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Abstract
Background

The use of surface coatings to enhance the properties lacking in titanium has attracted significant focus in
recent times. Hafnium nitride (HfN) coatings could be explored as promising in the osteoinductive
properties of titanium implants. HfN exhibits excellent mechanical attributes, such as hardness and wear
resistance, and is often used as a coating on high-end equipment for protection. The findings from this
research may carve a new path for the production and optimization of HfN coatings to enhance the longevity
and augment properties of implant materials. Thus, the present study was orchestrated to elucidate the
surface morphology of HfN coating, ultimately contributing to the advancement of dental implant
biomaterials.

Materials and methods

A total of twenty samples of medical grade commercially pure titanium screws (2 mm diameter and 7 mm
length) were procured from G. R. Bioure Surgical System Pvt. Ltd., Ravali, Uttar Pradesh, India, and ten
samples were reacted with HfN (0.1 M) (Nano Research Elements, Kurukshetra, Haryana, India) in 100%
ethanol and stirred continuously for about 48 hours. Then these screw samples were immersed in the
prepared colloidal suspension and sintered for two hours at 400 degrees centigrade. The implant screws were
affixed onto metal supports. The magnifications for photomicrographs at x30, x200, x1,500, x3,000, and
x5,000 were standardized. Elementary semi-quantitative analysis of both dental implants was conducted
using energy-dispersive X-ray spectrometry (EDX) coupled with the field emission scanning electron
microscope (FE-SEM) equipment (JEOL Ltd., Akishima, Tokyo, Japan). The software used for the analysis of
the obtained images is SEM Center.

Results

The surface analysis using the scanning electron microscope (SEM) showed the coating of HfN over titanium
screws. The difference in surface morphology of both the group of implant screws can be visualized under
40.0 and 10.0 mm working distance (WD) for both groups. The surface analysis using the EDX of uncoated
titanium screws shows five elements in the spectrum: titanium (Ti), oxygen (O), aluminum (Al), carbon (C),
and vanadium (V). The EDX of the HfN-coated screws has two additional metals dispersed in the spectrum,
hafnium (Hf). The element characteristics are tabulated with their apparent concentration, k ratio, line type,
weight percentage, standard label, and factory label for uncoated titanium screws and HfN-coated titanium
SCrews.

Conclusion

The study evaluated HfN coating over medical grade commercially pure titanium. The surface topography of
coated versus uncoated was visualized. The scanning electron microscope (SEM) images showed a
homogenous coating over the titanium surfaces, and the EDX showed elemental dispersion of the coated
implant. The study aims to provide a comprehensive understanding of the coating's surface morphology,
which will aid in the development of more durable and biocompatible implants. This thereby provides a
promising scope for further research of this novel metal coating for use in the biomedical sectors,
specifically for dental implants.

Categories: Dentistry
Keywords: uncoated, titanium implants, surface topography, field emission-scanning electron microscope, hafnium
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Introduction

Over decades, titanium has been one of the most commonly used prosthetic biomaterials [1]. Often
considered the gold standard, titanium has its own disadvantages in terms of cost, stress shielding,
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radiographic imaging, potential for corrosion, etc. [2]. These challenges led to the idea of surface coatings
over titanium to improve the mechanical, biological, and physical properties of titanium alloy [3]. Surface
coatings have been widely researched in recent times to alleviate problems associated with titanium
implants [4,5].

The use of surface coatings to enhance the properties lacking in titanium has attracted significant focus in
recent times. The properties it aims to improve are corrosion resistance, biocompatibility enhancement,
osseointegration promotion, reduced wear and friction, anti-bacterial properties, and improved imaging
[6,7]. Overall, surface coatings over titanium implants offer a versatile approach to enhance their
performance and address specific challenges associated with implantology, ultimately improving patient
outcomes.

The periodic table element, hafnium, falls into the same period, similar to standard titanium. Belonging to
period 6 on the periodic table, hafnium has been researched as an alloy combination or coating in various in
vitro scenarios [8-10]. Hafnium is also similar to titanium in its behavior with osseous tissues [8,9]. This
hafnium metal coating of commercially available titanium implants has proven to show some superior
properties to titanium with in vitro studies and soft tissue [11-13]. Hafnium nitride (HfN) coatings could be
explored as promising in the osteoinductive properties of titanium implants [4, 14-16].

HIN exhibits mechanical attributes such as hardness and wear resistance and is used as a coating on high-
end equipment for protection [17,18]. However, there is a lack of literature on this novel coating HfN,
requiring basic to advanced evaluations of their surface topography and other properties favorable for dental
implantology [15]. The findings from this research may carve a new path for the production and optimization
of HfN coatings to enhance the longevity and augment properties of implant materials.

This research carries significant weight for the development of a new coating, HfN, over titanium screws. By
comprehensively evaluating the surface topography of HfN-coated titanium screws, this study aims to
advance our understanding of protective coating technologies for biomedical applications. Our investigation
aims to elucidate the surface morphology of HfN coating, ultimately contributing to the advancement of
dental implant biomaterials.

Materials And Methods

The design of the current original research was executed in the White Lab, Research Cell, in the university
set-up of Saveetha Dental College, India, after approval from the Institutional Review Board for research,
with allocated project number SRB/SDC/UG-1701/23/PROSTHO/016. A total of twenty samples of
commercially pure titanium screws (2 mm diameter and 7 mm length) were procured from G. R. Biocure
Surgical System Pvt. Ltd., Ravali, Uttar Pradesh, India. Ten samples were reacted with HfN powder (Nano
Research Elements, Kurukshetra, Haryana, India), 0.1 M in 100% ethanol, and stirred continuously for about
48 hours. Then these screw samples were immersed in the prepared colloidal solution and sintered for two
hours at 400 degrees centigrade [19]. The coated screw thus obtained was used as the test group, and
uncoated titanium screws were used as the control group (Figure /a and Figure D).

a b

FIGURE 1: The coated and uncoated titanium screw samples

a: Hafnium nitride (HfN)-coated titanium screws; b: Medical grade commercially pure titanium screws

Image credit: Rajaraman et al. [15]

The titanium implant screws, both coated and uncoated, were affixed onto metal supports using double-
sided carbon tape. The magnifications for photomicrographs at x30, x200, x1,500, x3,000, and x5,000 were
standardized, except for specific regions of interest. Surface characteristics were visualized using the JSM
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IT800 FE-SEM® by JEOL Ltd., Akishima, Tokyo, Japan (Figure 2), an FE-SEM contained with the Oxford
Instruments Ultim Extreme Detector. The SEM was taken in 100- and 5-um sections for both uncoated and
coated groups, each at 40 and 10 mm working distance.

FIGURE 2: A field emission scanning electron microscope with a
comprehensive suite of analytical capabilities, including the Oxford
Instruments Ultim Extreme detector, JEOL IT800 FE-SEM®

This state-of-the-art ultrahigh-resolution FE-SEM boasts advanced high-resolution analytical technology.
The microscope has a resolution of 0.7 nm (20 kV), magnification of x10-x2,000,000, and acceleration
voltage of 0.01-30 kV. The software used for the analysis of the obtained images is SEM Center.

Elementary semi-quantitative analysis of both dental implants was conducted using energy-dispersive X-ray
spectrometry (EDX) coupled with the FE-SEM equipment. The implants were secured onto the same holder
as before, and various regions were randomly analyzed using the EDX system, which automatically detected
surface elements. The resulting data represent the weight percentage (wt%) of each element. The research
utilized the sophisticated model X-Plor-30/C-Swift with Aztec software for viewing surface topography.

Results
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The surface analysis using the SEM showed the coating of HfN over titanium screws. The difference in
surface morphology of both the group of implant screws can be visualized in various sections (Figure 5).

FIGURE 3: The surface analysis images of the uncoated and coated
titanium screws using a scanning electron microscope

a: Uncoated titanium screws in 100 ym sections under 40.0 mm working distance (WD); b: Uncoated titanium
screws in 5 um sections under 10.0 mm WD; c: Hafnium nitride-coated titanium screws in 100 um sections under
40.0 mm WD; d: Hafnium nitride-coated titanium screws in 5 um sections under 10.0 mm WD

The surface analysis using the EDX of uncoated titanium screws shows five elements in the spectrum:
titanium (Ti), oxygen (O), aluminum (Al), carbon (C), and vanadium (V) (Figure 4).

W Spectrum 33
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FIGURE 4: Energy-dispersive X-ray spectrometry of uncoated titanium
screws

a: Electron image in spectrum 33; b: Graph showing elemental distribution in the spectrum: titanium (Ti), oxygen
(O), aluminum (Al), carbon (C), and vanadium (V)

cps/eV, counts per second per electron-volt
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The EDX of the HfN-coated screws has two additional metals dispersed in the spectrum, hafnium

(Hf) (Figure 5).

W Spectrum 31
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FIGURE 5: Energy-dispersive X-ray spectrometry of hafnium nitride-

coated titanium screws

a: Electron image in spectrum 31; b: The graph showing elemental distribution in the spectrum: titanium (Ti),
oxygen (O), aluminum (Al), carbon (C), and vanadium (V)

cps/eV, counts per second per electron-volt; hf, hafnium

keV

The element characteristics are tabulated with their line type, apparent concentration, k ratio, weight
percentage, standard label, and factory label for uncoated titanium screws (Table I).

Apparent Concentration
15.47

1.31

0.77

0.16

0.74

k Ratio

0.15471

0.00441

0.00553

0.00158

0.00738

wit%

59.60

29.41

4.18

3.84

2.87

wt% Sigma
0.77
0.86
0.09

0.45

Standard Label
Ti
SiO,

Aly03

Factory Standard

Yes

TABLE 1: The element characteristics of uncoated titanium screws with their line type, apparent
concentration, k ratio, weight percentage, standard label, and factory label

Element Line Type
Ti
(e}

Al
K Series

Hf

The element characteristics were tabulated with their line type, apparent concentration, k ratio, weight
percentage, standard label, and factory label for HfN-coated titanium screws (Table 2).

Apparent Concentration
7.34
2.70
0.19
0.26
0.40

4.99

k Ratio

0.07336

0.00910

0.00138

0.00264

0.00401

0.04987

wit%

30.26

35.84

1.31

6.49

1.64

24.46

wt% sigma
0.28
0.47
0.06
0.45
0.09

0.29

Standard Label
Ti
SiO,

AlyO3

Hf

Factory Standard

Yes

TABLE 2: The element characteristics of hafnium nitride-coated titanium screws with their line
type, apparent concentration, k ratio, weight percentage, standard label, and factory label
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Discussion

In this research, we have studied the surface coating of a novel metal called HfN over titanium screws. The
surface coating of HfN over titanium screws was homogenous. This was substantiated by the SEM sections
obtained as images in 40 and 10 mm working distance. The elemental distribution of the coated versus
uncoated screws was tabulated in detail. Additionally, the study considers the material characteristics and
composition of the innovative coating. Elemental analysis, surface morphology assessments, and
microstructural examinations are conducted.

Studies state that surface topography affects bone response at the micrometer or nanometer level [20,21].
Implant surface topography is not well researched or consistently reported in experimental research.
Another drawback is that many in vitro evaluations do not predict or correlate with in vivo performance.
This said, in a few culture models, surface characterization positively affects osteogenic cellular activities
[4,22,23].

Researchers have found that scanning electron microscopy and energy dispersive X-ray spectroscopy
analysis on physical vapor deposition of zirconium nitride in titanium screws were effective, and
preosteoblasts were seeded onto the covering and showed better adhesion of particles than the uncoated
titanium screws [24]. Surface modification of titanium implants that offer both osteoinductive and
antimicrobial properties can be generated.

Titanium implant surfaces, namely, titanium dioxide nanotubes and titanium oxide grit blasted surfaces,
were investigated for bone bonding and showed that the titanium-coated nanotubes improve osteoblast
proliferation and adhesion [25,26]. Titanium implants coated with graphene oxide were evaluated for
osseointegration by culturing bone marrow mesenchymal stem cells (BMSCs), and the results showed that
the BMSCs cultured on the titanium screws coated with graphene oxide exhibited the best adhesion,
proliferation, and differentiation, compared with that of uncoated titanium screws [27,28]. A study
conducted by Svensson et al. evaluated osseointegration with an antimicrobial nanostructured noble metal
coating over titanium, and the results demonstrate that it promotes osseointegration [28,29]. Therefore, it
could be used to add extra implant functionality to increase resistance to infection without the use of
antibiotics.

The surface morphology of implant coatings plays a crucial role in dental implantology due to their clinical
relevance in enhancing osseointegration and long-term implant success. By influencing factors such as
surface roughness, topography, corrosion, and wettability, HfN coatings over titanium can promote
favorable interactions with surrounding tissues, leading to improved implant stability and reduced risk of
peri-implant complications [15]. Hence, this study concentrated on analyzing the surface topography of the
HfN-coated titanium implants. However, translating laboratory findings to clinical practice involves several
considerations. Regulatory approval, such as from the FDA or equivalent agencies, is necessary to ensure the
safety and efficacy of novel surface coatings. Challenges may arise in maintaining consistency between
laboratory conditions and real-world healthcare settings, as well as in standardizing manufacturing
processes to meet regulatory requirements. Despite these challenges, the potential benefits of HfN coatings
in enhancing dental implant outcomes underscore the importance of ongoing research and collaboration
between researchers, clinicians, and regulatory bodies to facilitate their implementation in clinical practice.

Limitations

The interplay between the coating and the titanium substrate is crucial, as any potential interface
weaknesses could compromise the overall corrosion resistance of the implant. Furthermore, the biological
aspect of corrosion resistance has not been explored. The study does not delve into the biocompatibility of
the coating, evaluating its impact on cell viability, adhesion, and proliferation. This is essential to ensure
that the corrosion-resistant coating not only performs well in simulated environmental conditions but also
maintains a favorable interaction with the surrounding biological tissues.

Conclusions

In conclusion, this study evaluated HfN coating over medical grade commercially pure titanium. The surface
topography of coated versus uncoated was visualized. The SEM images showed a homogenous coating over
the titanium surfaces, and the EDX showed elemental dispersion of the coated implant. The study provided a
comprehensive understanding of the coating's surface morphology, aiding in the development of more
durable and biocompatible implants. This thereby provides a promising scope for further research of this
novel metal coating for use in the biomedical sectors, specifically for dental implants.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

2024 Jose et al. Cureus 16(4): e57385. DOI 10.7759/cureus.57385 60f8


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Concept and design: Vaishnavi Rajaraman, Padma Ariga, Dhanraj Ganapathy, Saravanan Sekaran
Acquisition, analysis, or interpretation of data: Vaishnavi Rajaraman, Shilpa M. Jose
Drafting of the manuscript: Vaishnavi Rajaraman, Shilpa M. Jose

Critical review of the manuscript for important intellectual content: Vaishnavi Rajaraman, Padma
Ariga, Dhanraj Ganapathy, Saravanan Sekaran

Supervision: Vaishnavi Rajaraman

Disclosures

Human subjects: All authors have confirmed that this study did not involve human participants or tissue.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

Acknowledgements

We would like to extend our heartfelt thanks to Dr. Jayalakshmi Somasundaram, Dr.K. Vaishnavi and Pallabi
Ghosh from White Lab , Materials Research Centre, Saveetha Dental College and Hospitals, Chennai, India.

References

1. Marin E, Lanzutti A: Biomedical applications of titanium alloys: a comprehensive review . Materials (Basel).
2023, 17:114. 10.3390/mal7010114
2. Sarraf M, Rezvani Ghomi E, Alipour S, Ramakrishna S, Liana Sukiman N: A state-of-the-art review of the
fabrication and characteristics of titanium and its alloys for biomedical applications. Biodes Manuf. 2022,
5:371-95. 10.1007/s42242-021-00170-3
3. HanX,Ma], Tian A, et al.: Surface modification techniques of titanium and titanium alloys for biomedical
orthopaedics applications: a review. Colloids Surf B Biointerfaces. 2023, 227:113339.
10.1016/j.colsurfb.2023.113339
4. Hauschild G, Hardes J, Dudda M, Streitbiirger A, Wahrenburg M: Impact of topography and added TiN-
coating on adult human dermal fibroblasts after seeding on titanium surface in-vitro. ] Biomater Appl. 2024,
38:905-14. 10.1177/08853282241233194
5. Nouri A, Wen C: Introduction to surface coating and modification for metallic biomaterials . Surface Coating
And Modification Of Metallic Biomaterials. Wen C (ed): Woodhead Publishing, Sawston, Cambridge; 2015.
3-60. 10.1016/B978-1-78242-303-4.00001-6
6. Song H, Xing L, Wei ], et al.: Preparation of gelatin-quaternary ammonium salt coating on titanium surface
for antibacterial/osteogenic properties. Molecules. 2023, 28:4570. 10.3390/molecules28124570
7. Zhao H, Zhao C, Xie W, et al.: Research progress of laser cladding on the surface of titanium and its alloys .
Materials (Basel). 2023, 16:3250. 10.3390/ma16083250
8. Rajaraman V, Nallaswamy D, Ganapathy D, Rajeshkumar S, Ariga P, Ganesh K: Effect of hafnium coating on
osseointegration of titanium implants: a split mouth animal study. ] Nanomater. 2021, 2021:1-9.
10.1155/2021/7512957
9. Miyazaki T, Sueoka M, Shirosaki Y, Shinozaki N, Shiraishi T: Development of hafnium metal and titanium-
hafnium alloys having apatite-forming ability by chemical surface modification. ] Biomed Mater Res B Appl
Biomater. 2018, 106:2519-23. 10.1002/jbm.b.34068
10. ZhaoT,LiY, LiuY, Zhao X: Nano-hardness, wear resistance and pseudoelasticity of hafnium implanted
NiTi shape memory alloy. ] Mech Behav Biomed Mater. 2012, 13:174-84. 10.1016/j.jmbbm.2012.04.004
11. Rajaraman V, Nallaswamy D, Ganapathy DM, Kacchara S: Osseointegration of hafnium when compared to
titanium - a structured review. Open Dent J. 2021, 15:137-44. 10.2174/1874210602115010137
12.  Herranz-Diez C, Mas-Moruno C, Neubauer S, et al.: Tuning mesenchymal stem cell response onto titanium-
niobium-hafnium alloy by recombinant fibronectin fragments. ACS Appl Mater Interfaces. 2016, 8:2517-25.
10.1021/acsami.5b09576
13.  Matsuno H, Yokoyama A, Watari F, Uo M, Kawasaki T: Biocompatibility and osteogenesis of refractory metal
implants, titanium, hafnium, niobium, tantalum and rhenium. Biomaterials. 2001, 22:1253-62.
10.1016/S0142-9612(00)00275-1
14. Del Castillo R, Ata-Ali J: The clinical use of computer aided designed/computer aided manufactured
titanium nitride coated implant abutments: surgical and prosthetic considerations-a case series. ] Esthet
Restor Dent. 2023, 35:1008-21. 10.1111/jerd.13035
15.  Rajaraman V, Ariga P, Ramalingam K, Sekaran S: Evaluation of corrosive properties of hafnium nitride
coating over titanium screws: an in vitro study. Cureus. 2024, 16: e55456. 10.7759/cureus.55456
16. Chaurasiya A, Yadav NS, Hazari P, Mahajan H, Narwani S: Comparative evaluation of osteogenic cell growth
on titanium surface and titanium coated with boron nitride surface: an in vitro study. | Indian Prosthodont
Soc. 2023, 23:184-91. 10.4103/jips.jips_97_23
17. LiY, Xia]: Cubic hafnium nitride: a novel topological semimetal hosting a 0-dimensional (0-D) nodal point

2024 Jose et al. Cureus 16(4): e57385. DOI 10.7759/cureus.57385 70f8


https://dx.doi.org/10.3390/ma17010114
https://dx.doi.org/10.3390/ma17010114
https://dx.doi.org/10.1007/s42242-021-00170-3
https://dx.doi.org/10.1007/s42242-021-00170-3
https://dx.doi.org/10.1016/j.colsurfb.2023.113339
https://dx.doi.org/10.1016/j.colsurfb.2023.113339
https://dx.doi.org/10.1177/08853282241233194
https://dx.doi.org/10.1177/08853282241233194
https://dx.doi.org/10.1016/B978-1-78242-303-4.00001-6
https://dx.doi.org/10.1016/B978-1-78242-303-4.00001-6
https://dx.doi.org/10.3390/molecules28124570
https://dx.doi.org/10.3390/molecules28124570
https://dx.doi.org/10.3390/ma16083250
https://dx.doi.org/10.3390/ma16083250
https://dx.doi.org/10.1155/2021/7512957
https://dx.doi.org/10.1155/2021/7512957
https://dx.doi.org/10.1002/jbm.b.34068
https://dx.doi.org/10.1002/jbm.b.34068
https://dx.doi.org/10.1016/j.jmbbm.2012.04.004
https://dx.doi.org/10.1016/j.jmbbm.2012.04.004
https://dx.doi.org/10.2174/1874210602115010137
https://dx.doi.org/10.2174/1874210602115010137
https://dx.doi.org/10.1021/acsami.5b09576
https://dx.doi.org/10.1021/acsami.5b09576
https://dx.doi.org/10.1016/S0142-9612(00)00275-1
https://dx.doi.org/10.1016/S0142-9612(00)00275-1
https://dx.doi.org/10.1111/jerd.13035
https://dx.doi.org/10.1111/jerd.13035
https://dx.doi.org/10.7759/cureus.55456
https://dx.doi.org/10.7759/cureus.55456
https://dx.doi.org/10.4103/jips.jips_97_23
https://dx.doi.org/10.4103/jips.jips_97_23
https://dx.doi.org/10.3389/fchem.2020.00727

Cureus

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

and a 1-D topological nodal ring. Front Chem. 2020, 8:727. 10.3389/fchem.2020.00727

Chun SY: Mechanical and structural behavior of HfN thin films deposited by direct current and mid-
frequency magnetron sputtering. ] Nanosci Nanotechnol. 2021, 21:4125-8. 10.1166/jnn.2021.19200
Barshilia HC, Lakshmi RV, Bera P, Basu BB, Srinivas G, Kumar VP, Manikandanath NT: Transition metal
nitride/oxide-based multilayer PVD coating with sol-gel derived ormosil passivation layer as an efficient
solar absorber: studies on high temperature stability and performance evaluation. Solar Energy. 2022,
239:283-93. 10.1016/j.solener.2022.05.016

Garcia-de-Albeniz N, Ginebra MP, Jimenez-Piqué E, Roa ]], Mas-Moruno C: Influence of nanosecond laser
surface patterning on dental 3Y-TZP: effects on the topography, hydrothermal degradation and cell
response. Dent Mater. 2024, 40:139-50. 10.1016/j.dental.2023.10.026

Kumar PS, Kumar KSS, Grandhi VV, Gupta V: The effects of titanium implant surface topography on
osseointegration: literature review. JMIR Biomed Eng. 2019, 4:e13237. 10.2196/132537

Zhan X, Yan ], Xiang D, et al.: Near-infrared light responsive gold nanoparticles coating endows
polyetheretherketone with enhanced osseointegration and antibacterial properties. Mater Today Bio. 2024,
25:100982. 10.1016/j.mtbio.2024.100982

Wu H, YuM, Zhang S, et al.: Mg-based implants with a sandwiched composite coating simultaneously
facilitate antibacterial and osteogenic properties. ] Mater Chem B. 2024, 12:2015-27. 10.1039/d3tb02744a
Rizzi M, Gatti G, Migliario M, Marchese L, Rocchetti V, Reno F: Effect of zirconium nitride physical
vapor deposition coating on preosteoblast cell adhesion and proliferation onto titanium screws. ] Prosthet
Dent. 2014, 112:1103-10. 10.1016/j.prosdent.2014.04.010

Sul YT: Electrochemical growth behavior, surface properties, and enhanced in vivo bone response of TiO2
nanotubes on microstructured surfaces of blasted, screw-shaped titanium implants. Int ] Nanomedicine.
2010, 5:87-100. 10.2147/ijn.s8012

Haleem A, Javaid M, Singh RP, Rab S, Suman R: Applications of nanotechnology in medical field. Glob
Health J. 2023, 7:70-7. 10.1016/j.glohj.2023.02.008

Prasadh S, Suresh S, Wong R: Osteogenic potential of graphene in bone tissue engineering scaffolds .
Materials (Basel). 2018, 11:1430. 10.3390/mal1081430

Li K, Wang C, Yan ], et al.: Evaluation of the osteogenesis and osseointegration of titanium alloys coated
with graphene: an in vivo study. Sci Rep. 2018, 8:1843. 10.1038/s41598-018-19742-y

Svensson S, Suska F, Emanuelsson L, et al.: Osseointegration of titanium with an antimicrobial
nanostructured noble metal coating. Nanomedicine. 2013, 9:1048-56. 10.1016/j.nano.2013.04.009

2024 Jose et al. Cureus 16(4): e57385. DOI 10.7759/cureus.57385

8of8


https://dx.doi.org/10.3389/fchem.2020.00727
https://dx.doi.org/10.1166/jnn.2021.19200
https://dx.doi.org/10.1166/jnn.2021.19200
https://dx.doi.org/10.1016/j.solener.2022.05.016
https://dx.doi.org/10.1016/j.solener.2022.05.016
https://dx.doi.org/10.1016/j.dental.2023.10.026
https://dx.doi.org/10.1016/j.dental.2023.10.026
https://dx.doi.org/10.2196/13237
https://dx.doi.org/10.2196/13237
https://dx.doi.org/10.1016/j.mtbio.2024.100982
https://dx.doi.org/10.1016/j.mtbio.2024.100982
https://dx.doi.org/10.1039/d3tb02744a
https://dx.doi.org/10.1039/d3tb02744a
https://dx.doi.org/10.1016/j.prosdent.2014.04.010
https://dx.doi.org/10.1016/j.prosdent.2014.04.010
https://dx.doi.org/10.2147/ijn.s8012
https://dx.doi.org/10.2147/ijn.s8012
https://dx.doi.org/10.1016/j.glohj.2023.02.008
https://dx.doi.org/10.1016/j.glohj.2023.02.008
https://dx.doi.org/10.3390/ma11081430
https://dx.doi.org/10.3390/ma11081430
https://dx.doi.org/10.1038/s41598-018-19742-y
https://dx.doi.org/10.1038/s41598-018-19742-y
https://dx.doi.org/10.1016/j.nano.2013.04.009
https://dx.doi.org/10.1016/j.nano.2013.04.009

	Analyzing the Surface Topography of Hafnium Nitride Coating on Titanium Screws: An In Vitro Analysis
	Abstract
	Background
	Materials and methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	FIGURE 1: The coated and uncoated titanium screw samples
	FIGURE 2: A field emission scanning electron microscope with a comprehensive suite of analytical capabilities, including the Oxford Instruments Ultim Extreme detector, JEOL IT800 FE-SEM®

	Results
	FIGURE 3: The surface analysis images of the uncoated and coated titanium screws using a scanning electron microscope
	FIGURE 4: Energy-dispersive X-ray spectrometry of uncoated titanium screws
	FIGURE 5: Energy-dispersive X-ray spectrometry of hafnium nitride-coated titanium screws
	TABLE 1: The element characteristics of uncoated titanium screws with their line type, apparent concentration, k ratio, weight percentage, standard label, and factory label
	TABLE 2: The element characteristics of hafnium nitride-coated titanium screws with their line type, apparent concentration, k ratio, weight percentage, standard label, and factory label

	Discussion
	Limitations

	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


