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a b s t r a c t
Biodegradable polymeric nanoﬁbrous coatings were obtained by electrospinning different polymers
onto sintered 45S5 Bioglass® -based glass-ceramic pellets. The investigated polymers were poly(3hydroxybutyrate) (P3HB), poly(3-hydroxybutyrate-co-hydroxyvalerate) (PHBV) and a composite of
poly(caprolactone) (PCL) and poly(ethylene oxide) (PEO) (PCL–PEO). The ﬁbrous coatings morphology
was evaluated by optical microscopy and scanning electron microscopy. The electrospinning process
parameters were optimised to obtain reproducible coatings formed by a thin web of polymer nanoﬁbres.
In-vitro studies in simulated body ﬂuid (SBF) were performed to investigate the bioactivity and mineralisation of the substrates by inducing the formation of hydroxyapatite (HA) on the nanoﬁber-coated pellets.
HA crystals were detected on all samples after 7 days of immersion in SBF, however the morphology of
the HA layer depended on the characteristic ﬁbre diameter, which in turn was a function of the speciﬁc
polymer-solvent system used. The bioactive and resorbable nanoﬁbrous coatings can be used to tailor
the surface topography of bioactive glass-ceramics for applications in tissue engineering scaffolds.
© 2009 Elsevier B.V. All rights reserved.

1. Introduction
Electrospinning is a process that produces ultraﬁne polymer
ﬁbres of diameters ranging from tens of micrometers down to
several nanometers [1–6]. One of the major application ﬁelds of
electrospinning is the biomedical materials sector [7], where electrospun ﬁbrous structures have been proposed as substrates and
scaffolds for artiﬁcial tissue and organ regeneration [8] as well as
for drug encapsulation and release [9]. Many synthetic and natural polymers have been used for electrospinning. Polyesters (e.g.,
PDLLA, PLGA, PCL) are a very common group of polymers used
to construct biodegradable nanoﬁbrous materials for tissue engineering scaffolds [6,7]. Poly(3-hydroxybutyrate) (P3HB), a polymer
which can be obtained by biosynthesis from bacteria [10,11], is
another biodegradable polymer currently investigated for scaffold
development using electrospinning [12,13].
Tissue engineering strategies require a biodegradable scaffold as the substrate and structural matrix for cell attachment
and proliferation [14]. It is generally agreed that highly porous
microstructures with large surface area stimulate cell growth.
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For bone regeneration, for example, pore sizes of at least
100 m and interconnected 3D pore structures with porosity
>80% are required [15]. Biodegradable and biocompatible polyester
nanoﬁbers obtained by electrospinning seem to be well suited
to generate highly porous microstructures for scaffold application [13,16], however electrospun nanoﬁbrous scaffolds lack the
ability to produce the required 3D macroporous geometry. In addition electrospun nanoﬁbrous structures do not exhibit sufﬁcient
mechanical competence required for scaffolds intended for bone
tissue engineering [17].
Bioactive ceramics and glasses are attractive materials for bone
replacement and bone engineering [18]. These materials, however,
are brittle and exhibit low fracture strength, in particular when
fabricated in porous form [19]. Moreover, using pure inorganic
materials makes difﬁcult the encapsulation of drugs or growth
factors that promote cells adhesion and proliferation due to the
high temperatures involved in their processing, e.g., 1100 ◦ C in the
case of glass-ceramic scaffolds [20]. Alternative materials for bone
tissue engineering scaffolds are composites formed by the combination of biodegradable polymers and bioactive inorganic particles
[21]. Recently, for example, a new family of biocomposites made
of P3HB containing Bioglass® particles has been developed and
demonstrated to be promising materials for bone implants and
tissue engineering scaffolds, as a bone-like hydroxyapatite layer
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could be formed on the scaffold surface in contact with simulated body ﬂuid (SBF) [22]. Moreover bioresorbable and bioactive
polymer/Bioglass® composites with tailored pore structure and
glass-ceramic scaffolds coated with biodegradable polymer layers
have already been tested for bone tissue engineering applications
[23,24]. The combination of biodegradable polymer (electrospun)
nanoﬁbres and Bioglass® -based scaffolds, however, has not been
investigated to date. There is interest in incorporating a ﬁbrous
(nano)topography on the surface of the bioactive glass substrate
to mimic the structure of the natural extracellular matrix (ECM),
which cannot be achieved by the free bioactive glass surface. Thus
the aim of the present work is to develop bioresorbable nanoﬁbrous coatings on Bioglass® -derived glass-ceramic substrates to
mimic the architecture of the ECM. In addition, we hypothesized
that combination of electrospun polymer nanoﬁbres and bioactive
glass-ceramic scaffolds will enable: (i) the ordered formation of
nanostructured hydroxyapatite (mineralisation) upon contact of
the material with physiological ﬂuids (e.g., SBF), which is of signiﬁcance to achieve strong bonding to new bone tissue, and (ii) the
addition of a controllable drug delivery function to the scaffold, e.g.,
making possible the loading of biomolecules into the polymer ﬁbres
[9] and using the bioactive glass-ceramic substrate as the structure
carrier.
To the best of our knowledge, we present here the ﬁrst
approach which combines electrospinning of polymeric nanoﬁbres
and bioactive glass-ceramics by producing a biodegradable nanoﬁbrous web covering the surface of Bioglass® -based substrates.
The ultimate goal is to fabricate a bioactive composite material
featuring a surface ﬁbrous nanotopograpghy which, upon mineralisation in contact with relevant ﬂuids, e.g., SBF, will mimic
the local architecture of the bone ECM for tissue engineering applications. The biomaterials bioactivity and mineralisation
were assessed using an acellular SBF. The polymers used were
poly(3-hydroxybutyrate) (P3HB) and poly(3-hydroxybutyrate-co3-hydroxyvalerate) (PHBV), a copolymer of almost identical
structure to P3HB but of mechanical properties improved by the
presence of less stiff valerate units. Another material, tested for
comparison, was poly(caprolactone) (PCL), which is a well known
polymer for biomedical applications [6]. The electrospinning of this
last material was facilitated by the addition of another biodegradable polymer, poly(ethylene oxide) (PEO), which is extensively used
in electrospinning [1,2,25].
2. Experimental
2.1. Materials
The commercial materials used were PEO of molecular weight 4 × 105 Da
(Aldrich), PCL of Mn = 65,000 Da (Aldrich), 2,2,2-triﬂuoroethanol (TFE) (Alfa Aesar)
and chloroform (POCH). All commercial compounds and solvents were of
analytical purity and were used as received without further puriﬁcation. Poly(3hydroxybutyrate) (P3HB) (molecular weight 398,000) was purchased from Fluka
Chemicals (Schnelldorf, Germany) and used without further puriﬁcation. Poly(3hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) containing 2% hydroxyvalerate
was purchased from Goodfellow.
To prepare polymer solutions suitable for electrospinning, P3HB and PHBV were
dissolved in TFE. The solutions were heated for 2 min at 60 ◦ C to speed up the dissolution process and then cooled to room temperature. The preparation of composite
PCL–PEO material was as follows: PEO (1.25 wt%) was dissolved in chloroform,
heated to 50 ◦ C in a closed vial and left overnight to cool down. Afterwards PCL
(1.25 wt%) was added and the solution was left for one additional hour at room temperature to achieve complete dissolution. The PCL–PEO 50:50 mass ratio was chosen
for production of a polymer leaching system that would create nano-cavities in each
PCL nanoﬁbre, although this particular aspect was not investigated in detail in the
present study, as it has been considered elsewhere [26].
2.2. Bioactive glass-ceramic substrate preparation
Bioactive glass-ceramic substrates were fabricated using the processing parameters optimised previously for fabrication of 3D scaffolds from 45S5 Bioglass®
powder by the foam replica technique [20]. The substrates in the form of ﬂat
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discs were produced by pressing Bioglass® powder followed by sintering. Brieﬂy,
commercially available 45S5 Bioglass® powder with mean particle size <5 m
(NovaMin USA), was pressed in cylindrical moulds (diameter = 10 mm) using a uniaxial hydraulic press. The obtained discs were sintered at 1100 ◦ C for 1 h (heating rate
5 ◦ C min−1 ). As reported in the literature [20], this sintering heat treatment of 45S5
Bioglass® leads to densiﬁcation by viscous ﬂow and crystallization of Na2 Ca2 Si3 O9
as main crystalline phase. The sintered pellets were polished with SiC abrasive paper
up to 1200 grit and used as the target substrate in the electrospinning process.
2.3. Electrospinning equipment
The experimental setup was composed of a high voltage power supply based
on DC to DC converter (EMCO 4330) and a sensitive ampliﬁer (nanoampere
range), which was used to measure the electric current carried by the electrospun
nanoﬁbers. The setup permitted remote voltage adjustment in the range 0–33 kV
with maximum current output 0.3 mA. A syringe pump (Ascor S.A., AP12) was used
to maintain a constant volume ﬂow rate of the polymer solution. A high speed CMOS
camera (PCO Imaging, pco.1200hs) was used to observe and record the electrospinning process.
2.4. Electrospinning process
The electrospinning process involves elongation of a liquid jet in an electrostatic
ﬁeld. The bending instability and the consequential looping motion of the jet results
in a high drawing ratio and ultra thin ﬁbres are produced and collected on a ground
electrode. Electrospinning of the tested polymers was performed as described in
detail by Kowalewski et al. [27,28]. Brieﬂy, the process was realized in a chamber of
approximately 1 m3 volume. The spinneret was made of a 2 mm long ﬂat grounded
syringe needle with 0.35 mm internal diameter mounted vertically on an electrically
insulated stand. The spinneret needle was attached to the positive outlet of a high
voltage power supply and connected through PTFE tubing to a plastic syringe ﬁlled
with the spinning solution. A constant volume ﬂow rate was maintained using the
syringe pump. The pump electronics was protected by the grounded anti-discharge
cage made of wire. A ﬂat cooper grid (310 mm × 240 mm) equipped with a small copper wire cage (75 mm × 80 mm × 50 mm) served as ground electrode. The Bioglass®
pellets were positioned on microscope cover glass slides (0.1 mm × 24 mm × 60 mm,
Roth, Karlsruhe) that were placed on the copper cage. The pellets were one-side
coated with a thin layer of the nanoﬁbres web. The coated pellets were ﬁrst inspected
by using an optical microscope to optimise the coating layer (e.g., by a trial-and-error
approach). After several tests the optimal spinneret-target distance was set to 15 cm,
and the variables used for the electrospinning optimisation were limited to applied
voltage, concentration of polymer blend in solution and ﬂow rate. The experiments
were conducted at room temperature (usually 25–30 ◦ C) and ambient humidity of
30–50%.
2.5. Characterisation and bioactivity tests
An epi-ﬂuorescence microscope (Nikkon, Eclipse E-50i) equiped with high resolution CCD camera (Bassler, A102f) was used to characterise optical characteristics
of nanoﬁbers.
The bioactivity and mineralisation test was carried out using the standard acellular in-vitro procedure described by Kokubo et al. [29]. The nanoﬁber-coated pellets
were immersed in 10 ml of acellular simulated body ﬂuid (pH 7.30 at 37 ◦ C) in conical ﬂasks. The conical ﬂasks were placed in an incubator at 37 ◦ C. The SBF solution
was refreshed twice a week. The samples were removed from the SBF solution after
1, 3, 7 and 14 days. After being removed from the SBF ﬂuid, the samples were gently
rinsed with deionised water and left to dry in desiccators at room temperature.
The surface morphology of the incubated samples was observed by SEM (FEGSEM LEO1535). Samples were gold coated and examined at an accelerating voltage
of 15–20 kV. X-ray diffraction (XRD) patterns of the coated samples before and after
soaking in SBF were registered by a Philips diffractometer using Cu K␣ radiation in
the range 15–70◦ (2) at 40 kV and 40 mA. The hydroxyapatite phase identiﬁcation
was performed by “X’Pert HighScore” program, using the PCPDFWIN database.

3. Results and discussion
The electrospinning process allows production of nanoﬁbers
from a large number of natural and artiﬁcial polymers or their
blends [1–6]. However, ﬁnding proper conditions for a stable
process is very laborious. Several regimes of the process can be
observed by varying key parameters, starting with liquid dripping
from the nozzle, through the electro-spraying and irregular jet-like
ejections, until the periodic looping motion of the jet is established. The voltage applied between the spinneret and the target,
the spinneret–nozzle distance, the feed rate of the pump, and the
properties of the electrospinning solution (e.g., viscosity, viscoelasticity, conductivity, surface tension, dielectric properties, volatility
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Fig. 1. PHB nanoﬁbres web covering the surface of the Bioglass® pellet. Picture
width: 6.9 mm.

of the solvent), together with the polymer solution properties
(chain length, polydispersity, chain entanglement) themselves, and
the external parameters (humidity, temperature, concentration of
solvent vapour), are parameters known to affect the electrospinning process. In addition, the initial perturbations of the ﬂow rate
or the induced electric charge are responsible for possible irregularities in the amplitude of the electrospinning looping motion.
Such perturbations usually result in the formation of nanoﬁbers
with “beads”, the most common of the structural defects found in
electrospinning [25].
Finding the optimal conﬁguration of electrospinning begins
with the preparation of the polymer solution. For example, for

P3HB and PHBV it was found that the use of heated chloroform is
a technically unreliable method. Hence 2,2,2-triﬂuoroethanol, typically used for dissolving proteins or polar compounds, was used
in the present experiment. We found that this solvent provides
very stable electrospinning conditions and produces reproducible
nanoﬁbrous structures over a broad range of polymer concentrations, applied voltages and external conditions. A digital photo
image of a Bioglass® -derived pellet one-side coated with a web of
electrospun P3HB nanoﬁbres is shown in Fig. 1. A SEM micrograph
of a P3HB nanoﬁbre coated sample is shown in Fig. 2. The images
show the collected nanoﬁbers with only a small amount of “beads
on string” defects.
To obtain nanoporous structures experiments with a twopolymer composite system consisting of PEO (soluble in water) and
PCL (insoluble in water) were also conducted. The 50:50 mass ratio
chosen for production of this composite polymer was aimed at creating a polymer leaching system that would induce formation of
nano-cavities in each PCL nanoﬁber, which, in the case of bone tissue engineering applications, should promote osteoblast adhesion
and proliferation. The use of a two-polymer blend could potentially
create problems with the design of nanoﬁbrous drug delivery structures, but the system was considered relevant in this investigation
to test the possibility of constructing such a system for tissue engineering scaffolds with nanoﬁbrous surface roughness. SEM images
of PCL–PEO nanoﬁbre coated glass-ceramic pellets obtained using
different ﬂow rates are shown in Fig. 3. Using an optimised ﬂow
rate of 0.5 cc h−1 , no polymeric droplets are visible (Fig. 3a). However, for the higher ﬂow rate of 1 cc h−1 , many polymeric droplets
are obtained on the sample surface (Fig. 3b).

Fig. 2. PHB nanoﬁbres observed in the optical microscope (left, picture width 0.18 mm), and in the SEM (right). Both pictures show a little amount of ﬁber defects (“beads”).

Fig. 3. Optimisation of electrospinning process: SEM picture of nanoﬁbres made of poly(ethylene oxide)–poly(caprolactone) 50%:50% composite produced at different ﬂow
rates. Left – optimal ﬂow rate 0.5 cc h−1 , right – non-optimal ﬂow rate 1 cc h−1 , polymer droplets visible.
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Fig. 4. PHB nanoﬁbrous coating on Bioglass® pellet immersed in SBF for the speciﬁed numbers of days. At day 1, there is no visible changes when compared with the starting
sample, while at 3 days the structure seems to be degraded or hydrolyzed, however it still maintains a ﬁbrous structure. After 7 days of immersion in SBF, the surface has
lost the ﬁbrous morphology and it is fully covered with hydroxyapatite crystals.

Figs. 4–8 show the results of the SEM and XRD investigations on
nanoﬁbrous web coated Bioglass® -based glass-ceramic substrates
before and after immersion in SBF, for P3HB (Figs. 4 and 5), PHBV
(Fig. 6) and PCL–PEO (Figs. 7 and 8). Both the P3HB (Fig. 4) and
PHBV (Fig. 6) ﬁbres obtained from TFE solutions were thinner (typical diameter 100 nm) than PCL–PEO (Fig. 7) composite nanoﬁbers
prepared from chloroform solution (typical diameter 600 nm). It
appears that the geometry of the nanoﬁbrous material is markedly
affected by the type of the polymer and solvent selected.

Fig. 5. XRD pattern of a Bioglass® based sintered glass-ceramic pellet covered with
PHB nanoﬁbres after immersion in a SBF for the speciﬁed numbers of days. The
hydroxyapatite peaks, marked with () are present both after 7 and 14 days.

The treatment of the materials in SBF was carried out to investigate the biomineralisation process, which is assessed by the
formation of hydroxyapatite on the ﬁbrous topography assisted by
the chemical reactions between the bioactive glass-ceramic surface and SBF, as described below. It should be pointed out that
biomineralisation of ﬁbrous substrates formed by electrospinning
by immersion in SBF and in related ﬂuids has been shown in several
studies, as reviewed by Martins et al. [30]. For example, the mineralisation of electrospun PCL nanoﬁbres has been demonstrated
by biomimetic calcium phosphate coating using a surface treatment with solutions containing calcium and phosphate ions and
by subsequent immersion in concentrated SBF [31]. In the present
study, the formation of crystalline hydroxyapatite (HA) on specimen surfaces conﬁrms that the nanoﬁbrous coatings do not impair
the bioactive behaviour of the Bioglass® substrates. After 7 days
in SBF, for example, SEM observation (Fig. 4) demonstrated that
the surface of a P3HA nanoﬁbre coated substrate was completely
covered with HA crystals, the initial ﬁbrous coating is no longer visible. The X-ray diffraction patterns (Fig. 5) conﬁrm the formation
of hydroxyapatite crystals within 7 days of immersion in SBF. The
formation of HA on the surface of Bioglass® and glass-ceramics in
contact with SBF has been investigated by several researchers since
this HA formation is used as the marker to assess the bioactivity
of the materials indicating the degree of biomineralisation [18]. It
is well known that in the sequence of reactions on the surface of
Bioglass® in contact with SBF, the silicate network ﬁrst dissolves to
form a silica–gel layer; then an amorphous calcium phosphate is
formed from the hydrated silica–gel; and ﬁnally apatite crystallites
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Fig. 6. PHBV nanoﬁbrous coating on Bioglass® pellet immersed in SBF for the speciﬁed numbers of days. After 7 days the sample is coated by hydroxyapatite crystals, but
the presence of a ﬁbrous structure remains. At 14 days the sample is completely coated by hydroxyapatite. The XRD pattern shows the hydroxyapatite peaks, marked with
() present both after 7 and 14 days.

nucleate and grow from the amorphous calcium phosphate [18].
It has been also shown that this reaction sequence is applicable to
Na2 Ca2 Si3 O9 crystallites as well [20], conﬁrming the bioactivity of
the Bioglass® -derived glass-ceramics investigated here.
The PHBV nanoﬁber coating (Fig. 6) showed similar features
when compared with P3HB ﬁbres (Fig. 4) and the surface bioactivity, measured by the extent of formation of HA, seems qualitatively
to remain at the same level. As can be seen in Fig. 6, the X-ray diffraction patterns of PHBV showed similar pattern of HA formation when
compared with P3HB, indicating the presence of crystalline HA.
The appearance of glass-ceramic substrates coated with
PCL–PEO composite ﬁbres seems to be somewhat different in terms
of surface morphology when compared with that of P3HB and
PHBV composites. Fig. 7a indicates that, in average, the diameter
of PCL–PEO ﬁbres is larger than that of other ﬁbres made from
P3HB and PHBV (Figs. 4a and 6a, respectively). The composite
PCL-PEO ﬁbres were obtained using a different solvent (chloroform vs. TFE) and the composition of the polymers was different
(50% polyether PEO vs. 100% polyester), resulting in almost ﬁve
times thicker ﬁbres. However the bioactivity of the composites, in
terms of HA formation in contact with SBF, is qualitatively similar to that of the previous composites. It is interesting to note that
after only 3 days of immersion in SBF, surface cracks characteristics of a dried silica–gel layer are present. Inspecting a typical
SEM image at this time point (Fig. 7b), it is possible to observe
the presence of ﬁbres without HA nanocrystals coating. The SEM
images obtained after 7 and 14 days of immersion in SBF, on the
other hand (Fig. 7c and d, respectively), show that a uniform layer
of HA reproducing the morphology of the original ﬁbrous coat-

ing has been deposited. The X-ray diffraction patterns of PCL–PEO
coatings indicate the characteristics peaks corresponding to HA
crystals after 7 and 14 days of immersion in SBF (Fig. 8). The present
results indicate that for the conditions of the present experiments,
where the polymer ﬁbres were directly deposited on a highly bioactive substrate, it is difﬁcult to reproduce the ﬁbrous structure by
the coated HA crystals with ﬁbres of diameter in the nanometer
range (e.g., for P3HB and PHBV ﬁbres in this case). When thicker
ﬁbres were considered, e.g., PCL–PEO ﬁbres, the formation of HA
layers follow the topography presented by the ﬁbrous substrate.
There has been considerable research in the literature with varying
degree of success aiming at the biomineralisation of electrospun
polymer ﬁbrous substrates by immersion in different ﬂuids or by
special treatment of the ﬁbre surfaces [30–33]. Differences found
in the rate and morphology of the apatite formation have been
attributed to the surface functional groups on the polymer nanoﬁbres [33]. For example, when using a natural ﬁbre such as collagen,
the large number of negatively charged carboxyl and carbonyl
chemical groups that can readily bind Ca2+ are considered to be
responsibly for the high rate of nucleation of apatite crystals during
mineralisation. On the other hand very low extent of hydroxyapatite formation has been detected on electrospun PLGA nanoﬁbres
tested under similar conditions [33], which has been ascribed to
the less availability of surface chemical groups in PLGA (in comparison to collagen) for chelating calcium ions at the initial stage
of mineralisation. Moreover the formation of apatite was seen to
be non-uniform on the ﬁnest PLGA nanoﬁbres, and no mineralisation was induced on ﬁbres of larger diameter (e.g., 320 nm) due to
the lower surface area associated with thicker ﬁbres. The results of
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Fig. 7. SEM images of a PCL–PEO composite ﬁbrous coating on Bioglass® sintered pellet after immersion in SBF for the speciﬁed number of days. After 3 and 7 days the ﬁbrous
structure is maintained, also new nanoporous features are visible. After 14 days of immersion in SBF nanoporosity and nanobridges are present.

our study should demonstrate that mineralisation of thicker ﬁbres,
such as the PCL–PEO ﬁbres developed here (Fig. 7c and d) is possible
in the presence of a bioactive surface, such as bioactive glassceramic, which induces the mineralisation process. Similar results
were achieved by Araujo et al. [31], who induced the mineralisation of electrospun PCL nanoﬁbre meshes by biomimetic calcium
phosphate coating using a surface treatment with solutions containing calcium and phosphate ions and subsequent immersion in
SBF with nearly 1.5 times the ionic concentration of human blood
plasma.

Alternatives investigated to induce the mineralisation of nanoﬁbrous structures include the use of composite ﬁbres in which the
bioactive component, e.g., HA nanoparticles, are encapsulated in
the electrospun polymer (PCL) nanoﬁbres [34]. The inﬂuence of
the bone-like apatite layer on the viability, adhesion and proliferation of human osteoblast-like cells has been positively assessed
in mineralised PCL substrates [31], which indicates that the present
nanoﬁbrous coated Bioglass® derived glass-ceramics with HA
coatings are suitable substrates for bone tissue engineering applications. Future work should focus therefore on the development of
nanoﬁbre coated 3D porous Bioglass® scaffolds.
4. Conclusions

Fig. 8. XRD patterns obtained on a Bioglass® based sintered glass-ceramic pellet
coated with PCL–PEO composite ﬁbres, after immersion in a SBF for the speciﬁed
numbers of days. The hydroxyapatite peaks, marked with () are present both after
7 and 14 days.

Electrospun nanoﬁbers obtained from P(3HB), PHBV and
PCL–PEO were deposited on Bioglass® -based glass-ceramic substrates and the bioactivity and mineralisation potential of the
coated substrates was tested by immersion in SBF. It was found
that all samples are highly bioactive and promote hydroxyapatite crystal growth on their surfaces after 7 days of immersion
in SBF. However differences were found regarding the morphology of the ﬁbres and the resultant hydroxyapatite coating layer.
Only in thicker ﬁbres, e.g., PCL–PEO ﬁbres of 600 nm diameter,
the ﬁbrous structure could be retained after immersion in SBF for
14 days. The strategy of combining bioactive glass-ceramic surfaces with electrospun nanoﬁbrous coating to provide mineralised
nanoﬁbrous substrates for bone tissue engineering should thus be
optimised in terms of ﬁbre size and SBF treatment. The formation
of hydroxyapatite crystals on nanoﬁbrous surfaces provides a suit-
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able topography mimicking the extra cellular matrix which should
enhance osteoblast cell attachment and proliferation, this being the
focus of current investigations.
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