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Abstract
Titanium implants having some superior properties for tissue replacements have been widely used in biomedical fields. However,
the implants are vulnerable to bacterial attacks and therefore they must be modified. In this study, two kinds of titanium surfaces,
bare (Ti-b) and sandpapered (Ti-p) titanium, were used and electrospinning method was utilized for coating them with poly(-
ethylene oxide) (PEO) nanofibers with average diameter of 180 nm. In order to obtain insoluble coating, the PEO nanofibers were
crosslinked by UV-initiating and crosslinking agent, pentaerythritol triacrylate (PETA), in the presence of UV irradiation at 366-
nmwavelength. Fibroblastic MC3T3-E1 preosteoblasts and S. epidermidis bacteria were cultured on these surfaces to investigate
their attachment and proliferation behavior. The preosteoblasts cultured on Ti-p exhibited better initial adhesion than that of Ti-b
at the end of the 4 h of incubation period, which reveals the importance of surface roughness. The bacteria adhered and colonized
on Ti-b surfaces at the end of the 24 h of incubation. In contrast, Ti surfacesmodified by the PEO nanofibers inhibited cellular and
bacterial attachment significantly. This study discloses that electrospinning and subsequent crosslinking of PEO can be evaluated
as an effective approach for creating anticellular coatings for Ti implants.
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1 Introduction

Biomedical implants are used for reconstituting the function-
ality of damaged organs or tissues. There is a variety of bio-
medical implants based on metallic, ceramic, and polymeric
materials. Metallic implants can be classified as steels, cobalt/
cobalt alloys, and titanium/titanium alloys. Among them, tita-
nium (Ti) and its alloys have been extensively used owing to
their excellent biocompatibility and mechanical properties
[1–4]. However, implants may fail because of (i) lack of inte-
gration with tissue and (ii) infections that are the consequence
of bacterial attachment to the implant surface and the subse-
quent development of a biofilm. Implant-associated infection

is a serious complication since it is not only resistant to natural
host defense mechanisms, but also resistant to most antibiotics
and antimicrobial treatment [5]. It has been reported that a
very large proportion of implant-related infections are caused
by Staphylococcus aureus (S. aureus) and Staphylococcus
epidermidis (S. epidermidis) [6]. In the last decades,
S. epidermidis has been the most isolated bacteria from hos-
pital and biomaterial-related infections [7, 8]. S. epidermidis
also easily adheres and proliferates on Ti surfaces.

The approaches to reduce protein adsorption which con-
tributes to bacterial attachment and biofilm formation include
the modification of surfaces by hydrophilic chains, anticoag-
ulant coatings, phosphorylcholine-modified polymer coat-
ings, and poly(ethylene glycol) (PEG)-based coatings
[9–14]. A method to inhibit bacterial attachment by means
of highly hydrated biocompatible polymers such as PEG (or
polyethylene oxide, PEO) has been a promising approach.
The water layer covers the surface, introducing a high activa-
tion barrier for bacteria to adhere, and also for proteins to
adsorb [12, 15, 16]. It has been reported that the adhesion of
many types of bacteria was substantially reduced by
immobilized PEG and oligo (ethylene glycol) at implant sur-
faces [17–19]. The common approaches to immobilize PEG to
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the material surfaces include the covalent coupling of PEG
chains [20], physical adsorption of PEG, graft copolymers
[21], and plasma deposition methods [22].

Electrospinning which uses electrical forces to generate
polymeric fibers with nano-/micro-sized diameters is an effec-
tive, cost efficient, and easily applied technique [23, 24].
Electrospun fibers have been successfully used in drug deliv-
ery, tissue engineering, and other biomedical applications due
to their highly porous structures, high surface area to volume
ratio, potential biocompatibility, and high functionality
[25–27]. In the literature, although there are limited studies
based on coating of Ti implants with electrospun fibers, to
the best of our knowledge, no investigation has been demon-
strated for PEO nanofiber-coated implant surfaces in terms of
cellular/bacterial adhesion. In a recent study, S. aureus adhe-
sion has significantly reduced on the Ti surfaces modified by
PEO/poly(lactide-co-glycolic acid) compared with the un-
modified ones [28]. In another study, adhesion and prolifera-
tion of osteoblasts were studied on electrospun PLGA or
PLGA/collagen fiber-coated Ti discs [4].

In this paper, unlike modifying implant surfaces by tech-
niques requiring high temperatures and chemicals, Ti implants
were modified in a very effective way by electrospun PEO
nanofibers without the need for an antimicrobial agent or fur-
ther modifications. The attachment and proliferation of
MC3T3-E1preosteoblasts and S. epidermidis on the uncoated
and PEO nanofiber-coated Ti surfaces were investigated and
compared.

2 Experimental studies

2.1 Coating of titanium implants with PEO nanofibers

Commercially pure (99.98%) titanium strips with 0.2-mm
thickness were purchased from BAĞ-SAN Titanium Metal
Corporation (Turkey). Some of the Ti strips were sandpapered
with 180 grit SiC papers to compare the effect of surface
roughness on fiber stability and cellular adhesion. The strips
were then cleaned with ethanol using an ultrasonicator for
15 min. PEO (Mv:600,000 Da, Sigma-Aldrich) powder
(0.4 g) was added into the 10-mL distilled water and the mix-
ture was kept under vigorous magnetic stirring overnight at
room temperature to obtain homogeneous PEO solution. After
adding 10% (with respect to PEO wt) crosslinking agent
pentaerythritol triacrylate (PETA, Sigma-Aldrich), the resul-
tant solution was further stirred vigorously for 1 h under shad-
ing to disperse PETA. Then, the solution was loaded into
2.5-mL 21-gauge needle and it was placed to a syringe pump
(NE 300, New Era Pump Systems) to obtain a steady flow at a
flow rate of 0.4 mL h−1. A power of 18 kV was applied at a
distance of 23 cm between the tip of the needle and the
grounded collector. The PEO fibers were collected for 5 min

on Ti samples (1 cm × 1 cm) fixed to a stationary collector.
The coated Ti surfaces were kept at 37 °C for 8 days for
complete drying of the PEO nanofibers. Then, the fiber-
coated samples were placed under a high-intensity UV light
source (a wavelength of 366 nm, GLT Gase-und Labortechnik
Inc.) for crosslinking. The distance between Ti samples and
the lamp head was 4 cm. The crosslinking process was real-
ized for 50 min under room conditions. The coated implants
were stored in a desiccator prior to further applications. Some
of the crosslinked nanofiber-coated samples were kept in dis-
tilled water at 37 °C for 24 h and then, dried at room temper-
ature to determine whether the fiber coatings were still on the
surfaces or not. Ti samples used in the study and their abbre-
viations are listed in Table 1.

2.2 Surface characterization

The surface analysis of the coated and uncoated Ti samples
was done by a scanning electron microscope (SEM, Zeiss Evo
50) and atomic force microscope (AFM, Vecoo Multi Mode
V-AS-12) operating at tapping mode. Prior to imaging, the
samples were coated with gold layer. The average diameter
of the fibers was determined from SEM images by using
ImageJ software (NIH, Bethesda, MD). The diameters were
presented as average ± standard deviation. The wettability of
the samples was assessed by static water contact angle mea-
surements with sessile drop method at room temperature
(Kruss DSA 100). The surface roughness of uncoated samples
was measured by a perthometer (Mahr, M2).

2.3 In vitro cell culture experiments

2.3.1 Cell seeding and culturing

Cell culture studies were conducted in sterile 24-well tissue
culture polystyrene plates (TCPS, Orange Scientific) in sta-
tionary conditions. Prior to cell culture experiments, 24-well
plates were coated with Parafilm. Then the coated plates were
soaked in 96% ethanol and placed under UV light during
30min for sterilization. Additionally, PEO-coated and uncoat-
ed titanium samples (1 cm × 1 cm) were sterilized under UV

Table 1 Titanium samples used in the experimental studies and their
abbreviations

Abbreviations Description

Ti-b Bare titanium surface

Ti-p Mechanically polished bare titanium surface

Ti-b-PEO PEO nanofiber-coated Ti-b

Ti-b-crPEO Crosslinked PEO nanofiber-coated Ti-b

Ti-p-crPEO Crosslinked PEO nanofiber-coated Ti-p
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light for 30 min. Then, the samples were individually placed
into single wells of a 24-well plate. The cell culture studies
were carried out by using mouse preosteoblasts (MC3T3-E1,
doubling time 33 h, No. RCB1126, Riken Cell Bank) at 37 °C
in a humidified 5% CO2 atmosphere (Heraeus Instruments).
At first, MC3T3-E1 cells were subcultured in flasks using α-
Minimum Essential Medium (α-MEM, Hyclone) supple-
mented with 10% (v/v) fetal bovine serum (FBS) and 1%
(v/v) penicillin-streptomycin (Biological Ind.). The cells
maintained at 37 °C in a humidified CO2 (5%) atmosphere
were dissociated with 0.01% (v/v) trypsin/10 mM EDTA
(Sigma), centrifuged, and resuspended in the medium prior
to cell seeding. Thereafter, 1 mL of cell suspension containing
5 × 104 cells in complete culture medium was added to each
well having Ti samples. TCPS without Ti samples was used as
control. The culture plates were incubated at 37 °C in a hu-
midified 5% CO2 atmosphere.

2.3.2 Cell viability and microscopic imaging

The MC3T3-E1 cells on the Ti samples were quantitatively
assessed with 3-[4, 5 dimethylthiazol-2-yl]-diphenyltetrazoli-
um bromide (MTT, Sigma) at different culture periods. At
selected time intervals (4th, 24th, and 48th hour), the culture
medium was aspirated and washed with 600-μL phosphate
buffer solution (PBS, pH:7.4). A total of 600 μL of serum-
free culture medium supplemented with 60-μL MTT solution
(2.5 mg mL−1 MTT dissolved in PBS) was added to each
sample and the incubation was performed at 37 °C for 3 h.
Then, the medium was removed from each well and Ti sam-
ples were transferred to another 24-well TCPS. A total of
400 μL of 0.04 M HCl in isopropanol solution was added to
each well to dissolve formazan crystals. A supernatant of
200 μLwas used for measuring optical density at 570 nmwith
reference to 690 nm using a microplate reader (Asys UVM
340). In addition, the stability of the PEO coatings was inves-
tigated for longer culture period, i.e., 28 days, by MTT
measurements.

The cells attached onto the Ti samples were observed by
SEM. This is why Ti samples were removed from the culture
medium at the end of 4 h of incubation and they were gently
washed with PBS and then, the cells were fixed with 2.5%
(v/v) glutaraldehyde in 0.1 M Dulbecco’s PBS (DPBS) for
30 min. Subsequently, the materials were dehydrated in etha-
nol series (i.e., 30, 50, 70, 90, and 100%, respectively) and
rinsed with hexamethyldisilazane (HMDS, Sigma). After be-
ing completely dried, the samples were mounted on aluminum
stubs and coated with gold before morphological observation.

Statistical analysis was performed with Graph-Pad InStat
statistic program (GraphPad Software). A Tukey–Kramer
multiple comparisons test was applied to determine the signif-
icant differences among the groups at p < 0.05.

2.4 Bacteria culture

Bacterial adhesion on Ti surfaces was performed by using
S. epidermidis (+) ATCC (American Type Culture
Collection®) 12228™* (biofilm-forming strain) and
S. epidermidis (−) ATCC® 35984™* (not biofilm-forming
s t r a in ) t ha t were purchased f rom KWIK-STIK
Microbiologics. Bacteria strains were inoculated at 37 °C in
Sheep Blood Agar overnight. On the next day, the produced
colonies were inoculated as a single colony in Petri dishes
containing Mueller–Hinton agar (Becton Dickinson) at 37 °C
overnight. Then, the bacteria suspensions were prepared from
the single colony and were additionally inoculated overnight at
37 °C so that they reached to logarithmic growth phase. At next
step, bacteria suspension (equivalent to a 0.5 McFarland stan-
dard) with absorbance value of 0.1 at 600 nm was prepared in
Mueller–Hinton broth. The final inoculum to 5 × 105 CFU/mL
was accomplished by diluting the 0.5 McFarland suspensions
1:150, and subsequent 1:2.

Ti samples were sterilized by 70% ethanol and subsequent-
ly UV irradiation for 30 min and then, placed into 24-well
TCPS. A bacteria suspension of 1 mL (5 × 105 CFU/mL)
was added on each Ti surface for 2 h of incubation at 37 °C.
At the end of the incubation period, nonadherent bacteria were
removed from the surfaces by gently washing with sterile
normal saline (0.9% w/v) three times. Ti strips with adherent
bacteria were put into 1 mL of sterile normal saline and stirred
in vortex additionally to dismount adherent bacteria from the
surfaces. After serial dilution, 100 μL of the bacterial solution
was taken out and plated ontoMueller-Hinton agar. The plates
containing bacteria were incubated in an aerobic atmosphere
at 37 °C for 24 h, and then the numbers of the surviving
colonies were counted.

The bacterial attachment on Ti surfaces (Ti-b, Ti-b-crPEO)
was investigated by using S. epidermidis (+) for SEM

Table 2 Optimized electrospinning and crosslinking conditions for the
preparation of PEO-coated Ti surfaces

Electrospinning conditions

Molecular weight of PEO (Da) 600,000

PEO ratio (w/v, %) 4

Crosslinker PETA

Crosslinker ratio (w/w, %) 10

Solvent Distilled water

Flow rate (mL h−1) 0.4

Applied voltage (kV) 18

Collecting distance (cm) 23

Crosslinking conditions

Wavelength of UV (nm) 366

Distance to sample (cm) 4

Exposure time (min) 50

emergent mater. (2019) 2:169–179 171



observation. Ti samples were sterilized by UV irradiation for
30 min and then placed into 24-well TCPS. A total of 50 μL of
bacteria suspension (1 × 106 cfu mL−1) in tryptic soy broth
(Merck) was cultured on the Ti surfaces for 24 h at 37 °C. At
the end of the incubation period, nonadherent bacteria were
removed from the surfaces by gently washing with PBS (pH
7.4) three times and the adherent bacteria were fixed with 2.5%
(v/v) glutaraldehyde in 0.1 M DPBS for 20 min, dehydrated in
ethanol series, and rinsed with HMDS for SEM analysis.

3 Results

The results of PEO coating, characterization, and cellular re-
sponses of Ti surfaces were given below.

3.1 Coating of Ti implants with PEO nanofibers

In this study, electrospinning was used for the modifica-
tion of Ti surfaces by the PEO nanofibers. PEO having a
wide range of molecular weight is nontoxic, hydrophilic,
and biocompatible polymer. In this study, we used PEO at
600,000 Da molecular weight. Since PEO is highly solu-
ble in water, it is necessary to crosslink it for obtaining
insoluble nanofiber mats. Here, we chose UV-induced
crosslinking in the presence of pentaerythritol triacrylate
(PETA) [29]. In our previous study, electrospinning and
crosslinking conditions were optimized in order to obtain
continuous, bead-free, and insoluble nanofibers [23]. In
this study, the PEO coating was performed on Ti samples
according the previous results (Table 2).

Fig. 1 AFM images of (a, b) Ti-b and (c, d) Ti-p surfaces. a and c show 2D images, b and d show 3D images
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Fig. 2 SEM images of a Ti-b-PEO, b Ti-b-crPEO, c Ti-p-crPEO and their diameter distributions (2 KX, upper right images: 10KX)
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3.2 Surface characterization

In order to investigate surface topographies of Ti samples,
SEM and AFM analyses were done. Figure 1 shows the to-
pographies of bare Ti surfaces (Ti-b) and sandpapered Ti sur-
faces (Ti-p). When comparing with Ti-b (Fig. 1a, b), rougher
surface texture of Ti-p drew the attention (Fig. 1c, d).
Perthometer analysis also revealed that the surface roughness
increased from 0.18 μm on Ti-b to 0.28 μm on Ti-p surfaces.

To determine the effect of PETA on the fiber morphology
and diameter, PEO nanofibers not including PETAwere also
collected on Ti-b surfaces. Figure 2 shows the SEM images of
uncrosslinked and crosslinked PEO nanofibers on Ti strips.

The images reveal that the fibers exhibited similar morpholo-
gy in all samples. While the uncrosslinked PEO nanofibers on
Ti-b had a diameter of 167 ± 29 nm (Fig. 2a), the crosslinked
fibers on Ti-b and Ti-p had diameters of 184 ± 48 nm and 175
± 50 nm, respectively (Fig. 2b, c). The results exhibited that
the presence of PETA in the electrospinning solution did not
cause any significant effect on the fiber diameter andmorphol-
ogy. However, the nanofibers exhibited narrower diameter
distribution in the absence of PETA (Fig. 2a). The AFM im-
ages of crosslinked-PEO nanofiber coated Ti-b (Ti-b-crPEO)
(Fig. 3a, b) and Ti-p (Ti-p-crPEO) (Fig. 3c, d) surfaces also
disclosed that there was no significant difference between fi-
ber morphologies on both surfaces. Nevertheless, the wavy
structures observed in the fiber arrangement on Ti-p-crPEO
indicated that the fiber morphology was affected by increased
surface roughness (Fig. 3d).

Some of the Ti-b-crPEO and Ti-p-crPEO samples were
immersed into distilled water (37 °C) for 24 h and dried at
room temperature in order to determine whether stable coating
was available or not. After drying period, fibers fused with
each other by generating membrane-like form on the Ti sur-
faces (Fig. 3e–h). This is important since such a coating pro-
vided an isolated environment that would inhibit/reduce

Fig. 4 SEM images ofMC3T3-E1 preosteoblasts on a Ti-b, b Ti-p, cTi-b-crPEO, and dTi-p-crPEO (× 250, bottom right images: × 500) at the end of the
4 h of incubation (yellow arrows show the cells with spreaded morphology)

Table 3 Water contact
angles and surface
roughness (measured by
perthometer) of titanium
samples

Samples Water
contact
angles (°)

Roughness
(μm)

Ti-b 49 0.18

Ti-p 65 0.28

Ti-b-crPEO 12 nd

Ti-p-crPEO 20 nd
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interactions of the cells and the bacteria with the implant sur-
faces. The fiber coating on Ti-p (Fig. 3g, h) was more stable
than that of Ti-b (Fig. 3e, f). Since Ti-p had higher number of
attachment points due to its rougher surface, the fibers exhib-
ited better attachment onto Ti-p surfaces.

The water contact angles of coated and uncoated surfaces
were measured by sessile drop method immediately after de-
ionized water drop contacted with the surfaces. The contact
angle increased from 49° (Ti-b) to 65° (Ti-p) with increasing
surface roughness and decreased significantly to 12° and 20°
after coating with PEO nanofibers, respectively (Table 3).

3.3 Adhesion of MC3T3-E1 preosteoblasts
and S. epidermidis onto the Ti surfaces

In this study, the cellular attachment on bare, sandpapered, and
PEO nanofiber-coated Ti surfaces were investigated and com-
pared. SEM images belonging to the 4th hour of cell culture

were taken to visualize the initial adhesion of preosteoblasts
on the surfaces (Fig. 4a, b). It was obvious that both of the
uncoated surfaces (Ti-b and Ti-p) supported cell attachment
and the cells began to spread at the end of the 4 h of incubation
on the surfaces by using their cytoplasmic extensions.
However, there were less number of the cells with spherical
morphology on the Ti-p surfaces (Fig. 4b) when compared
with Ti-b surfaces (Fig. 4a).

SEM images of MC3T3-E1 cells on Ti-b-crPEO and Ti-p-
crPEO revealed that the number of the attached cells substan-
tially reduced when compared with the uncoated ones (Fig.
4c, d). At the end of the 4 h of cell culture, the presence of a
few cells with spherical morphology showed that the cell at-
tachment requiring for cell-material was not achieved. This
result shows the PEO directly affected and significantly
inhibited the attachment of the preosteoblastic cells.

Figure 5 a shows the MTT results of the cells cultured on
Ti-b, Ti-p, Ti-b-crPEO, Ti-p-crPEO, and TCPS for 48-h

Fig. 5 Mitochondrial activities of
MC3T3-E1 cells proliferated on
a) Ti-b, Ti-p, Ti-b-crPEO, Ti-p-
crPEO, and TCPS for 48 h
(statistically significant
differences, n = 3 *p < 0.005,
**p < 0.01, ***p < 0.001—Ti-b
is control; +p < 0.005, ++p < 0.01,
+++p < 0.001—Ti-p is control;
op < 0.005, oop < 0.01,
ooop < 0.001—Ti-b-crPEO is
control; and •p < 0.005, ••p < 0.01,
•••p < 0.001—Ti-p-crPEO is
control); b) Ti-b and Ti-b-crPEO
for 28 days (statistically
significant differences, n = 3
***p < 0.001; Ti-b is control)
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culture period. Mitochondrial activities of the cells on the Ti-p
surfaces were higher than that of the cells on Ti-b. The highest
activity was observed for the cells on TCPS. The MTT absor-
bance values decreased on PEO-coated surfaces depending
upon decreasing cellular activity. Figure 5 b shows that the
effect of PEO coating sustained for the long term (28 days).

In the following part of the study, S. epidermidis was used
for assessing the bacterial attachment and colonization on the
Ti-b and Ti-b-crPEO surfaces. Figure 6 a shows the SEM
images of S. epidermidis (+) on Ti-b and Ti-b-crPEO after
24 h of incubation. According to the images, the bacteria
attached and proliferated intensively and colonized on the
uncoated samples. On the contrary, Ti-b-crPEO surface re-
duced bacterial attachment significantly due to the repellent
effect of PEO’s polymer chains. Figure 6 b also supported that
for both of the bacteria.

4 Discussion

Infection remains a major obstacle to the long-term perfor-
mance of many implanted devices. The initial stage in the
pathogenesis of the infection to the implanted device is the
bacterial adhesion. It is known that a variety of factors
affect bacterial adhesion, i.e., the presence of adhesive
molecules, dissolved proteins, and surface properties of
both the bacteria and the implant material [4, 30]. Among
them, the properties of an implant such as its chemical
composition, roughness, wettability, and steric hindrance
are all thought to be important in the initial bacterial re-
sponse to a material surface [31]. The same properties also
affect the mammalian cell response, i.e., adhesion and pro-
liferation behavior in the similar manner. As indicated
firstly by Gristina [31], there is a race for the implant

Fig. 6 a SEM images of
S. epidermidis colonies on Ti-b
(× 500, bottom right image; 15
KX) and Ti-b-crPEO (1 KX) at
the end of the 24 h of
incubation. b Comparison of
attachment behaviors of
S. epidermidis (−) and
S. epidermidis (+) on Ti surfaces
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surface between bacteria and tissue cells. If the race is won
by bacteria, tissue cells will not be able to establish them-
selves on implant surface. Furthermore, bacterial attach-
ment and subsequent colonization lead to biofilm forma-
tion that results infection [3].

Several surface modifications have been developed for the
purpose of discouraging microbial adhesion on the implant
surfaces. In general, this can be achieved by either repelling
or killing the approaching cells. The repelling of bacteria was
performed with hydrogel coatings mostly based on
immobilized PEO [12–15]. In this study, unlike these methods,
stable PEO nanofibers are successfully coated onto Ti surfaces
by applying sequential electrospinning and crosslinking pro-
cesses. For this approach, the water solution of PEO and
PETA was electrospun and then, crosslinking process was re-
alized under UV irradiation. We carried out optimization and
characterization studies for UV-crosslinked PEO nanofibers in
our previous study [23], so we did not perform further charac-
terizations in the presented study. Here, we modified the pro-
cedure reported by Zhou et al. for the preparation of UV-
crosslinked electrospun PEO fibers [29]. During the
electrospinning process, PETA was not excluded as reported
before. PETA took a hydrogen atom from PEO when it was
excited by UV light, and PEO and PETA radicals formed. PEO
radicals attacked to the C=C bond of PETA to initiate the po-
lymerization of PETA. Termination occurred by radical cou-
pling and crosslinks formed between PEO and PETA. As a
result, we obtained stable and permanent PEO coating on both
bare and sandpapered Ti strips. Prior to coating, we did not
apply any etching procedure with chemicals.

The anticellular characteristics of PEO coatings were in-
vestigated by using MC3T3-E1 preosteoblasts in fibroblastic
morphology as a model tissue cell and S. epidermidis strain as
a model of pathogenic bacteria. The higher number of
spreaded preosteoblasts on Ti-p surfaces indicated that the cell
attachment was enhanced on Ti-p surfaces. It could also be
concluded that the cells adapted more easily to the Ti-p sur-
faces and their metabolic activities were enhanced in favor of
surface roughness. Since the surface roughness of Ti-p im-
plants increased, protein absorption was improved more ac-
cordingly on the rougher surface. Thus, the number of focal
adhesion points became higher level and this led to increased
cellular attachment and mitochondrial activity. Many studies
have shown the higher adhesion ability of osteoblasts on
rough Ti and Ti-6Al-4V compared with smooth Ti and Ti-
6Al-4V surfaces [32, 33]. Neoh et al. [3] reported that Ti
surfaces having various surface roughness had a different im-
pact on osteoblast adhesion and the cell attachment was im-
proved with increasing surface roughness. In contrast,
Jayaraman et al. [34] compared a sandblasted, an acid-etched,
and a grooved surface through in vitro systems. The grooved
surface supported better osteoblastic cell adhesion and prolif-
eration than that of the rough surfaces.

As expected, the cellular and bacterial attachment signifi-
cantly reduced on both Ti-b-crPEO and Ti-p-crPEO due to the
presence of PEO fibers. This result can be attributed to the
steric barrier, excluded volume effect, and osmotic repulsion
exerted by highly hydrated and flexible PEO chains.

5 Conclusion

The focus of this study was to propose a simple and effective
anticellular coating method for metallic implants. This is why
a two-step process including electrospinning and crosslinking
was employed. At first, titanium surfaces were effectively
coated with smooth and uniform PEO nanofibers. Then, stable
PEO coating was obtained by crosslinking PEO nanofibers
with PETA in the presence of UVirradiation. The comparative
adhesion behavior of the mammalian cells and the bacteria on
the different Ti surfaces, i.e., bare, sandpapered, and PEO
nanofiber-coated surfaces, was investigated. PEO-coated Ti
surfaces substantially reduced the cellular attachment without
the need for further modifications. However, as shown in the
study, such hydrophilic surfaces also prevented the adhesion
of preosteoblastic cells which is necessary for the implant-
tissue integration (osteointegration). Hence, in order to obtain
successful implants which will inhibit bacterial adhesion and
encourage osteointegration at the same time, further modifi-
cations are required. We will focus on this challenge in our
following studies by modifying PEO with osteoblast-specific
biosignal molecules.
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