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Abstract: Ti and its alloys are extensively utilized in medical and dental implant devices due to their exceptional corrosion resistance and good hard-tissue
compatibility. This study evaluates the biocompatibility of titanium implants in bone regeneration materials. Titanium substrates were prepared, coated with
HAp composite via sol-gel method, and analysed. Results showed even ceramic coating, confirmed functional groups, and excellent cell attachment (96.7%
viability). Hemocompatibility was confirmed with <3% lysis. Titanium remains a successful implant material due to its biocompatibility and enhanced
functionality.
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1. Introduction
The integration of titanium substrates in bone regeneration heralds a groundbreaking chapter in medical science, offering a compelling synthesis of
biocompatibility and structural resilience.!! This essay delves into the multifaceted aspects of titanium's role in bone regeneration, unraveling its impact on
medical procedures and the potential it holds for advancing patient outcomes.!
At the core of titanium's efficacy in bone regeneration lies its exceptional biocompatibility. When introduced into the body, titanium elicits minimal immune
response, reducing the risk of rejection and adverse reactions.!"¥) This property is pivotal in the context of orthopedic implants, where foreign materials must
seamlessly integrate with the body's natural processes. The ability of titanium to coexist harmoniously with biological systems underscores its suitability for
medical applications, particularly in bone regeneration. "
Furthermore, titanium's structural prowess plays a crucial role in providing a stable substrate for bone growth. The mechanical strength of titanium aligns with
the demands of load-bearing applications within the skeletal system.>) Orthopedic implants made from titanium serve as robust frameworks that endure the
mechanical stresses inherent in daily activities, ensuring longevity and functionality.! This durability is a key factor in the success of bone regeneration
procedures, as it enables the implant to withstand the dynamic forceps exerted on it during the healing process.!”!
The phenomenon of osseointegration represents a pinnacle achievement facilitated by titanium substrates in bone regeneration. Osseointegration refers to the
direct structural and functional connection between living bone and the surface of a load-bearing implant.’®! Titanium's surface characteristics contribute to this
process by promoting the adhesion and proliferation of osteoblasts, the cells responsible for bone formation.””’ This intimate connection between titanium
implants and the surrounding bone tissue enhances stability and functionality, setting the stage for successful bone regeneration.!'”
The application of titanium substrates extends beyond traditional orthopedic implants to include a spectrum of innovative approaches in bone regeneration. 3D
printing technology, for instance, allows for the precise fabrication of titanium scaffolds that mimic the intricate structure of natural bone.!""! These customized
implants not only offer a tailored fit but also provide a conducive environment for cellular activities, accelerating the regenerative process.!'?! The intersection
of titanium and advanced manufacturing techniques opens avenues for personalized medicine in orthopedics, marking a paradigm shift in the approach to bone
regeneration.[?!
The field of regenerative medicine continues to evolve, titanium's role in promoting angiogenesis, the formation of new blood vessels, adds another dimension
to its significance.['*!1%! By facilitating the development of a vascular network around the implant, titanium substrates enhance nutrient supply to the regenerating
tissue.!' This vascular support is paramount for the success of bone regeneration, ensuring that the healing process is not only efficient but also sustains the
vitality of the newly formed bone.['"!
As a result, the incorporation of titanium substrates in bone regeneration represents a transformative leap in medical science. Its biocompatibility, structural
resilience, and ability to foster osseointegration position titanium as a cornerstone in orthopedic advancements.!"”) From traditional implants to cutting-edge 3D-
printed scaffolds, titanium's versatility continues to shape the landscape of bone regeneration, offering hope for improved patient outcomes and the potential for
pioneering developments in regenerative medicine.['®!
2. Materials and methods:
Preparation of Titanium substrate: Titanium substrate was polished using a grid sheet. Further etched with HF acid. After cleaning the Titanium substrate,
substrates were coated with Hap composite using sol gel method Titanium substrate were then dried and taken for further studies.
Surface preparation: The surface morphology and cross section of the coatings were observed by scanning electron microscopy (SEM, Quanta FEG 450). The
basic composition of the coatings was analyzed by Fourier transform infrared (FTIR) spectroscopy.
Hemocompatibility assay:
An assay for hemocompatibility assessed the interaction of erythrocytes with MTCN. This study used the same procedures as earlier papers. In order to isolate
erythrocytes (RBCs) by separating plasma, whole human blood treated with EDTA was ethically taken from patients in vacutainers and centrifuged at 1500 x g
for five minutes. After three rounds of washing in phosphate-buffered saline (pH 7.4), the concentration of these RBCs was diluted to 10%. PBS was used to
blend samples of 200 uL erythrocyte suspension (12.5, 25, 50, 100, and 200 pg/mL) to a final volume of 1 mL. After an hour of incubation at 37°C, the mixture
was centrifuged for five minutes. Cells treated with PBS served as negative controls, whereas cells treated with deionized water served as positive controls.
Biocompatibility and Osseointegration: Hydroxyapatite, a biocompatible material, ensures good adhesion of the Ti-64 coating to the surrounding tissue. In
addition, the structure of hydroxyapatite with natural bone mineral promotes osseointegration (the direct connection of the implant to the surrounding bone
tissue), which contributes to the overall stability of the implant.
Clinical Applications: The application of Ti-64 coated implants in clinical settings has high potential. These coatings are able to improve patient outcomes by
reducing the risk of infection, reducing the risk of complications and contributing to the long-term success of treatment.
3. Results:

Fig-1 SEM morphology shows that even coating of ceramic (CaP) CPTi grade 2 and uniform morphology.
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SEM micrograph shows the surface morphology of calcium phosphate coating which exists on commercially pure titanium material at grade 2. The image reveals
an even and uniform coating with fine homogeneous surface morphology. The scale bar serves its purpose to show the level of magnification.
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Fig-2 Functional group analysis confirms that formation of carboxyl, hydroxyl, phosphate presented in bio ceramic coating.
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The FTIR analysis confirms the chemical integrity and bioactivity of the ceramic coating. The spectrum shows a strong absorption peak at 1033.15 cm™!, which
acts as the main "fingerprint" for phosphate PO+*~ groups and includes a secondary peak at 944.27 cm ™. The combination of phosphate vibrations with the wide
hydroxyl (-OH) band that appears around 3435 cm™" indicates that the coating demonstrates bioactive properties of Hydroxyapatite (HAp) material. The broad
hydroxyl peak demonstrates high surface energy which helps proteins to adsorb and cells to attach after the implant enters clinical use. The C-H stretching peaks
2922 cm™ show low intensity which proves that the coating consists mostly of inorganic material with only slight organic contamination thus confirming high
purity of the synthesized bio-ceramic layer.
Fig-3 As per the ASTM Standard it is found that the coating shows less than 3% lysis and hence it is found to be hemocompatible.
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The synthesized coating shows a hemolytic rate of 3% which falls below the 5% threshold used to assess hemocompatibility of materials. The coating
demonstrates biocompatibility through its ability to maintain red blood cells because it only produces minimal cell lysis when tested against the control group.

The findings demonstrate that the coating does not create harmful effects on blood components thus making it suitable for extended use in medical settings.
Fig-4 Better cell attachment and improved cell proliferation is found microscopically. Fig (4a) is a control, Fig (4b) is a sample.

The micrographs display cell growth patterns which occur on the control surface and the experimental bio-ceramic coating. The sample exhibits higher cell
density together with distinct cell shapes which indicate better biocompatibility.
Fig-5 Around 96.7% of cells were viable and the coating was found to be non toxic.
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The experimental sample reached a cell viability rate of 96.7% when compared to its control group. The bio-ceramic coating demonstrates non-toxic properties

which promote cellular health according to the high percentage of viable cells. The statistical analysis results show no significant difference in cell viability

between the two groups which supports the safety profile of calcium phosphate-coated Ti for use in clinical settings.
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4. Discussion:

Dental implant insertion success is correlated with both their hemocompatibility and biocompatibility. Dental implants can be made to have acceptable levels of
hemocompatibility and biocompatibility by modifying their surfaces in different ways.”) Even though the implant has been placed in a jawbone that is not
sufficient, the surface alteration causes the implant's surface to become rough, which will lower its survival rate.['” The dental implant's porosity and roughness
will act as a scaffold to support the formation of bone, strengthening its attachment to the jaw. Dental implants with surface modifications have pores that can
support the formation of cells and tissue and permit the diffusion of different nutrients. An optimal porosity for cell adhesions is provided by the SLA surface
modification.!”)

Studies on biocompatibility have demonstrated the relationship between, among other things, bone ingrowth and cell proliferation and design flexibility. The
findings raise the possibility of using EBM titanium more widely to repair particular bone abnormalities. In one study, the porous Titanium implants' surfaces
were modified by coating them using the EBM process, and then the surfaces were coated using a biomimetic technique. For implants with and without
biomimetic apatite coating, the biocompatibility both in vitro and in vivo were assessed. Positive results for cell adhesion, proliferation, and morphology were
obtained from the in vitro biocompatibility of the EBM porous titanium. Implants with and without biomimetic coating were compared, and the results indicated
that porous EBM Ti-64 implants may support cell growth on par with coated implants. After 12 weeks, the in vivo histological study revealed that the rates of
ingrowth and bone formation between coated Ti-64 and EBM Ti-64 were similar.?” Similarly our study shows better cell attachment and improved cell
proliferation is found microscopically.

The Ti implant's surface wettability behavior had an impact on RBC aggregation as well. The surface hydrophilicity of biomedical titanium dental implants rises,
facilitating the absorption of different plasma proteins including fibrinogen, which is essential for the implant's recovery and the growth of new bone surrounding
it. The FE-SEM micrographs of red blood cell (RBC) morphology following Ti implant, both with and without surface alteration, are shown in a previous work.
While the IDCT-modified Ti implants displayed an implant surface rich in RBC aggregation and fibrin filament formation, it is evident that less RBC aggregation
was observed on Ti implants without surface modification. Similarly our study shows around 96.7% of cells were viable and the coating was found to be non
toxic.» SEM morphology shows that even coating of ceramic (CaP) CPTi grade 2 and uniform morphology.!® As a result, the altered titanium dental implants
may help with osseointegration, which is necessary for the success of dental implants. Nevertheless, additional research is required for practical implementation,
utilizing a more extensive sample size and a diverse duration of follow-up to reinforce the proof of the swift osseointegration brought about by dental implants.

5. Limitations and Future Scope

While the findings are promising, long-term clinical performance assessment is necessary. Future research should focus on optimizing manufacturing protocols
and conducting extensive clinical trials to evaluate reinforced ceramics with customized porosity architectures.

6. Conclusion:

Titanium has an outstanding record of being used effectively as an implant material. This success is attributed to titanium's exceptional biocompatibility, which
is caused by the stable oxide layer that forms on its surface. This is because of the related major benefits, which include enhanced functionality, lower processing
costs, less waste, energy efficiency, and flexible design. To enhance the performance of sintered bioceramics for clinical use, further research is still required,
despite the wide range of techniques that have been investigated over the previous few decades. Future material scientists should concentrate on developing
novel forming techniques that can produce reinforced ceramics with customized porosity architecture, opening up new avenues for enhanced bone surgery
applications.
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