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Despite significant advancements in orthopedic implant technology, the achievement of 
optimal early osseointegration in titanium implants remains a challenge. This study aims 
to investigate the potential of a surface coating in accelerating in vitro osteogenesis on 
titanium implants, which were initially coated with sodium alginate (SA) and a polyvinyl 
alcohol (PVA) solution supplemented with nano-Hydroxyapatite (nHA). The 
effectiveness of each coating solution was assessed through various analyses: Fourier 
Transform Infrared Spectroscopy (FTIR), field emission scanning electron microscope 
(FESEM), Medical Training Therapy (MTT), Atomic Force Microscope (AFM), and 
contact angle measurements. By modifying the coating on the titanium implant, it was 
possible to create a hydrophilic and nanostructured surface that has the potential to 
enhance cell viability. The results demonstrate that SA/PVA/nHA synthesized via the 
electrospinning process, in combination with titanium implants, shows promise as a 
suitable candidate for orthopedic implants with improved osseointegration. 
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1. INTRODUCTION

Implantable biomaterials are frequently used to replace
damaged joint tissues, reduce pain, and restore function. 
Examples of these implants are hip and knee replacement 
implants. Throughout the past few decades, totally predictable 
implant longevity has resulted in favourable clinical outcomes; 
yet, more than half of implant failures have been attributable 
to prosthesis displacement inside the host bone [1]. 

Cobalt chromium alloys, stainless steel, and titanium alloys 
are the most potent varieties of implantable metallic 
biomaterials. Titanium and its alloys are among those 
materials that have the most interest due to their remarkable 
mechanical properties, exceptional resistance to corrosion, 
excellent strength, and relatively low weight. They also have 
the best biocompatibility of any alloy [2].  

Orthopaedic implants are preferable to bone transplants in 
cases of flaws and bone injuries since they may provide 
mechanical stability for the building structure of bone, aiding 
in pain relief and functional rehabilitation [3]. Nonetheless, it 
is critical to enable rapid peri-implant healing in several 
clinical applications. It is thought that improving the surface 
characteristics of implants can encourage early 

osseointegration by facilitating the attachment of bone-
forming cells [4].  

Modifying the surface is the simplest way to improve the 
biological qualities since it increases the bioactivity surface, 
prevents infections brought on by implants, and eliminates or 
controls the pace of degradation, while the desired properties 
of the materials are preserved [5]. 

One excellent option for scaffolding that has positive 
biological features is electrospun scaffolds. The permeability, 
scar formation control, and extracellular matrix (ECM)-like 
structure of electrospun nanofibres are extraordinary features 
[6]. 

Alginates are abundant in sources, non-toxic, and 
accessible, with their biocompatibility and biodegradability in 
the human body having been demonstrated. They have been 
widely employed in the food sector and have developed into 
crucial biomaterials for pharmacological and biological 
purposes due to these advantageous qualities [7]. Owing to 
these beneficial characteristics, alginates have been 
extensively used in the food industry and have become 
essential biomaterials for pharmacological and biological 
purposes. Because of their high biocompatibility and 
biological origin, alginates are frequently used in the tissue 
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engineering field, especially in the repair of bone, skin, 
cartilage, and wounds [8]. 

PVA is a synthetic, water-soluble biopolymer, with 
excellent mechanical and thermal characteristics, clarity, and 
oxygen resistance [9]. The field of medical coating technology 
has recently become quite interested in bioactive calcium 
phosphate due to its crucial function in enhancing the 
interaction between the implant and the surrounding tissue 
[10]. PVA-based electrospun nanofibrous scaffolds have been 
widely studied for tissue engineering applications [11].  

The precipitation of hydroxyapatite nanoparticles into 
metallic implants enhanced the applications for orthopaedics 
by producing bio-materials with physiochemical properties 
and high levels of bioactivity and biocompatibility on the 
surface [12]. The incorporation of nano-Hydroxyapatite 
(nHA) in the scaffold enhances its bioactivity and promotes 
bone regeneration [13]. The effect of nHA concentration and 
size on the morpho-mechanical properties of an electrospun 
scaffold has also been studied, where it was found that 
increasing the nHA concentration resulted in an increase in 
fibre diameter and a decrease in pore size. However, 
increasing the nHA size had no significant effect on fibre 
diameter or pore size [14]. 

In a different study, it was found that Coaxial electrospun 
polycaprolactone (PCL)/polyvinyl alcohol (PVA) core-sheath 
nanofibre (NF) with both collagen (Col) and hydroxyapatite 
nanorods (HA), adhered strongly to the titanium rod surface 
and that the nanofibre coating remained intact after 
implantation using an ex vivo porcine bone implantation 
model [15]. Another study involved creating chitosan/zein 
composite films with ellagic acid to treat skin infections and 
speed up skin recovery. The formed films had a high rate of 
water uptake, making them appropriate for dressing wounds 
[13]. 

Electrospun nanofibres of alginate, PVA, and 
nanohydroxyapatite have been studied in this work as a 
coating for titanium scaffolds to enhance osseointegration. 
While there is limited research that specifically addresses this 
combination of materials, there are related studies on 
electrospun nanofibres made from PVA and HA, which have 
been shown to improve osseointegration in bone implantation 
models. To promote osseointegration of coated implants with 
bone via cell culture, this work aimed at obtaining a titanium 
implant coated with sodium alginate (SA), PVA, and 
reinforced with bioactive ceramic nanohydroxyapatite (MCF-

7). 
 
 

2. EXPERIMENTAL PART 
 
2.1 Materials  
 

The SA powder, which is alginic acid sodium salt derived 
from brown algae, with a medium molecular weight and 
medium viscosity (Formula: (C6H8O6)n, was obtained from 
Sigma-Aldrich/USA. PVA, with a high molecular weight, 
high viscosity, and water solubility (Formula: [-
CH2CH(OH)-]n, was supplied by Alfa Aesar-Thermo Fisher 
Scientific/USA. The nano hydroxyapatite powder, consisting 
of particles with a size of 20nm and a needle-like shape, with 
a purity of 97.5%, was purchased from Shanghai Theorem 
Chemical Technology Co., Ltd., located in Shanghai, China. 
The raw material for the screw used in the study was pure 
titanium (99.8%). 

 
2.2 Preparation of titanium screw  

 
A pure titanium rod was used as the substrate, and the 

implant screw was fabricated by machining the titanium rod, 
as illustrated in Figure 1. The surface of the screw was 
chemically treated by immersion in a concentrated acidic 
solution to increase the roughness of the surface of the 
titanium screw and enhance its bioactivity within the human 
body. The samples were etched in 48% H2SO4 at 60℃ for one 
hour, washed in water, ultrasonically cleaned with acetone, 
70% ethanol, and distilled water, dried in air at room 
temperature, and kept sterile to prevent contamination. This 
process removes surface contamination and exposes the 
underlying material [16, 17]. 

 

 
 

Figure 1. Screw implant design 
 

 
 

Figure 2. Schematic diagram of the current coating process 
Note: produced by the authors themselves 
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Table 1. Composition of electrospinning solutions 
 

Sample Code Screw Base SA/PVA nHA 
A Ti - - 
B Ti 3:1 - 
C Ti 3:1 0.1 g 
D Ti 3:1 0.2 g 
E Ti 3:1 0.3 g 

Note: sodium alginate (SA); polyvinyl alcohol (PVA); nano-Hydroxyapatite 
(nHA) 

 
2.3 Preparation of electrospun nanofibre (coating) 

 
Both SA and PVA were diluted in 100 mL of distilled water 

in the amounts required to produce electrospinning solution 
concentrations of (2.5% w/v) as well as (5% w/v), 
respectively. For 6 hours, the solution was stirred at 1400 rpm 
using a magnetic stirrer. Powdered nHA was added to the 
mixture. Finally, 5 mL of the solution was poured into a 
syringe to make sure it was thoroughly mixed and bubble-free. 
Flow rate (1 mL/h), voltage (25 kV), and needle-holder 
distance (15 cm) were the conditions used for electrospinning. 
To guarantee that every rod received an electrospinning coat, 
the titanium was mounted in a holder. Bio-electrospinning 
equipment was used to carry out the electrospinning procedure 
[18-21]. Figure 2 is a schematic diagram of the current coating 
process.  

Table 1 illustrates the composition of the prepared samples. 
Figure 3 shows the coated and uncoated Ti implants. 

 

 
 

Figure 3. Titanium implants, A) sample A (uncoated), B-E) 
coated samples; B, C, D, and E 

 
2.4 Laboratory testing and characterisation 

 
2.4.1 Morphology assay 

Field emission scanning electron microscope (FESEM) 
equipment, model Inspect F50/FEI company, USA, was used 
to characterise the surface of a titanium screw coated with 
electrospinning film. Inspection conditions were 5 kV 
acceleration voltage and 35–70 kX as magnification. The 
average diameter was calculated via Image J software. 

 
2.4.2 Atomic Force Microscope 

The surface topography of the coated nanofibre on the 
titanium implant was characterised using the tapping mode of 
Atomic Force Microscope (AFM) (NaioAFM 2022, Nanosurf, 
Switzerland). In the non-contact mode, SPM images of the 
sample surface were taken from a distance of (0.1–10 nm). The 

arithmetic average of the values in the roughness profile was 
used to estimate roughness (Ra). WSxM 4.0 software was used 
to assess the AFM analysis. 

 
2.4.3 Miscibility assay  

An infrared spectrometer, Transform Infrared Spectroscopy 
(FTIR) was used to check each coating's bonding of the SA 
and PVA components. The test was carried out using an 
apparatus made by the Bruker Optics Corporation (Germany), 
type Tensor-27. The Titanium screw that was not coated was 
used as a reference. The specimen was put into the apparatus, 
and the test was run in the air at a normal temperature. This 
apparatus uses a KBr beam splitter and a mid-IR source with 
a wavelength of 4000 cm-1–400 cm-1. 

 
2.4.4 Hydrophilicity assay 

The contact angle was calculated to figure out and compare 
the coating's wettability. Using a contact angle measuring 
device (Crating Nano Technologies Inc., Model CAM120, 
Taiwan) and deionised water dropped onto the coated surface 
at 25℃, the wettability of the samples was evaluated. A 
monitoring program has been used in further testing on the 
digital screen to assess the contact angle. 
 
2.4.5 Cell viability assay 

In brief, the human cell MCF-7 were injected at 104 cells 
per 96-well tissue culture plate and maintained for 24 hours in 
100 l of DMEM/F12, which was achieved with 10% Fetal 
bovine serum FBS. After that, the MCF-7 cells were grown for 
24 hours in a brand-new serum culture media that included 
dilutions of the implants over time. The cells were then 
cultured for an additional 24 hours in the full medium before 
the media were replaced with 00 l of implants and 100 l of 
medium containing 0.5 mg/mL Medical Training Therapy 
(MTT) solution. After 24 hours, the medium was removed, 
100 l of DMSO was used to dissolve live cell-produced MTT 
formazan, and the absorbance 570 nm was measured using a 
microplate reader. The absorbance values from the control 
wells and the implant-treated wells were used to compute the 
cell viability % ([A] test and [A] control, respectively). The 
data are shown as the mean SD (n = 3) [22]. 

 
 

3. RESULTS AND DISCUSSION 
 

3.1 Morphology observation 
 
The surface morphology was investigated for coated and 

uncoated samples using FESEM images at a magnification of 
3 kX (see Figure 4). The uncoated screw implant displayed a 
smooth surface (Figure 4A), while the coated surfaces 
exhibited a rough texture (Figures 4(B, C, D, and E)). It was 
evident that all the coated samples possessed a complete 
coverage of nanofibres on their surfaces. Particularly, the 
SA/PVA coating displayed smooth, elongated fibres without 
any discontinuities or nodes (Figure 4B). The SA/PVA 
scaffolds demonstrated a porous structure with interconnected 
pores and uniform nanofibres that were randomly oriented, 
exhibiting an average diameter of 256.7 nm. Conversely, when 
nano nHA was incorporated, a distinct tangled network with 
nodes was observed (Figures 4(C, D, and E)). The addition of 
nHA resulted in a uniform distribution of nHA on the 
nanofibre surfaces without blocking the pores on the scaffold's 
surface [14, 23-26].  

 E D 

C B A 

211



 

FESEM images of the coated titanium screws (see Figure 5) 
were captured at two different magnifications (35 and 70 kX). 
The results shown in this figure are consistent with those 
shown in the preceding figure. The SA/PVA electrospun 
nanofibrous mats have no bead formations and a continuous, 
nonwoven structure with interconnected porous morphology. 
The neat SA/PVA blend gives more uniform nanofibers, a 
smooth and homogeneous surface, with an average diameter 
of 150 ± 50 nm, as in Figure 5(B1 and B2). It is related that 
the functional groups of alginates form hydrogen bonds with 
PVA, resulting in a more stable and defect-free nanofibre 
morphology [27]. 

Whereas it was noticed the aggregated mass within fibers 
was observed when incorporating nHA particles within the 
polymer blend matrix. As illustrated in (Figure 5(C2, D2, E2)), 
the inclusion of HA nanoparticles leads to a reduction in the 
average diameter of the nanofibres to 100 ± 50 nm, 85 ± 50 
nm, and 70 ± 40 nm for composite nanofibres (SA/PVA/0.1 
nHA, SA/PVA/0.2 nHA, SA/PVA/0.3 nHA), respectively. 
The surface of these fibres appears rougher compared to the 
neat polymer blend fibres (SA/PVA) due to the presence of 
HA nanoparticles. This nanofibres' roughness is expected to 
enhance surface wettability, facilitate bone cell barrier, and 
promote osteogenic differentiation [25].  

 

 
 

Figure 4. Field emission scanning electron microscope (FESEM) images of the (A) uncoated sample, and (B, C, D and E) coated 
samples at magnifications (3 kX) 

 

 
 

Figure 5. Field emission scanning electron microscope (FESEM) images of the coated samples (B, C, D, and E) at different 
magnifications (35 and 70 kX); sample B: Thicker and less tangled fibres with no beads, sample C: Shorter and highest tangled 

fibres, sample D: More uniform and continuous fibres with less tangles and beads 
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Also, cylindrical fibres with reduced tangles were observed 
for fibres electrospun from the SA/PVA blend (sample B). 
Whereas, in the case of fibres electrospun from the 
SA/PVA/nHA mixture, finer and shorter fibres were observed, 
indicating an increase in fibre fineness (sample C). Further 
increasing the nHA content led to finer and more uniform 
fibres, accompanied by the presence of spindle-shaped and 
round beads (sample D). An additional increase in nHA 
content resulted in the electrospinning of more uniform, finer, 
and continuous fibres, with reduced tangles and significantly 
fewer beads (sample E). These SEM observations provide 
evidence of improved fiber uniformity and a decreased 
presence of bead structures with increasing nHA content, 
demonstrating favorable electrospinning efficiency [27]. 

The thicker fibres observed in SA/PVA blends suggest the 
occurrence of intermolecular interactions between SA and 
PVA, likely through hydrogen bonding among the numerous 
hydroxyl and carboxyl groups of SA and PVA hydroxyl 
groups. The fibre-forming ability of these mixtures indicates 
that PVA chains not only entangle with each other but also 
interact with SA or enhance SA-PVA chain entanglement. The 
addition of hydroxyapatite to the blends increases hydrogen 
bonding and intermolecular attraction between HA-PVA and 
HA-SA, leading to a more entangled electrospinning process 
(sample C). However, with further increases in nHA content, 

a balance is achieved between fibre repulsion and attraction, 
resulting in the facile electrospinning of more uniform and 
finer fibres. 

The formation of certain noticeable agglomerates is 
attributed to the high surface energy of the nano-sized HA 
particles [28]. The successful modification and adhesion 
between the substrate and coating are evidenced by the 
complete coverage of the screw implant surface through 
electrospinning. Table 2 provides details of the fibre diameter 
and pore size, which were determined using the Image J 
program. The surface of the screw implant exhibits a range of 
membrane nanofibre diameters and pore sizes, with values 
ranging from 100 nm to 250 nm for diameter (100 ≤ D ≤ 250 
nm) and from 120 nm to 225 nm for pore size (120 ≤ P ≤ 225 
nm). 

 
Table 2. Fibre diameters and pore size of the scaffolds 

 
Sample Code Fibre Diameter 

(nm) 
Pore Size 

(nm) 
B 156.7 224.7 
C 111.5 190.8 
D 97.8 135.3 
E 75.4 123.7 

 

 

 
 

Figure 6. Pseudo colored 2D topography image by Atomic Force Microscope (AFM) analysis of uncoated and coated titanium 
implants (samples A, B, C, D, and E) 
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Figure 7. Atomic Force Microscope (AFM) of titanium implant and coated 
 
3.2 Atomic Force Microscope analysis  

 
AFM results involve the surface roughness and particle size 

analyses with related pseudo 2D topography images. 
 
3.2.1 Surface roughness 

Figure 6 depicts the 2D images of the uncoated and coated 
titanium implants (samples A, B, C, D, and E), while Table 3 
presents the height parameters used as indicators for surface 
roughness assessment. The main parameters considered are 

root mean square height (Sq), maximum height (Sz), and 
arithmetic mean height (Sa). The uncoated implant (sample A) 
exhibits a smooth surface, as clearly observed. However, after 
coating the surface with the long fibres of the SA/PVA blend 
(Figure 6B), the roughness increases by approximately 
1100%, consistent with the related SEM observation. The 
utilization of SA/PVA solution leads to the production of more 
uniform fibres without beads and thick fibrous mats [27]. 

Surface roughness of the coated sample increases by 
approximately 600% when nHA was incorporated within 
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polymer blends compared to the uncoated sample (sample C). 
Although the surface roughness of Pure SA/PVA (sample B) 
is higher than that of SA/PVA/nHA (sample C). It may be 
attributed to the average diameter reduction of the nanofibres 
resulting from the inclusion of HA nanoparticles. 

 
Table 3. Atomic Force Microscope (AFM) height parameters 

of electrospun titanium implants 
 

Sample 

Sq 
Root Mean 

Square Hight 
(nm) 

Sz 
Maximum 
Hight (nm) 

Sa 
Arithmetic 

Mean Height 
(nm) 

A 31.47 473.2 21.09 
B 336 2330 260.7 
C 204.7 2753 150.2 
D 281.8 1694 224.0 
E 258.2 1731 203.2 

 
Additionally, the increased intermolecular hydrogen 

bonding among HA-PVA and HA-SA (as discussed in the 
SEM observations) leads to enhanced fibre entanglement and 
improved material continuity on the surface, thereby reducing 
the surface roughness. 

Further addition of nHA (0.2 g nHA for sample D, and 0.3 
g nHA for sample E) makes electrostatic balance among 
fibres, resulting in finer fibres with reduced tangles and 
increased surface roughness compared to sample C (0.1 g 
nHA). Consequently, the surface roughness increases by only 
approximately 967% and 867% for samples D and E, 
respectively, when compared to the uncoated sample (sample 
A). 
 
3.2.2 Particle size analysis 

Figure 7 presents the histogram of particle size analysis 
along with the corresponding legend table for all samples (A, 
B, C, D, and E). It is important to note that in the context of 
coated surfaces, the term "particle" refers to the fibre diameter 
itself, as there are no actual particles present. 

For the uncoated sample (sample A), at a projected area of 
3761 nm, there are 213 small particles with a mean diameter 
of 42.40 nm. At a projected area of 74644 nm, there are only 
17 medium-sized particles with a mean diameter of 260.2 nm, 
and at a projected area of 1514309 nm, there are only 23 large-
sized particles with a mean diameter of 937.2 nm. This 
indicates that 84% of the surface particles are of similar size, 
and the mean diameter across all projected areas is 
approximately 138.4 nm. 

Sample B comprises particles with a mean diameter of 
53.05 nm, where approximately 92% of the particles fall into 
the small size category, while 8% belong to the medium and 
large size categories. The mean diameter for all projected areas 
is determined to be 162.3 nm. In the case of sample C, the 
mean diameter is 286.3 nm, with around 53% of the particles 
falling within the small size range and approximately 47% 
categorized as medium and large-sized. As for sample D, it has 
a mean diameter of 146.2 nm, with approximately 85% of the 
particles being small-sized and 15% being medium and large-
sized. 

Lastly, for sample E, approximately 77% of the particles are 
within the small size range (mean diameter of 42.33 nm), 
while about 33% refer to medium and large-sized particles, 
resulting in a mean diameter of 114.3 nm for all projected 
areas. Table 4 summarizes the mean particle sizes for the 
coated and uncoated samples. 

Table 4. Atomic Force Microscope (AFM) particle size 
analysis summary 

 
Sample Mean Diameter 

A 138.4 
B 162.3 
C 286.3 
D 146.2 
E 114.3 

 
It is evident that the mean diameter increases when the 

implant is coated with fibres via electrospinning. This size 
specifically refers to the fibre diameter. Sample C exhibits a 
higher mean diameter due to the AFM tip sensing both the 
fibre diameter and tangled regions, which increases the 
calculated size. Sample E demonstrates the smallest mean 
diameter, indicating the generation of finer fibres. These 
observations align with the SEM observations and are 
consistent with the provided explanations. 
 
3.3 Fourier Transform Infrared Spectroscopy analysis  

 
Figure 8 shows the FTIR spectra of all the coated implants. 

The uncoated implant (sample A) is chosen as the control 
sample, because the remaining samples were coated with the 
same ratio of SA/PVA. Peaks at similar regions are visible in 
the electrospun SA /PVA. Between 1500 and 3600 cm-1 
wavelengths are the defining bands for alginate. The stretching 
band of hydroxyl group O-H and the stretching of the C-H 
band are responsible for the peaks that appear at 3291 and 
2913 cm-1, respectively, whilst the C≡N group is responsible 
for that at 1088 cm-1. The carboxylate group is responsible for 
the significant peak at 1717 cm-1. A variation between peak 
intensity in the SA /PVA coating is seen at 1135 cm-1. The 
peaks 820, 901, 1316, 1418, 1629, 2962, and 3445 cm-1are in 
the C-C stretching band. These wavelengths appear in 
SA/PVA/nHA samples. Due to the presence of a polymer base 
(Alginate), the peak broadening of PO4 is visible around 900 -
1200 cm-1 [29]. Bending OH-groups appear at about 969–965 
cm-1. While the peaks from 1700-1550 cm-1correspond to the 
stretching of the carboxylic group COO- [30]. 
 

 
Figure 8. Fourier Transform Infrared Spectroscopy (FTIR) 

analysis of the coated samples B, C, D, and E 
 

3.4 Hydrophilicity assay 
 
Establishing osseointegration, which involves achieving a 

strong bond between the implant surface and the surrounding 
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bone, is a critical clinical objective in orthopedics for assessing 
the effectiveness of bone implants. Various surface 
modification techniques have been developed to enhance 
osseointegration. However, considering implant wettability as 
an important biological characteristic, it remains poorly 
understood due to insufficient findings by researchers [31]. 
The findings from the contact angle analysis are presented in 
Figure 9. The contact angle was measured at 25° for the 
SA/PVA-coated titanium screw (sample B), indicating a 
higher hydrophilicity. The contact angles increased to 30°, 
32°, and 35° with the incorporation of nHA into the SA/PVA-
coated screw (samples C, D, and E), respectively. This is 
attributed to the hydrophilic nature of hydroxyapatite, which 
contributed to maintaining the hydrophilic character of the 
coating rather than changing it. 
 

 
 

Figure 9. Contact angle for the coated samples 
 

The reported contact angles for the coated membranes are 
below 50°, indicating their exceptional hydrophilicity 
resulting from the hydrophilic properties of SA, PVA, and 
nHA. The low contact angles observed in all samples indicate 
their high hydrophilicity, making them highly suitable for cell 
adhesion. Consequently, gaining a better understanding of the 
wetting mechanisms of implant surfaces is increasingly 
important. 
 
3.5 Cell viability assay 
 

It is necessary to evaluate the biocompatibility and 
cytotoxicity of any tissue engineering implants. In this study, 
the cell viability assay for SA/PVA/nHA electrospun-coated 
titanium implants was investigated to ensure osseointegration. 
The viability of the MCF-7 cell line was examined using the 
MTT assay at 24, 48, and 72 hours, as depicted in Figure 10. 
The graph presents the MTT results for a coated implant. In 
comparison to the uncoated sample A, which consistently 
exhibited high levels of cell viability across all time points. 
 

 
 

Figure 10. Cell viability of implants 

Excellent biocompatibility was shown by samples B, C, D, 
and E when cell viability over time increased. The findings 
suggest that all screw implants, including the scaffolds, have 
the potential to promote osseointegration and are suitable for 
orthopedic implant applications. Notably, there were no 
discernible differences in cell viability between the coated 
samples and the control group in the MTT experiment. 
Additionally, it can be concluded that all implants showed 
favorable cell adherence based on assessments of cell 
development and cell concentration [32, 33]. 
 
 
4. CONCLUSIONS 
 

In conclusion, the use of surface coatings shows promise in 
improving the performance of orthopedic implants and 
reducing the risk of complications. Despite substantial 
developments in orthopedic implant technology, designing 
titanium implants with the best early osseointegration remains 
a challenge. The electrospinning process has been used to 
successfully create stable coating precipitation on titanium 
rods, and the SA/PVA/nHA synthesized using the 
electrospinning process, and titanium implants are satisfactory 
candidates for orthopedic implants with enhanced 
osseointegration. The findings show that by modifying the 
coating on the titanium implant, a hydrophilic and 
nanostructured surface can be produced, which could promote 
cell viability. The fibrillar structure has the potential to 
increase the biocompatibility of titanium implants. Analysis of 
the morphology and coating stability has revealed remarkably 
stable coatings. The results from in vitro assays have 
demonstrated that cells seeded on coated implants display 
higher cell adhesion, proliferation, and surface 
cytocompatibility. This concept could prove highly effective 
when applied to the fields of antibacterial dentistry and 
orthopaedics. 
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