Uses of Metallic Biomaterials as Orthopedic Implants
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Abstract:

The utilization of metallic biomaterials in orthopedic implants has revolutionized the field of
musculoskeletal health, offering innovative solutions for addressing a wide range of disorders
and injuries. This paper delves into the unique properties and applications of metallic
biomaterials, including alloys such as titanium, stainless steel, and cobalt-chromium, which
seamlessly integrate with the human body to provide structural support and enhance
functionality. Through a convergence of material science, biomechanics, and medical
engineering, metallic biomaterials have paved the way for improved mobility, reduced pain,
and enhanced quality of life for patients. Surface optimization techniques, such as roughening
and passivation, play a crucial role in promoting osseointegration and ensuring the long-term
success of orthopedic implants. Ongoing research and advancements in biomaterial
manufacturing have led to the development of biocompatible materials with properties closely
matching those of bone, aiming to enhance implant technology and improve patient outcomes.
The exploration of novel biomaterials and surface coatings continues to drive progress in
orthopedic implant design, offering promising avenues for future developments in the field.

Introduction: metallic  biomaterials in  orthopedic
In the ever-evolving landscape of medical implants ~ represents a  remarkable
science and  technology,  metallic convergence ~ of  material  science,

biomaterials have emerged as pivotal biomechanics, and medical engineering,

components in the realm of orthopedic offering patients a pathway to improved

implants, revolutionizing the way we mobility, reduced pain, and enhanced

address musculoskeletal disorders and overall quality of life. This cutting-edge

injuries. These innovative materials, crafted
from alloys such as titanium, stainless steel,
and cobalt-chromium, seamlessly integrate
with the human body to provide structural
support and enhance the functionality of

compromised skeletal structures. The use of

approach underscores the significance of
leveraging advanced materials to not only
restore anatomical integrity but also to
usher in a new era of orthopedic
interventions that align with the intricate

dynamics of the human body. In this



exploration of metallic biomaterials as
orthopedic implants, we delve into their
unique properties, the intricacies of implant
design, and the transformative impact they
have on patient outcomes and the field of

orthopedic medicine as a whole.

Metallic Biomaterials:

The first metallic materials successfully
utilized in orthopedic applications during
the twentieth century included stainless
steel and cobalt—chrome-based alloys. The
introduction of titanium (Ti) and Ti alloys
occurred by the 1940s, while NiTi (Nickel-
Titanium) shape memory alloys emerged in
the 1960s, presenting unique mechanical
behavior. However, the unresolved issue of
Nickel (Ni) allergenicity hindered their

widespread use.[1]

A groundbreaking development in joint
prostheses was Charnley's total hip
prosthesis in the late 1950s, featuring a

cemented design with a stainless-steel stem.

Stainless steel, particularly austenitic
stainless steel like AISI 316L, is corrosion-
resistant due to its high chromium (Cr)
content. While commonly used in
traumatological temporary devices, its
application in joint prostheses is limited
compared to superior alloys like Ti-based
and Co—Cr-based alloys. New austenitic
stainless steel with higher Cr content and

nitrogen (N) is being used in joint

prostheses to enhance corrosion resistance

and mechanical properties.[2]

Co—Cr-based alloys, such as ASTM F75
(Vitallium), exhibit excellent corrosion
resistance and mechanical strength, making
them suitable for hip prostheses and
artificial disc prostheses. These alloys have
a high elastic modulus, contributing to
stress shielding and potential bone

resorption.

Ti and its alloys gained biomedical interest
due to their moderate elastic modulus, good
corrosion resistance, and low density.
Branemark's discovery of osseointegration
for Ti implants in 1964 led to their
exploration in dental and surgical
applications. Commercially Pure Titanium
(CP-Ti) and Ti6Al4V are commonly used in
orthopedics, with Ti6Al4V  offering
improved mechanical properties. Recent
advancements Ti6Al7Nb,
Ti5AlI2.5Fe, and TNZT alloys, addressing

include

concerns about Vanadium (V) cytotoxicity.

In the 1960s, NiTi alloys with shape
memory effect were introduced, offering
unique properties like super-elasticity.
However, Ni allergenicity and toxicity
limited their wuse, leading to the

development of Ni-free alternatives, mainly

Nb-based alloys.

Optimizing biomaterial surfaces is crucial

for osseointegration Surface parameters



like roughness, wettability, and electrostatic
charges play essential roles in interactions
with biological entities. Various surface
treatments, such as passivation and
roughening, are commonly applied to
metallic implants before implantation, with
acid etching and shot peening being

prevalent methods for dental implants. [1]
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Fig. Titanium Alloy Total Hip
Replacement Apparatus after
Osseointegration

Novel Metallic Biomaterials - A
Necessity

Various metallic biomaterials have been
employed in orthopedic implants, and its
ongoing research provides a summary of
their characteristics, including elastic
modulus, yield strength, ultimate strength,
corrosive resistance, advantages, and
drawbacks. Some studies focus on surface
modifications of biomaterials to achieve
osseointegration, aiming not only for
biocompatibility but also bioactivity. The

process of enhancing a material's

bioactivity is referred to as

biofunctionalization [3].

In the realm of coatings for bio-metallic
surfaces, hydroxyapatite has been among
the initial subjects of study. It imparts osteo-
conductivity to bioactive materials by
forming a precipitated apatite layer. Studies
indicate that, compared to uncoated
titanium, hydroxyapatite can double the
strength of mechanical fixation in vivo
within four weeks. Another
osteoconductive  coating is  calcium
phosphate, which exhibits bioactive
interaction through protein adsorption.
Fluoride coating has been found to increase
the number of attached cells, induce
osteoblast differentiation, enhance mineral
density at the interface, and improve pullout
force by altering surface chemistry and
nanotopography. Additionally, research
suggests that a Strontium (Sr) coating can

enhance the attachment, spreading, and

differentiation of osteoblasts [4].

A novel biomaterial, Ti-24Nb-4Zr-7.9Sn
(TNZS), developed by the Institute of Metal
Research at the Chinese Academy of
Science, is being studied as a primary
material for orthopedic implants. This
material features a low elastic modulus (42
GPa) and high strength (800-900 MPa),
with surface roughness similar to titanium
alloy. Studies indicate significantly higher

ALP activity seven days after implantation,



increased pullout strength at 12 weeks, and
greater bone formation observed through
Micro-CT  analysis at 12  weeks,
showcasing direct bone-to-implant contact
and the replacement of fibrous tissue and

osteoid by new bone tissue.

In summary, advancements in biomaterial
manufacturing and research have led to the
development of main biomaterials and
coatings for orthopedic implants. An ideal
metallic biomaterial should be
biocompatible, possess elastic modulus
properties close to those of bone, exhibit
high strength, resist fatigue, corrosion,
aseptic loosening, and wear, and facilitate
good bone-bonding. Although titanium
remains the dominant material in
orthopedic implants, ongoing research is
essential to explore porous metallic
implants with modified surfaces or coatings
with Young’s modulus close to bones,
aiming to enhance current implant
technology and find biomaterials capable of
withstanding daily loads for improved long-

term success of metallic implants.[3]

Conclusion:

There is a persistent interest in the
development of novel biomaterials for
orthopedic  implants, involving the
exploration of either innovative materials,
modifications to existing formulations, or
identifying new applications for established

materials. Despite the satisfactory clinical

performance of current orthopedic
implants, the anticipated increase in their
usage and the growing expectations from
patients necessitate enhancements in device
performance. The utilization of '"new"
biomaterials has the potential to address
these evolving requirements. The feasibility
of these biomaterials, both in terms of
safety and effectiveness, as well as their
commercial viability in terms of large-scale
production and cost-effectiveness, can be
determined through the translation of
findings from in vitro assessments, animal

studies, and initial clinical trials to broader

applications.
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