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Abstract

Porous poly(D,L-lactide) PDLLA foams containing®and 20 wt% of Ti@nanoparticles were fabricated and
characterised. The addition of Bioglass® partigas also studied in a composite containing 5 wt% of
Bioglass® particles and 20 wt% of Ti@anoparticles. The microstructure of the fouratit foam types was
characterised using scanning electron microscopiSand their mechanical properties assessed bsi-gtatic
compression testing. Tlie vitro behaviour of the foams was studied in simulatedyfhdd (SBF) at three
different time points: 3, 21 and 28 days. The déagtian of the samples was characterised quantigthyy
measuring the water absorption and weight lossfasction of immersion time in SBF. The bioactivijthe
foams was characterised by observing hydroxyap@iifg formation after 21 days of immersion in SB§ing
SEM and confirmed with X-ray diffraction (XRD) amals. It was found that the amount of HA was dejand
on the distribution of Ti@nanoparticles and on the presence of Bioglass®dridam samples.

1. Introduction

Tissue engineering has the aim to repair humaunditizat has been aged, damaged or lost from injisgase or
infection so that its initial functions are restfd]. This strategy should improve the qualitypoeserve the life
of the patient through the delivery of biocompatibhd/or living elements which become integratéal tine
body. Tissue engineering combines materials (skf@nd cells, and relies on the advancementein th
engineering of innovative bioactive and biodegréelaaterials to make use of the body's naturalirepa
mechanisms for amendment, and so induce the gemecdtnew healthy tissues [2, 3h general, materials for
tissue engineering should encourage tissue regenelsy favourably reacting with surrounding livitigsues
when exposed to physiological fluids, a properfgmed to as 'bioactivity' [3].

In the most usual tissue engineering strategieq@Dus engineered scaffolds made of biodegradatile
biocompatible materials are used, which act asnplegte for cell adhesion, growth and proliferatfontissue
formation [1-6] The material type, morphology (microstructure), amethanical properties required for
scaffolds vary depending on the type of tissus ihiended to regenerate. For example, it is furesdah that the
scaffolds used in bone tissue engineering havécmiff strength and stiffness to be able to prote
mechanical support to withstand the stressessitligected to during the vitro or in vivobone regeneration
process [4-7]A range of synthetic biodegradable polymers, basepolylactic acid (PLA), polyglycolic acid
(PGA) or co-polymers (e.g. PLGA) thereof, in numesanorphologies and architectures, have been deselo
and subjected to investigations regarding thetability as tissue engineering scaffolds [8-12]

An advantage of using synthetic polymers is thatdbmposition, microstructure and macrostructuretea
controlled and hence the required properties ostladéfold can be acquired by design and materiaiice.
Scaffolds require a high porosity to provide a éavglume for tissue infiltration, and to facilitatee nutriments
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supply for cells and removal of waste products. dbaer these scaffolds must possess suitable painiemture
(pore size, surface area and interconnectivitgrable cell migration, attachment and proliferafibns-13]
Although increasing the porosity and pore sizeltesn the rapid decrease in structural strengtthefscaffold,
this problem can be overcome by reinforcing the/mar matrix with stiff inorganic particles, i.e.\addoping a
composites approach [1L3)ifferent bioactive ceramics such as calcium phasgph hydroxyapatite (HA)
powders and bioactive glass fibres and particles l@en used as reinforcing phases in such higirtyus
biocomposites, mainly for bone-tissue engineergjiaations [6, 13-18put also recently for soft-tissue
engineering [19, 20Previous research has shown that on addition afctiice glass (e.g. 45S5 Bioglass®)
particles to polymer scaffolds (e.g. PDLLA), impeavmechanical properties such as higher compressive
strength and modulus, hardness, and a decreasipirtly might be achieved [13, 14, 2Bjoglass® has a
rapid biochemical response in physiological flujtioactivity' [21]) and due to improving mecharica
properties in PDLLA or PLGA based composites, & baen shown to be the filler of choice for optimgssuch
porous scaffolds to promote tissue growth in bapair. Generally, the rate of scaffold bioactivign be
controlled by the amount of bioactive glass incogped in the polymer matrix [13-19)Vhen exposed to
physiological fluids the glass reacts to form teoas bonds to both hard and soft tissues thoudhlaehctivity,
thus demonstrating the bioactivity of this matef2dl]. Moreover, recent research has confirmed a "gene
regulating effect" of the dissolution products dbfass® [22]

Apart from bioactive glasses and, HA conventioniaifert ceramic particles, such as titania (Fi@nd alumina
(Al,03), which have been shown to have exceptional bigetitility properties with bone cells and tissuayé
not been considered so far for combination witldbgradable polymers for applications in bone tissue
engineering scaffolds. In the case of conventiéhgD; and TiQ, this is predominantly due to a lack of bone
bonding or insufficient osseointegration [2Hpwever, on reducing the particles to nano-sizétegs than 100
nm) both AbO; and TiQ possess significantly different properties frorog of the same material in the bulk or
micrometer-size particulate form [23-28xtensive research results by Webster and co-wefRE&r27]give
evidence that polymer matrix composites contaimago-sized titania particulate inclusions compaoed
micrometer-sized titania particles exhibit enhanadldesion of osteoblasts, and propensity to inetkas
deposition of calcium-containing minerals [268] well as a decreased adhesion of fibroblast2 23Fhere is
further evidence in the literature that enhancdidbedaviour can be achieved with composites tbatain
nano-ceramic particulate inclusions [28,.299 far research on biocomposites containing ceraamoparticles
has been conducted on 2D films, and there is nensite record of previous work known to the authors
pertaining to the development of 3D biocompatilidequs structures relevant for tissue engineeriaffeids
based on biodegradable polymers containing ceraamoparticles.

In the present contribution we have developed 3 (i»,L-lactide) (PDLLA) foams containing Tihanopar-
ticulate additions and in one case also incorpogeiioglass® particles. These novel compositedgded as
scaffolds for bone tissue engineering, were charesetd in terms of their morphology, compressivelmaaical
properties as well as in-vitro degradation and ¢tiea behaviour in simulated body fluid.

2. Experimental
2.1. Materials

Poly(D,L-lactide) (PDLLA) was the polymer chosem fbe fabrication of foams, following our previorgated
research [30]PDLLA (Purasorb®) with inherent viscosity of 0.3Bgdwas obtained from Purac Biochem
(Goerinchem, The Netherlands) and used withoub&urpurification. Dimethylcarbonate (DMC, of >99%
purity) was purchased from Sigma Aldrich. Commadtgiavailable TiG nanoparticles (Degussa AG, Frankfurt,
Germany) were used as filler. Manufacturer's dadécate that the average particle size is 21 nntlaeid
crystalline structure is a combination of anat&gewt.%) and rutile (30 wt.%). The bioactive phase
incorporated as filler in one of the composite feamas 45S5 Bioglass® [214 melt-derived bioactive glass
powder of mean particle size gn. The chemical composition of the glass (in petags of weight) is as
follows: Si0,,45; Ca0, 24.5; J©s, 6; NaQ, 24.5 [21]

2.2. Foam fabrication

Neat PDLLA, PDLLA/TiIQ, and PDLLA/TIO/ Bioglass®-filled composite foams were preparedigrmally
induced phase separation (TIPS) and subsequemngéaublimation, which is a technique describedatail
elsewhere [13]In brief, PDLLA was dissolved in DMC at a polymeeight to solvent volume ratio of 5%
(w/v). The mixture was stirred overnight to obtaihomogeneous polymer solution. Given quantities of
Bioglass® particles and Tighanoparticles as appropriate were added to thergoslsolution, which was then
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transferred to a lyophilisation flask and sonicdtmdl5 min to achieve a homogenous distributiomofusion
particles. The flask was subsequently immersedjind nitrogen and maintained at -196°C for 2 heTiozen
mixture was then placed under vacuum{TI0rr) and transferred to an ethylene glycol bathictv was
maintained at -10°C. The solvent was sublimediattdmperature for 48 h and then at 0°C for 48italfy, the
sample was completely dried at room temperatueeviacuum oven until reaching constant weight. Four
different compositions of foams were investigatishown in Table I.

Cubic samples (5 x 5 x 5 mijnwere cut using sharp razor blades from TIPS predumonoliths (~100 mm
diameter). A variation in through-thickness porehitecture was observed on cutting the monolithstimrt
layers were seen: a thin (~3 um), dense layereatolh surface, preceded by a more ordered regiér2ainm
thickness and then a well ordered and homogenegis, followed by a further dense layer (~10 pm in
thickness) at the bottom of the foams. Care waartaé ensure the cut samples were representatie of
homogeneous section of the monolith. Forty samplesch of the four foam types were cut out so ¢énatugh
samples could be tested for the different timequksiof immersion in simulated body fluid (as disadhbelow),
and for mechanical property determination usingsgatatic compression tests.

TABLE | : Foam compositions investigated

TiO, (Wt%) Bioglass® (wt%)
Neat PDLLA - -
PDLLA/TIO , 5 -
PDLLA/TIO , 20 -
PDLLA/TIO ,/Bioglass® 20 5

2.3. Microstructural characterisation

Scanning electron microscopy (SEM) was used tostigate, in detail, the change in microstructure pore
arrangement, as well as the distribution of J&d Bioglass® particles in different regions witsamples.
Representative through-thickness sections werargatdrom the monolithic disks of each compositirial
and transverse sections were investigated. Steyesageefully cut (using a razor blade) into the gkes to
enable the observation of the aforementioned vaniamn through-thickness pore architecture. Sampiese
gold coated for 120 s under a current of 20 mA keéxamination under an accelerating voltage d€\2@sing
a JEOL 5610 LV SEM (JEOL Ltd, Japan).

2.4. Quasi-static compression testing

Quasi-static compression tests were conducted asiygis run DMA7e (Perkin-Elmer Instruments) ie gtatic
stress scan mode. Cubic specimens with dimensidBssa5mn? cut from the most homogenous region of the
foams were tested to failure. Care was taken tarertbe load was applied in the direction of tHeutar
macropores. The specimen size was chosen as byiekithskewing of the sample became a problem dtesma
cross section to height ratios and this particsitze was selected to allow comparison to previegslts on

TIPS produced foams [L3The height of the foams was determined by the ppaistion following the
application of an initial static stress of 2 kPas® were conducted on five repeat specimens of eac
composition at room temperature to a maximum swé880 kPa, at a stress rate of 20 kPa per mifiine.
compressive modulus, compressive yield stress taith svere evaluated from the stress-strain andutusd
strain responses.

2.5.1n vitro degradation studies

The technique used to prepare simulated body (BRF) was the same used in previous studies [6.2B0]
followed the method introduced by Kokubbal.[31]. The solution was magnetically stirred and buffeied
pH of 7.25. Briefly, 30 samples of each compositia@re placed into 100 ml conical flasks (one flpsk
composition, 10 samples per flask). Flasks comaitie specimens in SBF solution were sealed aawkdifor
up to 28 days in an orbital shaker (New BrunswicleBtific, C24 Incubator Shaker), which maintairzed
temperature of 37°C and rotated at 175 rpm. The 8&-changed every 3 days to prevent cation coratent.
After each time point of interest (3, 21 and 289Jag0 samples were taken out from each flask aied th a
vacuum dessicator. Measurements of the SBF pHaitln sample type were taken at the time of sample
extraction or on replacing the SBF.
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Figure 1: SEM micrographs of (a) transversal and (b) longinal cross sections of neat PDLLA foams.,TiO
nanoparticle dispersion in foams containing (c) 86mi0,, (d) and (e) 20 wt% Tigat different magnifications
and (f) evidence of both Ti@anoparticles and Bioglass® particles in a samgataining both second phases.
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The amount of water absorbed and weight lost byadams was recorded following immersion in SBF raffte
relevant time periods (3, 21 and 28 days). At @anh point a sample of each foam composition wasored,
and the excess water (on the surface) was absasiegl blotting paper, and subsequently the 'wetjhtevas
measured. These samples were then dried in a vadassicator and the 'dry’ weight recorded.

To confirm HA formation on the relevant foams, Siaktl X-ray diffraction (XRD) analysis were conducted
the foams after different immersion times in SB&mples were cut to permit analysis of the foanriote
Changes in the micro structure of the foams andahmeation of HA on both axial and transverse crasstions
of foams were investigated by detailed observadfocBEM images.

3. Results and discussion
3.1. Microstructure of as received samples

SEM images of typical PDLLA foams with and withdu©O, particulate additions prepared in this study are
presented in Fig. 1la-Big. lashows the porous structure in transversal crosieseat the middle of the sample
demonstrating a well ordered pore arrangement mvithis region of the foams. The anisotropic natfrthese
foams is demonstrated in Fig.,dhich shows the micro structure in the longitudioss-section. The
structure consists of well defined tubular macregasf ~10Qum diameter, interconnected by micropores of
~10-50um diameter. The structure was generally very sinfdaall foam types, which also conforms to the
pore architectures seen in previous studies on-pie8uced scaffolds of PDLLA and PLGA [13, 3Bpr foam
samples containing 5 wt% TjOsome particle agglomerations were observed orufaces of the pore walls.
Fig. Icshows, for example, some agglomeration near theftapgsample containing 5 wt% TiChowever the
agglomeration effect was more pronounced in sanfilled with 20 wt% titania. More TiQwas observed
around regions near the top of the as-fabricatathfy in comparison to the centre. In order to itigate the
internal structure of the foams, these were cut witazor blade and the surfaces examined by SEidlatively
homogeneous nano-particle distribution was obsettwerdigh the thickness of the foams, a typical adcaph
showing a section of the foam thickness is showFign 1dfor a 20 wt% TiQ containing foam. Fig. 1shows a
dispersed distribution of Tiparticles on the pore walls at high magnificati@rhomogeneous distribution of
TiO, particles embedded in the pore walls is seendamildle of the foam, thereby endowing the scaffalith
a nano-scale surface roughness. A nano-structuréats should potentially provide enhanced ostesblaiell
adhesion, as suggested in the literature for, Ti@ho-particulate/PLGA films and other nano-streexdu
composites [23-29]

For samples containing 20 wt% Ti@nd 5 wt% Bioglass®, the Ti(articles (or clusters of them) were seen to
be well distributed throughout the foam sampleg. Ef depicts the typical micro structure of a
PDLLA/TiIO,/Bioglass® foam, showing qualitatively a fairly hogeneous distribution of both particle types in
the pore walls, with discrete Bioglass® particlésjproximately 5umin size and evidence of some nano-
particulate titania agglomeration.
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Figure2: Typical trends of stress-strain (a) and modultrais (b) in both the longitudinal (axial) (A) and
transverse directions (T) with respect to the dimt of macropores for a PDLLA foam containing 206ATiO,.
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3.2. Mechanical characterisation

Compressive mechanical tests were conducted iditbetion parallel and perpendicular with respedthie
tubular macropores. The stress-strain responseaasagreed well with characteristic behaviour regubin the
literature for foam systems [33, 34k shown in Fig..2This behaviour consisted of three distinct regi@ms:
initial Hookean region in which stress increasegrioportion to strain due to compression of thé@eiments, a
plateau region representing plastic collapse ardling of the cell elements, and a final region vehthe stress
increased rapidly with strain due to effective digcetion of the foam structure.

Accordingly, the materials showed an increase iduhgs in response to strain, which peaked at aicevalue
and then decreased prior to subsequent strainsiser&or comparison, tests were also conductedhdgtioad
applied perpendicularly to the direction of the napores. This transverse mechanical behaviour in
compression, also shown in Fig.désplayed a markedly different response to thaheflongitudinal loading.
There appeared to be no obvious micro-failure nespaue to buckling of the tubular macro-poresgéntithe
behaviour of all foams was dominated by the eftéatensification of the foams. Testing in both dtrens
demonstrated thus the mechanical anisotropy dioida@s which is in agreement with recent work coteldon
Bioglass®-filled PDLLA foams [35]Young's modulus, compressive yield stress andnstvare evaluated from
the determined stress-strain and modulus-straporeses and are shown in Tabléoll the foam systems
investigated in longitudinal direction. The comige Young's modulus was determined from the malkima
value in the modulus-strain response. Althoughetliean apparent trend towards a reduced maximudulu®
regarding the PDLLA with 5 wt% titania comparedhtie neat PDLLA, this result is not significant givéhe
large data scatter. Such deviations in the reapétdikely due to variations in the pore structoetween the
monolithic samples. Previous work has shown thextetlis only moderate increase in modulus for tiégiely
porous TIPS produced foams with Bioglass® partiguilaclusions [35]Moreover, it has also been shown that
filling these foams with high volume fractions atlusions can result in alteration to the pore iéecture,
evidenced by variation of total porosity and anéase in pore wall rugosity [13This porosity change should
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affect also the effective Young's modulus of thespnt composites, the quantification of this effeas,
however, beyond the scope of this study.

TABLE Il: Quasi-static compression properties of the foams

Axial Modulus Axial Yield Axial Yield (MPa)
Stress (MPa) Strain (%)
Neat PDLLA 1.29+0.5 0.08 £0.02 6.80+ 2.6
PDLLA/5 wt% TiO , 0.73+0.3 0.06 £ 0.01 9.66+3.1
PDLLA/20 wt% TiO , 1.26+0.1 0.08 £0.01 6.41+1.2
PDLLA/5 wt% 0.65+0.4 0.07 £0.02 13.33+7.3

Bioglass (previous result) [35]

3.3.1n vitro study of bioactivity

The possible bioactive behaviour of the foams vesessed by immersion in SBF for different periddsnee,
as is common practice in the study of biomatefi@done tissue engineering [6, 38EM micrographs were
taken from samples after 3 and 21 days of immerisi@BF and the formation of HA was investigatefteA3
days no HA growth was observed on the surface pbéthe samples, and no other microstructural gbaof
the foams was observed. However, significant chemgere observed after 21 days of immersion in 3BF.
general pore sizes were found to shrink to rougiidysame dimensions for all foam compositions. Baghows
the transversal cross-section of a neat PDLLA fadter 21 days of immersion in SBF. It can be sbanthe
sizes of the pores appear reduced in comparisdnthét as-fabricated material (compare with Fig. Thg
walls are seen to be more compacted, thereby @padgiensification effect. This observation has aksen
reported in previous studies on similar foams [30]

HA formation on the surface of foams containingt$ealiO, was observed after 21 days of immersion in SBF,
in particular a large amount of HA crystals wasaslwed on pore walls near the top surface, as sliowiy.3h

HA formation was observed to a depth of approximye280 microns into the material from the top soefa
therefore, leaving a few regions inside the foatiwegligible HA formation. Titania nanoparticleeng
observed on the foam walls where no HA growth hacliored. Typical ranges of HA crystal sizes in ek

with 5 wt% TiO;, are observed in Fig. 3some crystals were less than 1 micron and oth&rsi3nicrons in size.

Crystalline HA layers rather than individual crystavere formed on foams containing 20 wt% Tion
immersion in SBF for 21 days. Fig. 3Hdows an SEM image taken at high magnificationatam a typical HA
crystalline layer on the foam surface. The thigletais probably formed due to the large agglomenatiof
titania particles in these foams (Fig. hdhich may act as sites for the nucleation and dgnaftHA. Regions
inside the foams without HA were observed wheréviddal titania particles were present. The formatof
these thick HA layers may result in the pores béilogked, thereby impeding the penetration of S finto
the porous interior of the foam. Fig. Sleows the HA crystals on these pore walls at higigmification. HA
layers were also observed on the foam sample congglboth TiQ and Bioglass®. HA was observed to grow
homogeneously inside the samples on pore wallsees in Fig. 3fTherefore a more uniform growth of HA
crystals within the porous material occurred i fliam system, which is attributed to the preserficke
intrinsically bioactive Bioglass® particles. Prewgowork on PDLLA/Bioglass composite foams with
concentrations of Bioglass® of 5 wt% and 40 wt% ¢t@asclusively proved the bioactivity of such comipes
[30].

Samples that were used for water absorption tésis2l days immersion in SBF (discussed in thd segtion)
were also characterised using XRD analysis. Thyseswere carried out on inner surfaces of thepszsn
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Figure 3: SEM micrographs showing the microstructure offisaafter 21 days of immersion in SBF. (a) Low
magnification image of a pure PDLLA foam. HA foribatnear the upper surface of samples containing%
TiO, at (b) low and (c) high magnification. A thick Heyer on a sample containing 20 wt% 73i® shown in

(d), while HA crystals on a sample containing 200iiO, are seen on the high magnification image in (3. H
growth on foams containing both 20 wt% T#&hd 5 wt% Bioglass® is shown in (f).
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Figure4: XRD patterns showing diffraction peaks for tliferent samples after 21 days of immersion in :SBF
(a) Pure PDLLA foam; (b) PDLLA containing 5 wt% 3j@c) PDLLA containing 20 wt% Ti©(d) PDLLA
containing 20 wt% Ti@and Bioglass.
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Fig. 4compares the diffraction patterns for each of the foam types. The figure shows the distinct pexdks
the titania modifications anatase and rutile preseall composite samples. Moreover, there wadenwe of the
crystalline peak of HA in samples with 20 wt% TFi@nd those containing both Ti@nd Bioglass®. It is known
that the titania nanoparticles used were essenfifo anatase and 30% rutile. The large pe@@at 25° is
characteristic of the structure of anatase, whahetates with the greater percent of anatasearstérting TiQ
powder. For the foam sample containing 5 wt% ;Ni€ry small peaks (shown in Fig) dre observed. The area
under the titania peaks are higher for samplesaiing 20 wt% titania compared with samples cortgjr20
wt% titania and 5 wt% Bioglass®. The general ilfided HA peaks may be due to HA being weakly cjisi&
or at the beginning of its crystallisation. Theatallinity of the HA formed upon immersion timesSBF should
increase for longer immersion times, as also cori in previous studies [6, 30]

3.4.1n vitro degradation

Fig. 5ashows the pH variation of the SBF solution contagnéach foam type at the time points investigated.
The pH fluctuations observed in the 28 day periedewelatively small, where the values ranged betw&91
and 7.47. The pH of the media surrounding the @aete-filled foams tended to increase during ttitsil
degradation period (3 days). This pH increasedon@es containing Ti©can be explained by the absorption of
water and formation of titanium hydroxide, Ti-OHogps. The pH increase was greatest for SBF in conti¢h
samples containing Bioglass®, where a pH of 7.43 reaorded after 3 days; this is due to the disienlwf
alkaline ions from the glass particles and formmatd Si-OH groups. For pure PDLLA foams, the pHpjred
on breaking down of the polymer by chain-scissiod mcreasing numbers of carboxylic end-groups. SBE
solution in contact with samples containing 20 wit#nia and 20 wt% titania with 5 wt% Bioglass® &ited a
drop in pH between the 10th and 17th day. The pth®fSBF containing the PDLLA foams with 5 wt% tita
dropped later, between the 17th and 20th day ofdmimn. The maximum pH drop for all the samples was
observed after 21 days of immersion where valuessdsed to about 7.02 on average.
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Figure5: Graph showing the changes in pH of SBF versusarsion time of different samples: neat PDLLA
(x); PDLLA containing 5 wt% Tigo); PDLLA containing 20 wt% Ti&A); PDLLA containing 20 wt% Ti©
and Bioglass® (e).
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In general, the pH of the incubation fluid is exjgelcto drop as it becomes more acidic due to sriss
polymer chains. With addition of Bioglass® partigl¢the degradation of samples is expected to stoswnddue
to the local buffering effect of the alkali in tiyass [13]. This effect may have been observeohifér time
periods of immersion had been studied. The behawbthe pH of the incubation solution for samples
containing Bioglass® particles can be comparedpeements previously undertaken [32], where pHjes
were studied when PDLLA foams with varying volumactions of Bioglass® were incubated in phosphate
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buffer saline (PBS) solution. In those experimeghéspH values of the pure PDLLA and PDLLA foams
containing 5 wt% Bioglass® decreased; those coimigiinigher percentages (i.e. 10 and 40 wt%) itjtial
demonstrated increasing pH values, which lateredeserd after 10 days.

In general, the longer the samples were immers&Bihthe more water they absorbed. Figsitaws the
amount of water absorption as a percentage waightase for each sample type at 3, 21 and 28 days o
immersion in SBF. At 3 days the amount of wateoabison for each sample was similar and fairly l@except
for the sample containing Bioglass®, which absor®didhes the amount of the other samples. This
titania/Bioglass® containing sample absorbed matemnat each of the time points than any other &gmp
showing up to 195 wt% increase after 28 days ofémsion. Samples containing 5 wt% Ti€xhibited the
lowest amount of water absorption after 21 and &&af immersion. Fig. 6shows values for weight loss of
each sample type at each time point in SBF. Thaawery small change in weight loss after 3 days
immersion for all samples, with the exception & Bioglass® containing foam, which showed a comsiolg
larger weight loss. Greater weight losses wererdsmbconcomitant with increased time of immersamg at
the same time the variability of results increas®@eight loss for each time period was noticeabigdat for
samples containing Biolgass®. Moreover the foamparwith 5 wt% titania had a larger weight lossrtltiae
pure PDLLA foam. From a macroscopic point of vieegohdation did not occur equally on each surfacbef
foams, as irregular shaped foams were observediedieg immersed in SBF. Qualitatively assessedisyal
inspection, degradation occurred initially at tliges and it then proceeded into the centre fronsittes of the
samples. In samples containing 5 wt% titania, tgirtally cubic foams degraded down to thin sampleabout
1 x 4 x 4 mm after 28 days incubation in SBF. When HA crystaishe surfaces of 20 wt% titania samples
formed (as shown in Fig. 2d and #jey blocked pores and so the rate of weight lass neduced. A further
guantitative study on the degradation of PDLLA/Ti@ams should be conducted using size exclusion
chromatography (SEC) analysis of polymer chainaeibeless the present results demonstrate a cemple
effect of the presence of Ti@ano-particles and concomitant formation of HAdegradation of PDLLA foams.

4. Conclusions

PDLLA foams containing Ti@nanoparticles and Bioglass® (45S5) particles iedneicated by TIPS process
for applications in tissue engineering scaffoldse porous structure was characterised by SEM. Bidigcand
degradation of samples were investigated by imroerisi SBF for up to 28 days. In the case of the(RIDLLA
foams, negligible HA formation was evidenced by S&M XRD analyses following immersion in SBF. When
TiO, nanoparticles and/or Bioglass® particles werelipomted, HA growth on the foam surfaces was oleskerv
after 21 days of immersion in SBF. The water abonpand weight loss results showed significaningjes

after 21 days in SBF, whereby the foams begunriolshnd became more rigid. The increased rigidiy be
explained by the HA growth and by the fact thahbmtre size and pore volume decrease (effectivsifiEation
of the foam) with increasing time in SBF. The laegglomerations of titania on the top surfacesaofiges
containing 20 wt% titania promoted the formatioradhick layer of crystalline HA. This thick HA lay caused
the rate of weight loss to decrease and so degoadate was delayed. An optimum composition afrtih may
lie between 5 and 20 wt% to prevent such a thicklaifer from forming and so to allow more in-grovathHA
through the 3D pore network of the foam. Samplegaining 5 wt% Bioglass® exhibited the greatestgliei
loss and water absorption and a more even formafibtA throughout the 3D pore structure of the feamhe
results thus demonstrated that Ti@noparticles and Bioglass® particles may be botisidered, in tailored
concentrations, to be adequate fillers for PDLLAdzhfoams for tissue engineering scaffolds.
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