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ABSTRACT: Novel porous composite scaffolds for tis-
sue engineering were prepared from aliphatic biodegrad-
able polyurethane (PU) elastomer and hydroxyapatite
(HA). It was found that the aliphatic PU was possible to
load up to 50 wt % HA. The morphology and properties
of the scaffolds were characterized by scanning electron
microscope, X-ray diffraction, infrared absorption spectra,
mechanical testing, dynamic mechanical analysis, and
in vitro degradation measurement. The results indicated
that the HA/PU scaffolds had an interconnected porous
structure with a pore size mainly ranging from 300 to
900 pm, and 50-200 pm micropores existed on the pores’
walls. The average pore size of macropores and micro-

pores are 510 and 100 pm, respectively. The compressive
strength of the composite scaffolds showed higher
enhancement with increasing HA content. In addition, the
polymer matrix was completely composed of aliphatic
component and exhibited progressive mass loss in vitro
degradation, and the degradation rate depended on the
HA content in PU matrix. The porous HA/PU composite
may have a good prospect to be used as scaffold for tis-
sue engineering. © 2009 Wiley Periodicals, Inc. ] Appl Polym
Sci 112: 2968-2975, 2009
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INTRODUCTION

Currently, there is a great interest on the development
of biodegradable polymers suitable for a variety of
biomedical applications, such as temporary scaffolds
that facilitate tissue regeneration'™ or matrices for
controlled drug release.”” For a number of implant-
able devices it would be beneficial to use elastomeric
bioresorbable polymers over the rigid ones. After
almost half a century of use in the health field, poly-
urethanes (PUs) remain one of the most popular
groups of biomaterials applied for medical devices.
Their popularity has been sustained as a direct result
of their segmented block copolymeric character,
which endows them with a wide range of versatility
in terms of tailoring their physical properties, blood
and tissue compatibility,'” and more recently their
biodegradation.®

In addition to the physical properties of PU, a great
care has to be taken in the choice of building blocks,
because the intended use of the biodegradable poly-
mer is to be inserted in a living organism. The degra-
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dation products of PU have to be biocompatible,
nontoxic, and metabolized or eliminated by the living
organism. Conventional PU polymers are often based
on 4,4'-diphenylmethane diisocyanate (MDI) or tolu-
ene diisocyanate (TDI), but the aromatic diisocyanate
typically used in the hard segment of conventional
PU has no good biocompatibility. The degradation
products of these aromatic diisocyanates include toxic
and carcinogenic compounds such as aromatic dia-
mines, thereby making them undesirable for use
in vivo.° However, PUs prepared from aliphatic poly-
isocyanates have been reported to degrade into non-
toxic decomposition products,**'" and therefore,
aliphatic diisocyanates are preferred over conven-
tional aromatic diisocyanates.

On the other hand, hydroxyapatite (HA) with a
structural formula of Cayg(POy4)s(OH), is the major
inorganic component of human bones and teeth. HA
has long been used in clinical applications for the
filling of bone defects because of its good biocom-
patibility and bioactivity. It can form bone bonding
with living tissue through osteoconductive mecha-
nism."*'* Polymers combined with HA are capable
of promoting osteoblast adhesion, migration, differ-
entiation, and I:>rolifera’cior1.15*19 In recent years, com-
posite materials composed of bioactive inorganic
HA particles and organic polymers have been stud-
ied extensively, such as HA/PMMA (polymethyl
methacrylate),”**! HA/PLA (polylactic acid),'**>
HA /PE(polyethylene),'®*® HA/PA(polyamide),""”
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HA/PLGA [poly(lactide—co—§lycolide)],18’24 HA/PHA
(polyhydroxyalkanoates),”® HA /polycaprolactone
(PCL),**8 etc.

With the beneficial combination of the reinforcing
effect and bioactivity of HA and the adjustable biode-
gradability of polymer matrices, biodegradable and
nontoxic porous HA/PU scaffolds were prepared in
this experiment based on 4,4'-dicyclohexylmethane
diisocyanate (H;>MDI), castor oil (CO), PCL diols
(PCL), 1,4-butanediol (BDO), and HA. Among which,
stannous octoate, a food stabilizer approved by Amer-
ican FDA, was used as a catalyst. The bulk structures
and properties of the scaffolds were characterized by
analytical instrument.

EXPERIMENT
Materials and methods

PCL (MW = 1250), CO, and BDO were dehydrated at
100-110°C under vacuum for 2 h, respectively.
H;,MDI and stannous octoate obtained from Sigma-
Aldrich (St. Louis, MO) were used directly. HA, pre-
pared by our group using the method of wet synthesis
and hydrothermal treatment,?’ was dried at 100°C for
24 h and then ground and screened through a 75-pm
mesh sieve (Kelong Chemicals of Chengdu, Chengdu,
China).

The synthesis was carried out in a 250-mL three-
necked flask under a dry nitrogen atmosphere using a
two-step in situ polymerization. The molar ratio of the
reaction was 2.25 : 1 : 1 of H;p,MDI : soft segment
(CO+PCL) : chain extender(BDO) and the molar ratio
of PCL in soft segment was 50 wt % (PCL : CO =
1 :1). In the first step of polymerization, HA, PCL,
and CO were mixed together, and then, H;,MDI and
0.1 wt % stannous octoate were added to the stirring
mixture at 80°C under a dry nitrogen atmosphere.
In the second step, after stirring for 4 h at 80°C, chain-
extender BDO was added to the melting reaction mix-
ture, and the temperature of the reacting mixture was
maintained at 65°C. After 3 h, a calculated amount of
water was added dropwise to the melting mixture.
When the foam was formed, it was annealed in an
oven at 120°C for 5 h to complete the reaction, and
thus a porous scaffold sample composed of HA and
PU were prepared after fully washing by deionized
water and dried at 50°C for 24 h. Porous HA /PU scaf-
fold samples with different HA contents were pre-
pared using the same procedure.

Scaffold characterization
SEM observation
A scanning electron microscope (SEM, Hitachi model

S-4800, Tokyo, Japan) was employed to observe the
porous structure of the scaffolds. The samples were

sputtered with a thin gold layer and the test was car-
ried out at 1.0 kV.

The pore size was evaluated from the SEM photo-
graphs with image analysis software, Image Pro
Plus (Media Cybernetics, USA). Diameters of 100
pores were measured, and the average of pore size
was calculated.

XRD analysis

XRD measurements were performed using X-ray dif-
fraction (XRD, X'Per Pro MPD, Philip, The Nether-
lands) with Cu Ko X-ray source and 3° incident
angle and scan range from 10° to 70° (20).

FTIR analysis

The Fourier transform infrared (FTIR) analyses of
the scaffolds were recorded using a Nicolet 5700
FTIR spectrophotometer in a wavenumber range of
400-4000 cm ™.

Scaffold porosity

Scaffold porosity was determined using a liquid dis-
placement method similar to that reported by Zhan-
gand and Ma® and Guan et al®> A scaffold sample
was immersed in a cylinder containing a certain vol-
ume of ethanol (V7). The sample was kept in ethanol
for 5 min to allow the ethanol to penetrate and fill the
pores of sample. The total volume of ethanol and the
ethanol-impregnated scaffold was recorded as V..
The ethanol-impregnated scaffold was removed from
the cylinder, and the residual ethanol volume was
recorded as V3. The porosity (P) of the scaffold was
calculated according to the formula (1), and five sam-
ples were evaluated for each scaffold.

P=(Vi—V3)/(V2—V3) )

Water vapor permeability

The water vapor permeability (WVP) of the scaffolds
was measured according to ASTM method E 96 Des-
iccant method, i.e., specimens with a thickness of 2-
3 mm were placed in an open cup containing silica
gel, the edges of the specimens were thoroughly
sealed to prevent the passage of water vapor into,
out of, or around the specimen edges or any portion
thereof. Then, the assembly was placed in a test
chamber at 22°C with a constant relative humidity
of 60%. Finally, the weight change of permeation
cup with the specimen was recorded and the WVP
was calculated by the following eq. (2).*° Results of
WVP were expressed as [(g mm)/(m* h Pa)]:

WVP = wx/tAAP (2)

Journal of Applied Polymer Science DOI 10.1002/app



2970

where x is the average thickness of the specimens,
w is the weight change of permeation cup with the
specimen (g), t is the assembly time in the test chamber
(h), A is the area of permeation (m?), and AP is the dif-
ference of partial vapor pressure of atmosphere with
silica gel and pure water. An average of three parallel
samples was used for each WVP measurement.

Mechanical properties

For mechanical testing, samples were cut into cylin-
ders with a diameter of 10 mm and length of 20 mm.
The test was run at a crosshead speed of 1 mm/min
in the direction perpendicular to the diameter. The com-
pressive strength at 60% of deformation and the
Young’s modulus were calculated as the slope of the
initial linear portion of the stress—strain curve. All
the given values were the means of five measurements.

Dynamic mechanical analysis

Dynamic mechanical analysis (DMA) was studied on
TA Q800 (TA Instrument, USA) analyzer. The sam-
ples were trimmed to the dimensions of 35 mm in
length, 12 mm in width, and 5 mm in thickness. The
properties were measured at the temperature range
from —100 to 100°C at a heating rate of 3°C/min. The
tests were carried out at a frequency of 1 Hz.

Degradation in vitro

To measure the hydrolytic degradation of the scaffold,
dry scaffolds (10 x 10 x 10 mm®) were weighed and
placed into glass ampoules filled with phosphate buffer
solution (pH = 7.4 & 0.2). The phosphate buffer solution
was replaced every 2 weeks. The ampoules were kept
at 37°C £ 0.1°C in an incubator for 1, 2, 4, 6, 8, 10, and
12 week(s). Samples were removed at the time point
from the phosphate buffer solution, rinsed three times
with distilled water, and dried to a constant weight at
60°C under vacuum to determine the weight loss ratio.
The weight loss ratio was calculated as follows:

Weight loss ratio = (w; — w»)/wy x 100% 3)

where w; and w, are the weights of samples before
and after degradation in vitro, respectively. Five
samples were tested for each time interval, and the
mean value was taken to calculate the weight loss.

RESULTS
Formation mechanism of the porous structure

The porous structure of HA/PU composite are
formed directly from the two-step reaction. In the
first step, the polyol reacts with excess diisocyanate
to obtain a macrodiisocyanate with the urethane
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linkages. In the second step, chain extender and
water are added to the macrodiisocyanate. The reac-
tion of the isocyanate groups with water results in
the formation of transient carbamic acid, an amine,
and carbon dioxide. The formation of carbon dioxide
makes the polymer produce a porous structure. It
should be stressed here that CO, which has been
proved to possess good foamability, is not only a
polyol candidate in the successful formation of PU
but also helps to form the porous structure.

Morphology of the scaffolds

The three-dimensional gross morphology and SEM
photographs of the porous structure are shown in Fig-
ure 1. Figure 1(a,b) shows the sample with 30 wt %
HA, Figure 1(c,d) shows the sample with 40 wt %
HA, Figure 1(ef) shows the sample with 50 wt % HA,
and Figure 1(g,h) shows the sample with 60 wt % HA.
The results indicate that the porous scaffolds contain-
ing a HA content from 30 to 50 wt % exhibit highly
porous structure with a porosity more than 80%. The
pore size of these scaffolds mainly ranges from 300 to
900 um, and many micropores with a size of 50-200 pm
distribute on the walls of the macropores. The average
pore size of macropores and micropores are 510 and
100 pm, respectively. It is just the micropores that make
the composite show an interconnected porous struc-
ture, which is beneficial for improving the adhesion of
cells, the invasion of blood vessels and tissues, as well
as the nutrient cycling. It has been reported that bone
ingrowth requires the scaffold to have open and inter-
connected pores with a porosity more than 70% and a
pore size larger than 150 pm,'* which is also favorable
for the proper circulation of nutrients.

WVP of the scaffolds is listed in Table I. It shows
that the scaffolds with HA content from 30 to 50 wt %
have a higher water permeability from 3.28 x 1072 to
3.44 x 102 (g mm)/ (m? h Pa) than the scaffold with
60 wt % HA. The scaffold with 60 wt % HA shows a
low WVP [0.82 x 10~% (g mm)/(m? h Pa)]. It indicates
that the scaffolds with more open and interconnected
pores have higher WVP.

The scaffold with 60 wt % HA shows much lower
porosity (43.2 £ 2.5%) and smaller pore size, and the
water permeability is also very low, which indicates a
high number of closed pores present in the scaffold.
This should be attributed to the excessive HA content
in composite, which makes the melting PU prepoly-
mer too viscous. The higher viscosity does not allow
the homogeneous mixing of water into prepolymer. It
is important that the PU prepolymer is sufficiently
viscous before the initiation of the reaction with water
so that all monomers have been reacted thoroughly
and the rising foam does not collapse on itself before
curing. However, if it is too viscous, water cannot be
thoroughly and homogeneously mixed into the
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Figure 1 Photographs of the porous HA/PU composite scaffolds: (a and b) 30 wt % HA; (c and d) 40 wt % HA; (e and
f) 50 wt % HA; and (g and h) 60 wt % HA (a, ¢, e, and g from photomacrograph and b, d, f, and h from SEM).

prepolymer when initiating the foaming reaction.’! If
the scaffold with higher HA content (such as 60 wt %)
has to be selected for tissue engineering, other foam-
ing agents or other oligomer (polyester or polyether)
should be used to raise its porosity and enlarge its
pore size.

Compressive strength

The stress—strain behaviors of HA /PU scaffolds with
HA content from 30 to 50 wt % are shown in Figure 2.
Because the porosity of the scaffold with 60 wt % HA
does not meet the requirement of more than 70%, its
compressive strength and modulus are not tested.

Journal of Applied Polymer Science DOI 10.1002/app
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TABLE I
Characteristics of HA/PU Composite Scaffolds
HA Average Compressive
content Porosity pore size WVP (1072 strength Modulus
(wt %) (%) (um) [(g mm)/ (m? h Pa)] (kPa) (kPa)
30 82.8 £26 517 + 40 344 £02 227 £ 28 607 + 27
40 837 +£28 503 + 50 3.28 £0.3 388 + 35 1001 + 32
50 824 £23 510 + 45 3.40 £ 0.2 548 + 37 1608 + 40
607 432 £25 186 + 21 0.82 + 0.09 - -

@ The porosity of the scaffold with 60 wt % HA does not meet the requirement of
more than 70%, and therefore its compressive strength and modulus are not tested.

The mechanical parameters corresponding to Figure 2
are listed in Table L. It is found that HA content has a
remarkable effect on the strength of the composite
scaffolds. When the HA content is from 30 to 50 wt %
in the composites, the porous scaffolds have a com-
pressive strength from 227 to 548 kPa and a modulus
from 607 to 1608 kPa. The result indicates that the
compressive strength and modulus increase dramati-
cally with the increase of HA content.

It can be seen from Table I that the 50 wt % scaf-
fold has the highest compressive strength and mod-
ulus comparing with those of 30 and 40 wt %
scaffolds. The result illustrates that 50 wt % addition
of HA content is appropriate in the PU matrix when
comprehensively considering the requirement of bio-
activity, pore size, porosity, and mechanical strength
for tissue engineering scaffold.

XRD patterns

Figure 3 shows the XRD patterns of HA, PU, and
HA/PU composite, in which curve a indicates pure
HA crystals, curve b is for HA/PU composite, and
curve c is for pure PU. It can be seen from Figure 3(a)
that HA crystals are in a state of weak crystallized ap-
atite structure, and the major characteristic peaks of

2.5
20 50wWt%HA
& 1.5
= 40Wt%HA
2
o
» 1.0
30wWt%HA
0.5
00 T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0

Strain (%)

Figure 2 Compressive stress—strain curves for HA/PU
composite scaffolds.

Journal of Applied Polymer Science DOI 10.1002/app

HA at 26 = 25.9°, 31.9°, 33°, 34°, and 40°, which are in
accord with those of bone apatite.’” The pure PU pat-
tern in Figure 3(c) is amorphous and exhibits a broad
diffraction envelop from 15° to 25° in 20. In Figure
3(b), the intensities of HA peaks become weaker in
the presence of PU, and by calculation from XRD pat-
terns, the crystallinity of HA in composite decreases
from 52.1 to 43.6% when compared with that of pure
HA. However, no peak shift of HA in the composite
can be found, which means after being compounded
with PU, the nature of HA does not change. In addi-
tion, the broad diffraction peak of PU at 15°-25° also
presents a decrease, and this may attributed to the
destruction of HA incorporation on the organization
of PU chains, decreasing the orderliness of structure
array in PU.

FTIR spectra

The HA spectrum in Figure 4 shows the presence of
—OH~ (3571 ecm '), H,O (3400 cm™!, 1638 cm™Y),
—PO}~ (1093 cm !, 1035 cm '), and —COZ%~ (1384
cm ') in the HA crystals. These characteristic peaks
also exist in the infrared (IR) spectrum of bone apa-
tite.>>>* This further proves the similarity of the HA

Intensity(Coutents)

0 20 30 40 50 o 70
2-Theta(degree)

Figure 3 XRD patterns of HA (a), HA/PU composite (b),
and PU (o).
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Figure 4 IR spectra of HA and HA/PU composites.

crystals to bone apatite. The FTIR spectrum of HA/
PU in Figure 4 indicates that the characteristic fre-
quencies of urethane linkage at around 1735 cm ™' is
for >C=O0 stretching, whereas the >C=O0 stretching
vibration of ester is overlapped in the urethane link-
age, resulting in a strong peak at 1735 cm~'. N—H
stretching vibration of the urethane linkage is observed
near 3354 cm ™!, which indicates that most of the am-
ide groups in PU are involved in hydrogen bonds,
because free N—H stretching peak of PU is usually
manifested by the band at 3445-3450 cm ™ '.*>% In the
spectrum, the sharp bands at 2925 and 2853 cm ™' are
attributed to the asymmetric and symmetric stretch-
ing vibrations of the methylene group (—CHo),
whereas other mode of —CH, vibration is manifested
by the band at 1450 cm™'. The band at 1529 cm ™ is
assigned to amide II aliphatic R—NH—COO— groups.
Peaks at 1093 cm ™" and 1035 cm ™' belong to the phos-
phate radical group (—PO3") of HA. The absence of
—NCO absorption band at 2250-2270 cm ' and —OH
peak at 3571 cm ' in HA/PU spectrum in Figure 4
illustrate that the isocyanate groups and hydroxyl
groups had reacted completely.

Dynamic mechanical analysis

The storage modulus (E') as a function of tempera-
ture for PUs with different HA content is shown in
Figure 5. It is clear that the storage modulus of all
three samples decreases with the increase of temper-
ature, and with increasing HA content, the storage
modulus of HA/PU scaffolds can significantly be
increased over the whole temperature range. This
result indicates that the incorporation of HA into PU
has a good reinforcing effect, which may originate
from the stiff HA particles and the interaction
between the filler and matrix.
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Figure 5 Storage modulus (E') versus temperature for
PU/HA scaffolds.

The variation of dissipation factor (tan 6) with tem-
perature for the scaffolds is given in Figure 6. The top
peak in each curve corresponds to the glass transition
temperature (T,) of the composites. It can be seen that
the T, value rises with the increase of HA content in
composites, which may ascribe to the restriction of
PU chain mobility by the presence of HA. The
increase of T, temperature indicates a better interac-
tion or reinforcement between the filler and matrix.

Degradation in vitro

The curves of the weight loss as a function of immer-
sion time are shown in Figure 7. It can be seen that all
the three scaffolds exhibit a progressive mass loss
over the 12-week period. The ratio of weight loss
ranges from 10.63 to 15.87% at 12 weeks depending
on the HA content. The scaffold with low HA content
has higher degradation rate than the scaffold with

0.8
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Temperature(degree)

Figure 6 Variation of tan & as a function of temperature
for PU/HA scaffolds.
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Figure 7 The weight loss of HA/PU composite scaffolds
for different immersion time.

high HA content. This indicates that the weight loss is
mainly caused by the degradation of PU matrix. It is
worth noting that this preliminary study has exam-
ined the degradation in the absence of plasma
enzymes and cells. Degradation in a cell culture or
in vivo environment can be expected to be faster.

DISCUSSION

There is a continuing interest in designing new poly-
meric materials in a form of porous scaffolds, which
can be used as tissue substitutes to repair or, prefera-
bly, regenerate damaged tissues. Commercially avail-
able PUs exhibit good mechanical properties, but they
often have a disadvantage of containing aromatic
MDI. PUs based on MDI are known to release carcino-
genic and mutagenic products when being degraded.®
In this study, it is expected to prepare novel aliphatic
PU composite for biomedical applications. The poly-
mer matrix completely consists of aliphatic compo-
nents and only releases nontoxic degradation
products. Herein, H;,MDI is selected to replace MDI,
PCL diols and CO are chosen to react with H;,MDI to
form a new kind of polyesterurethane. Previously,
PCL has been investigated as a matrix for a totally
bioresorbable composite for craniofacial reconstruc-
tion”* and known to be biocompatible and slowly
degradable hydrolytically and enzymatically.” How-
ever, CO has been used as a promising raw material
for the preparation of biodegradable PUs because of
its low cost, nontoxicity, hydrolyzation, and its avail-
ability as a renewable agricultural resource.*®

In addition, HA has a composition and structure
very close to bone apatite and therefore has been con-
sidered to be the ideal material to build bone tissue en-
gineering scaffold. To mimic the composition of bone
apatite and to enhance the bioactivity and mechanical
strength of the scaffold, we chose HA and elastomeric

Journal of Applied Polymer Science DOI 10.1002/app
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biodegradable PU to prepare porous composite scaf-
folds. Using elastomeric cancellous bone graft to fill
bone defects may ensure an intimate contact with the
native bone ends, avoid shear forces at the bone-
implant interface, a phenomenon that is unavoidable
in the case of rigid materials. The addition of HA may
improve cell proliferation on and in the scaffold and,
in consequence, promote healing of bone defects.

Scaffolds for tissue repair and regeneration should
preferably be porous to allow the transportation of
nutrients and the ingrowth of cells, capillaries and tis-
sues, and also be bioresorbable and/or biodegradable
to allow the replacement by newly formed tissues.
Furthermore, they should possess three-dimension-
ally porous structure with a porosity more than 70%
and pore size ranging from 50 to 900 pm.***! In this
study, HA/PU composite scaffolds have good inter-
connected porous structure with typical pore size
ranging from 300 to 900 pm, and there are micropores
on the walls of macropores in the range 50-200 um.
The average pore size of macropores and micropores
are 510 and 100 pm, respectively. Also, the porosity of
the scaffolds is more than 80%, making the surface
area of the scaffold increase, which is very important
for promoting the adhesion and growth of the plant-
ing cells and accelerating the tissue regeneration.

It is well known that bone scaffold should not only
have high porosity but also proper mechanical prop-
erty and degradation, which can match with the
growth of new bone tissues. In this work, the com-
pressive strength and modulus of scaffolds increase
dramatically with the HA content. Especially, the
scaffold with 50 wt % HA has a compressive strength
of 548 kPa and a modulus of 1608 kPa. This is suffi-
ciently high for the regeneration of cartilage tissues*
and for the filling of large bone defects. The scaffold
exhibits good mechanical property because of the ho-
mogeneous dispersion of HA particles in PU matrix.
Considering the reinforcing effect of the HA filler and
the open porous structure of the composite, the opti-
mal addition of HA in PU can be 50 wt %.

The hydrolytic degradation of PUs in the aqueous
media often proceeds mainly via the scission of the
ester, urethane, or urea linkage in the main chains. In
polyesterurethane, water reacts with the carboxylic
ester bonds of PCL and CO, breaking the polymer
chain into two shorter ones. One ending is a hydroxyl
group while the other is a carboxyl group as shown in
expression (4). The acidic carboxyl group accelerates
further hydrolysis of the polyester segments and the
degradation becomes autocatalytic.>**

RCOOR’ + H,O — RCOOH + R'OH (4)
The urethane or urea linkage can also be hydro-

lyzed, and the hydrolysis also produces two shorter
chains, one ending is the hydroxyl group and the



PREPARATION AND CHARACTERIZATION OF ALIPHATIC PU AND HA COMPOSITE

other is the amino group shown in expression (5).
These groups do not appear to autocatalyze the hy-
drolysis of PUs.*

RNHCOOR’ + H,O — RNHCOOH + ROH  (5)

However, the hydrolysis of the urethane or urea
linkage is more difficult than carboxylic ester link-
age, and therefore, the cleavage of the carboxylic
ester group in this study is the predominant process.

The degradation of the scaffolds in vitro is mani-
fested by mass loss (Fig. 7). The scaffold containing
50 wt % HA shows 10.63% weight loss when com-
pared with the initial mass after 12-week immersion,
whereas the scaffolds containing 30 and 40 wt % HA
exhibit 15.87% and 13.76% weight loss, respectively.
These results demonstrate that the scaffold with low
HA content will have higher degradation rate than
that with high HA content. This is attributed to that
the increase in HA content in the composite decreases
the availability of more PU polymer to hydrolysis.

CONCLUSION

The HA/PU scaffolds developed in this study were
designed for tissue engineering application. HA crys-
tals were added into PU matrix to promote the osteo-
conductive properties of the scaffold. The results
indicated that the aliphatic PU could load HA up to
50 wt %, and the composite showed good mechanical
properties due to the reinforcement of HA. The com-
posite scaffolds exhibited highly porous structure
with a porosity of more than 80%. The macropore size
of the porous scaffold ranged from 300 to 900 um and
many micropores with a size of 50-200 um present on
the walls of macropores. The average pore size of
macropores and micropores are 510 and 100 pm,
respectively. In addition, the scaffold exhibited pro-
gressive degradation in vitro taken by the mass loss
and the degradation rate depended on the HA content
in PU matrix. Certainly, many questions such as cell
phenotype retention and in vivo behavior of the con-
struct remain to be solved and will be addressed in
new studies. The primary investigation of the ali-
phatic HA/PU scaffold shows a potential for cancel-
lous bone substitutes. The elastomeric composite
scaffold may enhance cell proliferation into the scaf-
fold and, in consequence, promote healing of bone
defects.
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