycle in the human body and flushed out of the body as water and
carbon dioxide7,8. However, PLLA exhibits a slow degradation rate
in the human body, more than 3 years for radical degradation,
much longer than the formation rate of new bone tissue, ranging
from 12 to 18 weeks9,10.
Molecular weight of PLLA, temperature and pH of the solution

environment greatly influence the hydrolytic degradation pro-
cess11–13. For molecular weight, the degradation rate increases
with the decreasing molecular weight of PLLA14. Tsuji et al.15

researched on the effect of molecular weight on degradation and
found PLLA with low molecular weight showed a higher molecular
mobility and an increasing density of hydrophilic functional
groups, enhancing the ability of water diffusion and accelerating
the hydrolysis rate. Although decreasing molecular weight
accelerates the degradation of PLLA, it will lead to a significant
decrease of mechanical properties16,17. For temperature, increas-
ing temperature can accelerate the degradation process of PLLA18.
Weir et al.19 researched on the degradation behavior at various
temperature and found that increasing temperature could
improve the movement and accelerate the random breaking of

PLLA molecular chains. However, the temperature of the solution
environment for degradation is limited by human body tempera-
ture, around 37 °C, when PLLA is utilized as an implant material20.
It will damage normal cells if the environmental temperature
reaches much higher than 37 °C, but it has limited effect on
accelerating PLLA degradation at around 37 °C21.
The pH value of degradation environment is also an important

factor for degradation, and both acidic and alkaline mediums can
accelerate the degradation rate of PLLA22,23. Previous studies
indicate that alkaline medium has more significant catalytic effect
on the PLLA degradation compared to acidic medium due to the
fact that alkaline medium can neutralize the acid products from
the hydrolytic degradation of PLLA24–26. In addition, the degrada-
tion of PLLA is a long-term process and requires a continuous
alkaline medium, and an effective approach is compositing PLLA
with reinforcement phase, which can increase the pH value of the
degradation environment continuously27. Biosoluble ceramic fiber
(BCF), an inorganic material composed of basic oxide (SiO2, CaO
and MgO), possesses good degradability, biocompatibility and
bioactivity28. When the hydrophilic BCF is dissolved in the
physiological environment, OH− is released continuously and
leads to an alkaline microenvironment, which can neutralize the
degraded acid products of PLLA and accelerate degradation
process29. Besides, released Ca2+, Si2+ and Mg2+ contributes to
absorbing PO4

3− in the solution environment and forming calcium
phosphate layer deposited on the surface of the scaffold, which is
beneficial to the formation of a good bone bonding between the
scaffold and host bone30,31. In addition, BCF, as a kind of fiber,
plays a role of enhancement phase in the biopolymer scaffold, and
bear partial stress transmitted from the matrix, through fiber
breakage, fiber debond and fiber separation when the scaffold is
deformed and fractured32,33.
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Herein, BCF was introduced to the PLLA matrix for accelerating
the degradation rate of the matrix, and the composite scaffold
with good bioactivity and mechanical properties was fabricated
via selective laser sintering (SLS). Water contact angle experiment
was executed to study the role of BCF in the hydrophilicity
improvement of PLLA matrix. Immersion test was carried out to
study the change of water uptake, weight loss and pH value
during the process of degradation, and gel permeation chroma-
tography (GPC) was performed to evaluate the molecular weight
change of the scaffold after degradation. Tensile and compressive
experiments were utilized to evaluate the mechanical properties,
and scanning electron microscope (SEM) was utilized for surveying
surface morphology during degradation and fracture morphology.
In addition, fluorescence and cell adhesion tests were carried out
to assess cytocompatibility of the composite scaffold.

RESULTS AND DISCUSSIONS
Fabrication of PLLA/BCF scaffold
BCF was brought into PLLA, and the composite scaffold was
fabricated via SLS. The introduced BCF was mainly composed of
SiO2, MgO and CaO28, and the SEM and energy dispersive
spectroscopy (EDS) images were exhibited in Fig. 1a. To obtain
the composite scaffold, the composite powder was put on an
operation platform and spread into a layer by a roller. Then, the
platform went down to 200 μm, which kept the distance
between the powder layer and laser generator, as shown in
Fig. 1b. The above procedures were repeated until the height of

the scaffold reached desired one, and the composite scaffold in
the size of 10×10×6 mm3, with horizontal and lengthwise
pores, was designed and manufactured via SLS34,35. The
fabricated PLLA/15BCF composite scaffold was presented in
Fig. 1c, d, and showed a porous structure with pore size around
600 μm, holding an appropriate surface area to facilitate cell
adhesion and proliferation36,37.

Evaluation of hydrophilicity
The hydrolysis degradation is influenced by amounts of factors while
the hydrophilicity is a crucial one38. It is a process that ester groups
on PLLA chains are assailed by water molecules, and long-chain
degrades to short ones and soluble substances39,40. Water molecules
play a critical role in hydrolysis degradation process, so an excellent
hydrophilicity can help scaffold absorb more water. Water climbed
along the BCF surface and a funnel-shaped structure formed when
BCF was in contact with water level, which indicated that BCF
showed a high hydrophilicity, as shown in Fig. 2a. PLLA was usually
regarded as hydrophobic material because of the few hydrophilic
functional groups such as -COOH, -OH and so on, and showed the
maximal water contact angle of 87.4°, as shown in Fig. 2b. When BCF
was introduced into PLLA scaffold, the water contact angle value of
the PLLA/BCF scaffolds decreased gradually. The PLLA/20BCF scaffold
possessed the minimum water contact angle of 61.1°, which
indicated that the PLLA/BCF scaffolds showed better hydrophilicity
with the increase of BCF content. The improvement of hydrophilicity
could be attributed that BCF consisted of a large amount of
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Fig. 1 Preparation and fabrication process of the scaffolds. (a) EDS images of BCF, (b) SLS process for fabricating composite scaffold, (c, d)
images of the fabricated composite scaffold.
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hydrophilic SiO2 and some soluble alkaline oxides (MgO and CaO),
advantageous to the dispersal of water molecules on BCF29.

Degradation properties
Degradation properties were characterized through the varia-
tions of water uptake, weight loss, pH value, molecular weight
distribution and surface morphology after immersed in PBS for 1,
2, 3 and 4 w, respectively, at 37 °C. For all scaffolds, the water
absorption rate showed a progressive rise when immersion time
increased and showed the maximum water uptake ratio after
4 w of immersion, but the rate of water uptake slowed down
with the extension of incubation time, as shown in Fig. 2c.
Weight loss rate was measured to evaluate the degree of scaffold
degradation, and the results were shown in Fig. 2d. Weight loss
exhibited an increasing trend as immersion time increased, and
reached the maximum after incubation in PBS for 4 w. The pure
PLLA scaffold possessed the minimal value of 0.7%, indicating
the slow degradation rate of PLLA scaffold. The weight loss
increased with increasing BCF content, and the PLLA/20BCF

scaffold possessed the maximal value of 4.1%, almost six times
than the PLLA one, indicating a significant expedited degrada-
tion with the introduction of BCF.
The degradation process is greatly affected by acid and

alkalinity of the degradation environment, following the bulk
erosion mechanism under acidic condition or the surface erosion
mechanism under alkaline condition41,42. The former is that PLLA
degrades not only superficially but also inside43,44. The latter is
that PLLA degrades mainly ostensibly, and the average molecular
weight remains steady45,46. The pH values of solution were
measured after immersion for 1, 2, 3 and 4 w, shown in Fig. 2e.
The initial pH value was 7.4, and it was found that the pH value
showed a decreasing trend as immersion time increased, reaching
around 6.6 after immersion for 4 w, which was attributed to the
production of acidic products after degradation. For the solution
containing PLLA/BCF composite scaffolds, the pH value also
showed a decreasing trend after immersed for 1 w, but the pH
value gradually increased and kept stable as immersion time
continued increasing. The increase of pH value was attributed that
the CaO and MgO in BCF could be dissolved in PBS solution and
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Fig. 2 Hydrophilic properties of the scaffolds. a the formation of capillary channel when BCF got to water surface, (b) water contact angles
of the composite scaffold with different BCF content. c Water uptake, (d) weight loss and (e) pH variation of the composite scaffold with
different BCF content during immersion in PBS, (f) change in Mw and molecular weight distribution of neat and composite scaffold after
immersion for 4 w. The error bars represent the standard deviations from four independent specimens.
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released OH−, which neutralized the acidic products after PLLA
degradation and led to an alkaline microenvironment. In addition,
the change in pH value was related to BCF concentration, while
pH value climbed up with increasing content of BCF, reaching
almost 7.8 at the content of 20 wt%.
The degradation of PLLA is a process in which long PLLA chains

are hydrolyzed into short ones continually7, so it is effective to find
out the effect of BCF on PLLA degradation through studying the
change of molecular weight. The molecular weights before and
after degradation were measured by GPC, and the results were
shown in Fig. 2f. It could be observed that there was single peak in
all GPC curves and almost no difference in molecular weights of
PLLA before and after degradation, indicating that pure PLLA
scaffold showed a poor degradation ability. But for the PLLA/
20BCF scaffold, the GPC curve significantly shifted to the left, and
the molecular weights of PLLA decreased after immersion in PBS
for 4 w, which indicated that the introduction of BCF accelerated
the degradation process of PLLA scaffold.
It is vital to observe the morphology vary in the scaffolds for

evaluating the degradation properties. Degradation morphologies
on the initial PLLA and PLLA/20BCF scaffolds and those after
immersed for 2 and 4 w were observed by SEM, presented in
Fig. 3. Before degradation, PLLA scaffold exhibited smooth and flat
surface morphology, as shown in Fig. 3a, d. Immersed in PBS for 2
w later, sort of small holes appeared on the surface of the pure
scaffold, as shown in Fig. 3b, e. When the immersion time reached
4 w, increasing holes emerged on the surface, and some holes
were merged to form larger holes, as shown in Fig. 3c, f. For the
composite scaffold, it could be observed that there were some
BCFs on the surface of the scaffold, and the surface of BCF was
smooth, as shown in Fig. 3g, j. There was no interspace between

PLLA and BCF, which indicated good interfacial adhesion. After
immersed in PBS for 2 w, sort of holes appeared on BCF
superficially, and there was interspace between BCF and PLLA
matrix, indicating that BCF could be dissolved in PBS, and the
dissolution led to the formation of capillary channel, as shown in
Fig. 3h, k. After immersed in PBS for 4 w, the interspace between
BCF and PLLA matrix increased further, and the degree of
degradation on BCF surface and PLLA matrix near the interface
increased further, as shown in Fig. 3i, l. It could be concluded that
the dissolution of BCF led to the formation of capillary channels
between BCF and PLLA matrix, and water could enter into the
interior of PLLA matrix along the capillary channel, which
accelerated the hydrolytic degradation of PLLA matrix on the
interface with BCF.

Mechanism
To better understand the mechanism of accelerating degradation,
a schematic was proposed in Fig. 4. For the PLLA/BCF composite
scaffold, CaO and MgO in BCF were easily dissolved in solution
environment and released OH−, which led to an alkaline
microenvironment and accelerated the degradation of the matrix.
Specifically, when water molecules gradually diffused into the
matrix from the surface, PLLA chains were broken to soluble
oligomers, such as LA, which were neutralized by OH− in the
alkaline solution. Meanwhile, interspace gradually appeared
between PLLA and BCF with the dissolution of BCF, and capillary
channels formed gradually, as observed by SEM test. The capillary
effect of these channels promoted the diffusion of water to the
interior of PLLA matrix and formed a hydrated layer, leading to
the degradation in the interior of PLLA matrix. Above all. it could
be concluded that degradation process was accelerated as the
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Fig. 3 Degradation morphologies of the scaffolds. Surface morphologies of (a, d) neat PLLA scaffold and the change in morphologies
during degradation for (b, e) 2 weeks and (c, f) 4 weeks, surface morphologies of (g, j) PLLA/20BCF scaffold and the change in morphologies
during degradation for (h, k) 2 weeks and (i, l) 4 weeks.
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degradation on the surface and in the interior of the PLLA
composite scaffold proceeded simultaneously, which was con-
sistent with the result of GPC test.

Mechanical properties
Mechanical properties are important to support the extension and
breeding of osteoblasts. Dumbbell-shaped and cylindrical-shaped
scaffold specimens were utilized for the tensile and compressive
tests, respectively. As shown in Fig. 5a, the tensile modulus of the
pure PLLA scaffold was higher than the compressive one, about
0.69 GPa and 0.47 GPa, respectively. While the content of BCF
increased, both tensile and compressive moduli increased, and
reached the maximum with 15 wt% BCF, about 0.97 GPa and
0.86 GPa, respectively. Specifically, the addition of BCF showed a
significant effect on the improvement of compressive modulus,
increasing by almost twice. In addition, the improvement effect
became weak when the content of BCF reached 20 wt%.
According to Fig. 5b, the tensile and compressive strength of
the pure PLLA scaffold were 9.83 MPa and 20.88 MPa, respectively.
After the introduction of BCF, the tensile and compressive
strength of the composite scaffold were improved, and the
enhancement was more obvious with the increase of BCF content.
The PLLA/15BCF scaffold possessed the maximal strength of
15.01 MPa for tension and that of 35.71 MPa for compression.
Compared to the pure PLLA scaffold, the tensile and compressive
strength of the PLLA/15BCF scaffold increased by 52.7% and
71.1%, respectively. However, when BCF content reached 20 wt%,
strengths for tension and compression decreased by 13.1% and
28.2%, respectively. Tensile and compressive tests proved that the
introduction of BCF could improve the mechanical performances
while the reinforcement effect might be weakened when the
content of BCF was excessive.
To further study the effect of BCF introduction on mechanical

properties of scaffolds, SEM was carried out for the surface

morphologies of the pure PLLA, PLLA/15BCF and PLLA/20BCF
scaffolds after tensile tests, as shown in Fig. 5c–j. Generally
speaking, fiber can effectively enhance the mechanical properties
of scaffolds as fiber can bear partial stress transmitted from
polymer matrix, which increases the fracture energy of the
composite scaffold47,48. In addition, the large aspect ratio of fiber
can effectively hinder the deformation and fracture of the
matrix49. For the PLLA scaffold, the fracture surface was smooth
and flat and only a few folds appeared, as shown in Fig. 5c, g, and
it was regarded as brittle fracture50. For the PLLA/15BCF scaffold,
there appeared many exposed BCF and holes on the scaffold
surface, and it could be found that the end face of BCF was very
rough and irregular in shape, which was attributed to the
breakage of BCF by the stress transmitted from PLLA matrix, as
shown in Fig. 5d, h. There were some holes due to the fact that
some BCF did not fracture as the load increased, but one end of
the BCF was pulled out from the matrix, and the other end might
be debonded and separated from the PLLA matrix, as shown in
Fig. 5e, i. When the content of BCF reached 20 wt%, the content of
BCF was so high that aggregation formed, as shown in Fig. 5f, j,
resulting in stress concentration and decreasing effect on the
improvement of mechanical properties.

Mineralization ability
The mineralization ability of the PLLA/15BCF scaffold was
evaluated by in vitro immersion experiment. After immersion in
SBF at 37 °C for 2 and 4 w, the surface morphologies of the PLLA
and PLLA/15BCF scaffolds were surveyed via SEM, and distribution
of elements on the surface was assessed by EDS, as shown in Fig.
6. It could be found that the surface of the PLLA scaffold was
smooth initially and some holes appeared on the surface when
immersion time reached 2 w and the number of holes increased
with immersion of 4 w. However, there was no calcium phosphate
deposition even after immersion in SBF for 4 w, as shown in Fig.
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6a–c, which indicated that the PLLA scaffold didn’t possess
bioactivity. Compared with the morphologies of the PLLA scaffold,
it could be observed that the PLLA/15BCF scaffold showed a
smooth surface before immersion but the surface turned to be
rough and calcium phosphate deposition appeared on the surface
after immersed in SBF for 2 w, and the number of depositions
climbed up with increasing immersion time, as shown in Fig. 6d–f,
k, l. Further magnification showed that the deposition was made
up of a large number of “cauliflower-shaped” spherical particles
and formed bonding with BCF, as shown in Fig. 6k, l. The results of
EDS indicated that the deposition mainly contained P and Ca
elements, and there were P and Ca elements distributed on the
composite scaffold superficially, indicating that the scaffold had
been covered by a calcium phosphate layer, as shown in Fig. 6i, j.
It could be concluded composite scaffold owned good bioactivity
as BCF dissolution could release Ca2+, which could combine with
PO4

3− in the solution environment and deposited on the scaffold
superficially as calcium phosphate layer, and the mechanism was
shown in Fig. 4.

Cytocompatibility
It is essential for bone scaffold to possess an excellent
cytocompatibility, which can support the adhesion and growth
of cells51,52. Fluorescence and cell adhesion tests were utilized to
assess the cytocompatibility of the PLLA/15BCF composite scaffold
which showed the optimal mechanical properties, shown in Fig. 7.
The number of MG-63 cells grew up with the increase of culturing

time, finally reaching 3×105 cells/cm2 after cultured for 5 d
(Fig. 7g), and there were increasing cells with filopodia when
culturing time reached 3 and 5 d, as shown in Fig. 7a–c. The cell
morphologies on the composite scaffold were observed via SEM,
shown in Fig. 7d, e. Cells were mainly in spindle shape when
cultured for 1 d and the adhesion area was only about 19.8%, as
shown in Fig. 7d, h. When culturing time reached 3 d, there were
many filamentous colonies on the edge of cells, and some cells
began to coalesced with others, finally forming a cellular layer
after cultured for 5 d, as shown in Fig. 7e, f. The results of
fluorescence and cell adhesion tests indicated that the PLLA/
15BCF composite scaffold showed good cytocompatibility and
afford an appropriate environment for osteoblasts.
In summary, BCF was brought into matrix and the PLLA/BCF

composite scaffold for bone defect repair was fabricated via SLS.
The degradation properties of the composite scaffold improved
with the formation of alkaline microenvironment and the
improvement of hydrophilicity, while the mechanical properties
improved following the fiber reinforcement mechanisms. For the
improvement of degradation properties, the dissolution of BCF
could not only release OH− and construct an alkaline microenvir-
onment, leading to the degradation of matrix surface, but also
formed capillary channels, contributing to the diffusion of water
along the hydrophilic surface of BCF to the interior of matrix and
degradation of matrix interior. The degradation process of the
PLLA scaffold was accelerated as proceeded on the surface and in
the interior of the scaffold simultaneously. For the improvement of
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mechanical properties, BCF could bear partial stress in the PLLA
matrix and consume the fracture energy via fiber breakage, fiber
separation and fiber debond. The dissolution of BCF could also
release Ca2+, which combined with PO4

3− and formed calcium
phosphate layer on the scaffold superficially. In addition, from the
results of fluorescence and cell adhesion tests, it was concluded that
the PLLA/BCF scaffold showed an excellent cytocompatibility, which
could support the adhesion and breeding of osteoblasts. The
fabricated PLLA/BCF composite scaffold, with higher biodegradation
rate and improved bioactivity and mechanical properties, is a
promising candidate for the application in bone defect repair.

METHODS
Materials
Powder of PLLA, with an average diameter of 150 μm, was
obtained from Shenzhen Polymtek Biomaterial Co., Ltd. (Shenz-
hen, China). BCF was purchased from Jinan Huolong Thermal
Ceramics Co., Ltd. (Jinan, China), and the aspect ratio and average
diameter ranged from 10 to 20 and from 2 to 7 μm, respectively.
Phosphate buffer saline (PBS), simulated body fluid (SBF) and
ethanol were purchased from Sinopharm Chemical Reagent Co.,
Ltd. (Beijing, China).

Scaffold fabrication
PLLA and BCF were blended in ethanol and stirred magnetically for
40min. The blended powder under weight ratio of 0:100, 5:95, 10:90,
15:85 and 20:80 (BCF/PLLA), was dried in a dry cabinet (Guangzhou,
China) at 45 °C for 1 d. The scaffolds were manufactured via SLS.
During the fabrication process of the scaffold, scanning rate and
laser output were set to 100mm/s and 2.3W, and every tier was
spread to about 200 μm53–56. To obtain a denser surface and better
mechanical properties, the refill filling strategy was performed
during the laser marking process of each layer, and the scanning
direction altered 90° and repeated after a scanning process to get
equal mechanical properties in two directions57,58. The composite
scaffolds, prepared with BCF content of 0 wt%, 5 wt%, 10 wt%, 15wt
% and 20wt%, were named PLLA, PLLA/5BCF, PLLA/10BCF, PLLA/
15BCF and PLLA/20BCF, respectively.

Hydrophilicity
Theta Lite optical tensiometer (Stockholm, Sweden) was utilized
for observing change of liquid level when BCF was in contact
with it and measuring water contact angle to characterize the
hydrophilic variation. All specimens were in the size of
10 mm × 10 mm × 5mm. Angles were recorded when droplet
morphology was stable.

Degradation properties
The degradation properties of scaffold were evaluated by PBS
immersion tests. In detail, PLLA/BCF scaffolds (10 × 10 × 5 mm3) were
immersed in PBS at 37 °C and taken out after immersed for 1, 2, 3
and 4 w, respectively, and wiped by absorbent paper. Then scaffolds
were weighed to obtain water uptake ratio, following Eq. (1)59:

Ru ¼ W1 �W0ð Þ=W0 ´ 100% (1)

where Ru is the water uptake ratio, W1 is the weight after
incubated in deionized water, W0 is the original weight. After that,
all scaffolds were dried at 50 °C for 1 d. Weighing them to obtain
weight loss ratio, following Eq. (2)60:

Rl ¼ W0 �W2ð Þ=W0 ´ 100% (2)

where Rl is the mass loss ratio, W2 is the weight after dried, and W0

is the initial weight. The pH values of the immersion media were
measured during the degradation process. The pH values were

detected by a digital pH meter after immersed for 1, 2, 3 and 4 w,
respectively. Besides, the molecular weight distribution and
weight-average molecular weight (Mw) of PLLA and composite
scaffolds were evaluated by an Agilent GPC system (Palo Alto,
America). The measurement temperature was 40 °C while chloro-
form was utilized at flow rate of 1mL/min. The surface morphology
observation was carried out by Tescan SEM (Brno, Czech Republic).
All specimens were coated with a thin layer of gold before the
procedure of SEM observation and the microstructural morpholo-
gies were observed in the mode of high resolution and standard
intensity, under the voltage of 10 kV.

Mechanical properties
The specimen in dumbbell shape was utilized for tensile test, and
active dimensions were 14 mm in length, 2 mm in width, and
2.5 mm in height. The cylindrical specimens, in the dimensions of
φ6 mm× 10mm, were utilized for compressive tests. The tensile
and compressive strength were measured by mechanical testing
machine (Shandong, China), according to the GB/T 528-2009/ISO
37:2005 and GB/T 7757-2009/ISO 7743:2007 standards, respec-
tively. Furthermore, morphologies of the tensile fracture surface
were observed via SEM.

Characterization of calcium phosphate layer
PLLA and PLLA/BCF scaffolds (10 × 10 × 5 mm3) were incubated in
SBF to assess bioactivity and mineralization ability. After incuba-
tion for 2 and 4 w, scaffolds were washed for five times with
deionized water and dried at 50 °C for 24 h. Surface morphology
after immersion was observed via SEM, and EDS was applied to
assess the distribution of O, C, Ca and P elements utilizing Tescan
SEM (Brno, Czech Republic), in the mode of mapping and under
the voltage of 15 kV.

Cytocompatibility
Fluorescence and cell adhesion experiments were performed for
the cytocompatibility of the PLLA/15BCF scaffold specimen (10 in
length, 10 mm in width, and 5 mm in thickness). All the
specimens were sterilized by gradient alcohol firstly. MG-63 cells
were cultured in Dulbecco’s modified Eagle’s medium (DMEM,
HyClone, USA) at 37 °C. Then, cells were seeded, with a
denseness of 2 × 105 cells/cm2, on specimens. After cultured for
1, 3 and 5 d, respectively, the specimens were fixed in 3%
glutaraldehyde for 1 h. Before the fluorescence assay, the surface
of the specimen was gently rinsed with PBS, dehydrated with
graded ethanol twice and put into a vacuum oven until
completely dried61–63. The fluorescence images were obtained
by using a microscope equipped with a digital camera (IX51,
Olympus, Japan), in which live cells were stained into the green
with calcein acetoxymethyl at 37 °C for 30 min, while the cell
morphology was observed by SEM64,65.

Statistical analysis
The final value with deviation was designated by averaging four
test values. Statistical significance was evaluated via the t-test
utilizing the statistical package for the social sciences (SPSS, IBM Co.,
USA) software. Differences were deemed statistically significant and
highly one at p < 0.05 (*) and p < 0.01 (**), respectively.
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