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Abstract

This study developed highly porous degradable caitgmas potential scaffolds for bone tissue emging.
These scaffolds consisted of poly-D,L-lactic adileéd with 2 and 15 vol.% of 45S5 Bioglass® paseiland
were produced via thermally induced solid-liquicapl separation and subsequent solvent sublimatien.
scaffolds had a bimodal and anisotropic pore afrectwith tubular macro-pores of ~100 um in diametad
with interconnected micro-pores of ~10-50 um imaliger. Quasi-static and thermal dynamic mechanical
analysis carried out in compression along withriegravimetric analysis was used to investigatesffect of
Bioglass® on the properties of the foams. Quagiestampression testing demonstrated mechanicab&opy
concomitant with the direction of the macro-pors.analytical modelling approach was applied, which
demonstrated that the presence of Bioglass® didigotficantly alter the porous architecture ofdhdoams
and reflected the mechanical anisotropy which veegruent with the scanning electron microscopy
investigation. This study found that the Ishai-Qohed Gibson-Ashby models can be combined to préusc
compressive modulus of the composite foams. Theulnedand density of these complex foams are relayea
power-law function with an exponent between 2 and 3
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1. Introduction

The field of tissue engineering has in the lastdeffered a new option to supplement existingtinent
regimens for the regeneration of bone [1]. One @@ has been the implantation of osteoblaststonte-
dimensional (3-D) scaffolds that act as physicalsuts for these bone cells. However, the strucinck
properties of 3-D scaffolds are critical in theiniivo performance and there are a number of gékeya
requirements for successful development of scadffifll The biocompatibility and bioactivity of tiss
engineering scaffolds influence the important atititeps related to cell attachment, prior to pelliferation
and differentiation. Ideally, the scaffolds shobklporous and the porosity should be both macraséopcell
growth and migration, as well as microscopic towlthe transport of nutrients and oxygen, as wetha
removal of cellular waste products [3]. The scaffoshould also be degradable, thus allowing fontexa tissue
in-growth. Furthermore, they should be easily fedmied into 3-D complex shapes in a reproducible and
controllable manner. Moreover, the scaffosti®uld have appropriate and controllable mechapicgierties,
e.g. elastic constants and compressive strength,pioviding temporary support for cells to enalslsue
regeneration [2-5].

One group of materials being considered as scaffoldbone tissue engineering are porous degragate
lactide, polyglycolide or their co-polymers [6,7itivadditions of inorganic particles or fibres, buas bioactive
glass [8-10] and hydroxy apatite (HA) [11], to imphioactivity, control degradation kinetics anchance the
mechanical properties. A system currently beingettgped is based on poly(D,L-lactide) (PDLLA)/Bicagb®-
filled composite foams produced by thermally indiphase separation (TIPS) [12]. Processing of nadger
using the TIPS method enables the production ahfoahich exhibit pore anisotropy, which may be oolied
to enable the fabrication of scaffolds with taildigorosity appropriate to the tissue concerned]2Recently,
the efficacy of these PDLLA/Bioglass®-filled comjites as bone tissue engineering scaffolds has stemmn,
supporting the migration, adhesion, spreading aalility of MG-63 cells (human osteosarcoma celk)i [14].
Moreover their potential in both bone and lunguessngineering has been quantitatively demonstrattadg
optimal concentrations of 45S5 Bioglass® addedh¢oRDLLA matrix resulting in enhanced cell adhesaod
growth in vitro [15].
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To date, however, there has been very limited rebean understanding the static and dynamic mechani
behaviour of such relatively complex composite feam this study, the composites' mechanical respom
static and dynamic compression with different vadupercentages of Bioglass® particle addition wasssed
in the direction of the tubular macro-pores and parad to loading in the transverse direction.

2. Experimental
2.1. Materials

Purasorb® PDLLA with a density of 1.26 g érand an inherent viscosity of 1.62 dl/g was obtiflem Purac
biochem (Goerinchem, The Netherlands) and useduwuitturther purification. Dimethylcarbonate (DM, o
>99% purity) was purchased from Sigma Aldrich ardduas solvent. Melt-derived 45S5 Bioglass® paicl
were incorporated as the bioactive phase in thegposites. The chemical composition of the glaspéircentage
of weight) was as follows: SiD45; CaO, 24.5; @, 6; NaQ, 24.5. The patrticle size distribution, specific
surface area, porosity and morphological featufési® glass have been characterised previously {tiéh a
finding that the particle size varied betwednand 20 um with a mean particle sizelqim, the density is 2.825
g ¢® and surface area is 2.7 gi*. The morphology of the 45S5 Bioglass® particlesds-spherical, irregular
and angular, as shown in Fig. 1.

Fig. 1. SEM micrograph illustrating the irregulaand angular morphology of the 45S5 Bioglass®
particles.

2.2. Foam fabrication

PDLLA and PDLLA/Bioglass®-filled composite foams meeprepared by TIPS and subsequent solvent
sublimation, which has been described in detadveleere [12,13]. Monolithic foams were produced with
dimensions of 90 mm diameter and varying in thideng-10 mm due to the shape of the vessel baserused
fabrication. The following foam systems were inigested: pure PDLLA and composite foams filled witfo
different amounts of Bioglass® particles, nomina#iferred to as 2vol.% and 15 vol.% foams. These
compositions were chosen based on previous stadietucted on similar composite systems [12,14]. The
weight and volume percentages of the Bioglass®ehes given in Table 1.

2.3. Methods of analysis
2.3.1. Scanning electron microscopy

Scanning electron microscopy (SEM) was used tositiyate the anisotropy and homogeneity of the foam
microstructure and to assess the porous architectudifferent regions within the structure. Foasut®ns were
cut using Wilkinson Sword® razor blades, via comtins downwards slicing to avoid compression damage.
Samples were gold coated for 120 s under a cuofe2? mA before examination under an accelerativitage
of 20 kV using a JEOL 5610LV SEM (JEOL, USA).
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Table 1 : Foam properties by theoretical calculation ofp@pent density and porosity

Bioglass® content  Apparent density (P) % porosity TGA measured TGA measured

WL% vol.% (g cm®) (P from Eq. (1)) wt.% (at 425 °C) vol.% (at 425 °C)
0 0 0.075 + 0.005 94.04 +0.40 - -

4.76 2.18 0.077 £ 0.003 94.05 +0.20 4+ 2 1.8

28.57 15.14 0.098 + 0.006 93.46 + 0.40 28 £ 6 15.6

2.3.2. Overall apparent density

The volume and mass of foam specimens of ~20 noiiaimeter cut from the homogeneous regions of
monoliths of the respective foam systems were demhrThickness and diameter were measured atffexatit
places for each specimém—20 for each foam composition). Using the densiieBioglass® (2.825 g ci)

and PDLLA (1.26 g cril) a theoretical porosity was calculated based ervttume percentage of the foam and
by comparing its apparent density to the bulk syste

2.4. Thermal and mechanical analysis

2.4.1. Thermogravimetric analysifiermogravimetric analyses (TGA) were perfornoedthe composite
constituents PDLLA and 45S5 Bioglass® as well asamposite foams using a Stanton Redcroft STA-780
Series Thermal Analyzer. At least three samplegéah composite material were analysed and thésesu
averaged to determine the thermal and degradatafitgs and residual mass. Scans were performed @ir
atmosphere with a temperature range of 35-550 #(rate of 20 °C mih Measurements were taken using a
sample mass of 4 + 0.5 mg for the foams and 10anthé Bioglass® powder.

2.4.2. Quasi-static compressive mechanical anaMsishanical compression tests were performed to
determine the mechanical properties of the TIPSuyred foams. The static stress scan mode of agaiiysi

Pyris run DMA7e (Perkin-Elmer Instruments, USA) weed. Specimens were cut from the most homogeneous
region of the foam to form cubes measuring 5x5x5°n@ompression tests were performed axially and
transversely, with respect to the direction oftilteular macro-pores using the parallel plate sehpecimens

were tested from 2 kPa to 300 kPa at a rate off20rkin'. The stress and modulus response to strain were
recorded. At least five samples of each compositiere measured and the results averaged. The nsodaken

at the maximum modulus before the onset of yieldtpoyield stress (defined as the end of the linea
deformation region) and the corresponding strayiedtl was also recorded.

2.4.3. Dynamic mechanical analysis

Dynamic mechanical analysis (DMA) was carried autabic samples (measuring 5x5x5 Mmbtaine from

the homogeneous region of each of the three foatess. Five repeat specimens were tested in cogipnes
under the stress control mode, where a staticsstie30 kPa was initially applied followed by a dynic stress

of 24 kPa. A temperature scan from 25 to 75 °Claating rate of 4 °C minwas applied. Nitrogen was used as
purge. The viscoelastic parameters of storage msdil), loss modulugE™) and mechanical loss tangent (tan
0) were recorded as a function of temperature.

3. Results and discussion
3.1. Characterisation of foam pore structure

Low magnification SEM observations confirmed thatdamage was introduced to the foam structurebéy t
chosen cutting technique, using razor blades, ooifg previous results [14]. Fig. 2 shows scanrglegtron
micrographs of cross-sections of top, bottom astkpped side view of the foams produced througlSTIR
general there were four distinct regions obserteaugh the thickness of the foams and these aefidabas
regions 1-4. The top of the foam (Region 1) coesisif a skin region of up to 10 pm thickness, whicts
porous but noticeably denser than the underlyig@gre. Underneath the top skin layer the foam wasem
ordered, where the pore anisotropy became app@egton 2). This region was less homogeneous tan t
majority of the foam and was typically 1.5-2.5 mmthickness. Region 3 within the foams exhibiteghhy
ordered pore architecture, composed of continugliglar macro-pores of ~100 um diameter orderediallzl,
and interconnected by micro-pores of ~10-50 um diem This region was typically 5-7 mm in thicknessl
constituted the majority of the volume of the foarhese homogeneous regions are shown in Fig. théopure
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PDLLA (a) and the PDLLA/ Bioglass® composite foamish Bioglass® inclusion contents of 2 vol.% (b)dan
15 vol.% (c), and represent the foam microstructeséed for mechanical properties. The variatiodepth of
the homogeneous region was due to the shape wésel base (slightly convex) used during fabmeatihe
fourth distinct region was a dense layer on thédnoof the foam, which is analogous to a laddes-Bkructure
that was approximately 30 um thick (Region 4, ig. ). This region was caused rapid freezing of the
polymer solution; the pore structure was causethéyreferential cooling direction. It is likelyahthe foam
became less ordered with increasing thicknessala#fective insulation as the foam cooled down miyri
solvent sublimation. The quality of the foam sturetwas also determined by the efficiency of theuwan and
solvent collection system, i.e. how often the sotweap was changed. It has previously been shbainiy
increasing the polymer to solvent ratio the poranchitecture can be controlled, thereby reduciegiimmber of
tubular macro-pores and the total porosity [17§leled foams of more isotropic pore structure magrbated
using the TIPS technique. However in some instaho#s anisotropic pore architecture and mechanical
properties may be beneficial for applications whbeestructure needs to be made more crush resistplaces,
for example in scaffolds of tubular shape for itited tissue engineering where collapse of thectting had
been observed in vivo [18]. Additionally, by incomating stiff inorganic glassy or ceramic phases th
mechanical properties of the constructs can bedtuhés effect should be more pronounced with nioghly
anisotropic pore architectures and with scaffolidewer porosities. The apparent density and ptyaxithe
foams are given in Table 1. Mercury porosimetry wasapplied in this investigation to probe thequs
structure as this technique is a destructive metboftagile polymer scaffolds, which are pronestmultaneous
intrusion and shrinkage under the high pressureastury intrusion (up to 2000 bars), as observepnevious
study [17]. The calculated theoretical porosity destrated that all the foams exhibited high peimgatof
porosity (>93%). The addition of 15 vol.% Bioglass®ded to reduce the porosity by ~1% when compiared
that of 100% PDLLA and of 2 vol.% PDLLA/Bioglass®dms. This is consistent with previous work whéee t
porosity was also shown to decrease with incredslieg content (up to 40 wt.% Bioglass®) [12]. Hewer, it
has been reported that at high filler loadingspie shapes become increasingly rugose, thereblingsin a
moderately less well-ordered structure [2,12].

Fig. 2. SEM micrographs of different regions within tharfomonolith, demonstrating through-thickness
differences of the scaffold architecture. Regiosake described in the text.
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3.2. Thermal and mechanical characterisations

TGA was conducted on the foamed PDLLA, on Bioglagsicles and on the two PDLLA/Bioglass®
composite foams. TGA profiles for these materiaésshown in Fig. 4. PDLLA foam exhibited no signifi¢dan
change in mass above 425 °C and therefore thiseeye was chosen to record the residual masl flmam
systems. It was also shown that below this temperahere are no significant thermal events ocegriti the
glass, as confirmed in the literature on the thétneatment of the same Bioglass® [19]. TGA testsducted
on three samples of the composite foams demondtiiaét there was slight variability in the amouht o
Bioglass® present throughout the material, as gimérable 1. Such variation may have been due tigba
sedimentation of the Bioglass® particles duringridabrication.

Fig. 5(a) and (b) shows the compressive stressisaponse of the foams in axial and transvenstibns,
relative to the tubular macro-pore orientationpesgively. Cubic specimens were cut from the most
homogeneous and representative regions of the fé@msechanical analysis, thereby reducing thecefié
through-thickness variation in pore architecture.cAn be observed, testing in both directions dstrated
mechanical anisotropy in the foams. In the axiedation the compressive stress-strain responsedgvell

with characteristic behaviours reported in theditare for foam systems [20,21]. This behavioursisted of
three distinct regions: an initial Hookean regiomihich stress increased in proportion to straie tu
compression of the cell elements, a plateau regipresenting plastic collapse and buckling of #léalements,
and a final region where the stress increased Isapith strain due to effective densification o&tfoam
structure. Accordingly, the materials showed ameéase in modulus in response to strain, which pkake
certain value and then decreased prior to subségtrain increase. The plastic collapse region edsiced
with increasing Bioglass® content, as shown in B{@). The transverse mechanical response to casipre
shown in Fig. 5(b) displayed a markedly differezgponse to that of the axial response. There apghéabe no
obvious micro-failure response due to bucklinghaf tubular macro-pores, indeed the behaviour dbalhs
was dominated by the effect of densification of fibeems.

Fig. 3. SEM images of the transversal section showingyhieal homogeneous regions of (a) pure PDLLA
foam, (b) PDLLA/2 vol.% Bioglass® foam, (c) PDLL3WoI.% Bioglass® foam.
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Fig. 4. TGA of PLA, PLA/Bioglass® and Bioglass® powder.
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Fig. 5. (a) Axial stress and modulus response for theowsrfoams. All were tested in the direction patate
the tubular macro-pores, (b) Transverse stressrapndulus response for the various foams. All westetkin
the direction perpendicular to the tubular macrorgs.
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Table 2 summarises the data for the axial compyesabdulus, yield stress, strain at yield point Hrel

transverse modulus for all the materials. The axiatlulus was determined at the maximum moduluhes
stress-strain response varied slightly from sangpeample, due to variation within the foam moitoéind the
accuracy in cutting the cubic samples. Althoughgheas an increase in the compressive modulus when
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comparing the value for the foams with the highedtime percentage of Bioglass®, to that of the PBLL
foams, the results showed no statistical signifieagifferencegp > 0.05). This was likely because the porosity
is a dominating factor. It seems, therefore, thatt5 vol.% inclusion of Bioglass® particles may beenough
to induce a significant increase of compressive uhglof the foams, as discussed below.

Fig. 6(a) and (b) shows the dynamic mechanicalaesp of the various foams as a function of tempegah
terms of storage modulug'], loss modulusK"), and mechanical loss tangent (&respectively. There was a
trend observed towards an increase in the storaghilos with higher volume fractions of Bioglass@erfe

was no effect of temperature on the parameters tipetonset of softening above 45 °C, which wamddfby
an immediate apparent increaséithat may have been due to the immediate densticati the foams as a
result of the onset of the PDLLA glass transitida.the temperature increased further there wagrdfisiant
decrease ift' in all the materials, which was accompanied by peak" and tars that are associated with the
glass transition. The broadening of the peak instaith increasing amounts of Bioglass® is likely te due to
regions of order within the polymer chains in clpseximity to the glass particulates. The glaseditéon
temperatureTy), as defined by the temperature whEfeeached a maximum, giving, values of 56.1 + 1.2 °C,
55.2+ 1.4 °C and 56.7 + 0.8 °C for the PDLLA foardwvol.% and 15 vol.% Bioglass® containing foams,
respectively. It can be noted that there was noifidgnt differencegp > 0.05) inT, for the different foam
systems.

Table 2: Quasi-static compression properties of the foams

Axial modulus Axial yield stress Axial yield strain  Transverse modulus
(MPa) (MPa) (%) (MPa)
Pure PDLLA foam 0.89 + 0.50 0.08 £ 0.03 8.2+3.2 0.11 +0.03
PDLLA/2 vol.% 0.65 +0.40 0.07 £ 0.02 13.3+7.3 0.23+0.10
Bioglass®
PDLLA/15 vol.% 1.20+0.40 0.08 £ 0.03 72+24 0.16 £ 0.05
Bioglass®

There were no statistically significant differen¢pes 0.05) observed between the parameters of theusamaterials.

3.3. Theoretical modelling

The apparent densify) of the scaffolds was determined by using the meakorass and volumes of the foams
(Table 1). PorosityP) was calculated using Eq. (1):

p
P=1—— 1
Po M)

wherepg is the density of the non-porous material. It hasrbwell documented that the compressive modulus of
composite materials increases with increasing fdlntent and decreases with porosity in highlyopsrfoam
systems [8,10,22]. The Gibson and Ashby model gbsekq. (2) has generally been applied to relage th
modulus to the density of foams [21]:

Eﬂoc(pﬁo>nC(1p)" (2)

whereE andE, are the compressive moduli of the foam and nonymomaterials respectively. The constants C
andn depend on the microstructure of the foam scaffélee value oh generally lies in the range 1rx< 4
giving a wide range of values f&fE; at a given density [23]. It has been suggestedfthalosed-cell porous
systemsn should have a value in the range of & < 2. In their model, Roberts and Garboczi [23] found tha
more than 70% of the cell faces are remoweshould increase to 2, indicating that edge bendewpmes the
dominant mechanism of deformation. For an isotrapien-cell porous structure modelled with poresuiic
arrays this exponent is expected to be 2 [21]. ddmestanC includes all geometric constants of proportiogalit
needed in the derivation of Eq. (2). Previous eixpental data confirm thal = 1 for foams with dense struts
[21]. Several important factors affect the stiffegmrosity relationship, such as whether the pareopen or
closed, their geometrical arrangement, in ternysooé orientation and shape, as well as the thickakthe pore
walls, and whether the material is periodic or disved. However, the dependence&Cafndn on the
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microstructure of highly porous materials with momamplex pore structures such as the ones invéstiga this
study is not well understood. The constant C is dispendent on the density of the foam struts.

In this study Eq. (2) was used to investigate tmueacy of the modulus value obtained experimgntall the
PDLLA and PDLLA/Bioglass® foams. Firstly, a compsa® modulus of non-porous PDLLA{) was
measured. Samples of dimensions 3x5x6°mwere produced by compression moulding at a temperaf 150
°C and a pressure of 2500 psi maintained untiptilgmer has cooled to room temperature. Compredsiin
on five repeat samples were performed to BS EN68D(1997 BS 2782-3: Method 345A:1993. Plastics-
Determination of compressive properties). The casgive mechanical properties of the PDLLA usedhis t
investigation are summarised in Table 3. Compressists revealed that the PDLLA used in this ingasibn
has a compressive modulig) of 1.97 GPa, which is in the range quoted in | [24].

Using Eq. (2), modulus values for the PDLLA foanfi§ @and 0.4 MPa were obtained when usinglues of 2
and 3, respectively, ard = 1, This suggested that the range 8 < 3 was appropriate to describe the elastic
response of the materials in this investigatiopeeglly given that these materials possess interected pores.

The valueC = 1 was chosen based on experimental evidence thatehis is the most suitable for foams with
dense struts, as presented by Gibson and AshbyR2dyiously, Hou et al. [25] fabricated high potp®DLLA
foams and found the compressive moduli of scaffofd®7.2% and 97.7% porosity to be 0.30 MPa an@ 0.2
MPa, respectively. In another study, Hou et al] f2ated compressive moduli to the porositieshefscaffolds
according to the power law relationship (Eq. (2))l found thah —2.42 best fit their data. However, in their
study,E, for PDLLA was 296.5 MPa, which appears low.

Fig. 6. (a) DMA of as-fabricated pure PDLLA foam (1), PDLI2Avol.% Bioglass® foam (2), PDLLA/15 vol.%
Bioglass® (3), showing the storage modulus (E') kxs8 modulus (E") variation with increasing testin
temperature, (b) DMA of as-fabricated pure PDLLArfo(1), PDLLA/2 vol.% Bioglass® foam (2), PDLLA/ 15
vol.% Bioglass® (3), showing the variation of megigal loss tangent (taf) response with increasing
temperature.
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Table 3 : Compressive mechanical properties of dense PDialbicated by compression moulding

Compressive  Maximum compressive Nominal compressive Compression Nominal compressive
modulusk, (GPa) strengths,, (MPa) straing.m (%) aton, stress at yield, (MPa) straine., (%) atoy
1.97 £0.09 865 52+04 65+5 3.4+0.3

The effect of incorporating Bioglass® into the PDA_porous structure and the ability of Eq. (2)pt@dict the
mechanical anisotropy of composite foams was asddsscalculatingn values based on the experimental data,
and maintaining a valugé = 1, as was known from SEM observations (Fig. 3) thaitaxh of Bioglass® did not
substantially change the general structure ofdhens. Two approaches were undertaken, firstlyruteof
mixtures (ROM) was used to determine the effeatiaelulus of non-porous composite systems with 23dnd
vol.% Bioglass®, and the Gibson and Ashby model (2)) was applied by using the measurechlues (given

in Table 1) to derive values. The rule of mixtures is defined by Eq. (3):

E.=EVi +EnVn (3)

whereE,, E andE,, are the compressive moduli of the non-porous coitggets S5 Bioglass® (quoted in the
literature as 35 GPa [27]) and PDLLA matrix (measuin this study as 1.97 GPa), respectively, \&rahdV,,
are the volume fractions of Bioglass® and PDLLAKe composite foams, respectively. The second agpro
used the Ishai-Cohen model [22] to quantify thee&tfbf Bioglass® acting as reinforcement within EH2LLA
matrix. This equation has been used elsewheredfdicplate filled porous foams [10]. The Ishai-Cohmodel
equation [22] can be written as Eq. (4):

Vi
EcEm<l+W> 4)

wheremis the ratio of glass to polymer modulus

()

By using Egs. (3) and (4), the modulus of the psnmaterial is calculated by substitutiBgfor E, in Eq. (2)

and the resultant values obtained in this study are shown in TablEhse values are consistent with the data
presented in the literature on the modulus of peroaterials [23]. It is clear that the inclusiorBabglass®
particles has only a limited effect on th&alue, as the calculatedvalue for samples with 0, 2 and 15 vol.%
Bioglass® have a coefficient of variation of 2.4%@al.9% when considering axial and transversalitmpd
respectively, by using the Ishai-Cohen model ferecbmposite foams. There is a difference howevaniaues
between the axial and transverse results, withlues being consistently higher for the transvewswition,
indicating anisotropy in elastic properties duéhte preferred orientation of the tubular macro-pgreesent in
the foams. This suggests that the porosity straatiars only slightly affected by the incorporatidrBaoglass®,
which is in agreement with previous work on simildPS produced composite foams [2]. In contragt,lénge
differences im values found where ROM was used to determine theoessive modulus of the composite
scaffolds indicate that the rule of mixtures is switable in the present case. The Ishai-Cohen himdaggested
for future use in the calculation of elastic moaut such highly porous foam scaffolds.

The highly porous composite foams developed inghidy have potential applications as scaffoldgHer
engineering of bone, in particular as bone-fillmgterials for critically sized defects. The biowityi,
degradation behaviour and porous architecture gsarchanical properties of the composites caniloedad
thorough composition and by changing the TIPS msiog parameters. Bone is anisotropic in naturetand
properties depend on the anatomical site and geasit on the structural differences between cdréind
trabecular bone. The cell size in suspension disttite minimum pore size required e.g., pore €i2es00 pm
are necessary for osteoid ingrowth [28]. In regetieg tissues greater than a few millimetres cubiome a
capillary network becomes necessary for gas ex@hargvision of nutrients and elimination of wagteducts
for the survival of a large mass of cells. Thisessitates the use of optimal bioreactors [29]; ddjmg on the
size of the defect the matrix may require seediit @xogenous cells and to be cultured in vitr@pto
implantation. There are also trade-offs betweenhaeical properties and porosity of scaffolds, gsosed to
load bearing structures. Highly porous scaffoldy imaregarded as temporary mechanical supportidazells,
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possessing sufficient mechanical integrity to supjpself in early development and to enable swalgic
application and manipulation, and resist the forfesound contraction without damage to the porecstire.
Although the pore structure of TIPS produced sdd$fean be tailored to the implant site, their pe@chanical
properties make them unsuitable for load beariqgiegtions and additional mechanical support mest b
provided. Furthermore the results presented indtidy represent the mechanical properties of theposites
while in the as prepared "dry" state. However, @imhplanted or in cell culture, it is expected ttregtse
properties will change as a consequence of wedhirggto the plasticizing effect of water absorbed the
polymers [6]. Therefore further work is being conthd to assess quantitatively the effect of wetitinthe short
term, as well as the long-term effect of in vitregdadation in simulated body fluid effect on thechamnical,
thermal and viscoelastic properties response ckthgstems

Table4 : n Values in Eq. (2) that best fit experimentalad calculated using the rule of mixtures (ROM}o
Ishai-Cohen model [22] approach for the modulushef investigated foams

Axial compressionn values Transverse compressiamyalues
Pure PDLLA foam ROM Ishai-Cohen ROM Ishai-Cohen
2.73 2.74 3.48 3.48
PDLLA/2 vol.% Bioglass® |2.96 2.87 3.33 3.24
PDLLA/15 vol.% Bioglass®]3.19 2.83 3.92 3.56

4. Conclusions

Highly porous PDLLA/Bioglass® composite foams proed by TIPS present anisotropic bi-modal pore
architectures with some through thickness variatiomore morphology and density. However the majaf
the foam structure is homogenous with continuobslar macro-pores interconnected by a micro-porous
network. There is mechanical anisotropy, whichoisamitant with the direction of the tubular mapares. At
the high porosities of the present foams (>93%)rafatively low volume fractions of Bioglass® (<¥6l.%),
there is only a slight trend to stiffening in thengposites in comparison with pure PDLLA foams. DMA
indicated a glass transition temperature of ~55 °C.

The compressive modulus of the composite foamdbeagredicted by an approach based on the comhinatio
the Ishai-Cohen and Gibson-Ashby models. The maddénsity relationship of these complex foamssted
by a power-law function with exponent between 2 and
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