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PAPER

Fabrication of TiO2 Nanoparticle Coating 
on Stainless Steel 316L and Its Assessment 
for Orthopaedic Applications

ABSTRACT
The study aims to investigate the efficacy of titanium dioxide (TiO2) nanoparticle coating 
on stainless steel 316L (SS 316L) orthopaedic implants to enhance their biocompatibility, 
osseointegration, and durability. The TiO2 nanoparticles were synthesized via the hydrother-
mal method and extensively characterized for composition, crystallinity, and morphology using 
techniques such as X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), 
and scanning electron microscopy (SEM) with energy dispersive X-ray analysis (EDX), corrob-
orated by elemental mapping. SEM and XRD analyses revealed the synthesized nanoparticles 
have a spherical shape and an average size of approximately 23 nanometres. The synthesized 
TiO2 nanoparticles were uniformly coated on SS 316L substrates using the spin coating tech-
nique, as confirmed by SEM images. Cell viability of the synthesized TiO2 nanoparticles, as well 
as uncoated and TiO2 nanoparticle-coated SS 316L substrates, was evaluated using the MTT 
(3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide) assay against the NIH-3T3 
mouse embryonic fibroblast cell line. The results demonstrated that the TiO2 nanoparticle-coated 
SS 316L substrate showed a significant increase of 22.87% in cell viability as compared to the 
uncoated SS 316L substrate. A ball-on-disc tribometer was employed to assess wear and friction 
resistance at various speeds, viz., 150 rpm, 300 rpm, and 450 rpm, under 30N load conditions 
for five minutes. The results collectively indicate a substantial improvement in the performance 
of TiO2 nanoparticle-coated SS 316L substrates for orthopaedic applications.

KEYWORDS
nanoparticles, titanium dioxide, stainless steel, orthopaedic implants, biocompatibility, 
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1	 INTRODUCTION

Orthopaedic implants represent a cornerstone of modern medical technol-
ogy, providing invaluable support in restoring mobility and alleviating pain for 
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individuals grappling with musculoskeletal disorders, including osteoarthritis, frac-
tures, and joint degeneration. These implants serve as essential tools for enhanc-
ing both function and quality of life for patients worldwide [1]. In the realm of 
orthopaedic implant metals, stainless steel has long been used for its exceptional 
mechanical strength, corrosion resistance, durability, and cost-effectiveness. 
However, despite their widespread use, stainless steel implants are not without 
their challenges [2]. Some of the major drawbacks include poor wear resistance, a 
low fatigue strength, low osseointegration rate, high stress shielding, and a higher 
elastic modulus. Biocompatibility issues often arise, posing significant hurdles that 
can lead to complications such as inflammation, implant loosening, and ultimately 
implant failure [3]. Also, the long-term implications of stainless steel (SS 316L) are 
that it is susceptible to chemical and biological reactions, resulting in the release 
of metal ions that can accumulate around the implant and induce inflammation. 
Addressing these challenges is paramount to ensuring the long-term success and 
efficacy of orthopaedic interventions. Recognizing the need for innovative solu-
tions, researchers have turned to surface modifications as a promising avenue for 
improving the performance of stainless-steel implants [4]. Various surface modi-
fication techniques, viz., surface coating, plasma spraying, physical and chemical 
vapour deposition, ion implantation, surface roughening, functionalization, and 
biomimetic coatings, have been extensively used to enhance their performance and 
durability. Among these modifications, nanoparticle coatings have garnered consid-
erable attention for their unique ability to tailor surface properties and interactions 
with biological tissues. In the last few decades, nanoparticles have attracted atten-
tion for their potential as coating materials for biomedical applications. Among all 
the nanomaterials, metal, metal oxide, composite and ceramic nanomaterials have 
shown great promise for their antimicrobial efficiency, biocompatibility, mechan-
ical strength, wear resistance and corrosion resistance. The selection of nanopar-
ticles to be coated depends on the desired functionality. Numerous investigations 
have demonstrated the exceptional antimicrobial properties of silver nanoparti-
cles (Ag NPs), which efficiently eradicate bacteria, thus mitigating infection and 
inflammation. Copper oxide nanoparticles (CuO NPs) have been examined for their 
potential in anticancer therapy and treatment. Zinc oxide nanoparticles (ZnO NPs) 
have exhibited notable antibacterial efficacy and biocompatibility. Combinations of 
titanium dioxide (TiO2) and zinc oxide (ZnO) in nanocomposites have demonstrated 
antibacterial effects against Escherichia coli. Magnesium oxide (MgO) nanoparticles 
have exhibited enhanced mechanical strength and biocompatibility. Coatings com-
prising silver-magnesium oxide (Ag-MgO) nanocomposites on stainless steel 316 
substrates have exhibited superior antibacterial efficacy, biocompatibility, corro-
sion resistance, and reduced rates of wear and frictional resistance. In particular, 
titanium dioxide (TiO2) nanoparticles have emerged as a frontrunner in this field, 
offering a suite of desirable characteristics that make them well-suited for coat-
ing orthopaedic implants [5]. TiO2 nanoparticles possess good tensile strength, high 
fatigue strength, a low wear rate, and reduced stress shielding. TiO2 nanoparticles 
have excellent biocompatibility, rendering them compatible with biological systems 
and minimizing adverse reactions within the body. Additionally, these nanopar-
ticles exhibit antimicrobial properties, which are particularly crucial in the con-
text of orthopaedic surgery, where the risk of infection is a significant concern [6]. 
Moreover, TiO2 nanoparticles demonstrate osseoconductivity, facilitating the process 
of osseointegration of an implant [7]. By incorporating TiO2 nanoparticles, ortho-
paedic implants made from SS 316L can offer a combination of biocompatibility, 
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antibacterial properties, corrosion resistance, and bioactivity, thereby improving 
patient outcomes and expanding the range of applications in orthopaedic surgery 
[8]. Through precise modulation of surface characteristics, TiO2 nanoparticle coat-
ings have the potential to foster improved tissue integration, reduce the risk of com-
plications, and ultimately extend the lifespan of orthopaedic implants [9].

Though there are few studies on the antibacterial efficiency of TiO2 nanopar-
ticles. Our work presents a new perspective within the field of nanoparticle coat-
ing on implant surfaces as we studied the efficiency of TiO2 nanoparticle coating 
on SS 316L substrate for their biocompatibility, wear resistance and, durability 
offering a novel approach that differentiates it from existing research in the field. 
In the present study, we synthesised TiO2 nanoparticles using the hydrother-
mal method and characterised them using various characterization techniques. 
Further, the synthesised TiO2 nanoparticles were coated on the surface of the SS 
316L substrate using the spin coating technique. Our study focuses on charac-
terizing and evaluating the properties of TiO2 nanoparticles, including biocom-
patibility, mechanical integrity, wear rate and frictional resistance. We aimed to 
comprehensively study these aspects to assess the suitability of TiO2 nanoparti-
cles for various applications, particularly in enhancing the performance of ortho-
paedic implants. The MTT “3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium 
bromide” assay was used to evaluate the cell viability against the NIH-3T3 
mouse embryonic fibroblast cell line to ensure the safety of the TiO2 nanopar-
ticle coating for clinical use. The ball-on-disc method were utilized to deter-
mine the wear rate and frictional resistance of TiO2 nanoparticle coating on 
SS 316L substrate at various speeds (150 rpm, 300 rpm, and 450 rpm) under  
30N load conditions.

2	 MATERIALS AND METHODS

2.1	 Materials

The TiO2 powder and KOH solvent were purchased from Sigma Aldrich. These 
chemicals were utilized as received without additional purification.

2.2	 Preparation of TiO2 nanoparticles

Prepare a titanium precursor solution by dissolving titania powder in 100 ml 
of distilled water. Next, dissolve potassium hydroxide (KOH) in another 100 ml of 
distilled water to form a reducing agent solution. Combine both solutions dropwise 
while stirring continuously at 500 rpm until complete dissolution is achieved. The 
reaction mixture was maintained at 50 °C under continuous stirring at 1100 rpm 
for 24 hours to facilitate the growth of TiO2 nanoparticles. White precipitates were 
obtained with the passage of time. The beaker was allowed to stand overnight. 
Subsequently, remove the supernatant, filter the nanoparticles, and wash them 
thoroughly using a combination of ethanol and distilled water. Repeat this wash-
ing process to ensure the purity of the nanoparticles. Finally, dry the purified TiO2 
nanoparticle suspension at 75 °C to obtain a dry powder form. This powder can then 
be subjected to calcination at 600 °C for three hours to obtain the desired crystalline 
TiO2 nanoparticles [10].
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Fig. 1. Synthesis of TiO2 nanoparticles

2.3	 Fabrication of SS 316L samples

Stainless steel 316L samples were purchased from Jindal Stainless Hisar Ltd. and 
used as the substrate for coating. The SS 316L substrate was cut into square sheets 
measuring 20 × 20 × 1 mm³. To eliminate surface imperfections, the substrate sheets 
were polished using an aluminium slurry, followed by acetone cleaning to remove 
any remaining surface contaminants, and then rinsed with deionized water to elim-
inate residual impurities. The samples were then air-dried at 70 °C for 18 hours.

2.4	 Physiological and morphological characterization techniques

The characterization of synthesised TiO2 nanoparticles and their coating on stain-
less steel 316L substrates involves a comprehensive assessment of their physico-
chemical properties. This includes examining surface morphology and chemical 
composition using scanning electron microscopy (SEM FESEM: JEOL, JSM 7610FPlus, 
Japan). Additionally, X-ray diffraction (XRD: Rigaku Ultima IV system, USA) was uti-
lized to determine the crystalline structure of the coated nanoparticles. Composition 
and functional group information were acquired using a FTIR (Perkin Elmer, USA), 
which provides information about the composition and functional group present. 
The wear rate and friction coefficient were analyzed using a ball-on-disc universal 
tribometer (DUCOM TR-20 LE).

2.5	 Fabrication of TiO2 nanoparticles using spin coating

The spin coating technique was employed to achieve a uniform TiO2 nanoparticle 
coating on the SS 316L substrate. Initially, a suspension of TiO2 nanoparticles was 
prepared by dispersing 10 milligrams of nanoparticles in 100 ml of distilled water, 
followed by 24 hours of magnetic stirring for thorough dispersion. Subsequently, 
the suspension underwent one hour of sonication at room temperature to prevent 
nanoparticle clustering. Prior to coating, the surface of the SS 316L substrate under-
went a chemical etching using a solution of nitric acid and hydrogen peroxide (70:30) 
to enhance adhesion and promote uniform coating deposition. After etching, the 
substrate was rinsed with distilled water to remove any residual etchant and then 
dried thoroughly. The spin coating process comprised three key steps: suspension 
deposition, spin coating, and drying. Firstly, a flat SS 316L substrate was mounted 
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onto a spindle, and a liquid nanoparticle solution was dispensed onto its centre using 
a syringe. The SS 316L substrate was then spun centrifugally at 400 rpm, facilitating 
uniform spreading of the liquid across the surface. Excess material was expelled from 
the rotating substrate’s edge, ensuring an even coating. Finally, the substrate was left 
to air dry at 150 °C for two hours to remove solvent residue from its surface [11], [12].

2.6	 Cell viability

An MTT assay was utilized to evaluate the in vitro cytotoxicity of TiO2 nanopar-
ticles and both uncoated and coated SS 316L substrates using NIH-3T3 mouse 
embryonic fibroblast cells. The cells were cultured in DMEM supplemented with 
10% FBS and 100 U/ml antibiotic solution, maintained at 37 °C with 5% CO2. Cells 
(1 × 10^6 cells per well) were seeded into P24 microliter plates and exposed to 
varying concentrations of TiO2 nanoparticles (100–200 µg/ml) for 48 hours. After 
incubation, MTT solution (0.5 mg/ml) was added to each well, and cells were fur-
ther incubated for approximately four hours. The resulting formazan crystals were 
dissolved in DMSO, and absorbance was measured at 570 nm using a microplate 
reader. Positive control (untreated cells) and negative control (wells without cells) 
were included. The same procedure was applied to assess cell viability on uncoated 
and TiO2 nanoparticle-coated SS 316L substrates. Relative cell viability was calcu-
lated using the provided formulas [13], [14], [15]. All the experiments were per-
formed in triplets.

	 Cell viability (%) = (OD Sample/OD Control) × 100%	 (1)

2.7	 Wear rate and coefficient of friction

The wear as well as friction parameters of both untreated and TiO2 nanoparticle 
coated SS 316L samples were examined using a ball-on-disc tribometer setup. The 
uncoated and coated SS 316L substrates were joined to various cylindrical SS 316L 
pieces using metal-to-metal adhesive. The experiments were conducted according to 
ASTM G99 standards, with rotation speeds of 150 rpm, 300 rpm, and 450 rpm and a 
constant normal load of 30 N applied for five minutes at room temperature. Before 
each experiment, thorough cleaning of the ball-on-disc surfaces was performed 
using ethanol to ensure the removal of any debris or contaminants. The controller 
was calibrated by setting the values of the LVDT and load cell to zero. During the 
experiments, both the wear rate and frictional force on the pin were continuously 
monitored and measured using a linear variable differential transformer and a load 
cell sensor, respectively [16]. All the experiments were performed in triplets.

3	 RESULT AND DISCUSSION

3.1	 XRD (X-Ray Diffraction) analysis

The synthesized TiO2 nanoparticles underwent X-ray diffraction spectroscopy 
analysis. XRD is an essential method for studying crystalline structures as it reveals 
details about the arrangement of atoms within crystals, lattice parameters, and the 
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size of crystalline domains. Figure 2 illustrates the XRD analysis, revealing diffrac-
tion peaks at specific angles: 25.26°, 27.45°, 36.25°, 37.77°, 39.02°, 41.37°, 44.03°, 
47.94°, 54.05°, 56.56°, 62.66°, 64.06°, 69.07°, and 69.85°. These peaks correspond to 
crystallographic planes 101, 110, 103, 004, 200, 111, 210, 200, 105, 220, 002, 310, 310, 
and 112, respectively, indicating a tetragonal rutile TiO2 polymorph crystal structure 
in accordance with DB Card Number 9001681. Scherrer’s formula was utilized to 
determine the average crystalline size of the nanoparticles.

	 D = βcos(θ)/Kλ	 (2)

Where, D is the average crystallite size, K is the Scherrer constant (typically 
around 0.9), λ is the wavelength of the X-ray radiation (1.5406 Å), β is the full width 
at half maximum (FWHM) of the diffraction peak (in radians), and θ is the Bragg 
angle. The average crystalline size of the synthesized TiO2 nanoparticles was deter-
mined to be 28 nm [13], [14].
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Fig. 2. XRD spectra of TiO2 nanoparticles

3.2	 Fourier Transform Infrared Spectroscopy

The FTIR spectrum of the synthesized TiO2 revealed a transmittance pattern 
spanning from 4000 cm−1 to 500 cm−1. Through FTIR spectroscopic analysis, the TiO2 
nanoparticles was examined for potential organic functional groups present in the 
sample. The observed peaks as depicted in Figure 3 were located at specific fre-
quencies: 3423.05 cm−1, 1634.74 cm−1, 1396.94 cm−1, 1085.72 cm−1, 811.21 cm−1, and 
622.09 cm−1, corresponding to OH group, C–H stretching and bending, C = O stretch-
ing, C–O vibration, C–N stretching group, respectively. Additionally, the absorp-
tion peak within the range of 600 cm−1 corresponds to the Ti-O stretching modes 
[13], [14].
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Fig. 3. FTIR spectra of TiO2 nanoparticles

3.3	 Scanning electron microscopy analysis

Figure 4 shows the SEM images of the surface morphology of synthesized TiO2 
nanoparticles on coated and uncoated substrate. In SEM micrographs, as depicted 
in Figure 4a, the morphology of TiO2 nanoparticles (NPs) reveals the presence of 
agglomerated, spherical-shaped particles, uniformly distributed. Figure 4b shows 
a histogram of the size distribution of TiO2 nanoparticles, which confirmed the 
mean size of the nanoparticles to be 23 nm. Figure 4c shows the SEM images of the 
uncoated SS 316L substrate. Figure 4d depicts micrographs of the surface of the TiO2 
nanoparticle coating on the SS 316L substrate, which clearly shows the uniform and 
dense TiO2 nanoparticle coating over the SS 316L substrate [11], [13].

TiO
2
 NPs coated on stainless

steel 316L substrate

c) d)

Stainless steel 316L

Uncoated substrate

a)

TiO
2
 NPs

b)

Fig. 4. SEM images of TiO2 nanoparticles (a), histogram of size distribution of TiO2 nanoparticles (b), stainless 
steel 316L uncoated substrate (c), and TiO2 nanoparticles coated stainless steel 316L substrate (d)
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3.4	 Energy disperse X-ray analysis

Energy-dispersive X-ray spectroscopy (EDX) is a powerful analytical technique 
used to determine the elemental composition of materials. EDX results confirm 
the presence and quantify the amounts of titanium, carbon, oxygen, chromium, 
nickel, iron and gold, oxygen, and iron elements within the TiO2 nanoparticle 
coating on the SS 316L substrate. This information is crucial for assessing the 
quality and composition of the coated material.

a)

c)

b)

Fig. 5. Energy disperse X-Ray of TiO2 nanoparticles (a), stainless steel 316L uncoated substrate (b), 
and TiO2 nanoparticles coated stainless steel 316L substrate (c)

The EDX spectrum shown in Figure 5 confirms the presence of TiO2 nanoparticles 
(a), uncoated SS 316L substrate (b), and TiO2 nanoparticles coated SS 316L sub-
strate. TiO2 nanoparticles reveal the presence of titanium (32.8%), carbon (28.3%), 
oxygen (33.1%), and gold (5.8%) elements. The uncoated SS 316L substrate shows 
the presence of iron (56.0%), carbon (5.8%), oxygen (1.8%), chromium (13.0%), 
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nickel (7.8%) and gold (15.7%). TiO2 nanoparticles coated with SS 316L substrate are 
presence of iron (34.5%), carbon (4.4%), oxygen (20.5%), chromium (7.9%), nickel 
(4.3%), titanium (17.8%), and gold (10.6%) elements. The spectrum provides clear 
weight percentage data for all elements, confirming the successful coating of TiO2 
nanoparticles onto the substrate [16].

3.5	 Element mapping

The element mapping results refer to the spatial distribution of different chem-
ical elements within a sample. This technique is often utilized in conjunction with 
SEM to visualize the distribution of elements across the surface of a material. 
The resulting data generates a visual representation of the distribution of elements, 
typically displayed as a color-coded map overlaid onto an image of the sample. Each 
colour represents a different element, and the intensity of the colour corresponds to 
the concentration of that element at a particular location.

Fig. 6. Element mapping of TiO2 nanoparticles (a), all present elements (b), Carbon (c), Nitrogen (d), Oxygen (e), 
Titanium (f), and Gold (g)

Element mapping results provide insights into the spatial distribution of car-
bon, oxygen, titanium, chromium, iron, nickel, and gold elements within the TiO2 
nanoparticles. Coating on the SS 316L substrate. Detailed maps illustrating the com-
position and concentration of specific elements in different regions of the sample are 
shown in Figure 6. The element mapping of TiO2 nanoparticles (a), all elements pres-
ent in sample (b), Carbon (c), Nitrogen (d), Oxygen (e), Titanium (f), and Gold (g) [16].
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Fig. 7. Element mapping of TiO2 nanoparticles coated stainless steel 316L (a), all present elements (b), 
Carbon (c), Oxygen (d), Titanium (e), Chromium (f), Iron (g), Nickel (h), and Gold (i)

3.6	 Viability studies

The MTT test was performed to evaluate the in vitro cytotoxicity of TiO2 nanopar-
ticles, their coating on SS 316L substrates, and uncoated SS 316L substrates against 
NIH-3T3 mouse embryonic fibroblast cells. The cell viability graph (see Figure 8) 
illustrates the relative viability of cells compared to the control (untreated cells) 
sample for TiO2 nanoparticles, uncoated SS 316L substrate, and TiO2 nanoparticles 
coated SS 316L substrate.

0

20

40

60

80

100

120

Control Uncoated stainless

steel 316L

TiO
2
 NPs TiO

2
 NPs coated

stainless steel (SS 316L)

100

53.81

84.36 76.68

Ce
ll 

vi
ab

ili
ty

 (%
)

Concentration (ug/ml)
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The viability of fibroblasts serves as an indicator of the toxicity level of the sub-
strate-cell interaction, with higher viability suggesting a less toxic interaction. Cell sur-
vival is dependent on attachment, influenced by substrate surface properties such as 
texture, charge, and rigidity. TiO2 nanoparticles have been widely recognized for their 
excellent biocompatibility, meaning they are well-tolerated by living organisms without 
eliciting adverse reactions. When applied as a coating to the stainless-steel substrate, TiO2 
nanoparticles create a surface that is more conducive to cell adhesion and proliferation. 
The texture of TiO2 nanoparticles coated on SS316L substrate provides anchor points 
for cell attachment, while surface charge facilitates adhesion by promoting interactions 
with cell membrane receptors. Furthermore, the increased rigidity of TiO2 nanoparti-
cles coated on the SS 316L substrate influences cellular behaviour, with substrates of 
optimal stiffness supporting cell spreading and proliferation. These characteristics con-
tribute to enhanced cell attachment and improved viability across various biomedical 
applications. The results revealed that the relative viability of uncoated SS 316L sub-
strate was 53.81%, whereas for substrate coated with TiO2 nanoparticles, it was 76.68%, 
and for TiO2 nanoparticles alone, it was 84.36%. Remarkably, there was a significant 
increase of 22.87% in the relative viability of TiO2 nanoparticle-coated SS 316L substrate 
compared to the uncoated SS 316L substrate. These findings indicate that TiO2 nanopar-
ticle coating exhibits superior cell viability compared to the uncoated SS 316L substrate. 
The enhanced cell viability observed on TiO2 nanoparticle-coated SS 316L substrates 
indicated the absence of toxic degradation products and minimized the adverse effects 
on cellular health and viability, allowing for better cell survival and proliferation, high-
lighting their potential as coating materials for orthopaedic applications [13], [14], [15].

3.7	 Wear testing

Wear testing involves analysing the durability and resistance of materials sub-
jected to frictional forces and mechanical stress. The wear rate of the uncoated and 
TiO2 nanoparticle-coated stainless steel substrates was evaluated using a ball-on-disc 
tribometer test.
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The wear rate, expressed as the total height loss per unit sliding time, serves as 
a key metric for assessing the performance of materials under sliding conditions. 
The obtained wear rates provided valuable insights into the wear behaviour of the 
nanoparticle-coated and uncoated stainless-steel substrates. A lower wear rate indi-
cated reduced material loss and improved wear resistance. The wear (in micrometres) 
of uncoated SS 316L substrate, and TiO2 nanoparticle-coated stainless steel 316L sub-
strate at 150 rpm, 300 rpm and 450 rpm under 30 N load conditions for five minutes is 
shown in Figure 9. The values of maximum wear for uncoated SS 316L substrate were 
found to be 283.92 µm, 280.19 µm, and 326.53 µm, while for TiO2 nanoparticle-coated 
SS 316L substrate, the maximum wear values were 107.46 µm, 135.73 µm, and 
221.09 µm at rotating speeds of 150 rpm, 300 rpm and 450 rpm, respectively. The 
lowest value of maximum wear obtained is 107.46 µm for coated substrate under 
30N load conditions at 150 rpm. The results clearly indicate that the maximum wear 
of the TiO2 nanoparticle-coated substrate is lower compared to the uncoated substrate 
under various speed and load conditions within the same time period. This suggests 
that the coating significantly reduces the wear rate, minimizing material loss and sur-
face damage, and enhancing overall durability for orthopaedic applications. [15], [16]. 
The coefficient of friction (COF), which quantifies the amount of resistance to motion, 
provides information about the tribological properties of materials, including their 
resistance to wear and their ability to withstand frictional forces.
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The COF was measured as the ratio of the frictional force to the normal force act-
ing between the surfaces. A low coefficient of friction is highly favoured as it reduces 
the chances of micromotion, implant displacement and eventual implant failure. By 
diminishing frictional forces, the implant becomes more resistant to movement or 
loosening within the bone or surrounding tissue, thereby guaranteeing prolonged 
stability and durability. Figure 10 illustrates the values of COF for uncoated and TiO2 
nanoparticle-coated SS 316L substrate measured at 150 rpm, 300 rpm, and 450 rpm 
under 30 N load conditions for five minutes. The COF of uncoated SS 316L substrate 
was found to be 0.273, 0.385 and 0.409, whereas the COF of TiO2 nanoparticle-coated 
SS 316L was 0.269, 0.358 and 0.397. Lower COF values of TiO2 nanoparticles coated 
on SS 316L substrate at 150 rpm under 30 N load conditions indicate reduced fric-
tion compared to other samples. The improved mechanical properties exhibited by 
the TiO2 nanoparticle-coated substrate in comparison to its uncoated counterpart 
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stem from several significant factors. Firstly, the incorporation of TiO2 nanoparticles 
enhances surface integrity by augmenting hardness, thereby effectively mitigating 
deformation and wear. This augmented hardness contributes to the formation of 
a protective layer, thereby bolstering durability. Additionally, the presence of TiO2 
nanoparticles mitigates friction between sliding surfaces, consequently reducing 
abrasive wear. Also, TiO2 nanoparticles also demonstrate better lubricating charac-
teristics, further ameliorating wear and surface damage [16], [17], [18]. A compar-
ison between present work and previously reported work is provided in Table 1.

Table 1. Comparison table between figures of merits

Material  
Used

Antimicrobial Activity 
(Z.O.I)

E. Coli & S. Aureus

Cytotoxicity 
(MTT Test)

Wear 
(Speed & Load)

Corrosion 
(Current & Potential)

Present  
work 

TiO2 
nanoparticle 
coating on  
SS316L

– MTT assay of cell 
viability control 
SS 316L: 53.81% 
and TiO2 Coated NCs 
SS 316L: 76.68% 

The values of maximum 
wear for uncoated 
SS 316L substrate were 
found to be 283.92 µm, 
280.19 µm, and 326.53 µm 
while for TiO2 nanoparticles 
coated SS 316L substrate the 
maximum wear values were 
107.46 µm, 135.73 µm, and 
221.09 µm at rotating 
speeds of 150 rpm, 300 rpm 
and, 450 rpm respectively.

–

Ref. [19] Ag-MgO NCs 
surface coating 
on SS 316L

E. coli (+ve 
control-28 mm, Ag-MgO 
NCs 37 mm & coated SS 
316L Ag-MgO NCs 34 mm, 
+ve control-26 mm), 
and S. aureus (+ve 
control-23 mm, Ag-MgO 
NCs 32 mm & coated SS 
316L Ag-MgO NCs 33 mm, 
+ve control-21 mm)

MTT assay of cell 
viability control 
SS 316L: 55.15% 
and Ag-MgO 
Coated NCs SS 
316L: 84.26%

Control SS 316L [(Speed-
200,350 & 500 rpm), 
(Wear-257.36, 299.53, & 
343.84), (Load-30N)], and 
Coated Ag-MgO NCs SS 
316L [(Speed-200,350 & 
500 rpm), (Wear-120.08, 
152.38, & 240.36), 
(Load-30N)]. 

Control SS 316L (Icorr: 0.03356 uA,  
Ecorr: -0.13150 V), and 
Coated Ag NPs SS 316L 
(Icorr: 0.02479 uA, Ecorr: -0.03933), 
Coated MgO NPs SS 316L 
(Icorr: 0.12640 uA, Ecorr: 0.00970), 
Coated Ag-MgO NCs SS 316L 
(Icorr: 0.02433 uA, Ecorr: -0.11999)

Ref. [20] Silver 
nanoparticle 
coating on SS

Over the time period of 
24 hours, an Ag-coated 
SS sample showed a 
13-fold reduction in 
bacteria (P. aeruginosa) 
compared to 
uncoated SS.

3 day sample 
mean = 0.0199; 
3 day control 
mean = 0.01867; 
7 day sample 
mean = 0.0222; 
7 day control 
mean = 0.0233.

– –

Ref. [21] Ag 
nanocomposite 
coatings 
on 316L SS, 
a-C and a-C

– – 19.60 m3/cycles for 
a-C1 wear rate and Ag 
NCs coatings for a-C: 
C2 (Ag content 2.97), 
-12.62 m3/cycles, and 
C3 (Ag content 4.46) 
0.002 m3 per cycle, C4 (Ag 
content 5.47) 6.12 m3 per 
cycle, C5 (Ag content 8.37) 
16.92 m3 per cycle.

Uncoated 316L SS 
Ecorr: -340 mV, Icorr: 10.30 μA/cm2, 
C1 Ecorr: -275 mV,  
Icorr: 2.64 μA/cm2,  
C2 Ecorr: -234 mV,  
Icorr: 0.94 μA/cm2, C3 Ecorr: -160 mV,  
Icorr: 0.63 μA/cm2, 
C4 Ecorr: -147 mV, Icorr: 0.04 μA/cm2, 
C5 Ecorr: -193 mV, Icorr: 0.48 μA/cm2 

(Continued)
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Table 1. Comparison table between figures of merits (Continued)

Material  
Used

Antimicrobial Activity 
(Z.O.I)

E. Coli & S. Aureus

Cytotoxicity 
(MTT Test)

Wear 
(Speed & Load)

Corrosion 
(Current & Potential)

Ref. [22] Graphene/
zinc oxide 
nanocomposite 

– Cell viability of 
GZNC = 80%

– –

Ref. [23] Ni-SiC NCs 
coated 
on SS 316L

– – When compared to 
an uncoated SS 316L 
substrate, the wear rate 
is reduced by 34% with 
Ni-SiC NCs coating.

When compared to an uncoated 
SS 316L substrate, the wear rate 
is reduced by 34% with Ni-SiC 
NCs coating. 

Ref. [24] Ag nanorods 
incorporated 
CaSiO3 powder

Zone of inhibition 
(ZOI): E. coli bacteria 
Ag-CaSiO3 = 1.5 cm, 
Ag nanorods = 2.6 cm,  
and S. aureus  
Ag-CaSiO3 = 1.2 cm,  
Ag nanorods = 2.8 cm

– – –

On the basis of comparison table, it is quite clear that the present study has major 
potential in terms of orthopaedic implant.

4	 CONCLUSION

In this study, TiO2 nanoparticles were coated on SS 316L substrates through the 
spin coating technique and evaluated for their potential to be used as orthopaedic 
implant coatings. Various characterization techniques, such as X-ray diffraction, 
Fourier transform infrared spectroscopy, and scanning electron microscopy with 
energy dispersive X-ray analysis, were used to confirm the composition, crystallinity, 
and morphology of the synthesised TiO2 nanoparticles and their coating on the SS 
316L substrate. The SEM and XRD results confirmed the synthesised TiO2 nanoparti-
cles have a spherical shape and an average size of approximately 23 nanometres. SEM 
images verified the uniformity and morphology of the TiO2 nanoparticle-coatings on 
the surface of the SS 316L substrate. Cell viability studies of TiO2 nanoparticle-coated 
SS 316L substrate against embryonic fibroblast cell lines were carried out using the 
MTT assay and compared to the control, TiO2 nanoparticles, uncoated with SS 316L 
substrate. The results indicate a significant improvement (22.87%) in the cell via-
bility of the TiO2 nanoparticle-coated substrate compared to the uncoated SS 316L 
substrate. Furthermore, the wear and friction resistance of the uncoated and TiO2 
nanoparticle-coated SS 316L substrate were assessed using the ball-on-disc tribom-
eter method at various speeds, viz., 150 rpm, 300 rpm and 450 rpm, under 30N load 
conditions for five minutes. A lower wear rate and friction resistance with respect 
to uncoated SS 316L substrates were measured for all the speeds, which testify to 
better wear protection of the TiO2 nanoparticle-coated SS 316L substrates compared 
to the uncoated one. The findings suggest that the coated substrates hold promise for 
enhancing the suitability of TiO2 nanoparticle coating on implants for orthopaedic 
applications, addressing critical concerns such as biocompatibility, cell viability, tis-
sue integration and implant longevity. Further research is needed to investigate the 
long-term implications and in vivo performance of the TiO2 nanoparticle-coating on 
the SS 316L orthopaedic implant for clinical use.
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