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bstract

The aim of this study is to develop a facile and efficient process to provide electrospun poly(�-caprolactone) (PCL) scaffold with a bone-like
alcium phosphate (CaP) coating while maintaining its fibrous and porous structure. Firstly, PCL scaffolds with uniform fibrous structure were
abricated by electrospinning. Before CaP coating, a plasma surface treatment was applied to clean and activate the PCL surface for calcium and
hosphate ion grafting. Then, the treated PCL scaffolds were immersed in 10× simulated body fluid (SBF10) for varying time periods. PCL fibers
ere found to be mineralized after immersion in SBF10 for 2 h (SBF10 2h). After 6 h, the PCL scaffolds (SBF10 6h) were fully covered with CaP

oating and the porous structure was lost. The coating of SBF10 2h was determined to consist of a mixture of nano-apatite and dicalcium phosphate
ihydrate (DCPD). By continuous immersion in classical SBF for 7 days, the coating transformed into pure calcium deficient type B carbonate

patite with nano-crystallinity, which was similar to biological apatite. The deposited calcium phosphate coatings improved the wettability of the
lectrospun PCL scaffold. As the mineralized electrospun scaffold has a similar structure as the natural bone, it is expected to be a potential cell
arrier in bone tissue engineering.

2007 Elsevier B.V. All rights reserved.
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. Introduction

It is estimated that more than 500,000 bone-grafting pro-
edures are performed annually in the United States [1]. The
umber easily doubles on a global basis and will increase in the
ext year due to the ageing of the population. The increasing
umber of bone-grafting procedures has created a shortage in
he availability of musculoskeletal donor tissue, as is tradition-
lly used in reconstructive surgery. This has stimulated corporate
nterest in developing and supplying a rapidly expanding number
f bone substitutes [1]. It is in this background that an emerg-
ng field of science called tissue engineering has been gaining
nterest in the last 10 years.

Engineering bone for reconstructive surgery requires three

asis elements: an appropriate cell source, optimal signals for
ell functioning and a (biodegradable) scaffold to serve as a
emporary extracellular matrix (ECM). The requirements for the
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esign and production of an ideal scaffold are very complex and
ot yet fully understood. It is accepted that fibers are particularly
uitable for use as scaffolding components compared to other
tructures, e.g. particles, due to their continuous structure. The
dvantages of a scaffold composed of ultrafine, continuous fibers
re high porosity, variable pore-size distribution, high surface-
o-volume ratio, and most importantly, morphological similarity
o natural ECM [2].

To fabricate fibrous scaffolds mimicking the natural ECM
tructure, electrospinning, also called electrical spinning, has
ttracted tremendous interest in the research community sim-
ly because it provides a facile and effective means to produce
ltrafine fibers with diameters ranging from microns down to a
ew nanometers. The process involves the use of an electric field
o convert the polymer solution into continuous polymer fibers.
he resulting fibers are in the form of a non-woven structure.
o far, a lot of research efforts have been made to study the effi-

acy of electrospun scaffolds for tissue engineering applications
3,4], including bone tissue engineering [2,5,6].

Besides the architecture of the scaffolds, the surface chem-
stry is also crucial as it provides the direct contact with the

mailto:f.yang@dent.umcn.nl
dx.doi.org/10.1016/j.cej.2007.07.076
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Table 1
Solution preparation recipe for 1 l of classical simulated body fluid (SBF) and
10× concentrated SBF (SBF10)

Reagent Order Amount (g)

SBFa SBF10b

NaCl 1 7.995 58.430
KCl 2 0.224 0.373
CaCl2·2H2O 3 0.368 3.675
MgCl2·6H2O 4 0.305 1.016
Na2HPO4 5 – 1.420
K2HPO4 6 0.174 –
NaHCO3 7 0.349 0.840
Na2SO4·10H2O 8 0.161 –
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After plasma treatment, the scaffolds were immersed into
SBF10 in a tightly capped plastic tube and kept at room
temperature for 2–6 h during coating. The SBF 10 solution

Table 2
Inorganic concentration (mM) of human blood plasma (HBP), SBF and SBF10

2+ 2− + + 2+ − − 2−
F. Yang et al. / Chemical Engin

urrounding cells and tissues. Although polymeric materials
lone have shown some positive results for bone regeneration
5,7], efforts have been made to enhance and stimulate their
one response by coating them with a layer of bone-like apatite
r calcium phosphate (CaP) ceramic [8–10]. Therefore, it is
xpected that such a coating may also improve the bone behav-
or of electrospun scaffolds. Compared with coating polymeric
lms or other porous structures, the coating of electrospun fibers

s more challenging. In addition to making a compatible surface
or apatite crystals to grow, it also requires getting a very uniform
oating around the ultrafine fibers, including those in the center
f the scaffold and controlling that the coating does not block
he pores in the scaffold. Unfortunately, to our knowledge, only
limited amount of research has been done to study the coat-

ng of electrospun scaffolds [11,12]. Ito et al. [11] reported a
iomimetic process to coat electrospun poly(3-hydroxybutyrate-
o-3-hydroxyvalerate) (PHBV) with hydroxyapatite. However,
he electrospun scaffold was fully covered by the coating
nd had no sign of porous structure. Chen et al. [12] suc-
essfully coated electrospun poly(lactic acid) (PLLA) with a
hin layer of flake-like carbonated apatite, but the process
asted for up to 28 days. Therefore, the aim of this study
as to coat electrospun scaffold fast and efficiently with the
one-like apatite, while maintaining its fibrous and porous
tructure.

. Materials and methods

.1. Fabrication of poly(�-caprolactone) (PCL) scaffold

In this study, the electrospun poly(�-caprolactone) (PCL)
caffold was prepared from PCL/2,2,2-trifluoroethanol (TFE)
olution. PCL with Mn of 80,000 was purchased from
igma–Aldrich and TFE was bought from Acros Organics. In
rder to obtain a fine fibrous morphology, the concentration of
CL solution was varied in the range from 8 to 12% (w/v). A
ommercially available electrospinning set-up (Advanced Sur-
ace Technology, Bleiswijk, The Netherlands) was used for the
caffold fabrication, similar as described previously [13]. From
ach concentration of PCL solution, 10 ml was fed into a glass
yringe, which was controlled by a syringe pump (KD Scien-
ific Inc., USA) at a feeding rate of 1.5 ml/h. A Teflon tube
as used to connect the syringe and a blunt-end nozzle with an

nner diameter of 0.5 mm, which was set up vertically. The dis-
ance between the nozzle and collector was adjusted to 15 cm.

high voltage of 12 kV was applied to generate the polymer
et. The resulting PCL fibers were collected on a piece of alu-

ina foil, left in a fume hood overnight to eliminate the solvent
esidue and kept in a desiccator for further characterization and
reatment.

In addition to electrospun scaffolds, PCL films were also
ade from 10% (w/v) PCL/chloroform solution by solvent

asting. In brief, 10 ml PCL solution was cast onto a 15-cm

iameter glass Petri dish and then left in a fume hood. After
vaporation of the solvent, a piece of PCL film was removed
rom the Petri dish and used in some of the characterization
ssays.

H
S
S

a SBF was buffered with tris(hydroxymethyl) aminomethane (50 mM) and set
t pH 7.4 with 1.0 M hydrochloric acid.
b NaHCO3 was added just prior to coating under stirring at 500 rpm.

.2. Biomimetic coating solutions

The classical SBF and 10× concentrated SBF (SBF10)
olutions were prepared by changing salt concentrations as sum-
arized in Table 1. The preparation of SBF followed Kokubo’s
ethod [14] and the one for SBF10 was adopted from Tas

nd Bhaduri [15]. For all solutions, reagent grade chemicals
nd deionized water (Millipore, USA) were used. The final
olutions were filtered to eliminate impurities. When SBF was
repared, the solution was buffered with tris(hydroxymethyl)
minomethane (50 mM) and finally set at pH 7.4 by using
.0 M hydrochloric acid. In order to make the concentrated
BF10, a stock solution containing NaCl, KCl, CaCl2·2H2O,
gCl2·6H2O and Na2HPO4 was prepared in advance. This

tock solution can be kept at 4 ◦C for several weeks without
recipitation. NaHCO3 was added just prior to the coating pro-
edure under a stirring speed of 500 rpm. The calculated ion
oncentrations of SBF solutions in comparison with those in
uman blood plasma (HBP) are listed in Table 2.

.3. Coating process

Samples with the dimension of 1 cm × 5 cm were cut from
lectrospun PCL sheets and PCL films. All the samples were
rgon plasma treated using a radio frequency glow discharge
lasma cleaner (PDC-001, Harrick Scientific Corp., USA).
lasma discharge was applied to the samples for 10 min
ith the radio frequency power set at 30 W under vacuum

ondition.
Ca HPO4 Na K Mg Cl HCO3 SO4

BP 2.5 1.0 142.0 5.0 1.5 103.0 27.0 0.5
BF 2.5 1.0 142.0 5.0 1.5 147.8 4.2 0.5
BF10 25.0 10.0 1030.0 5.0 5.0 1065.0 10.0 0
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as changed after every 2 h. Some of the samples were
ontinuously coated in SBF solution at 37 ◦C for another 7
ays and the coating solution was refreshed every 2 days.
hen the coating process was finished, the samples were

ollected, cleaned with deionized water and freeze dried
vernight.

.4. Characterization of the electrospun scaffolds and the
oatings

Non-coated and coated electrospun PCL scaffolds as well as
lms were characterized using the following techniques:

Scanning electronic microscopy (SEM): the morphology of
coated PCL scaffolds was investigated by using SEM (Jeol
SEM6310, Japan) after gold sputtering. The fiber diameter
was measured from the SEM micrographs taken at random
locations.
The porosity of the electrospun scaffolds was evaluated by
using a gravimetric measurement [16]. In brief, the elec-
trospun meshes were punched into 15-mm discs. After
measuring the thickness, the volume of the scaffold could
be determined. The mass of the scaffold was also measured
for determination of the apparent density of the scaffold (ρap).
The porosity was then calculated according to the following
equation:

porosity =
(

1 − ρap

ρm

)
× 100% (1)

where ρm is the density of the scaffold material, PCL
(ρ = 1.145 g/cm3, Sigma–Aldrich MSDS database).
X-ray diffraction (XRD): in order to determine the crystal-
lographic structure of the coatings, a sufficient amount of
coatings was scratched from the PCL films and was veri-
fied using a Philips θ–2θ diffractometer with Cu K�-radiation
(PW3710, 40 kV, 40 mA). The scanning range was from 10
to 40◦ with a step size of 0.02◦. The crystal size of the apatite
coating was estimated from Scherrer formula:

L = Kλ

(βm − β) cos θ
(2)

where λ is the X-ray wavelength, θ the diffraction angle, βm
the observed width of half height of the diffraction profile
resulting from small crystallite size, β the instrument broad-
ening (broadening measured with standard reference material
lanthanum hexaboride (LaB6, NIST 660a)) and K is shape
constant equal to 0.9 in this study. (0 0 2) line of the apatite
crystal was used for the calculation.
Fourier-transform infrared spectrometry (FTIR): the same
samples used in XRD study were also tested by a FTIR
spectrometer (Spectrum One, Perkin-Elmer) in order to iden-
tify the chemical structure. Transmission infrared spectra
were obtained from 4000 cm to 450 cm−1 on pellets pre-

pared by mixing 2 mg coating in 300 mg IR-grade KBr
powder.
Energy dispersive spectroscopy (EDS): to determine the com-
position of the coated CaP, EDS was performed using an

f
7
p
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energy dispersive X-ray microanalyzer (Voyager, Noran) that
is connected to the SEM. During collection of the spectra, the
accelerating voltage was set to 10 kV.
Microcomputer tomography (micro-CT): to examine the
distribution of the mineral content in coated electrospun scaf-
folds, the samples were scanned using micro-CT equipment
(Skyscan 1072, Skyscan, Aartselaar, Belgium) at a resolution
of 2.36 �m per pixel.
Water wettability test: a drop of 10 �l deionized water was
applied on the surface of different scaffolds and films. The
drops were photographed immediately and the contact angle
(θ) was calculated from the height (h) and breadth (b) of the
drop [17] according to

θ = 2 arctan
2h

b
(3)

In this way, the wettability of each scaffold was measured in
triplicate.
Water capillary reaction study: electrospun scaffolds were
tested using the method reported before [18]. In brief, one
end of an electrospun sample was vertically dipped into a Petri
dish filled with deionized water and the length of the scaffold
underneath the water was 0.5 cm. After 30 s, the sample was
taken out from the water and the upcoming waterfront line
was recorded by a digital camera.

. Results and discussion

.1. Morphology of electrospun PCL fibers

As shown by previous studies, the morphology of polymer
lectrospun fibers was influenced by various polymer solution
roperties and processing parameters [3]. Among all the vari-
bles, solution viscosity as controlled by changing the polymer
oncentration has been found to be one of the major factors,
hich affect the fiber size and morphology. In this study, we fixed

ll processing parameters except for the PCL concentration. The
EM photographs (Fig. 1) depict the morphological differences
mong the fibers electrospun from 8 to 12% PCL solutions.
he fiber diameters were measured from the SEM photographs
nd their distribution is shown in Fig. 2. The results indicated
hat all the electrospun scaffolds presented a three-dimensional
orous fibrous mesh appearance consisting of random orientated
CL fibers. When the polymer concentration was increased, the
at morphology changed gradually from a bead-fiber structure

o a spindle-fiber one, and finally in an uniform fiber struc-
ure. At the same time, the average fiber diameter increased
rom 100 nm to 1.5 �m. Those results are consistent with pre-
ious studies [3]. As it is supposed that the bead-fiber structure
eakens the scaffold mechanical properties, the scaffolds fab-

icated from 12% PCL solution were used in the subsequent
tudies.
We further calculated the porosity of electrospun scaf-
olds made from 12% PCL solution, which was found to be
5.1 ± 2.0% (n = 10) indicating that the scaffold was highly
orous. The estimated pore size was around 10 �m.
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SBF solutions are known to induce bone-like CaP formation
on metals, ceramics and polymers after proper surface treat-
ment. Although the classical SBF mimics the ion concentration,
pH and the temperature of human blood plasma (HBF) [14], it
ig. 1. SEM photographs of electrospun PCL fibers made from PCL/TFE solu-
ions: (a) 8%, (b) 10% and (c) 12%.

.2. Biomimetic coating
An appropriate polymer surface is crucial for CaP grafting
r coating. However, PCL is inert when compared with other
iopolymers, such as PLLA and PHBV, which results in hetero-
eneous mineral growth through carboxylic acid and hydroxyl
Journal 137 (2008) 154–161 157

roups on the surface [11,12]. Therefore, it is necessary to mod-
fy the surface of PCL scaffolds in order to deposit a CaP coating.
ecently, several methods have been used for the surface modifi-
ation, such as NaOH [19] and plasma [20] treatment. As NaOH
s toxic and the treatment period is as long as 48 h, plasma treat-

ent is considered to be superior. A plasma is a partially ionized
as containing ions, electrons, atoms and neutral species, which
eact with the polymer surface (10–1000 Å of the substrate) with-
ut damaging the bulk properties. By plasma treatment, the weak
hemical bondings of PCL are replaced by highly reactive car-
onyl (–CO–), carboxyl (–COOH) and hydroxyl (–OH) groups
20]. The surface becomes super-active after treatment com-
ared with an untreated polymer surface. The consequences are
decrease of the surface water contact angle and an increase

n bonding sites for calcium and phosphate ions. When the
caffold is immersed in SBF solutions (pH ≤ 7.4), the active
arboxyl groups become carboxyl anions (–COO−). These neg-
tively charged –COO− groups are ready to chelate the calcium
nd then phosphate ions in the solution. The bindings of these
oluble ionic precursors stimulate surface nucleation [9].
Fig. 2. The diameter distribution of the electrospun PCL fibers.
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cipitation of the CaP. At the same time, the scaffold maintained
its porous and fibrous structure and the average diameter of the
fibers increased from 1.5 to 2.2 �m along with 8.3% increase in

Table 3
The average fiber diameter and weight change of the electrospun scaffolds after
coating

Sample Average fiber diameter (�m) Weight change (%)

SBF10 1h 1.5 ± 0.2 2.3 ± 0.3
ig. 3. SEM micrographs showing the surface of the electrospun PCL scaffold
SBF 7d.

s only slightly supersaturated with respect to precipitation of
toichiometric hydroxyapatite. Therefore, nucleation and pre-
ipitation of CaPs is rather slow, normally up to a few weeks.
o accelerate the process, higher concentrated SBFs are used
15,21]. In this study, a 10× SBF solution was used for apatite
oating.

Fig. 3 illustrates SEM photographs of coated PCL electro-
pun scaffolds after different coating periods. The changes of
he fiber diameter and scaffold weight are listed in Table 3. For
onvenience, the samples coated in SBF10 for 1 h are termed
s SBF10 1h, those coated for 2 h termed as SBF10 2h, and so
n. After 1 h of incubation, the PCL fibers were almost intact

xcept some tiny particles scattered on the fiber surface. With-
ut any change in the fiber diameter, the scaffold gained 2.3% in
eight. The results indicated that CaP just initiated to nucleate
n the polymer surface. However, after 2 h of incubation, the

S
S
S
+

r coating: (a) SBF10 1h, (b) SBF10 2h, (c) SBF10 3h, (d) SBF10 6h and (e)

CL fibers were fully surrounded with nano-textured flake-like
aP coatings, suggesting a homogenous nucleation and fast pre-
BF10 2h 2.2 ± 0.5 8.3 ± 1.0
BF10 3h 3.2 ± 0.6 13.5 ± 0.6
BF10 6h – 25.6 ± 1.5
SBF 7d 2.3 ± 0.6 21.8 ± 1.9
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(P–O bending). HPO4 was confirmed by P–OH stretching at
F. Yang et al. / Chemical Engin

eight. The increase in fiber diameter resulted in a decrease of
he scaffold’s pore size, which became less than 10 �m. When
he scaffolds were kept in the coating solution up to 3 h, the fiber
iameter continuously increased to 3.2 �m and the weight rose to
3.5%. Besides, some CaP globules started to appear on the scaf-
old surface. After 6 h of incubation, the surface of the scaffold
as fully covered with CaP coating and the fibrous structure was
o longer visible. Based on these results, SBF10 2h appeared to
e the most suitable material for tissue engineering application
nd was used for further studies since it showed uniform coatings
f the fibers while maintaining the fibrous porous structure.

One of the advantages of electrospun scaffolds for tissue engi-
eering application is their porous structure. Although the pore
ize of the electrospun PCL mats is around 10 �m, which is
maller than the cells, some evidence showed that cells could
enetrate into the pores. Zhang et al. [2] found that the bone
arrow stromal cells could infiltrate up to 48 and 114 �m in the

lectrospun PCL and PCL/gelatin scaffold with the pore size
f a few microns, respectively. Shin et al. [5] reported that the
esenchymal stem cells migrated into the whole electrospun
CL scaffold (∼1 mm in thickness) after cultured in a rotat-

ng bioreactor for 4 weeks. The possible reason for this may be
hat the electrospun fibrous scaffold is a non-woven structure
nd formed from loosely deposited fibers, which provide little
esistance to cell movement. Therefore the cells could push the
urrounding fibers aside to expand the pores when they migrate
hrough the pores [22]. Since the porous structure is essential for
ell migration, it is important to keep this structure to the most
xtent. However, during the biomimetic coating, the pore size
ecame smaller inevitably and the fibers seemed to be stiffer.
he cell penetration may be hindered by these factors. Such a
ell-scaffold interaction needs to be further investigated.

To evaluate the distribution of the mineral content in
BF10 2h, micro-CT scanning was performed. Fig. 4 shows

he three-dimensional reconstruction image, in which the PCL
bers are invisible and appear as empty spaces. The picture

hows that the calcium phosphate was present through the whole
hickness of the scaffold, including the center. It suggests that
he biomimetic method is feasible to introduce nucleation and
recipitation inside the porous structure. However, the mineral

Fig. 4. Microcomputed tomography image of SBF10 2h.

8
o

ig. 5. X-ray diffraction profiles of (a) SBF10 2h and (b) +SBF 7d (@: brushite;
: apatite).

ensity of the scaffold surface was much higher than that in the
enter. This may be due to the rate difference of ion diffusion
etween the surface and center.

To identify the CaP coating on the scaffolds, XRD and FTIR
ere performed and the results are shown in Figs. 5a and 6a. The
RD data indicated that the coating was a mixture of brushite or
icalcium phosphate dihydrate (DCPD) with apatite. The crystal
ize of the apatite was estimated to be 30 nm. The FTIR spec-
rum confirmed the presence of DCPD. An obvious feature of
CPD is the occurrence of two intense doublets in the O–H

tretching region: one with components at 3541 and 3488 cm−1

nd the other with components at 3286 and 3162 cm−1
, which

re attributed to the two types of water molecules existing in
he unit cell [23]. Another strong peak showing at 1650 cm−1

s attributed to O–H bending. The presence of PO4 was shown
y the bands at 1135, 1060 (P–O stretching) and 576, 527 cm−1
74 cm−1. However, we could not clearly identify the presence
f apatite because its peaks overlapped with those of DCPD. The

Fig. 6. FTIR spectra of (a) SBF10 2h and (b) +SBF 7d.
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Table 4
Contact angles of water droplets on different substrates

Sample Contact angle
(◦ ± S.D.)

Representative shape
of the water drop

PCL film

Untreated 63 ± 1

Plasma treated 25 ± 2
SBF10 2h 26 ± 5
+SBF 7d 24 ± 4

Electrospun PCL fibers

Untreated 113 ± 5

Plasma treated
Water droplets sinking

s
a
o
c
b
s
reaction test. No capillary action occurs for the electrospun PCL
scaffold (Fig. 7a), indicating that the sample was hydrophobic.
After plasma treatment, the water front line came up very fast
60 F. Yang et al. / Chemical Engin

DS results showed that Ca/P ratio of the coating was around
–1.2, which is slightly above the Ca/P molar ratio of DCPD
1.0). This may be due to the contribution from apatite whose
toichiometric Ca/P molar ratio is 1.67.

DCPD is speculated to be one of the nucleation precursors of
iological apatite from normal and pathological calcifications.
herefore, SBF10 2h was continuously soaked in classical SBF
olution for 7 days and the sample was named +SBF 7d. As
xpected, XRD (Fig. 5b) showed that all DCPD peaks disap-
eared and only apatite was left in the coating, while the size
f the nano-apatite slightly increased from 30 to 43 nm. The
TIR spectrum (Fig. 6(b)) further indicated that the calcium
hosphate coating was carbonate apatite. Bands of O-H stretch-
ng and bending were seen at 3420 and 1640 cm−1, respectively.
he bands at 960 (ν1), 470 (ν2), 1040 and 1088 (�3), 565 and 602
ν4) cm−1 were assigned to PO4. CO3

2− was recorded at 873,
420, 1456 and 1544 cm−1, suggesting that the apatite is type
carbonate apatite (CO3 substituting for PO4) [24]. The Ca/P

atio of +SBF 7d, as determined by EDS, was about 1.35–1.6,
ndicating that the coating was calcium deficient. SEM micro-
raphs showed no obvious change in coating morphology after 7
ays SBF solution soaking (Fig. 3e). The average fiber diameter
lightly increased from 2.2 to 2.3 �m (Table 3). Nevertheless,
he weight of +SBF 7d increased enormously, being 21.8%
Table 3). This weight change may be due to the transforma-
ion of low-density DCPD to denser apatite and the continuous

ineralization of the scaffold.
The process of this surface mineral nucleation and growth

s a biomimetic process analogue to several natural pro-
esses, including the process of mineral formation in teeth
nd bones. In general, the structure and composition of the
aP precipitation can be influenced by the ion concentra-

ion in the surrounding solution, pH value and temperature.
or example, low temperature and pH favors the forma-

ion of DCPD and octacalcium phosphate (OCP); higher pH
avors the formation of apatite [25]. In our study, the prod-
ct from SBF10 2h was nano-apatite together with DCPD.
CPD is known to be a nucleation precursor and transforms

nto the thermodynamically more stable apatitic CaP by a
issolution-reprecipitation mechanism by following the reac-
ion: 10CaHPO4·2H2O → Ca10(PO4)6(OH)2 + 4H3PO4. DCPD
as a relatively low solubility in water; therefore water alone
ay not be sufficient to drive the reprecipitation mechanism.
owever, when the aqueous medium of DCPD immersion con-

ains Ca2+ ions, the process will readily proceed [26]. Therefore,
lassical SBF solution was used for the hydrolytic conver-
ion of DCPD, as present in the coating, into apatitic CaP.
he slow deposition rate of SBF ensured that the dissolution-

eprecipitation mechanism (DCPD into apatite) overwhelmed
ucleation-growth mechanism (apatite deposition) in the exper-
mental 7 days.

The results of water wettability and capillary reaction test
ere shown in Table 4 and Fig. 7, respectively. The results from
he water wettability test indicated that the water contact angle
f the PCL film decreased from 63◦ to 24–26◦ after CaP coating,
hich effect was comparable to that of plasma treatment. The

urface of the electrospun PCL scaffold was very hydrophobic,

F
e
3
t

–
into the scaffolds

SBF10 2h
+SBF 7d

howing a water contact angle of 113◦. This increase in contact
ngle compared to PCL film was due to the surface roughness
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oating, the applied water droplets were immediately absorbed
y the scaffolds, indicating an improved water wettability of the
caffolds. Similar observations were done in the water capillary
ig. 7. Water capillary reaction test: no capillary reaction occurred for untreated
lectrospun PCL scaffold (a); water front reached the height of about 3.0 cm after
0 s for argon plasma treated electrospun PCL scaffold (b); water front reached
he height of about 2.7 cm for both SBF10 2h (c) and +SBF 7d (d).
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. Conclusion
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