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ABSTRACT 

Background:Titanium has long been the preferred material for oral rehabilitation due to its 

excellent mechanical properties and biocompatibility. However, despite its widespread clinical success, 

implant failures remain a significant concern, primarily due to peri-implant diseases. Studies indicate that 

over 56% of implants experience complications over time, highlighting the need for improved materials 

or treatment strategies. While surface modifications to enhance osseointegration by creating bioactive 

surfaces have shown promise, there remains a need to improve the antimicrobial properties of implant 

materials. This study explores a novel approach of coating platinum onto the titanium nanotube arrays 

leveraging its inherent antimicrobial properties, to enhance both biological performance and corrosion 

resistance. 

Materials and Methods:Titanium surfaces were anodized to fabricate platinum-doped TNA on 

titanium alloys, aimed at promoting bioactivity and improving osseointegration. Platinum, known for its 

antimicrobial and antioxidant properties, was sputtered onto the nanotubes to further support healing and 

reduce microbial colonization. Surface morphology was analyzed using scanning electron 

microscopy (SEM), and electrochemical tests were conducted to assess corrosion resistance. 

Biomineralization potential was evaluated by immersing the samples in Dulbecco's Modified Eagle Medium 

(DMEM) with fetal bovine serum (FBS) for seven days. ATR-IR spectroscopy was used to confirm 

the formation of biomimetic structures. 

Results:SEM images revealed uniformly aligned platinum-doped nanotubes with partial coverage by 

platinum nanospheres. Corrosion resistance tests demonstrated enhanced stability of the 

platinum-coated TNA. Immersion studies showed a flower-like biomimetic morphology resembling 

water lettuce, confirmed by ATR-IR spectroscopy to be formed by proteins and calcium phosphate 

molecules. 

Conclusion:In conclusion, platinum-coated titanium nanotube arrays (TNA) enhance antimicrobial 

properties and corrosion resistance, improving implant performance. This innovative approach offers 

potential for reduced microbial colonization and better osseointegration, providing a promising solution to 

reduce implant failures and improve long-term outcomes in oral rehabilitation. Further clinical research is 

needed. 
 

                Keywords: Titanium Nanotube, Platinum, Corrosion Resistance,Periimplant Diseases

 

INTRODUCTION 

Titanium has become the cornerstone material for 

 

oral rehabilitation due to its remarkable 

biocompatibility, mechanical strength, and corrosion 

resistance. Its widespread application in dental and 
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orthopedic implants has been driven by its ability to 

integrate with bone tissue effectively, a process 

termed osseointegration. Despite these advantages, 

the long-term success of titanium implants is often 

compromised by peri-implant diseases, which 

include peri-implant mucositis and peri-implantitis. 

These conditions, characterized by inflammation and 

bone loss, remain a significant challenge in 

implantology.
1
Addressing this issue necessitates 

innovative approaches to enhance both the 

bioactivity and antimicrobial properties of implant 

surfaces. 

Surface modification techniques, such as anodization 

techniques have been extensively studied to improve 

osseointegration Anodized titanium nanotube arrays 

(TNA) have garnered considerable interest due to 

their unique ability to mimic natural bone structure 

and provide a favorable environment for cell 

attachment and proliferation.
2
 These nanostructures 

not only promote osteogenesis but also offer 

opportunities for incorporating antibacterial agents, 

addressing a critical limitation of conventional 

titanium implants. 

Recent advancements have focused on incorporating 

antimicrobial elements such as silver, zinc, and 

copper into titanium nanotube arrays (TNA) to 

prevent bacterial colonization.
3,4

 However, these 

materials often present challenges, including 

cytotoxicity and limited long-term efficacy.
5
Unlike 

silver-based coatings, which raise concerns over 

bacterial resistance, platinum (Pt) offers a unique 

antibacterial mechanism that does not rely on ion 

release. Platinum, a noble metal known for its 

biocompatibility, antimicrobial properties, and 

antioxidant activity, has emerged as a promising 

candidate for implant surface modification. Its 

catalytic activity promotes the generation of reactive 

oxygen species (ROS), such as superoxide radicals 

and hydrogen peroxide, which induce oxidative 

stress in bacterial cells, damaging essential 

biomolecules and leading to cell death.Furthermore, 

Pt-coated surfaces modify surface charge and 

wettability, reducing bacterial adhesion and biofilm 

formation.
6
 These attributes make Pt an ideal choice 

for next-generation implant coatings, ensuring long- 

lasting antibacterial efficacy without concerns over 

ion release or cytotoxicity. 

The present study investigates a novel approach of 

doping TNA with platinum to develop a 

multifunctional implant surface. By combining the 

osteogenic potential of TNA with the antimicrobial 

efficacy of platinum, this strategy aims to address the 

dual challenges of bacterial infections and peri- 

implant diseases. The incorporation of platinum 

through sputtering not only enhances antimicrobial 

properties but also improves corrosion resistance, a 

critical factor for the longevity of titanium implants 

in the oral environment. 

To assess the effectiveness of this approach, 

platinum-doped TNA surfaces were analyzed using 

scanning electron microscopy (SEM) to examine 

surface morphology and subjected to electrochemical 

testing to evaluate corrosion resistance. 

Biomineralization studies were conducted by 

immersing the samples in Dulbecco's Modified Eagle 

Medium (DMEM) with fetal bovine serum (FBS), 

providing insights into their bioactivity. Additionally, 

ATR-IR spectroscopy was used to confirm the 

formation of biomimetic structures.This study builds 

upon previous research demonstrating the potential 

of nanostructured titanium surfaces for enhanced 

osseointegration, while addressing the critical need 

for antimicrobial functionality.
7
 By harnessing the 

unique properties of platinum, this surface 

modification presents a promising strategy to reduce 

implant failures and enhance the clinical success of 

titanium-based oral rehabilitation. Further 

investigations could lead to the development of next- 

generation implant materials with improved 

biological integration, mechanical performance, and 

long-term durability. 

 

MATERIALS AND METHODS 

Sample Preparation 

A 2 mm thick commercially pure titanium (Cp-Ti) 

sheet was obtained from M/s Uniforce Engineers, 

Chennai, India. The sheet was mechanically cut into 

15 mm × 20 mm × 2 mm samples. To prepare the 

surface for electrochemical anodization, the samples 

were ground using silicon carbide paper with varying 

grit sizes. Ultrasonic cleaning was then performed 

using acetone and double-distilled water to remove 

surface contaminants. Following a previously 

reported method, the cleaned samples were etched 

using Kroll’s reagent (a mixture of 7.5 mL water, 1.5 

mL concentrated sulfuric acid, and 1.5 mL 

hydrofluoric acid) for 10 seconds. The etched 

samples were then rinsed thoroughly with double- 

distilled water and left to air-dry at room temperature 

before further processing.
8
 

Electrochemical anodization was performed at room 

temperature using an electrolyte solution of 0.5 M 

sodium fluoride and 1 M orthophosphoric acid. A 

cleaned Cp-Ti sample functioned as the anode, while 

platinum served as the cathode in a two-electrode 

electrochemical setup. The process was conducted 
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under a constant voltage of 30 V for 90 minutes to 

facilitate nanotube formation.Following anodization, 

the sample was rinsed thoroughly with double- 

distilled water and air-dried at room temperature. To 

improve nanotube stability, the samples were 

sintered at 400°C for 3 hours, enabling the formation 

of the anatase phase. Finally, a thin platinum layer 

was sputtered onto the TNA surface for 45 seconds at 

20 mA using a JEC-3000FC Auto Fine Coater.
9
 

The surface topography of the platinum-sputtered 

TNA (Pt-TNA) samples was analyzed using a 

scanning electron microscope (SEM, JOEL-JSM- 

IT800), equipped with energy-dispersive X-ray 

spectroscopy (EDS, Oxford Instruments) for 

elemental composition analysis.
10

 Additionally, the 

functional groups present on the Pt-TNA surfaces 

were identified using Attenuated Total Reflectance- 

Infrared Spectroscopy (ATR-IR, Spectrum 

Two).Electrochemical corrosion behavior was 

assessed using electrochemical impedance 

spectroscopy (EIS) and potentiodynamic polarization 

analyses, conducted on a CHI 730E electrochemical 

workstation. A three-electrode electrochemical setup 

was used, consisting of a saturated calomel electrode 

(SCE) as the reference electrode, a graphite rod as 

the counter electrode, and the sample as the working 

electrode. Corrosion studies were performed in 

simulated body fluid (SBF) solution, following our 

previous methodology . To stabilize the open circuit 

potential (OCP), the sample was immersed in SBF 

for 1 hour before testing. 

For EIS analysis, a 10 mV sinusoidal voltage was 

applied within a frequency range of 0.01 Hz to 100 

kHz, with results represented using Nyquist and 

Bode plots. Data fitting and equivalent circuit 

modeling were conducted using ZSimpwin software 

(Princeton Applied Research, USA). 

Potentiodynamic polarization studies were performed 

over a ±250 mV potential range, recorded against 

SCE at a scan rate of 1 mV/s. The corrosion potential 

(Ecorr) and corrosion current density (icorr) were 

derived from the polarization curves, with the Stern- 

Geary equation used to calculate the corrosion 

current density.
11

 

 

RESULTS 

The surface topography and elemental constituents of 

TNA and Pt-TNA are provided in Figure 1. The 

anodized surface exhibits consistently aligned 

vertical nanotubes. At higher magnification, the 

nanotubes appear to fuse together, forming a uniform 

structure. The resulting The EDX profile of TNA 

(Figure 1b) confirms the presence of Ti, O, and P. 

The incorporation of phosphate ions in the nanotubes 

is beneficial for the bone mineralization process. In 

contrast, Pt-TNTA (Figure 1c) displays a uniform 

distribution of platinum deposits on the TNA surface. 

The rim of the nanotubes remains visible, with partial 

coverage of sputtered Pt (Figure 1d). Despite Pt 

deposition, the nanotubular structures retain their 

integrity, indicating that the sputtering process does 

not significantly alter their morphology.
2
 

 

Figure 1. Surface Morphology and Elemental 

Analysis of Titanium Nanotubes and Platinum 

Sputtered Titanium Nanotubes 
 

 
Figure 2. FTIR Analysis of Surface Modifications 
Before and After Immersion 

The FTIR spectrum presented in the image compares 

the material before and after immersion in a specific 

solution. The x-axis represents the wavenumber 

(cm⁻¹), indicating the vibrational frequencies of 

molecular bonds, while the y-axis represents the 

percentage  transmittance,  showing  how  much 
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infrared light passes through the sample. Before 

immersion, the pink curve appears relatively 

featureless, suggesting a minimal presence of 

functional groups absorbing IR radiation. However, 

after immersion, the blue curve exhibits significant 

peaks, particularly in the range of 1600 cm⁻¹ to 1000 

cm⁻¹.
13

 These peaks likely correspond to phosphate 

(PO₄³⁻) or carbonate (CO₃²⁻) groups, which are 

commonly associated with biomineralization. The 

observed spectral changes indicate surface 

modifications or the deposition of biomolecules and 

minerals after immersion. This suggests that the 

material undergoes chemical transformations, 

potentially forming a bioactive or mineralized layer, 

which could be beneficial for biomedical applications 

such as bone integration or bio-coatings. 
 

 

Figure 3. Polarization curves for Bare Titanium, 
Titanium Nanotube and Platinum Nanotube 

The polarization curves in the image illustrate the 

electrochemical behavior and corrosion resistance of 

three different surfaces: bare (black), TNA (red), and 

Pt-TNA (blue). The bare surface exhibits the most 

negative corrosion potential (E_corr) and the highest 

corrosion current density (i_corr), indicating greater 

susceptibility to corrosion. In contrast, the TNA and 

Pt-TNTA curves shift towards more positive 

potentials, demonstrating enhanced corrosion 

resistance due to the formation of a protective 

nanotubular oxide layer. The Pt-TNA surface shows 

the lowest i_corr, signifying the best corrosion 

protection among the three. The shift in the anodic 

branch of the Pt-TNA curve further suggests 

improved electrochemical stability, likely due to the 

catalytic and passivating effects of platinum. Overall, 

the results indicate that TNA enhances corrosion 

resistance compared to bare titanium, while Pt-TNA 

provides the highest level of protection, making it a 

promising   material   for   biomedical   and 

electrochemical applications.
14

 
 

Figure 4. Electrochemical impedance spectroscopy 

(EIS) analysis of BARE, TNTA, and PT-TNTA 

samples: (a) Nyquist plot, (b) Bode phase angle plot, 

and (c) Bode magnitude plot. 

Figure 4 presents three electrochemical impedance 

spectroscopy (EIS) plots—(a) Nyquist, (b) Bode 

phase, and (c) Bode magnitude—comparing the 

electrochemical behavior of BARE (black squares), 

TNA (red circles), and PT-TNA (blue triangles) 

samples. The Nyquist plot (a) depicts the real (Z′) 

and imaginary (Z′′) impedance components, showing 

the highest impedance for PT-TNA, followed by 

BARE and TNA, indicating increased charge transfer 

resistance and improved corrosion resistance. The 

Bode phase plot (b) illustrates the phase angle versus 

frequency, with PT-TNA exhibiting the highest peak 

phase angle, suggesting enhanced capacitive 

behavior. The Bode magnitude plot (c) demonstrates 

impedance variation across frequencies, where PT- 

TNA maintains the highest impedance at low 

frequencies, indicating superior barrier properties. 

Overall, the PT-TNA modification enhances 

electrochemical performance, likely improving 

corrosion resistance and surface stability.
15

 
 

Figure  5.  SEM  Image  of  Pt-TNA   Surface 

Morphology After 7 Days of Immersion in DMEM 
and FBS Solution 
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The Figure 5 illustrates a SEM micrograph of Pt- 

TNTA after immersion for 7 days in DMEM and 

FBS solution, captured at 1000× magnification with 

a 10 µm scale bar. The image reveals nanoplatelet- 

like apatite structures that have merged to form a 

distinct flower-like morphology. This hierarchical 

architecture suggests the progressive precipitation of 

calcium phosphate compounds, along with amino 

acids and proteins, resulting in structurally ordered 

apatite formation. The incorporation of phosphate 

within the nanotubes facilitated strong conjugation 

with calcium ions from the DMEM and FBS 

solution, leading to the development of biologically 

active apatite complexes integrated with amino acids 

and proteins. This surface transformation indicates 

enhanced bioactivity, potentially beneficial for 

biomedical applications.
16 

DISCUSSION 

The proposed platinum-doped titanium nanotube 

array (TNA) structure offers adaptive features crucial 

for enhancing cell interactions with implant 

materials. Its vertically aligned nanotube topography 

provides a significantly larger surface area compared 

to flat titanium surfaces, a feature that has been 

shown to address limitations of current clinical 

implants.
17

 This enhanced surface area creates 

additional sites for cell interaction, particularly at the 

extracellular matrix level, and may mimic the pore 

size of natural bone, which is essential for bone cell 

response.
18,19

 Moreover, the bioactive layer formed 

by inward growth TiO₂ nanotubes demonstrates 

improved adherence to the titanium metal, addressing 

challenges associated with weak interfacial bonding 

observed  in  existing  ceramic  coatings.
20,21

 

The increased surface energy of these nanostructures 

promotes interactions with proteins like vitronectin 

and fibronectin, which are critical for specific cell 

adhesion and improved osseointegration.
22,23

 

Additionally, the platinum coating not only enhances 

the biomineralization potential but also provides 

antimicrobial and antioxidant properties, further 

supporting the healing process and reducing 

microbial colonization. Yu et al. 
24

 demonstrated that 

anatase TNA optimally supports cell adhesion, 

proliferation, and differentiation while reducing 

inflammatory responses.
25

 In addition to the above 

TNA-modified implant surface, we have sputtered it 

with a noble metal such as platinum. 

Hence, this study presents compelling evidence in 

favor of using platinum as a monometallic coating 

for implants, in contrast to conventional bimetallic or 

alloy-based coatings. 

 Platinum, as a noble metal, possesses unique 

chemical and electrochemical properties that 

contribute to its superior biocompatibility, corrosion 

resistance, and antibacterial potential. One of the key 

advantages of platinum is its exceptional chemical 

inertness, which prevents undesirable interactions 

with biological tissues and bodily fluids, ensuring 

long-term stability and reducing the risk of adverse 

immune responses. This property is shared among 

noble metals such as gold and silver, but platinum’s 

superior corrosion resistance further enhances its 

suitability for biomedical applications.
26

 Unlike other 

metals, platinum does not readily oxidize or degrade, 

even in aggressive physiological environments, 

thereby maintaining the structural integrity of the 

implant over extended periods.
27,28

 

Electrochemically, a monometallic platinum coating 

eliminates the presence of a galvanic pair, thereby 

preventing the preferential oxidation of a more 

reactive metal. While bimetallic coatings can 

facilitate controlled ion release, they also introduce 

the risk of accelerated degradation of the less noble 

component due to galvanic coupling.
29,30

 

This effect is particularly pronounced in silver-based 

systems, where the presence of platinum enhances 

silver ion release, improving antibacterial efficacy 

but potentially shortening implant longevity.
31

 By 

utilizing pure platinum, these degradation risks are 

avoided while maintaining its inherent antibacterial 

properties and biocompatibility. Additionally, 

concerns regarding unintended inflammatory 

reactions or unpredictable biological responses from 

alloying elements are minimized. 

Although bimetallic nanoparticles and coatings have 

garnered interest for their synergistic antibacterial 

effects, the potential for bacterial resistance to 

monometallic nanoparticles—especially silver— 

remains a concern. While Ag-Pt and Au-Pt bimetallic 

systems have demonstrated improved antimicrobial 

performance, monometallic platinum coatings offer a 

stable, long-term alternative without the 

complications of silver ion release or the risk of 

bacterial resistance development.
32

 

Furthermore, platinum coatings eliminate 

uncertainties related to compositional variations and 

structural inconsistencies, which can influence the 

biological response of bimetallic systems.
33,34

 While 

the present study demonstrates the potential of 

platinum-coated titanium nanotube arrays (TNA) as 

surface  modification  in  improving  antimicrobial 

19
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properties and corrosion resistance, limitations 

include the need for long-term clinical validation and 

potential cost implications. Future research should 

explore the biological interactions of platinum 

coatings over extended periods and optimize 

deposition techniques for uniform coverage. 

Additionally, in vivo studies are essential to confirm 

the long-term stability, osseointegration efficiency, 

and resistance to peri-implant diseases in real-world 

applications. 

CONCLUSION 
In conclusion, platinum-coated titanium nanotube 

arrays (TNA) surface modification shows significant 

promise for enhancing both antimicrobial properties 

and corrosion resistance, addressing key challenges 

in oral implantology. The incorporation of platinum 

improves the biological performance of titanium 

implants, offering potential for reduced microbial 

colonization and enhanced osseointegration. The 

findings suggest that platinum-coated TNA could 

provide a viable solution to reduce implant failures 

and improve long-term outcomes in oral 

rehabilitation, warranting  further  research  and 

clinical exploration. 

 

Declarations 

Acknowledgments 

We would like to express our sincere gratitude to Dr. 

Saranya for her valuable contribution in conducting 

the analysis of the article. 

Funding 

Self Funded 

Conflict of Interest 

The author declares that he has no conflict 

Ethical Approval 

Not Applicable 

Informed Consent 

Not Applicable 

 

 

 

 

1. Derks J, Schaller D, Håkansson J, Wennström JL, 

Tomasi C, Berglundh T. Effectiveness of implant 
therapy analyzed in a Swedish population: 
prevalence of peri-implantitis. Journal of dental 
research.2016;95(1):43-9. 

doi:10.1177/0022034515608832. 

2. Kulkarni M, Mazare A, Gongadze E, Perutkova Ń, 

Kralj-Iglič V, Milońev I, Schmuki P, Iglič A, Mozetič 

M. Titanium nanostructures for biomedical 
applications. Nanotechnology. 2015;26(6):062002. 
doi:10.1088/0957-4484/26/6/062002. 

3. Wang W, Liu H, Guo Z, Hu Z, Wang K, Leng Y, 

Yuan C, Li Z, Ge X. Various antibacterial strategies 

utilizing titanium dioxide nanotubes prepared via 

electrochemical anodization biofabrication method. 

Biomimetics.2024;9(7):408. 

doi:10.3390/biomimetics9070408. 

4. Johnston HJ, Hutchison G, Christensen FM, Peters 

S, Hankin S, Stone V. A review of the in vivo and in 

vitro toxicity of silver and gold particulates: particle 

attributes and biological mechanisms responsible for 

the observed toxicity. Critical reviews in toxicology. 

2010;40(4):328-46. 

doi:10.3109/10408440903453074. 

5. Gunes S, He Z, van Acken D, Malone R, Cullen PJ, 

Curtin JF. Platinum nanoparticles inhibit intracellular 

ROS generation and protect against cold atmospheric 

plasma-induced cytotoxicity. Nanomedicine: 

Nanotechnology, Biology and Medicine. 

2021;36:102436. doi:10.1016/j.nano.2021.102436. 

6. Czerwińska-Główka D, Przystaś W, Zabłocka- 

Godlewska E, Student S, Cwalina B, Łapkowski M, 

Krukiewicz K. Bacterial surface colonization of 

sputter-coated platinum films. Materials. 

2020;13(12):2674. doi:10.3390/ma13122674. 

7. Salou L, Hoornaert A, Louarn G, Layrolle P. 

Enhanced osseointegration of titanium implants with 

nanostructured surfaces: an experimental study in 

rabbits. Acta biomaterialia. 2015;11:494-502. 

doi:10.1016/j.actbio.2014.09.033. 

8. Gammon LM, Briggs RD, Packard JM, Batson 

KW, Boyer R, Domby CW. Metallography and 
microstructures of titanium and its alloys. ASM 
International. 1992. 

9. Zielinski A. Recent developments of 

electrodeposition coating. Coatings. 2021;11(2):142. 

doi:10.3390/coatings11020142. 

10. Gaggl A, Schultes G, Müller WD, Kärcher H. 

Scanning electron microscopical analysis of laser- 

20



Yathin Reddy Putta, Nidhita Suresh, Kaarthikeyan Gurumoorthy.Platinum-Coated Titanium Nanotubes- 

Enhancing the Corrosion Resistance and Biomineralization. Bulletin of Stomatology and Maxillofacial Surgery. 

2025;21(3):15-22. doi: 10.58240/1829006X-2025.3-15 

Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 21 № 3 
 

 

treated titanium implant surfaces: a comparative 

study. Biomaterials. 2000;21(10):1067-73. 

doi:10.1016/s0142-9612(00)00002-8. 

11. Mohan L, Kar S, Nandhini B, Kumar SSD, Nagai 

M, Santra TS. Formation of nanostructures on 

magnesium alloy by anodization for potential 

biomedical applications. Materials  Today 

Communications.2020;25:101403. 

doi:10.1016/j.mtcomm.2020.101403. 

12. Li D, Yang L, Deng H, Li T, Zhang Z. Optimized 

titanium dioxide nanotubes for dental implants: 

estimation of mechanical properties and effects on 

the biological behaviors of human gingival 

fibroblasts and oral bacteria. Journal of the 

Mechanical Behavior of Biomedical Materials. 

2023;144:105988.doi:10.1016/j.jmbbm.2023.105988. 

13. Rehman I, Bonfield W. Characterization of 

hydroxyapatite and carbonated apatite by photo 

acoustic FTIR spectroscopy. Journal of Materials 

Science: Materials in Medicine. 1997;8(1):1-4. 

doi:10.1023/A:1018570807901. 

14. Bezkosty P, Długoń E, Sowa M, Nizioł J, Jeleń P, 

Marchewka J, Błażewicz M, Sitarz M. Corrosion 

resistance and electrical conductivity of hybrid 

coatings obtained from polysiloxane and carbon 

nanotubes by electrophoretic co-deposition. 

International Journal of Molecular Sciences. 

2022;23(5):2897. doi:10.3390/ijms23052897. 

15. Kuphasuk C, Oshida Y, Andres CJ, Hovijitra ST, 

Barco MT, Brown DT. Electrochemical corrosion of 

titanium and titanium-based alloys. Journal of 

ProstheticDentistry.2001;85(2):195-202. 

doi:10.1067/mpr.2001.112850. 

16. Edanami N, Takenaka S, Ibn Belal RS, Yoshiba 

K, Takahara S, Yoshiba N, Ohkura N, Noiri Y. In 

vivo assessment of the apatite-forming ability of 

new-generation hydraulic calcium silicate cements 

using a rat subcutaneous implantation model. Journal 

of Functional Biomaterials. 2023;14(4):213. 

doi:10.3390/jfb14040213. 

17. Oh S, Brammer KS, Moon KS, Bae JM, Jin S. 

Influence of sterilization methods on cell behavior 

and functionality of osteoblasts cultured on TiO2 

nanotubes. Materials Science and Engineering: C. 

2011;31(5):873-879.doi:10.1016/j.msec.2011.02.003. 

18. Puleo D, Nanci A. Understanding and controlling 

the bone–implant interface. Biomaterials. 

1999;20(23-24):2311-2321.doi:10.1016/S0142- 

9612(99)00160-X. 

19. Suresh N, Gurumoorthy K. Nanoscale 

modification of titanium implant surfaces: titanium 

nanotubes and their recent advances. Dental Cadmos. 

2024;92(7):542-551. 

doi:10.19256/d.cadmos.07.2024.04. 

20. Lindahl C, Engqvist H, Xia W. Influence of 

surface treatments on the bioactivity of Ti. ISRN 

Biomaterials.2013:13.doi:10.1155/2013/205601. 

21. Zhou H, Lee J.  Nanoscale hydroxyapatite 

particles  for  bone tissue engineering. Acta 
Biomaterialia.2011;7(7):2769-2781. 
doi:10.1016/j.actbio.2011.03.019. 

22. Sakamoto N, Saito N, Han X, Ohashi S, Sato M. 

Spatial gradient influence in fluid shear stress on 

morphological changes in endothelial cells in 

response to low stress. Biochemical and Biophysical 

Research Communications. 2010;395(2):264-269. 

doi:10.1016/j.bbrc.2010.04.002. 

23. Bigerelle M, Anselme K. Statistical correlation 

between cell adhesion and proliferation on 

biocompatible metallic materials. Journal of 

Biomedical Materials Research. 2004;72A(1):36-46. 

doi:10.1002/jbm.a.30212. 

24. Yu W, Jiang X, Zhang F, Xu L. The effect of 

anatase TiO2 nanotube layers on MC3T3-E1 

preosteoblast adhesion, proliferation, and 

differentiation. Journal of Biomedical Materials 

Research Part A. 2010;94:1001-1332. 

doi:10.1002/jbm.a.32687. 

25. Zhang L, Webster TJ. Nanotechnology and 

nanomaterials: promises for improved tissue 
regeneration. Nano Today. 2009;4:66-80. 
doi:10.1016/j.nantod.2008.10.014. 

26. Bai L, Gong C, Chen X, Sun Y, Zhang J, Cai L, 

Zhu S, Xie SQ. Additive manufacturing of 

customized metallic orthopedic implants: materials, 

structures, and surface modifications. Metals. 

2019;9(9):1004. doi:10.3390/met9091004. 

27. Suska F, Svensson S, Johansson A, Emanuelsson 

L, Karlholm H, Ohrlander M, Thomsen P. In vivo 

evaluation of noble metal coatings. Journal of 

Biomedical Materials Research Part B: Applied 

Biomaterials.2010;92(1):86-94. 

doi:10.1002/jbm.b.31515. 

28. Svensson S, Suska F, Emanuelsson L, Palmquist 

A, Norlindh B, Trobos M, Bäckros H, Persson L, 

Rydja G, Ohrlander M, Lyvén B. Osseointegration of 

titanium with an antimicrobial nanostructured noble 

metal  coating.  Nanomedicine:  Nanotechnology, 

21



Yathin Reddy Putta, Nidhita Suresh, Kaarthikeyan Gurumoorthy.Platinum-Coated Titanium Nanotubes- 

Enhancing the Corrosion Resistance and Biomineralization. Bulletin of Stomatology and Maxillofacial Surgery. 

2025;21(3):15-22. doi: 10.58240/1829006X-2025.3-15 

Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 21 № 3 
 

 

Biology and Medicine. 2013;9(7):1048-1056. 
doi:10.1016/j.nano.2013.04.001. 

29. Dowling DP, Betts AJ, Pope C, McConnell ML, 

Eloy R, Arnaud MN. Anti-bacterial silver coatings 

exhibiting enhanced activity through the addition of 

platinum. Surface and Coatings Technology. 

2003;163:637-640.doi:10.1016/S0257- 

8972(02)00736-2. 

30. Betts AJ, Dowling DP, McConnell ML, Pope C. 

The influence of platinum on the performance of 

silver–platinum anti-bacterial coatings. Materials & 

Design.2005;26(3):217-222. 

doi:10.1016/j.matdes.2004.06.013. 

31. Ryu HS, Bae IH, Lee KG, Hwang HS, Lee KH, 

Koh JT, Cho JH. Antibacterial effect of silver- 

platinum coating for orthodontic appliances. The 

AngleOrthodontist.2012;82(1):151-157. 

doi:10.2319/031011-167.1. 

32. Das P, Karankar VS. New avenues of controlling 

microbial infections through antimicrobial and anti- 

biofilm potentials of green mono- and multi-metallic 

nanoparticles: a review. Journal of Microbiological 

Methods.2019;167:105766. 

doi:10.1016/j.mimet.2019.105766. 

33. Boomi P, Prabu HG, Mathiyarasu J. Synthesis, 

characterization, and antibacterial activity of 

polyaniline/Pt–Pd nanocomposite. European Journal 

of Medicinal Chemistry. 2014;72:18-25. 

doi:10.1016/j.ejmech.2013.11.037. 

34. Cai T, Fang G, Tian X, Yin JJ, Chen C, Ge C. 

Optimization of antibacterial efficacy of noble-metal- 

based core–shell nanostructures and effect of natural 

organic matter. ACS Nano. 2019;13(11):12694-702. 

doi:10.1021/acsnano.9b05135. 

 

22




