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The use of bioactive glass (BG) particles as a filler for the development of composite electrospun fibers
has already been widely reported and investigated. The novelty of the present research work is repre-
sented by the use of benign solvents (like acetic acid and formic acid) for electrospinning of composite
fibers containing BG particles, by using a blend of PCL and chitosan. In this work, different BG particle
sizes were investigated, namely nanosized and micron-sized. A preliminary investigation about the
possible alteration of BG particles in the electrospinning solvents was performed using SEM analysis. The
obtained composite fibers were investigated in terms of morphological, chemical and mechanical
properties. An in vitro mineralization assay in simulated body fluid (SBF) was performed to investigate
the capability of the composite electrospun fibers to induce the formation of hydroxycarbonate apatite
(HCA).
© 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of KeAi Communications Co., Ltd.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
1. Introduction

The electrospinning technique has been widely used for the
fabrication of nano and micronsized fibers for numerous applica-
tions in the biomedical field, including tissue engineering scaffolds.
The principle for the obtainment of a fibrous mesh starting from a
polymeric solution (or blend or melt) is based on the application of
a high intensity electric field between two electrodes of opposite
polarity. The standard setup is composed of a high voltage gener-
ator, a syringe pump comprising either a needle or small capillary,
controlling the flow rate of polymeric solution extrusion and a
grounded or negatively charged fiber collector [1e4]. The electro-
spinning process parameters may be grouped into three categories,
namely solution properties, process parameters and environmental
parameters. The investigation of these categories and their
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influence on the final properties of the obtained fibrous mats have
beenwidely scrutinized in literature [5]. Among them, the selection
of the solvent plays a pivotal role [6,7]. Besides the importance and
the influence of the solvent on fiber morphology and roughness,
the presence of possible residuals inside the obtained samples
could limit their application in the biomedical field or require post-
processing to remove these (often toxic) residuals. The use of
benign solvents, as well as modified techniques such as suspension
or emulsion electrospinning are some examples of “green” elec-
trospinning according to its definition [8,9].

Poly( 3-caprolactone) (PCL) is a polyester widely investigated for
biomedical applications due to its interesting properties including
biocompatibility, biodegradability and possessing FDA approval for
clinical use [10e12]. PCL has been processed by electrospinning
ever since the more widespread use of this technique. It has mainly
been electrospun using chloroform, dichloromethane, dime-
thylformamide and methanol or a mixture of the above [13,14], but
also positive results have been reported about electrospinning of
PCL using less optimal solvents, like acetic acid, formic acid and
acetone [11,15e17]. Chitosan is a polysaccharide widely used for
Ai Communications Co., Ltd. This is an open access article under the CC BY-NC-ND
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biomedical applications, because of its biocompatibility, biode-
gradability and antibacterial properties [18]. The electrospinning of
chitosan is a challenging issue, in particular if the use of toxic
organofluorine solvents is avoided, for this reason it is commonly
electrospun in a blend with synthetic polymers like poly vinyl
alcohol (PVA) or poly ethylene oxide (PEO) [19,20].

The use of composite materials and in particular electrospun
composites for biomedical applications has been widely investi-
gated to combine the properties of the organic matrix with the
reinforcement of the inorganic phase embedded inside the fibers
[21].

The fabrication of electrospun composites using benign solvents
has been recently achieved in different research works reporting
interesting and promising results [22e24].

The aim of the present research work is to fabricate composite
electrospun PCL/chitosan nanofibers by using benign solvents. For
the selection of the inorganic phase, bioactive glass (BG) (45S5
Bioglass® composition) was selected for its well-known effects on
osteogenesis, angiogenesis and its antibacterial activity. Two
different BG sizes were investigated and compared. Morphological,
chemical and mechanical properties as well as acellular bioactivity
of the obtained composite fibers were investigated for both BG
particle sizes.

2. Materials and methods

2.1. Solution preparation

Electrospun mats were obtained from poly(epsilon-
caprolactone) (PCL) (80 kDa, Sigma Aldrich, Germany) and chito-
san (CS) (medium molecular weight, molecular weight 190,000
e310,000 Da and degree of deacetylation 75e85%, Sigma Aldrich,
Germany) solutions. Acetic acid (AA, VWR, Germany) and formic
acid (FA, VWR Chemicals, Germany) were used as solvents.

An optimization of the protocol reported in Ref. [25] was per-
formed. Briefly, chitosanwas added to a solution containing 6% w/v
of PCL in a mixture of formic acid and acetic acid in the ratio of 7:3
in a weight ratio of 20% with respect to the amount of PCL. The
solution of PCLCS was stirred for 72 h.

For the fabrication of the composite electrospun mats,
commercially available BG particles (Schott Vitryxx®, nominal
mean particle size 2 mm), labelled mBG, and 45S5 bioactive glass
nanoparticles, labelled nBG (SSA: 52 m2/g, nominal particle size in
the range 20e80 nm, developed at ETH Zurich) fabricated using
flame-spray synthesis [26,27], were homogeneously dispersed in
the polymer blend solution (30 wt% with respect to polymer
amount), by constant stirring for 10 min and subsequent immer-
sion in ultrasonic bath for 1 min, before electrospinning.

2.2. Electrospinning process

The optimized electrospinning parameters for the solution of
neat PCLCS and PCLCS containing BG particles were kept constant
in order to perform a comparative analysis of the obtained mats.
The selected values were an applied voltage of 20 kV, a needle-
target distance of 12.5 cm, while the polymeric solution was fed
in using a flow rate of 0.3 mL/h and a needle diameter of 21G.
Environmental parameters (temperature (T) and relative humidity
(RH)) were checked and kept in the range T: 23e26 �C and RH:
35e50%. Electrospinning was performed using a commercially
available setup (Starter Kit 40 KV Web, Linari srl, Italy).

2.3. Characterization

Samples morphology was assessed by SEM analysis (FE-SEM
(Auriga, Carl-Zeiss, Germany)). Samples were sputtered with gold
before SEM analysis using a Sputter Coater (Q150T, Quorum Tech-
nologies). Fiber average diameters were calculated using ImageJ
analysis software (NIH, USA), after the measurement of 50 fibers
from each sample.

FTIR spectra of selected samples were obtained using an FTIR
spectrometer (Nicolet 6700, Thermo Scientific, Germany) in
attenuated total reflectance mode (ATR). For the analysis, 32
spectral scans at a resolution of 4 cm�1 were repeated over the
wavenumber range 4000e550 cm�1. For the BGs powder, KBr
pellets were fabricated, by dispersing the sample in KBr, and the
measurements were performed in the wavenumber range
4000e400 cm�1. The used window material was CsI.

The PCL/chitosan (blend) samples were characterized by ToF-
SIMS analysis (ToF.SIMS V, IONTOF, Münster) to confirm the pres-
ence of chitosan and characterize its distribution in the electrospun
mats. Spectra were recorded on 7 spots (100� 100 mm) per sample,
images on 3 spots (250 � 250 mm) in high spectral resolution mode
(m/Dm > 8000 at 29Si) to avoid overlap of the signals, using a pulsed
25 keV Bi3þ beam. Low energy electron flooding in between mea-
surements was used to prevent charging of the samples. Signals
were identified using the accurate mass as well as their isotopic
pattern. Poisson correction was used for integration of the signal
intensities. Positive polarity spectra were normalized to their total
intensity and calibrated on CH3

þ, C2H3
þ, C3H5

þ, C4H9
þ and C7H7

þ.
The mechanical characterization of selected fibrous mats was

performed by uniaxial tensile strength tests using a universal
testing machine (K. Frank GmbH, Germany) at room temperature.
The measurements were carried out at a crosshead speed of
10 mm/min using a 50 N load cell. In order to correctly handle the
electrospunmats, avoiding the application of any pretension on the
samples before the mechanical tests, the use of a suitable paper
square framework was necessary. The samples were cut into a
rectangular shape of 5 mm wide and 4 cm long with the internal
length of the paper framework being 2 cm.

The thermal degradation of the fibers was measured using
thermogravimetric analysis (TGA) with the thermo-gravimetric
analyzer Q5000IR (TA instruments, USA). The temperature was
varied from 25� to 600 �C at a rate of 10 �C/min. Inert nitrogen
atmosphere was used. TGA analysis was performed to investigate
the possible effects of the presence of chitosan in the blend PCL/
chitosan electrospun mats and to assess the incorporation of BG
particles in the electrospun mats.

The acellular bioactivity of the electrospun composite samples
containing BG was evaluated by immersion of the samples inserted
in suitable scaffold holders (CellCrownTM 24, Scaffdex, Sigma
Aldrich, Germany) in a simulated body fluid (SBF) solution, ac-
cording to an existing protocol [28], for 1, 3 and 7 days. A falcon
tube containing SBF as a control was incubated for the entire period
of the experiment to control overtime the stability of the testing
solution.

After immersion, samples were characterized by SEM and ATR-
FTIR analyses. The pH in the SBF solution was also investigated for
each time point. The bioactivity of the samples was related to the
formation of the hydroxyapatite phase on the surface of samples
upon immersion in SBF [28]. The deposition of this layer was also
characterized by XRD analysis (XRD, Miniflex 600, Rigaku, range
2w: 10e60�, step 0.02, 4 deg/min, 40 kV, 15 mA).

Degradation tests after the immersion in PBS were also per-
formed to confirm that the changes in the samples observed by
SEM analysis after being immersed in SBF solutionwere not related
to sample degradation. Samples were immersed in phosphate
buffered saline (PBS) solution (Amresco LLC, USA) for 1 day at 37 �C
using scaffold holders (CellCrownTM 24, Scaffdex, Sigma Aldrich,
Germany), as described above.



Table 1
Sample composition, sample labels and calculated average fiber diameters.

Sample Sample label Average fiber diameter (nm)

PCL/chitosan PCLCS 57 ± 24
PCL/chitosan with 30 wt% mBG PCLCS_mBG 95 ± 105
PCL/chitosan with 30 wt% nBG PCLCS_nBG 74 ± 41
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In order to investigate the possible effects of the electrospinning
solvents on the BG particles, both particulate samples, mBG and
nBG, were placed directly into the solution with the same ratio of
solvents as used in the experiments (i.e. without polymers). After
10 min of constant stirring, the solutions were dipped in an ultra-
sonic bath for 1 min. After 20 min, the suspension was centrifuged
(7000 rcf, 20 �C) for 10 min. After removing the supernatant, the
particles were washed with deionized water and centrifuged three
times using the same parameters. The particles were then dried at
60 �C for 48 h.

3. Results and discussion

3.1. Effects of immersion of BG particles in benign solvents

The immersion of BG particles in the solvents used for electro-
spinning was performed to assess any possible modifications
occurring due to immersion (without any polymers in the solution).
Even if it is not commonly investigated, the stability of bioactive
glass particles in electrospinning solvents plays a pivotal role. In
fact, as reported by Cerruti et al. [29], the pH of the solution could
affect BG reactivity. In particular in a low pH solution, a total
breakdown of the glassy network could occur, resulting in the
absence of phosphate precipitation.

SEM micrographs, reported in Fig. 1, showed that for both BG
particles slight morphological modifications occurred. In particular
in case of the micronsized particles several cracks are visible on the
surface of the particles (Fig. 1B), but the particle size was not
altered. In the case of nBG (Fig. 1D), the particles look more
aggregated and compact compared to the sample before immersion
(Fig. 1C).

3.2. Optimization of PCLCS parameters

The use of the mixture of formic acid and acetic acid for the
electrospinning of the blend of PCL and chitosan has already been
reported by Van der Schueren et al. [25]. In the present work, the
Fig. 1. SEM micrographs of mBG particles before (A) and after (B) immersion in the mixture
mixture of electrospinning solvents. Due to different particle sizes, different magnifications a
in C and D: 80kX scale bar 200 nm).
optimization of this protocol has been accomplished, i.e. the high
voltage value as well as the solution flow rate and the needle inner
diameter were decreased. By optimizing these parameters, bead-
less fibrous mats were obtained. The average fiber diameter of the
blend electrospun mats thus becomes four times smaller than the
value reported in literature, as reported in Table 1. Moreover,
composite fibrous meshes comprising nBG and mBG particles were
fabricated. The amount of BG particles was selected according to
the literature [23] and fixed at 30 wt% with respect to the polymer
amount, in order to obtain phosphate precipitation on the elec-
trospun mats. Incorporation of BG particles was investigated and
confirmed by SEM/EDX analysis, as reported in Fig. 2. SEM micro-
graphs obtained at lower magnification (Fig. 2A and B) showed the
distribution of the particles indicating that particles aggregated
inside the electrospun mats.

No significant differences were detected in the calculation of the
average fibers diameters, summarized in Table 1. Merely a slight
increase in average values, after the addition of BG particles of both
sizes could be noted. Another difference that could be detected in
the samples containing BG particles was the increase of the stan-
dard deviation, in fact due to the increase in the conductivity of the
polymeric solution containing BG particles, the range of minimum
and maximum fiber diameter became wider.

FTIR analysis was used for the characterization of the obtained
blend electrospun mats and composite mats. Due to the prevalence
of PCL with respect to the amount of chitosan, the FTIR spectrum of
electrospun neat PCL fibers is also shown in Fig. 3, as a comparison.
In Table 2, a summary of all the main bands with the indications of
the assignment is provided.
of electrospinning solvents and nBG particles before (C) and after (D) immersion in the
re reported (5kX, scale bar 2 mm for A and B and 20kX, scale bar 1 mm for C and D, inlets



Fig. 2. SEM/EDX images, confirming the presence of BG particles of samples PCLCS_mBG (A, C) and PCLCS_nBG (B, D).
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The main bands ascribable to PCL, like the peaks at 2949 and
2865 cm�1, due to the asymmetric and symmetric CH2 stretching,
the peak centered at 1720 cm�1 ascribable to carbonyl stretching,
could be identified in all the spectra of the blend and composite
electrospunmats reported in Fig. 3 [30]. The presence of chitosan in
the blend and composite electrospun mats is confirmed by the
presence of the broad band centered at around 3435 cm�1 ascrib-
able to OH and NH stretching of chitosan and by the band centered
at 1590 cm�1 attributed to amide II bands of chitosan [25]. All these
bands are not detected in the FTIR spectrum of electrospun neat
PCL. The presence of BG particles, for both nBG and mBG, could be
detected by the appearence of the bands centered at around
Fig. 3. FTIR spectra for the electrospun PCL, electrospun blend P
1100 cm�1, ascribable to SieOeSi symmetric stretching and the
peak at 800 cm�1, due to d(SieOeSi) [27].

The composition of the electrospun fibers was assessed with
time-of-flight secondary ion mass spectrometry (ToF-SIMS).
Spectra of PCL and PCLCS were compared according to the signals
reported for PCL and chitosan in the study of Tortora et al. [32]. The
nitrogen containing fragments m/z 18.03 - NH4

þ, 30.03 - CH4Nþ,
60.04 - C2H6NOþ, 73,05 - C3H7NOþ, 96.04 - C5H6NOþ, 100.04 -
C4H6NO2

þ, 112.04 - C5H6NO2
þ and 144.07 e C6H10NO3

þ were assigned
to chitosan and all of them appear predominantly on the PCLCS
sample. The most intense of these fragments, NH4

þ and CH4Nþ, are
displayed in Fig. 4A for both PCL and PCLCS. Fig. 4B shows the
CLCS, electrospun composites PCLCS_nBG and PCLCS_mBG.



Table 2
Overview of the main bands detected in FTIR spectra of electrospun PCL, electrospun PCLCS and electrospun composites PCLCS_nBG and PCLCS_mBG.

Wavenumber (cm�1) Assignment Abbreviation References

3435 overlapping OH & NH stretching vibration due to chitosan n(OH & NH)/n(OH) [25]
~2949 asymmetric CH2 stretching nas(CH2) [30]
~2865 symmetric CH2 stretching ns(CH2) [30]
~1720 carbonyl stretching n(C]O) [30]
~1590 amide II bands of chitosan n(NH) [25]
~1460 symmetrically coordinated pure CO3

2� ions n3(CO3
2�) [27]

~1293 CeO & CeC stretching in the crystalline phase ncr [30]
~1238 asymmetric COC stretching nas(COC) [30]
1000e1200 SieOeSi bond n(SieOeSi) [27]
~1166 symmetric COC stretching ns(COC) [30]
~1000 SieOH symmetric stretching (after immersion in SBF) n(SieOH) [31]
~800 bending SieOeSi d(SieOeSi) [27]
600 PO bending (after immersion in SBF) d(PO) [31]
560 PO bending (after immersion in SBF) d(PO) [31]

Fig. 4. ToF-SIMS spectral regions of chitosan characteristic fragments NH4
þ and CH4Nþ on PCL and PCLCS samples (A) and chemical mapping of PCLCS, showing the distribution of

CH4Nþ (chitosan) and C3H3Oþ (PCL) (B).
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mapping of chitosan (CH4Nþ) on the PCL matrix (C3H3Oþ), chitosan
is seen to be homogeneously distributed over the whole fiber
surface.

TGA analysis was performed on neat PCL, blend PCLCS and
composite electrospun mats. The obtained thermogravimetric
curves are reported in Fig. 5. The results confirm that the pres-
ence of chitosan affects the thermal properties of neat PCL
electrospun mats. In fact, according to Noor Aliah et al. [33] the
neat PCL fibers showed a single step trend, while for the blend
PCLCS a two-step trend could be detected in Fig. 5B. According
to the literature [33,34], the temperature corresponding to
50% sample weight loss was selected for the comparison
among all the samples. Neat PCL fibers showed the highest value,
around 400 �C, this value decreases for the blend PCLCS sample
Fig. 5. Thermogravimetric curves for electrospun mats of neat PCL, blend of PCL and chitos
range 25e200 �C (B).
(around 370 �C), while both the composites PCLCS_nBG and
PCLCS_mBG show lower and comparable values (around 300 �C).
After the polymeric blend decomposition, the residual weight is
due to the presence of BG particles and the amount is compa-
rable to the initial amount introduced in the suspension. More-
over, no significant differences between the two composite
samples were measured, confirming that the particle size
does not affect the incorporation of BG particles in electrospun
mats.
3.3. Acellular bioactivity test

The composite samples were immersed in SBF solution to test
their bioactivity. The electrospun sample without BG particles was
an (PCLCS) and the composites PCLCS_mBG and PCLCS_nBG (A) and zoom view in the



Fig. 6. SEM micrographs of electrospun PCLCS samples before (A) and after 7 days of immersion in SBF solution (B); PCLCS_mBG sample before (C) and after 7 days of immersion in
SBF solution (D); PCLCS_nBG sample before (E) and after 7 days of immersion in SBF solution (F).
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also immersed in SBF solution, as a control. After 7 days of im-
mersion in SBF solution, no deposits could be observed on the
blend PCLCS sample used as the control (Fig. 6B). On the contrary,
hydroxycarbonate apatite (HCA) deposition could be observed on
both composites obtained by the addition of mBG (Fig. 6D) and nBG
(Fig. 6F).

Because of the differences in the morphology of the deposits
noticed on sample PCLCS_nBG (Fig. 6F) after 7 days of immersion in
SBF solution, with respect to the analogous sample PCLCS_mBG
Fig. 7. SEM and EDX analysis on PCLCS_nBG electrospun sample befo
(Fig. 6D) showing the typical and widely reported cauliflower-
structure, PCLCS_nBG sample was investigated in detail with EDX,
as reported in Fig. 7. From EDX analysis, it was possible to detect the
presence of calcium and phosphorus in the sample after immersion
in SBF solution.

In order to assess any possible morphological modification
introduced by the immersion in a buffered solution, the composite
samples were also immersed in PBS solution. The blend sample
PCLCS was also immersed and used as a control. SEM analysis of
re immersion in SBF (A) and after 7 days immersion in SBF (B).



Fig. 8. SEM micrographs of electrospun PCLCS (A), PCLCS_mBG (B) and PCLCS_nBG (C) after immersion in PBS solution for 1 day and electrospun PCLCS (D), PCLCS_mBG (E) and
PCLCS_nBG (F) after immersion in SBF solution for 1 day (magnification 10kX scale bar 1 mm and for the inlet magnification 45kX scale bar 200 nm).
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the immersed samples, reported in Fig. 8, highlights that no
relevant differences or deposits could be detected in the polymeric
blend sample and in both composite samples, in particular in
comparison with the same samples after immersion in SBF at the
same time point, confirming that the morphological modifications
detected after immersion in SBF could not be ascribable to the
immersion in a buffered solution, but they are related to sample
mineralization.

To assess and investigate deposit formation on the electrospun
composite fibers, FTIR analysis was used for the evaluation of the
samples after immersion in SBF and PBS solution, FTIR spectra of
the samples are reported in Fig. 9. Samples were immersed in PBS
solution for 1 day, because as reported in the FTIR spectra, already
after 1 day of immersion in SBF solution evidence of the HCA
deposition could be detected.

In particular in the composite samples (PCLCS_mBG and
PCLCS_nBG) the peaks related to the phosphate group vibrations
Fig. 9. FTIR spectra for the electrospun blend PCLCS (A), electrospun composites PCLCS_mBG
and 7 days.
could be noticed already after 1 day of immersion and there are no
significant differences between the FTIR spectra after 1 day or 7
days of immersion in SBF. In detail, peaks at 560 and 600 cm�1

attributed to phosphate group vibrations, as reported in Table 2,
could be detected in both composites already after 1 day of im-
mersion in SBF solution, while these bands could not be detected in
the same samples immersed in PBS solution for 1 day. Moreover,
the band centered around 1000 cm�1, ascribable to SieOH
stretching vibration could be noticed in the spectra of both com-
posites already after 1 day of immersion in SBF solution. No dif-
ferences are detected among the FTIR spectra of the polymeric
blend sample before and after immersion in PBS or SBF solution
(Fig. 9A).

XRD analysis was performed to characterize the deposition
observed by SEM on composite fibers, reported in Fig. 6. XRD
patterns of the composite fibers (PCLCS_mBG and PCLCS_nBG)
were recorded before and after immersion in SBF solution for 7
(B) and PCLCS_nBG (C) before and after immersion in PBS for 1 day, in SBF for 3 days



Fig. 10. XRD patterns of composite electrospun samples before and after immersion in
SBF for 7 days.

Table 3
Mechanical properties of the electrospun blend and composite mats. UTS: ultimate
tensile strength.

PCLCS PCLCS_nBG PCLCS_mBG

Young's modulus (MPa) 3 ± 1 0.27 ± 0.04 0.7 ± 0.3
UTS Stress (MPa) 37 ± 21 7 ± 2 17 ± 11
Tensile strain (%) 31 ± 15 45 ± 12 28 ± 4
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days and they are presented in Fig. 10. All patterns exhibit the
main peaks measured also on the electrospun sample of neat PCL
(pattern not shown). Slight modifications could be detected after
immersion in SBF. In particular, the peaks at 2q 21� and 24�

decreased in intensity for the sample PCLCS_nBG, but no new
peaks could be detected and related to the HCA layer. This could
be explained by the fact that the amount of bioactive glass and
related HCA deposition are negligible in comparison to the
amount of PCL in the mats. For the composite sample
PCLCS_mBG the only modification detected is related to the
appearance of a new peak at 2q 31�, which is ascribable to HCA
[35,36].
3.4. Mechanical characterization

Uniaxial tensile tests were performed on the electrospun blend
and composite mats. In Table 3, the values related to Young's
modulus, ultimate tensile strength (UTS) and tensile strain are
reported.

A reduction in the value of Young's modulus could be observed
for both composites in comparison with the polymeric blend used
as control. This decrease could be justified by the increase in the
inhomogeneity in the average fiber diameter reported for both
composites. This decrease, combined with the reduction in UTS
values, could be explained by the high amount of inorganic parti-
cles in the polymeric blend fibers (30 wt% respect to the polymers
amount). In fact, this amount is suitable for the preservation of
sample bioactivity, but it is likely to be responsible for the brittle
mechanical behavior of the composite samples. Reducing the
amount of BG particles inside the composite meshes is likely to
positively affect the mechanical properties of the composite
meshes, where the particles would have a stiffening effect on the
pliable matrix, however, the high bioactivity of the composite fibers
necessary for applications in bone tissue engineering needs to be
preserved.

4. Conclusions

Two different sizes of BG particles were successfully embedded
in electrospun PCL/chitosan nanofibrous mats. The morphological,
chemical, mechanical and acellular bioactivity characterizationwas
performed on both the polymeric and composite mesh structures.
Benign solvents for electrospinning were used for fabrication of
blend and composite mats. The optimized composite nanofibers
showed deposition of HCA precipitates already after 1 day of im-
mersion in SBF solution, confirming that the BG particles
embedded in the polymeric meshes preserved their bioactivity.
These results, combined with the other characterizations highlight
the potential applications of the obtainedmats as scaffolds for bone
tissue engineering applications. Further detailed studies focused on
cell viability are ongoing, which are required to complete the
characterization of the composite nanofibers for the intended
applications.
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