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ABSTRACT: Composite scaffolds for applications in
bone engineering from poly(p,L-lactide) (PDLLA) incorpo-
rated with different proportional bioactive wollastonite
powders were prepared through a salt-leaching method,
using NH,HCO; as porogen. The pore structures and mor-
phology of the scaffolds were determined by scanning
electron microscopy (SEM). The bioactivity of composite
materials was evaluated by examining its ability to initiate
the formation of hydroxyapatite (Ca;o(PO4)s(OH)2)(HAP)
on its surface when immersed in simulated body fluids
(SBF). The in vitro degradation behaviors of these scaffolds
were systematically monitored at varying time periods of
1,2,4,6,8, 11, 14, 17, 20, 24, and 28 weeks postimmersion
in SBF at 37°C. FT-IR, XPS, XRD, and SEM measurements

revealed that hydroxyapatite commenced to form on the
surface of the scaffolds after 7 days of immersion in
SBF. The measurements of weight loss, pH, and molecular
weight of the samples indicated that PDLLA /wollastonite
composite scaffolds degraded slower than the pure
PDLLA scaffolds do. Addition of wollastonite enhanced
the mechanical property of the composite scaffolds. The
in vitro osteoblast culture experiment confirmed the bio-
compatibility of the scaffold for the growth of osteo-
blasts. © 2009 Wiley Periodicals, Inc. ] Appl Polym Sci 114:
3396-3406, 2009
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INTRODUCTION

Cells or bioactive substances such as growth factor
that may benefit the ingrowth of the cells are intro-
duced into composite scaffolds to make them biologi-
cal substitutes for defective tissues and to help them
regenerate natural tissues. Poly(a-hydroxyesters)
such as poly(lactic acid), poly(glycolic acid), and their
copolymers have been widely used to fabricate differ-
ent kinds of scaffolds in tissue engineering because of
their good biodegradability, biocompatibility, and
plasticity.'® However, there are a few problems
when considering the practical use of these polymers
for tissue engineering. One of the limitations of these
polymers is the lack of bioactivity so that the new
bone tissue cannot bond to the polymer surface
tightly when they apply for the bone tissue growth.*
Another problem is their poor mechanical property.
Hench and Paschall have shown the integral role
that silica plays in the bioactivity and osteogenic
potential of bioglass in the early 1970s.” Their biologi-
cal investigation has revealed that silicon may play an
important role in the early stage of bone calcification
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while it is associated with calcium.® Since then a great
deal of interests have focused on the development of
different kinds of biomaterials containing Ca—S5i,
such as bioactive glasses,7 apatite/wollastonite (A /W)
glass-ceramics,® and pseudowollastonite.” "

Wollastonite is a naturally occurring calcium sili-
cate, which has been widely used as filler in poly-
mers to fabricate composites with improved mechan-
ical properties.'*'* Recent studies have shown that
wollastonite was bioactive, and it might be used as
bioactive material in tissue repair or tissue-engineer-
ing research.”

Here, we fabricated novel bioactive and porous
composite scaffolds by blending wollastonite pow-
ders into PDLLA, so that it integrated the advan-
tages of the both phases while minimizing the limi-
tations of each.

EXPERIMENTAL
Materials

Poly(p,L-lactide)(PDLLA, m = 3.94 dL/g) was pro-
vided by Sichuan Dikang Sci and Tech Pharmaceuti-
cal Co. Ltd. (Chengdu, China). Wollastonite powders
(2500 meshes, L/D: 6-10) with particle size of 2-
5 um was purchased from ShangHai Institute of
Ceramics Chinese Academy of Sciences (ShangHai,
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China). The components of the wollastonite include
SiO, (48-52%) and CaO (42-46%).

Fabrication of PDLLA/wollastonite porous scaffold

Macroporous PDLLA /wollastonite (P/W) scaffold
was made by a salt-leaching method. The wollaston-
ite powders were dispersed in 30 mL 1,4-dioxane
solvent under stirring, and then the definite quanti-
tative PDLLA was added into this suspension. By
maintaining the mixtures for 8 h at 25°C, an elastic
gel was produced. The elastic polymer-wollastonite
gel was mixed homogeneously with sieved
NHHCO; salt particles (salt particle size: 150-
250 pm; weight ratio of salt/PDLLA and wollaston-
ite: 6/1). The mixture of polymer/wollastonite/salt
was cast into a disk-shaped glass mold (10 mm in
diameter and 5 mm in thickness), then quenched in
liquid nitrogen and freeze-dried. After 72 h, the solid
samples with micropore were removed from the
freeze-dryer and immersed in distilled water for 48
h to leach the salt out. While doing this, the distilled
water was refreshed at every 4-h interval. The sam-
ples were then placed in a vacuum-dryer for 72 h at
25°C to remove the remaining solvent. The P/W
scaffolds obtained by this method possessed highly
interconnected macropores (300-450 pum) and high
porosity. In this test, the scaffolds with different pro-
portion [PDLLA /wollastonite = 100/0(P), 90/10(P/
W10), 80/20(P/W20), 70/30)P/W30)] were prepared.

Porosity of P/W porous scaffold

The open porosity was calculated by the liquid dis-
placement method.'®'® The scaffolds were sub-
merged in a known volume (V) of ethanol, and a
series of brief evacuation repressurization cycles was
conducted to force the liquid into the pores of the
scaffold. After these cycles, the volume of the liquid
together with liquid-impregnated scaffold is V5.
When the liquid-impregnated scaffold is removed,
the remaining liquid volume is V3 and open porosity
is given as

-V
Vo —V;

Degradation experiments

The in vitro degradation properties were evaluated
in simulated body fluid (SBF) as the release medium.
Three parallel samples taken from a certain sort of
scaffolds were immersed in 20 mL SBF, four differ-
ent sorts of scaffolds were set as a group, 11 identi-
cal sample groups were set to investigate the degra-
dation of different scaffolds of different degradation
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durations. To prepare the SBF, dissolved NaCl,
NaHCO3, KCI, KzHPO4'3HzO, MgC126H20, CaClz,
and Na,SO; in ultrapure water and buffered the so-
lution to pH 7.40 at 37.5°C with Tris(hydroxymethyl)
aminomethane (final concentration of 50 mM) and
aqueous 1M HCI solution." Ton concentrations of
the SBF are Na* 142.0, K* 5.0, Mg>" 1.5, Ca** 2.5,
Cl™ 147.8, HCO; 4.2, HPO; 1.0, SO;~ 0.5 mM, ap-
proximate the human blood plasma. The scaffolds
were then sealed and put into an incubator of con-
stant temperature 37.5°C. The SBF solution was
replaced every 3 days with freshly prepared SBF to
compensate for the cation decrease over the course
of the in vitro studies. Scaffolds were removed at
predetermined time intervals of 1, 2, 4, 6, 8, 11, 14,
17, 20, 24, and 28 weeks, respectively. These samples
were gently rinsed with distilled water before drying
for 48 h in an incubator that maintained a tempera-
ture of 37°C and controlled relative humidity of
30%. The measurements of weight loss, pH, and mo-
lecular weight of the samples were then determined.
The pure PDLLA scaffolds served as controls.

FT-IR

FT-IR spectra analysis for P/W composite scaffold
(P/W10) and the deposition on the surface of the
composite scaffold (P/W10) were recorded using
NICOLET 200SXV FT-IR (USA) spectrometer with a
wave number resolution of 2 cm ™', The samples were
mixed with KBr and made into slices. The wave num-

ber was between 4000 cm ™! and 450 cm ™.

Scanning electron microscopy

The surface of predeposited and deposited the pure
PDLLA scaffold and the P/W composite scaffolds
were examined using SEM (KYKY-AMRAY 1000B).

X-ray photoelectron spectroscopy

The component of the deposition is also certified by
the X-ray photoelectron spectroscopy diffractometer
(XPS, X SAM-800), using an X-ray source (Al Ka,
12 kV X 12mA) with a 45.0 source analyzer angle.

X-ray diffraction

The X-ray diffraction (XRD) experiments of the pre-
deposited and deposited the P/W composite scaf-
folds were carried out using a Philips X'Pert Pro
XRD that was equipped with a Ni-filtered Cu Ka (A
= 0.1542 nm) radiation source operated at a voltage
of 40 kV and a current of 30 mA. Samples were
scanned from 15 to 80° (20). The step size and time
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for each step were 0.02° and 1

respectively.

s per step,

Mechanical properties

The compressive properties of the scaffolds includ-
ing compressive strength and compressive modulus
were measured by the dynamical mechanical ana-
lyzer (Testometric AXM 350-10KN). Each circular
specimen with 9 mm diameter and 7 mm thickness
was dipped in distilled water for 1 h at 25°C and
then compressed at a compress rate of 2 mm/min.
The compressive offset yield stress was determined
from the stress—strain curve at a 2% strain. The com-
pressive modulus of per sample was obtained by
averaging five measurements, and expressed as
mean * SD.

Cell culture

The immortalized rat osteoblastic ROS 17/2.8 cell
line (obtained from The West China College of Med-
icine, Sichuan University) was utilized in this study.
These cells were incubated in a humidified atmos-
phere of 5% CO, at 37°C. Culture media and supple-
ments were obtained from Invitrogen (Paisley, UK).
Osteoblast cells were cultured in Dulbecco’s modi-
fied Eagle’s medium supplemented with 10% fetal
calf serum, 100 mg/mL streptomycin, and 100 U/
mL penicillin. The culture media was changed every
alternate day.

The pure PDLLA scaffold and the P/W composite
scaffold (P/W30) were cut into round slices (9 mm
in diameter and 1 mm in thickness). And after disin-
fecting with +y-ray, these samples were placed into
24-well plate, then 1 X 10* cells in 1 mL medium
were added to the well and osteoblasts allowed to
settle onto the composite scaffold and pure PDLLA
scaffold discs. All experiments were cultured at 37°C
in a humidified atmosphere with 5% CO,. Medium
was changed every 3 days. Time points of 1, 3, and
6 days were studied from the day of cell seeding.

MTT assay

The 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazo-
lium bromide (MTT) assay measures mitochondrial
succinate dehydrogenase activity to assess cell num-
ber. Osteoblasts were seeded onto the pure PDLLA
scaffold and composite scaffold (P/W30) (1 X 10*
cells/well) in a 24-well plate in triplicate and incu-
bated at 37°C. The culture medium was replaced
every 3 days. After days 1, 3, and 6, 200 pL of MTT
(6 mg/mL, Sigma) was added to each well. Cells
were then cultured at 37°C in a humidified atmos-
phere with 5% CO, for 4 h. Medium was then aspi-
rated off, the samples washed with PBS, and 1 mL
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of DMSO (dimethylsulfoxide) were put into each
well, then the plate was left on a shaking platform
for 10 min to solubilize the tetrazolium, 200 pL of
the solution was collected then and pipetted into a
96-well plate and the absorbance was determined at
570 nm according to microplate reader (BIO-RAD,
model 550).

Fluorescent staining and observation

After each time point, the discs of pure PDLLA scaf-
fold and composite scaffold (P/W30) were stained
with 0.01% AO (acridine orange) for 5 min, then
examined in a fluorescence microscope (OLYMPUS
B X60) after washed with PBS. According to fluores-
cence observation, living cells would be clearly
found on the surface of the composite with cell nu-
cleus in bright green and cytoplasm in orange after
blue light excitation, and dead cells would be
stained in red.

RESULTS AND DISCUSSION
Characterization of P/W composite scaffolds
Microstructure analysis by SEM

SEM measurements for the surface morphology of
the pure PDLLA scaffold immersed in SBF at the
time of 0, 3, and 7 days (P, P-3, P-7) with the magni-
fication of 200 are shown in Figure 1. The pure
PDLLA scaffold exhibited macroporous structure
with interconnected open pores, and pore size varied
from 150 to 250 um. It is apparent that no deposition
was formed as a result of contact of the pure PDLLA
scaffold with SBF, and the pore size has not changed
obviously with the increase of the time.

Figure 2 shows the morphology (<200) of the sur-
face of the composite scaffolds with different propor-
tional wollastonite, viz. PW/10 and PW/30 unim-
mersed in SBF. Compared with the pure PDLLA
scaffolds (in Fig. 1), the macroporous structure of the
composites was still maintained. And some wollas-
tonite particles dispersed on the surface of pore
walls of the composite scaffolds. It could be seen
that wollastonite particles were uniformly distrib-
uted throughout the PDLLA matrix. When the wol-
lastonite content increased, more particles were
apparent on the pore surface and some particles
aggregated although the macroporous structure was
still maintained. The result indicated the PDLLA
and the wollastonite particles were excellently
consistent.

The morphology (X200) of the surface of the com-
posite scaffolds with different wollastonite content
immersed in SBF 3 and 7 days measured by SEM is
shown in Figure 3. After soaking, it was obvious
that the morphology of the scaffold surfaces was
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Figure 1 SEM micrographs of the surface of the pure PDLLA scaffold immersed in SBF 0 day (P), 3 days (P-3), 7 days (P-7).

changed though the pores were still visible. After
immersing in SBF for several days, there were some
spherical depositions appearing on the surface of the
pores, especially 7 days. In addition, when increased
wollastonite content of the composite scaffold, spher-
ical depositions on the sample’s surface increased.
The P/W10-7' is the micrograph of the surface of the
P/W10 composite scaffolds after immersion in SBF
7 days with the higher magnification (X500), which
showed that many obvious spherical depositions
adhered on the surface of the scaffold’s pore wall.

Microstructure analysis by FT-IR, XPS, and XRD

For the composite scaffolds, the spherical deposition
formed on the surface was investigated using FT-IR,
XPS, and XRD, as shown in Figures 4-6.

Figure 4 shows FT-IR spectra of (a) the P/W
composite scaffolds with 10 wt % wollastonite and
the surface deposition of the composition immersed
in SBF (b) 7 days. FI-IR confirmed that deposition
formation took place on the scaffold surface after
immersion in SBF. Compared with the spectrum of
P/W composition (a), the deposition of the composi-

Figure 2 SEM morphology of the surface of the composite scaffolds with different proportional wollastonite, viz. 10%

(P/W10) and 30% (P/W30).

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 3 SEM morphology (X200) of the surface of the composite scaffolds with different proportional wollastonite
immersed in SBF for different days. 10% wollastonite, 3 days (P/W10-3) 10% wollastonite, 7 days (P/W10-7); P/W10-7
(X500); 30% wollastonite, 3 days (P/W30-3) 30% wollastonite, 7 days (P/W230-7).

tion (b) displayed new absorption bands at wave num-
bers 563.9, 601.6, and 1039.6 cm ™ *. These absorption
bands are associated with the characteristics of
PO3 . The absorption at 3449.9 cm ™' was attributed
to the O—H of the deposition, closing to the O—H
peak of remained H,O, which can be detected at
3460.8 cm ! in the (a) curve. The O—H absorption
of the deposition covered O—H absorption of H,O
and broadened and strengthened the whole O—H
peak. In the spectrum of (a), the absorptions of car-
boxylic carbonyl band at 1757.7 cm™ !, and the
absorption of saturated C—H band at 2995, 2944.8,
and 2955.0 cm ™" were the characteristics of PDLLA.
The absorption bands at wave number of 455.8 and

Journal of Applied Polymer Science DOI 10.1002/app

4715 cm™! are associated with the characteristics of
SiOi . The absorption bands associated with the
characteristics of PDLLA and SiOi  fade away. It is
reasonably to consider from these results that the
surface of the specimen was covered with a layer of
deposition which might consist of Cajo(PO4)s(OH),,
i.e., HAp.

Figure 5 shows XPS spectra of the crystals form-
ed on the surface of the composite scaffolds with
10 wt % wollastonite after soaking in SBF for 7 days.
In Figure 5(a) one peak 132.394 eV ascribed to P of
PO;~ was observed. In Figure 5(b) two peaks
347.375 and 350.978 eV ascribed to Ca®* were
observed. The results certify that the surface deposi-
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Figure 4 FT-IR spectra of (a) the composite scaffolds with
10 wt % wollastonite and (b) the deposition on the surface
of the composite scaffold with 10 wt % wollastonite
immersed in SBF 7 days.

tion comprises both Ca®* and PO3 . From the calcu-
lation through the area of the XPS spectra we got the
atom ratio between Ca and P, that was 1.68, close to
the Ca/P ratio for the HAp (1.67). There was no evi-
dence that HAp crystals were deposited on the sur-
face of the pure PDLLA after soaking in SBF for 7
days. It is obvious from the results described earlier
that P/W composite scaffolds is bioactive and could
induce deposition of a HAp layer on the surface af-
ter exposed in SBF for 7 days.

Figure 6 illustrates XRD graphs of the composite
scaffolds with 10 wt % wollastonite before and after
immersion in SBF. Compared to the XRD patterns of
the composite scaffold unimmersed in SBF, the apa-
tite diffraction peaks at about 25.6°, 28.9°, 31.8°,
32.9°, 34°, 39.8°, 49.6°, 53.2°, 64° 20 were observed
in the XRD pattern of the composite scaffold with
10 wt % wollastonite after soaking for 7 days.

Upon degradation, the formation of a calcium-rich
surface layer was nucleated beginning with an initial
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phase of tricalcium phosphate, followed by precipi-
tation of octacalcium phosphate, which finally
served as a template for hydroxyapatite growth.
Proverbially, apatite that is analogous to inorganic
bone. We hypothesize that the apatite nucleation
observed was via the functional groups of the com-
posite scaffold. The scaffold would release positive
charged ions, most likely Ca®" from wollastonite,
into SBF via an exchange with the H;O" ions in the
fluid to form hydroxyl groups on its surface. These
hydroxyl groups would then combine with positive
charged ions in the fluid to form an amorphous pre-
cipitate on the scaffolds” surface. After a long soak-
ing period, this precipitate combines with phosphate
ions in the fluid to form an amorphous calcium
phosphate with a low Ca/P ratio and this phase
later transforms into bone-like apatite crystal.

Degradation experiments

The in vitro degradation behaviors of these scaffolds
which were disinfected by y-ray were systematically
monitored at varying time periods in SBF at 37°C. It
is expected in tissue engineering that the degrada-
tion rate of porous polymer scaffolds should be
slower than the bone formation rate since the me-
chanical properties of the scaffolds must be sufficient
to support the bone regeneration process.

Weight loss

The weight loss of the pure PDLLA and P/W com-
posite scaffolds immersed in SBFs is shown in
Figure 7.

It is apparent that all the scaffolds showed the
gradual increasing trend of weight loss; however,
the pure PDLLA scaffold experiences a higher
weight loss than the composite scaffolds. The com-
position scaffolds all displayed a small weight

Ca

Peak  Posstion Arva

0 3OV a0 A
I 30mw RS \
) o D —
360 1520 30 40 00
Binding snergy(sV)

Figure 5 XPS spectra of the surface deposition of the composite scaffolds with 10 wt % wollastonite immersed in SBF

7 days.
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Figure 6 XRD graphs of the composite scaffolds with
10 wt % wollastonite before and after immersion in SBF
7 days.

increase (<0.1%) at the first 4 weeks. At this early
stage of degradation, the deposition occurs on the
surface of the scaffold while the weight loss of the
scaffolds was neglectable, that led to a slight increase
of scaffold weight. During the following degrada-
tion, from 6 to 14 weeks all the scaffolds began to
lose their weight slowly (<2%). At this stage the rate
of chain scission slowed, the hydrolytic process
began to produce short chain oligomers and weight
loss was observed. PDLLA pure scaffold exhibits a
faster increase in weight loss with increasing immer-
sion time, since the acidic produce of the PDLLA
scaffolds decreased the PH of the SBF and acceler-
ated the degradation of the scaffold.

From Figure 7, we can find the addition of wollas-
tonite slowed the degradation of PDLLA polymer.
When the scaffolds were immersed in solution, the
wollastonite particles interacted with the surround-
ing medium and released alkaline substance to coun-
teract the acidic produce of the hydrolyzation of
PDLLA, thus making the mass loss of the composite
scaffolds decline slower than that of the pure
PDLLA scaffolds does. Since there is a physical
bond formed between wollastonite and polylactide,
the wollastonite particles tended to fall off from the
composite scaffolds and the weight of the composite
scaffolds declined sharply after period of time in so-
lution. The falling of wollastonite also created voids
within the polymer matrix, which led the surface of
the scaffold easily being attacked by hydrolysis.

pH measurements

PH measurements for the SBF-soaked samples
showed in Figure 8. The pH of the degradation me-
dium was measured with a pH meter (2D-2, Shanghai
2nd Analytical Instruments Factory, China). The pH

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 7 Weight loss of the pure PDLLA and wollaston-
ite/PDLLA composite scaffolds as a function of degrada-
tion time.

of the degradation medium remained a few change
during the first 8 weeks, after that it started to
decrease quickly till week 20. In the further observa-
tion after 20 weeks the PH reached plateau. In Figure
8, the PH of the pure PDLLA scaffold experiences a
faster decrease than that of the composite scaffolds
with increasing immersion time, since the acidic pro-
duce of the PDLLA decreased the PH of the SBF but
wollastonite particles could release alkaline substance
to counteract such acidic produce from PDLLA to
lead a slower decrease of PH compared to that of
PDLLA scaffold at the same time interval.

Molecular weight

The scaffold specimens after degradation in vitro
were freeze-dried for 72 h at first and then the scaf-
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Figure 8 The pH of the simulated body fluids (SBF) as a
function of degradation time.
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Figure 9 The viscometric average molecular weight (M,)
of the polymeric components in scaffolds as a function of
degradation time.

folds were weighed and extracted by chloroform to
dissolve all the polymeric components. The poly-
meric components in the solution were then precipi-
tated from ethanol and dried under vacuum at room
temperature for 24 h. Finally, inherent viscosity
(Minn) of the precipitate was measured with an Ubbe-
lohde viscometer thermostated at 25.0°C = 0.05°C at
a concentration of 0.05 g/mL with chloroform as sol-
vent. The viscometric average molecular weight (M,))
of the precipitate was calculated by employing the
Mark-Houwink constants K = 221 X 107% dL/ g
and o = 0.77.%

Figure 9 shows the changes of the Mm of the poly-
meric components in scaffolds as a function of deg-
radation time. Since the scaffolds were disinfect by
y-ray, the initial [n;,n] of the samples declined to
1.17 dL/g and the M,, declined to 6.87 X 10* The
M,, of the three composite scaffolds gave a similar
declining trend and lost their values of ~1.64-1.82
X 10* after 28 weeks degradation. However, the M,
of PDLLA scaffold decreased quickly, much faster
than the composite scaffolds.

Besides the reasons mentioned earlier, there is
another reason for the slowed degradation of P/W
scaffolds. Table I showed the porosity of the P/W
scaffolds with different proportion. The average po-
rosity of the pure PDLLA scaffold is 86.1%. And
with the increase of wollastonite mass in the com-
posite the average porosity of the composite scaf-

TABLE I
The Porosity of PDLLA/Wollastonite Scaffolds with
Different Proportions [PDLLA/Wollastonite = 100/0 (P),
90/10 (P/W10), 80/20 (P/W20), 70/30 (P/W30)]

Scaffold P P/W10 P/W20 P/W30
86.1 +34 847 *29 835*31 824=*26

Porosity (%)
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Figure 10 Plot of the compressive strength of the pure
PDLLA scaffolds and the wollastonite/PDLLA composite
scaffolds as a function of degradation time.

folds went downwards. The lesser porosity
decreased the interaction between the scaffold and
the surrounding medium, so the hydrolyzation of
PDLLA was slowed.

Mechanical properties

Since during application of a scaffold in tissue engi-
neering the scaffold will undergo various stresses, to
keep scaffold with a certain mechanical strength is
necessary. Compared to the bioceramic scaffold, the
PDLLA scaffold possesses relatively low mechanical
properties. Therefore bioceramics were generally
incorporated with the PDLLA scaffold to improve its
mechanical properties.”> Figures 10 and 11 repre-
sented the mechanical properties of the scaffolds.
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Figure 11 Plot of the compressive modulus of the pure

PDLLA scaffolds and the wollastonite/PDLLA composite
scaffolds as a function of degradation time.
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Figure 12 SEM morphology of the surface of the pure PDLLA scaffold (P) and the composite scaffolds with different pro-
portional wollastonite immersed in SBF for 8 weeks. 10% wollastonite (P/W10); 20% wollastonite (P/W20); 30% wollaston-

ite (P/W30).

Figure 10 shows the plot of compressive strength
with immersion time for the pure PDLLA and P/W
scaffold specimens during degradation. This figure
reveals that the compressive strength of the pure
PDLLA and P/W scaffold specimens show similar
decrease trend with increasing time of degradation,
and they gradually reaches a constant value after
degradation of about 11 weeks, except P/W30 which
displayed a gradual decrease till 28 weeks. Gener-
ally, the compressive strength values of the pure
PDLLA scaffold during degradation are lower than
those of the P/W composite scaffold, and P/
W10>P/W20>P/W30. The initial compressive
strength of the scaffold made of 10, 20 and 30% wol-
lastonite reached 1.02, 0.86, and 0.73 MPa which
were 1.65, 1.39, and 1.18 times of the pure PDLLA
scaffold (0.62 MPa), respectively.

From Figure 11, it could be seen that the compres-
sive modulus of the scaffolds decreased with
increasing time of degradation. The compressive
modulus values of the pure PDLLA scaffold during
degradation are lower than those of the PDLLA/
wollastonit composite scaffolds, and P/W10>P/
W20>P/W30. For the scaffold made of 10, 20, and
30% wollastonite, the initial compressive modulus of
the scaffold were greatly enhanced to about 13.56,
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10.8, 10.4, and 4.5 MPa which were 2.08, 1.66, and
1.6 times of the pure PDLLA scaffold, respectively.

The mechanical properties of the pure PDLLA and
P/W scaffold all declined with the degradation of
PDLLA. In Figures 10 and 11, it could be seen that
the compressive strength and compressive modulus
of the scaffolds displayed a slow decrease and
remained upper values in the initial several weeks
and then reduced with further degradation. Subse-
quently, the compressive modulus of the pure
PDLLA scaffold reached a constant value. However,
the compressive modulus of the composite scaffolds
made of 10, 20, and 30% wollastonite particles dia-
played a sharp decline at weeks 11, 8, and 6, respec-
tively. That is because the wollastonite revealed and
fell off from the PDLLA matrix with the hydrolyza-
tion of the PDLLA, the wollastonite can’t be con-
nected steadily with the PDLLA matrix then the me-
chanical properties of the scaffold declined. And
with the increase of the wollastonite particles, the
particles were easier to fall off and the compressive
modulus diaplayed an earlier sharp decline.

The reason of the enhancement on mechanical
property of the composite scaffolds was considered
as the addition of wollastonite particles, which help
to form the thicker wall of the scaffold. Comparing
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Figure 13 Fluorescent micrographs of the osteoblasts cultured on the PDLLA scaffolds 1 (a), 3 (b), 6 (c) days and the
composition scaffolds with the wollastonite content of 30 wt % 1 (d), 3 (e), 6 (f) days. [Color figure can be viewed in the
online issue, which is available at www.interscience.wiley.com.]

sample P (Fig. 1) with samples P/W10, P/W20, P/
W30 (Fig. 2), we can see that the wollastonite par-
ticles in the walls and the crossings of the pores can
support the pore framework better and enhance me-
chanical properties of the scaffold. Figure 12 showed
the surface morphology of the composite scaffolds
with different wollastonite contents after an immer-
sion in SBF for 8 weeks. Compared with the pure
PDLLA scaffold, the composite scaffolds had prefer-
able scaffold structures. Moreover, the addition of
wollastonite particles decreased the porosity of the
scaffold (Table I). As a result, the scaffold with a
thicker wall that contained wollastonite possessed of
higher strength and modulus.

Analysis of cytotoxicity and proliferation of the
ROS17/2.8 cells

Osteoblasts were cocultured with samples for 1, 3,
and 6 days and then assayed for cell viability and
proliferation. The Fluorescent micrograph (Fig. 13) of
the osteoblasts shows that the osteoblasts seeded
onto the two groups of scaffolds all attached to the
pore surface and continued to proliferate along the
pore walls over time. This result indicated that these
two groups of scaffolds all have good biocompatibil-
ity for the growth of osteoblasts. A MTT assay was
also performed at days 1, 3, and 6 to determine cell
growth on the scaffold (Fig. 14). After treatment of
the cell-scaffold constructs with the MTT solution,
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Figure 14 Cell proliferation assay (MTT). Cells seeded
at a density of 1 X 10* cell/well for 1, 3, and 6 days. Mean
+ SD of triplicate independent samples.

dark blue crystals of formazan were seen, indicating
the presense of metabolically active cell. The MTT
absorption was measured at 570 nm with a back-
ground subtraction at 630 nm. A higher absorbance
indicates there are either more cells or that they are
metabolizing.*® Figure 14 indicated that there are sig-
nificant (P < 0.05) increases in cell numbers on both
the pure PDLLA scaffold and the composite scaffold
(P/W30) over time. The result also proved that the
two groups of scaffolds all facilitate the growth and
proliferation of the osteoblast. However more prolif-
erations in cell numbers were observed on composite
scaffold (P/W30) compared to those on PDLLA
scaffold.

CONCLUSIONS

P/W composite scaffolds were prepared by a salt-
leaching method. They were degraded slower than
the pure PDLLA scaffold by a hydrolytic mechanism
when immersed in SBFs. Upon degradation, the P/
W scaffolds were bioactive as being confirmed by
the formation of the HAp layer on the surface of the
composites after immersion in SBF for 7 days. Me-
chanical properties of the pure PDLLA were
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improved after incorporation of wollastonite pow-
ders. The in vitro cell culture experiment proved that
the P/W composite scaffold had good biocompatibil-
ity for the growth of the osteoblast. These improved
properties, together with the bioactivity, make these
scaffolds potential candidates for tissue repair and
tissue engineering applications.
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