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Abstract

Project Objective

Bioactive hydroxyapatite coatings are often applied to titanium bone implants to
improve osseointegration; however, due to deleterious effects of this method, cold
spray can be used as an alternative for depository purposes. Hydroxyapatite is a
biomaterial that is chemically similar to the mineral component in bone, and it is used
to coat titanium hip implants to evoke a biological response that encourages bone
growth between the implant and tissue. Plasma spraying hydroxyapatite produces
extraneous phases of calcium phosphate that hinders the bioactive properties that
otherwise enhances osseointegration. In this study, biocomposite coatings with varying
composition of hydroxyapatite and titanium (0% HA, 20% HA, 50% HA, and functionally
graded) were coated using cold spray technology. Furthermore, the coating
characterization of each sample was carried out using tools like SEM, EDS and XRD and
biocompatibility properties are tested using standard cell viability assays.

•

Evaluate the influence of HA composition on the biocompatibility of Ti/HA biocomposite fabricated via
cold spray deposition. Enhance osseointegration between bone and implant by using cold spray
deposition technology to improve the quality of titanium hip implants. Also, to demonstrate the
functionally graded coating as the most bioactive coating due to the surface containing the most
hydroxyapatite.

•
•

Microscopic Characterization- SEM
0% HA

20% HA

X-Ray Diffraction identifies crystalline phases present
within the biocomposite mixture.
Ti & HA peaks match the standardized graphs of Ti & HA,
confirming the biocomposite coatings contains only HA
& Ti, and no extraneous phases.
Cold spray effectively deposited HA without inducing
other phases.

Figure 4. XRD graph of various bioactive coatings
resembling HA & Ti phases
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Introduction
Total Hip Arthroplasty: replaces diseased cartilage and bone of the hip joint with
biomaterial.

Functionally
Graded

•
•
•
•
•

[1]


Osteoarthritis is the most common disease leading to total hip replacement
[2].
 332,000 total hip replacements in United States each year [3].
 Average life span of hip implant is 10-15 years.
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Particle Type

Wettability of the surface is determined by contact
angle.
Biomaterial surface with moderate hydrophilicity
improved cell growth and higher biocompatibility.
>90 wetting indicates surface is hydrophobic.
<90 wetting indicates surface is hydrophilic.
HA-0% has the most hydrophilic surface while the
pure Ti is the most hydrophobic.
Contact angle increases as HA composition increases.

•

FG

• Energy Dispersive Spectroscopy identifies the
elements present and their proportions.
• FG had the greatest amount of surface area
covered by HA.
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•

Cold spray successfully deposited hydroxyapatite/titanium biocomposite coatings; however, HA50
and FG had the lowest optical density, thus the lowest metabolic activity.
Due to time constraints, evaluation of simulated bodily fluid (SBF) was not feasible; however, we
expected FG to have the most apatite layer since it is the most bioactive layer.
HA0 displayed the roughest surface texture, highest porosity, and the most hydrophilic from the rest
of the coatings.
Meanwhile, FG displayed a dense, nonporous coating with minimal surface cracking; however, it did
not have the most metabolic activity as expected.
Reducing the extraneous phases of calcium-phosphate was accomplished with cold spray
technology and verified with XRD analysis.
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MTT is a colorimetric assay for assessing cell metabolic
activity which indicates the measurement of cell.
viability and proliferation within the sample [8]
All samples were within a close range, however, HA0
had the highest amount of metabolic activity.
HA50 appeared to have the lowest optical density.

Conclusion

Figure 2. Contact angle measured by Rame-hart
Goniometer/tensiometer model 500

% Total Surface Area

•
•

Uses kinetic energy rather than thermal
energy
More effective than plasma spray
deposition
Retains bioactive properties of HA
No extraneous calcium-phosphate
phases
Potential for improving bone integration
Ceramic does not undergo plastic
deformation

Functionally
Graded

• Surface properties of the implant determine its interaction with the surrounding host tissue.

Cold spray deposition is a solid state coating process where powder particles are
ejected from a high velocity gas stream onto a metallic substrate, forming a
dense coating through plastic deformation. [5]

•

•
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X-ray energy dispersive spectrometer maps the chemical composition of the surface.
Each color represents a different element present in the Ti:HA mixture.
As HA percent composition increases, Ti decreases in the sample.

Figure. 1 Functionally graded surface comprises mostly of HA

•

Biocompatibility Analysis

Figure 6. Optical density from MTT assay of
osteoblast cells on different HA coatings

Contact Angle ˚

•
•

Coats titanium to improve
integration of bone
Main crystalline component of bone
Improves mechanical strength of
implant
Most stable calcium-phosphate
physiologically

•
•
•

50% HA

0% HA surface manifests pervasive porosity and a sparse
layer of HA .
As HA concentration increases, the surface appears more
dense and even.
The rough texture appears more smooth as HA concentration
increases.

Figure 5. Cross sectional SEM images of
various hydroxyapatite coatings

Uncoated

Hydroxyapatite is a bioactive material that enhances osseointegration between
tissue and implant. Its functionality includes:
•

•

Optical Density

Bioinertness
Strength
Corrosion resistance
Low elastic modulus [4]

•
•

Microscopic Characterization-EDS

Titanium is commonly used for orthopedic implants due to its superior
biocompatible properties:
•
•
•
•

Functionally
Graded

Surface characterization is important for cell adhesion and
proliferation.
Titanium substrate with 0% HA displays a rough unsymmetrical
texture surface.
Surface appears smoother as HA composition increases.
Cracking is prevalent in functionally graded composition.
Graded systems allows diverse properties to integrate into a
single material system enhancing the mechanical strength and
biocompatibility of the implant [7].

Figure 3. Area fraction of total surface area
covered by hydroxyapatite only
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