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bstract

n this study, it was aimed to fabricate and characterize three-dimensional composite scaffolds derived from Sr-doped bioactive glass for bone
issue engineering applications. The scaffolds were fabricated by using polymer foam replication technique and coated with gelatin to be able to
mprove the properties of them. The porous scaffolds were successfully synthesized using optimized process parameters. Both coated and uncoated
caffolds favored precipitation of calcium phosphate layer when they were soaked in simulated body fluid (SBF). Gelatin coating improved the

echanical properties of the scaffold and also it did not change the bioactive behavior of the scaffold. It was observed that there was a good pore

nterconnectivity maintained in the scaffold microstructure. Results indicated that scaffolds can deliver controlled doses of strontium toward the
BF medium. That is the determinant for bone tissue regeneration, as far as strontium is known to positively act on bone remodeling.

 2012 Elsevier Ltd. All rights reserved.
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.  Introduction

Scientists have been carrying out various studies to maintain
uality of life of the human being. One of them is repairing
one defects like cracks and fractures, which occur via natural
rocesses or other reasons. One of the solutions is bone trans-
lantation. But there are some limitations such as lack of donors
nd morbidity of the donor site.1 Implantation with bioinert
aterials leads to loss of bone density. In addition, these materi-

ls eventually need to be replaced. Bone tissue engineering is a
apidly developing discipline with the intension to repair, replace
r regenerate injured bone tissues with the aid of biodegradable
caffolds. The advantage of this approach is the reduced number
f operations needed, resulting in a shorter recovery time for the
atient.2,3

A key component in tissue engineering for bone regeneration
s scaffolds, which mimic the structure of bone mineral and act
s templates for desired cell responses. Among a variety of mate-
ials for the scaffold preparation, bioactive glasses exhibit great
erformances for bone tissue regeneration because they are bio-

4,5
Please cite this article in press as: Erol M, et al. 3D Composite scaffold
(2012), doi:10.1016/j.jeurceramsoc.2012.01.015

ompatible, bioactive, osteoconductive and osteoproductive.
hese materials are able to bind with bone through a layer of
ydroxyapatite formed on their surfaces when they are implanted
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n human body.6–8 Bioactive glasses, discovered by Hench in
969,9 and related silicate glass–ceramics, constitute thus a
roup of inorganic materials being highly considered in tissue
ngineering due to their high bioactivity.10–12 Bioactive glass
f composition 45S5 Bioglass® (in wt%: 45% SiO2, 24.5%
a2O, 24.4% CaO and 6%P2O5) exposes critical concentra-

ions of Ca2+, Si4+, Na+ and P5+ ions which have been shown
o activate genes in osteoblast cells thus stimulating new bone
ormation in  vivo.13,14 Bioactive glasses are also reported to
timulate angiogenesis.15,16 In order to improve bone produc-
ion properties of these biomaterials, bone cell stimulator ions
an be incorporated into their chemical compositions. Strontium
s known to accelerate bone healing processes and have positive
ffects on bone tissue repair.17 In  vitro  and in  vivo  studies have
ndicated that strontium increases bone formation and reduces
steoporosis, leading to a gain in bone mass and improved
one mechanical properties in normal animals and humans.18–22

oreover, Gentleman et al.23 have shown that ion release from
r-doped silicate glasses enhances bone cell activity. In  vivo
tudies have also confirmed the high biocompatibility of Sr-
ontaining 45S5 Bioglass® expressed through strong bonding to
one via HCA layer without any inflammatory affects.24 Several
tudies show that the Sr-containing hydroxyapatite (Sr-HA) and
ioactive glasses promote osteoblast attachment and mineraliza-
s using strontium containing bioactive glasses. J.  Eur.  Ceram.  Soc.

ion in  vitro  and bone growth and osteointegration in  vivo.25–34 In
ontrast to these superior properties, inorganic scaffolds made of
ioactive glasses suffer from low mechanical strength and high
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rittleness. It is known that the high tensile strength and frac-
ure toughness of bone are strongly correlated to the presence of
he collagen fibers.35 Based on this knowledge, brittle scaffolds
an be coated with polymer layers in order to improve their
echanical properties. It is proposed that polymer filaments
ill bridge cracks during fracture thus increasing the scaffold

oughness, in a similar manner as collagen fibers enhance the
racture toughness of bone.35 The approach has been extended
o include scaffolds with interpenetrating network structures,
here the polymer is added not only as a surface coating but

s also made to penetrate and infiltrate the pore walls (struts)
f the scaffold via remaining porosity or microcracks.36 The
oncept of polymer coating and formation of interpenetrating
olymer–ceramic microstructures has also been applied to scaf-
olds made from HA, alumina and bioactive glasses. Peroglio
t al.37 have recently investigated alumina scaffolds coated with
CL. It was reported that the PCL coated alumina scaffolds led

o a 7- to 13-fold increase of the apparent fracture energy. The
uthors also showed that toughening is due to crack bridging by
olymer fibrils. Chen et al.38 reported that coating Bioglass®

caffolds with PDLLA leads to a sevenfold improvement of the
ork of fracture. In a similar study, Mantsos et al.39 investigated

he effect of PDLLA coating on scaffolds fabricated from boron
ontaining bioactive glasses and showed that the compressive
trength of PDLLA-coated scaffolds being 30–50% higher than
hat of the uncoated scaffolds. Work by Nalla et al.40,41 has
nvestigated the toughening mechanisms in bone and dentin by
ollagen interaction with microcracks in the inorganic phase.
he role of collagen fibrils providing a crack bridging mecha-
ism was postulated.41 It is also reported that collagen derived
elatin is biodegradable, biocompatible, non-cytotoxic, with an
bility to support cellular growth. Because of these superior
roperties gelatin has a wide application range within the field
f both soft and hard-tissue engineering.42 Production of scaf-
olds from bioactive glasses or their composites with polymers
s thought to be promising in terms of mechanical, bioactive
nd osteoproductive properties. To the author’s knowledge there
as been not any study on the fabrication of scaffolds with
r-containing bioactive glasses coated with gelatin for bone tis-
ue engineering applications. In this study, strontium-containing
ioactive glasses were used to fabricate three-dimensional (3D)
caffolds for bone tissue engineering applications. The scaf-
olds were then coated with collagen derived gelatin and their
tructural, physical and mechanical properties were investigated.

. Materials  and  methods

.1.  Materials

Gelatin was purchased from Sigma–Aldrich Ltd. (Dorset,
K). The bioactive glass powder used for fabricating the

caffolds was produced in a previous study.43 The nominal com-
osition of this glass in weight % is 45% SiO2, 24.5% Na2O,
Please cite this article in press as: Erol M, et al. 3D Composite scaffold
(2012), doi:10.1016/j.jeurceramsoc.2012.01.015

% P2O5, 2% SrO and 22.5% CaO. Sr-doped glasses were used
n the fabrication of 3D scaffolds. All other chemicals used were
f analytical grade.
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.2.  Scaffold  fabrication

Scaffolds were prepared using a polymer foam replication
echnique, as described in detail elsewhere.10 Briefly, a 50 ml
olume of slurry was prepared using PVA which was dissolved
n deionized water for 1 h at 80 ◦C. Afterwards glass powder
ere dispersed into the solution under constant stirring. The

omposition of the slurry is 5% PVA, 60% water and 35%
lass powders. A polyurethane foam (PU, 60 ppi) with a struc-
ure comparable to that of human trabecular bone was used
s a sacrificial template for the replication method. The foam
as cut into samples of dimensions 10 mm × 10 mm × 10 mm.
oams were immersed in the slurry for 3 min so that foam struts
ere coated with bioactive glass particles. The as-coated foams
ere then dried at room temperature overnight and then sub-

ected to a controlled heat treatment. The samples were heated
t 2 ◦C/min to 550 ◦C in air to decompose the foam, then at
◦C/min to 950 ◦C, and kept at this temperature for 2 h to den-

ify the glass network. The scaffolds were then coated with
elatin (Type A and Type B). The coated scaffolds were left
o dry at 37 ◦C for 1 h and subsequently at room temperature
vernight.

.3. Characterization

.3.1.  Porosity
Porosities of the coated and uncoated scaffolds were mea-

ured by Mercury Intrusion Porosimetry, using a Quantachrome
oromaster series. Data on percent porosity were acquired

hrough a microcomputer data acquisition system interfaced
ith the porosimeter.

.3.2. Surface  morphology
Scanning electron microscopy with energy dispersive spec-

roscopy (SEM-EDS) capability (JEOL 5410) was used for the
orphological and elementary characterization of coated and

ncoated scaffolds. Samples were fixed on a SEM sample holder,
ir dried under vacuum and coated with a thin layer of gold.

.3.3. Structural  analysis
X-ray diffraction (XRD) analysis of the coated and uncoated

D scaffolds was performed using PANalytical X’Pert Pro
iffractometer to investigate the characteristic phases and pos-
ible crystallinity of the fabricated samples. Data were obtained
ver the range 2θ  = 5–60◦ using a step size of 0.04◦ and count-
ng time of 25 s per step employing Cu K�  radiation (at
0 kV and 40 mA). Fourier-Transform Infrared Spectroscopy
FT-IR) spectra were collected using a Perkin Elmer Spec-
rum 100 Model spectrometer in transmittance mode in the
id-IR region (4000–650 cm−1). For XRD and FT-IR mea-

urements, the samples were ground and measured in powder
orm.
s using strontium containing bioactive glasses. J.  Eur.  Ceram.  Soc.

.3.4. Mechanical  properties
The compressive strength of samples (dimensions:

 mm ×  5 mm ×  10 mm) was measured using a Shimadzu
GS-J servo-hydraulic testing instrument. The crosshead speed

dx.doi.org/10.1016/j.jeurceramsoc.2012.01.015
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Fig. 1. SEM images showing the pore (a) and strut (b) microstructures of 

as 0.5 mm/min with a pre-load of 1 N. At least five specimens
or each sample series were tested. Average values and standard
eviations were determined.

.3.5.  Assessment  of  bioactivity
The test of the acellular bioactive behavior of scaffolds was

erformed in  vitro  through the immersion of samples in SBF,
s described by Kokubo et al..44 Each sample of dimensions

 mm ×  5 mm ×  5 mm was immersed in 30 ml of SBF and was
tored in an incubator at controlled temperature of 37 ◦C. Sam-
les were immersed in SBF for different soaking periods: 1, 7,
4 and 28 days. When samples were removed from the SBF
olution, they were rinsed with ethanol and water, and dried at
7 ◦C for 30 min. The samples were then characterized using
EM and XRD.

.3.6. Strontium  release  investigation
Changes in the concentration of strontium in the SBF solution

s a result of the soaking of scaffolds for 1, 7, 14 and 28 days
Please cite this article in press as: Erol M, et al. 3D Composite scaffold
(2012), doi:10.1016/j.jeurceramsoc.2012.01.015

ere measured using inductively coupled plasma optical emis-
ion spectrometry (ICP-OES). A Perkin Elmer Model Optima
100 ICP operated at 13.56 MHz (using Ar and N2 gases) was
sed for the measurements.

t
c
s

Fig. 2. SEM images showing the microstructure of a scaffold co
fold produced by the foam replica method and sintered at 950 ◦C for 2 h.

.  Results  and  discussion

.1.  Microstructural  characterization

Visual inspection of the obtained scaffolds showed that the
caffolds preserve their initial shape, without collapsing the
acroporous structure. The macroporous network and the strut
icrostructure of uncoated and coated scaffolds can be seen in
igs. 1 and 2, respectively. Highly porous scaffolds with inter-
onnected porosity were produced. Inspection of SEM images
ndicates that gelatin has attached onto the bioactive glass scaf-
old surface forming a uniform coating without blockage of the
ores, as observed in Fig. 2. It can be clearly seen that the inter-
onnected porosity is also maintained after polymer coating.
he strut microstructure can be seen in Figs. 1(b) and 2(b). The
icrostructure of the sintered struts indicates that significant

intering has occurred and this result confirms that the sinter-
ng parameters have been correctly chosen. It is also observed
n Fig. 2(b) that the gelatin coating covered fairly uniformly
he surface of the struts and the glass grain morphology is not
learly visible, which indicates a homogeneous distribution of
he polymer coating on the surface of the scaffold. According
s using strontium containing bioactive glasses. J.  Eur.  Ceram.  Soc.

o the SEM observations, it can be confirmed that the inter-
onnected character of the porosity and the pore size of the
caffolds coated with gelatin are suitable for cell attachment,

ated with gelatine at (a) low and (b) high magnifications.

dx.doi.org/10.1016/j.jeurceramsoc.2012.01.015
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Fig. 3. Pore size distributions of uncoated (a) and coated (b) scaffolds.
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igration and vascularization.45 The porosities of the coated
nd uncoated scaffolds were measured as 89% ±  2.2% and
9% ±  1.9%, respectively. As expected the porosity of the scaf-
old decreased because of the gelatin coating. However, the
orosity of the coated scaffolds is still good enough for the bone
issue engineering applications.45 The pore size distributions of
he coated and uncoated scaffolds are also given in Fig. 3. It
s clear that the pore size range of the uncoated scaffolds is
xtremely wider than that of the coated one. The average pore
ize of the coated scaffold was found to be ∼500 �m, with a
ange of 380–875 �m, which is in the size range desired for
pplication as a bone tissue engineering scaffold.46 Pore sizes
maller than 100 �m should be avoided for applications in bone
Please cite this article in press as: Erol M, et al. 3D Composite scaffold
(2012), doi:10.1016/j.jeurceramsoc.2012.01.015

issue engineering.47 Therefore, coated scaffold indicates the
uitability of the scaffold for cell attachment, migration and
ascularization.

s
t

.2.  Structural  analysis

Fig. 4 shows the transmittance spectra of uncoated and coated
caffolds. The characteristic spectrum exhibits peaks in the range
022–1110 cm−1 assigned to the Si–O bending mode and the
haracteristic peak of the modified silicate network is seen at
910 cm−1.48–50 The respective spectrum of the sample indi-

ates all the features assigned to the glass network. The major
eaks in the range 3600–3000 cm−1 are attributed to the unsat-
rated asymmetric O–H stretching vibration.25,48 Furthermore,
he big peak at ∼1590 cm−1 can be assigned to the N–H bending
ibration of amine groups in gelatin.48 This result also showed
hat the scaffold successfully coated with gelatin.
s using strontium containing bioactive glasses. J.  Eur.  Ceram.  Soc.

Fig. 5 indicates the XRD patterns of the uncoated and coated
caffolds. As can be seen from Fig. 5 the amorphous state of
he bioactive glass still remained after sintering. There is only

dx.doi.org/10.1016/j.jeurceramsoc.2012.01.015
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Fig. 4. FT-IR spectra of th

ne small crystalline peak at 2θ  = 33◦ which is attributed to
a2Ca6(Si2O7)(SiO4)2 crystalline structure. The detailed DTA

tudy was performed in the previous study.43 It was found that
here were one shallow endothermic peak at 558 ◦C, which
hows the glass transition temperature and one exothermic peak
t 839 ◦C corresponding to the crystallization temperature. It is
bvious that the sintering temperature of 950 ◦C is not enough
or the fully crystallization. Therefore, partial crystallization
ccurred in the scaffolds. It is known that 45S5 Bioglass® may
ave potential limitations as scaffold material for bone repair
nd regeneration due to the tendency of the glass to crystallize
Please cite this article in press as: Erol M, et al. 3D Composite scaffold
(2012), doi:10.1016/j.jeurceramsoc.2012.01.015

efore appreciable viscous flow during scaffold fabrication.51–53

t is not possible to sinter 45S5 Bioglass® particles into a porous
D network with adequate strength for repairing bone defects
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Fig. 5. XRD patterns of uncoated and gelatine coated samples.
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folds and bioactive glass.

nd to keep the amorphous glass structure. It is known that
n amorphous phase is less stable than its crystalline counter-
art, which is expected to result in better bioactive behavior in
omparison to partially crystallized scaffolds. Furthermore, the
tructure of scaffold did not change after coating with gelatin.
his result confirms that no or negligible chemical reaction
ccurred between the sintered bioactive glass and the gelatin.

.3. Mechanical  behavior

Compressive strength values of uncoated and coated scaf-
olds were calculated as 0.1 ±  0.05 MPa and 1.4 ±  0.09 MPa. It
s clear that the compressive strength of the scaffolds increased
y coating with gelatin when compared with uncoated scaf-
olds. It is suggested that the gelatin layer covers the struts and
lls the microcracks situated on the strut surfaces improving the
echanical stability of the scaffold. Mechanical strength of the

olymer/bioactive glass composite scaffolds has been studied
idely and the similar results were reported.36,54,55 The mea-

ured compressive strength value for the coated scaffold falls
lose to the lower bound of the values for spongy bone. The
ompressive stress–strain curves are given in Fig. 6 for uncoated
nd coated scaffolds. The compression strength was taken in
ach case as the highest value of stress before the collapse of the
caffold structure. As seen by the change of slopes, scaffolds are
lready damaged before failure due to the pre-load applied on
hem. This phenomenon is more prominent for the stress–strain
urve of the coated scaffold. However, it is clear that coated
caffolds can withstand higher strains before progressive fail-
s using strontium containing bioactive glasses. J.  Eur.  Ceram.  Soc.

re occurs. Coating with gelatin leads to a 14-fold improvement
f the work of fracture. The presence of the gelatin has been
hown to lead to toughening of the structure, and crack bridging
y polymer fibrils has been identified as being the most likely

dx.doi.org/10.1016/j.jeurceramsoc.2012.01.015
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Fig. 6. Stress–strain curves of the coated and uncoated scaffolds.

oughening effect.36,56 Therefore, it can be proposed that the
ompressive strength value of the coated scaffold is sufficient
or the scaffolds to be handled safely in the laboratory and for
ffective manipulation for in  vivo  studies.

.4. Bioactivity  assessment

SEM and XRD analyses were carried out to detect the HA
ayer formed on the surface of the both coated and uncoated
caffolds in contact with SBF. Figs. 7 and 8 show the gradual
evelopment of a HA layer, as confirmed by XRD analyses,
n the surface of the uncoated and coated scaffolds follow-
ng increasing days of immersion in SBF. As seen in figures,
mall peaks at 32◦ and 34◦ 2θ  were detected in XRD patterns
f bioactive glass samples soaked in SBF starting from the first
ay. These peaks were assigned to HA [Ca10(PO4)6(OH)2] and
Ca5(PO4)3(OH)2] according to the standard JCPDS cards (09-
-0432) and (01-073-1731), respectively. It is apparent that an
Please cite this article in press as: Erol M, et al. 3D Composite scaffold
(2012), doi:10.1016/j.jeurceramsoc.2012.01.015

A layer was formed on the surface of the scaffolds after 1 day
n SBF. Both coated and uncoated scaffolds are highly bioactive
aterials.
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4 and (e) 28 days immersion in SBF.
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ig. 8. XRD patterns of gelatine coated scaffold before (a) and after (b) 1, (c)
, (d) 14 and (e) 28 days immersion in SBF.

SEM micrograph of a coated scaffold after 7 days of immer-
ion in SBF can be seen from Fig. 9. It is clear that HA crystals
re formed as a result of the contact of the bioactive glass struts
ith SBF. The process of HA formation is based on the ionic

xchange between the scaffold surface and the SBF solution,
hich is the well-known mechanism proposed for bioactive
lasses by Hench.6 In the first stage, an interchange between
he Ca2+ ions of the produced samples and the H3O+ ions of
he solution takes place. This is followed by a breakdown of the
ilica network, forming silanol bonds that repolymerize to form

 hydrated, silica rich layer, resulting apatite layer. At the final
tage, nucleation and growth of the HA crystals on the top of
his silica-rich layer are observed.6 It can be clearly seen that the
A layer was homogeneously covered the surface of the scaf-

old in contact with SBF while the gelatin coating cannot still
e observed on the surfaces of the struts. The formation of HA
n the surfaces of coated scaffold after immersion in SBF was
onfirmed also by EDX analysis (shown in Fig. 9c). High Ca
nd P peaks belonging to HA were detected. After SBF immer-
ion, Ca/P ratio of 2.08 is close to the stoichiometric value (1.67)
f hydroxyapatite (Ca10(PO4)6(OH)2). This result is also con-
rmed the presence of HA layer on the surface of the coated
ample immersed in SBF. However, high Ca/P ratio also shows
he high amount of calcium comparing to the amount of phos-
horous. High calcium amount was detected on the surface of
he scaffolds since the glass contains much more calcium than
hosphorous.

.5. Strontium  release

Fig. 10 shows the cumulative concentration of Sr2+ ions
eleased from the coated and uncoated scaffolds into the
BF solution. A rapid increase in the strontium concentration
ccurred for uncoated scaffold because of the higher rate of
s using strontium containing bioactive glasses. J.  Eur.  Ceram.  Soc.

lass dissolution process compared with the coated one. Glass
issolution is lower for the coated scaffold probably due to for-
ation of gelatin layer onto the surfaces of the scaffold. Sr-doped

dx.doi.org/10.1016/j.jeurceramsoc.2012.01.015
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Fig. 9. SEM image showing the surface of gelat

lasses have been shown to exhibit enhanced acellular bioac-
ivity and inhibited osteoclasts differentiation and to release
oncentrations of Sr2+ ions in the range of 5–23 ppm into the
issolution medium.23 It was also reported that Sr2+ ion lev-
ls induced stimulatory effects on osteoblasts range from 8.7
o 87.6 ppm.57,58 Some evidence has also indicated that very
igh doses of Sr2+ ion may induce mineralization defects.59 The
Please cite this article in press as: Erol M, et al. 3D Composite scaffold
(2012), doi:10.1016/j.jeurceramsoc.2012.01.015

igher the strontium level the more pronounced the inhibitory
ffect on osteoclast differentiation and resorption up to levels
s high as 2102.8 ppm.57,60 Possible burst release and higher
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oncentration of strontium could be cytotoxic and provide unfa-
orable conditions for cell attachment and growth. Therefore,
t is proposed that the slow release of strontium, as observed in
oated scaffold, is favorable for the possible tissue engineering
pplications of the present scaffolds. It can be said that coated
caffold may have therapeutic potential with respect to the Sr2+

on release profile detected in this study.

. Conclusions

Bioactive and mechanically robust porous 3D scaffolds have
een successfully synthesized by the replication technique using
trontium containing silicate glass. Both uncoated and coated
caffolds exhibit highly bioactive behavior, confirmed by the
apid growth of an HA layer after 1 day of immersion in SBF.
t is clear that the gelatin coating did not change the bioactive
ehavior of the scaffold. Furthermore, gelatin coating signifi-
antly improved the compressive strength values of the scaffold.
his investigation introduced for the first time the application of
r-doped bioactive glass for the fabrication of 3D porous struc-

ures, which remain in mostly amorphous glass state and exhibit
ll the necessary characteristics and parameters for application
s scaffolds in bone tissue regeneration. Our key result is the
emonstration that coated scaffold can deliver controlled doses
s using strontium containing bioactive glasses. J.  Eur.  Ceram.  Soc.

f strontium toward the SBF medium. That is the determinant
or bone tissue regeneration, as far as strontium is known to
ositively act on bone remodeling.
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strontium effect on the bioactive behavior of glasses in the system
SiO2–CaO–P2O5–Na2O–SrO. Key Eng Mater 2012;493–494:68–73.

4. Kokubo T, Huang ZT, Hayashi T, Sakka S, Kitsugi T, Yamamuro T. Ca, P-
rich layer formed on high-strength bioactive glass–ceramic A-W. J Biomed
Mater Res 1990;24:331–43.

5. Hollister S. Porous scaffold design for tissue engineering. Nat Mater
2005;4:518–24.
s using strontium containing bioactive glasses. J.  Eur.  Ceram.  Soc.

6. Agrawal CM, Ray RB. Biodegradable polymeric scaffolds for muscu-
loskeletal tissue engineering. J Biomed Mater Res 2001;55:141–50.

7. Hollinger JO, Brekke J, Gruskin E, Lee D. Role of bone substitutes. Clin
Orthop Relat Res 1996;324:55–65.

dx.doi.org/10.1016/j.jeurceramsoc.2012.01.015


ARTICLE IN PRESS+Model
JECS-8611; No. of Pages 9

ean C

4

4

5

5

5

5

5

5

5

5

5

5

M. Erol et al. / Journal of the Europ

8. Mansur HS, Costa HS. Nanostructed poly(vinyl alcohol)/bioactive glass and
poly(vinyl alcohol)/chitosan/bioactive glass hybrid scaffolds for biomedical
applications. Chem Eng J 2008;137:72–83.

9. Zhang W, Shen Y, Pan H, Lin K, Liu X, Darvell BW, et al. Effects of strontium
in modified biomaterials. Acta Biomater 2011;7:800–8.

0. Cabrera WE, Schrooten I, De Broe ME, D’Haese PC. Strontium and bone.
J Bone Min Res 1999;14:661–8.

1. Bretcanu O, Chatzistavrou X, Paraskevopoulos K, Conradt R, Thompson I,
Boccaccini AR. Sintering and crystallisation of 45S5 Bioglass® powder. J
Euro Ceram Soc 2009;29:3299–306.

2. Lefebvre L, Gremillard L, Chevalier J, Zenati R, Bernache-Assollant D. Sin-
tering behaviour of 45S5 Bioactive glass. Acta Biomater 2008;4:1894–903.

3. Lefebvre L, Chevalier J, Gremillard L, Zenati R, Thollet G, Bernache-
Assolant D, et al. Structural transformations of bioactive glass 45S5 with
Please cite this article in press as: Erol M, et al. 3D Composite scaffold
(2012), doi:10.1016/j.jeurceramsoc.2012.01.015

thermal treatments. Acta Mater 2007;55:3305–13.
4. Wu C, Ramaswamy Y, Boughton P, Zreiqat H. Improvement of mechanical

and biological properties of porous CaSiO3 scaffolds by poly(d,l-lactic acid)
modification. Acta Biomater 2008;4:343–53.

6

eramic Society xxx (2012) xxx–xxx 9
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