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Abstract

Biomedical products, such as orthopaedic prostheses/implants, represent one of the most innovative outcomes of
biotechnology research, combining engineering, material science, and biological knowledge to improve patients’
quality of life. This paper aims to highlight the importance of research in the development of biomedical devices,
with a particular emphasis on orthopaedic implants. Advances in biomaterials, surface functionalization, and tissue
integration underscore the crucial role of biotechnology in developing safe, durable, and biocompatible products. The
discussion also focuses on how ongoing research is vital for addressing challenges such as infection resistance,
mechanical durability, and patient-specific customization, highlighting examples from Stryker — a global leader in

medical device manufacturing.
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1. Introduction

The global demand for biomedical products has
increased significantly in recent decades, driven
by the rising prevalence of degenerative diseases,
traumatic injuries, and an aging population.
According to the World Health Organization,
musculoskeletal disorders are among the leading
causes of disability worldwide, creating an urgent
need for efficient and safe orthopaedic solutions
[1]. In this context, orthopaedic prostheses —
artificial devices designed to replace damaged or
missing bones and joints — play a central role in
restoring patient mobility, independence, and
overall quality of life. Traditionally, prostheses
were conceived mainly as mechanical substitutes,
focused on strength and durability. However,
advances in biotechnology have shifted the
paradigm toward devices that not only replace but
also integrate with living tissues. This integration
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requires careful consideration of material
properties, cellular responses, and biomechanical
compatibility. Biotechnology provides the tools to

investigate how cells interact with implant
surfaces, how bioactive coatings enhance
osseointegration, and how  patient-specific

implants can be designed using 3D imaging and
additive manufacturing.

At the industrial level, biomedical companies
translate biotechnology research into clinical
practice. Stryker, one of the world’s leaders in
medical device manufacturing, has pioneered
several orthopaedic innovations, including hip and
knee replacement systems, porous titanium
implants (Tritanium® technology), and robotic-
assisted surgery platforms such as the Mako
system. These technologies illustrate how
interdisciplinary collaboration between
biotechnology, engineering, and clinical sciences
can generate products that improve both surgical
outcomes and patient recovery. Therefore, the
study of biomedical products and the continuous
research in biotechnology are not only scientific
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priorities but also societal necessities. The
following sections analyze how biotechnology
contributes to material development, biocompatibility,
customization, and the future challenges of
orthopaedic prostheses.

2. Materials and methods

This paper is conceived as a review based on a
synthesis of scientific literature, industrial reports,
and case studies related to biomedical products,
with a focus on orthopaedic prostheses/implants.
A systematic search of peer-reviewed journals,
biotechnology databases, and clinical reports was
conducted, emphasizing articles published in the
last two decades.

Data were synthesized to illustrate the direct link
between biotechnology research and practical
outcomes in biomedical product innovation,
highlighting clinical benefits, technological
challenges, and future perspectives. The selection
included peer-reviewed papers from the last 20
years, with a focus on:

e Materials used in prosthesis
manufacturing (metals, ceramics, polymers,
composites).

e Biotechnological approaches (surface

biofunctionalization, antimicrobial coatings, stem
cell-based strategies).

e Clinical perspectives (patient outcomes,
durability, rejection rates).

o Industrial applications from companies
such as Stryker, which integrate biotechnology
research into product development.

e Technological innovations such as additive

manufacturing and nanotechnology.
The methodology involved grouping the data by
thematic categories (materials, tissue integration,
personalization, and challenges) and synthesizing
results to highlight the contribution of
biotechnology.

3. Biomedical products and biotechnology

Biomedical products represent one of the most
significant achievements of modern
biotechnology, as they combine biological
knowledge with engineering and material sciences
to provide innovative healthcare solutions. Among
them, orthopaedic prostheses and implants,
cardiovascular stents, dental implants, and tissue
scaffolds are widely used to restore or enhance
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human functions affected by disease, trauma, or

degeneration.
Biotechnology contributes to the development of
these  products by improving  material

biocompatibility, enhancing tissue integration, and
reducing risks such as infection or rejection. For
instance, advances in nanotechnology and
biofunctional coatings have enabled the design of
implant surfaces that stimulate osteoblast
proliferation and vascularization [2,3]. Similarly,
additive manufacturing techniques informed by
biotechnology allow the customization of
implants, improving patient comfort and outcomes
[4,5].

The integration of living cells, growth factors, and
biodegradable  polymers demonstrates the
potential of biotechnology to create hybrid
products that actively participate in tissue
regeneration [6]. Industrial leaders such as Stryker
have successfully applied these principles in
orthopaedic implants and robotic-assisted systems,
highlighting how biotechnological research
translates into clinical innovation [7].

Overall, biotechnology is not only a scientific
driver but also a practical enabler of safer, more
durable, and patient-specific = biomedical
products.

3.1. Advances in biomaterials

One of the most decisive aspects in the design of
biomedical products is the choice of materials.
The traditional use of stainless steel and cobalt-
chromium alloys provided adequate strength and
corrosion resistance, yet these materials are
associated with ion release and inflammatory
responses in some patients [3]. Titanium alloys,
particularly Ti-6Al-4V, have become the preferred
option because they combine mechanical
reliability with excellent biocompatibility. Recent
biotechnological research has focused on
modifying titanium surfaces at the micro- and
nanoscale to improve cellular adhesion and bone
regeneration [4].

Ceramics, including alumina and zirconia, are also
valuable due to their hardness and wear resistance.
They are frequently used in articulating surfaces
of hip prostheses, reducing friction and prolonging
implant life. Polymers, such as ultra-high
molecular weight polyethylene (UHMWPE), are
widely employed in joint replacements; recent
advances involve cross-linking UHMWPE to
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improve resistance to wear particles that can
induce osteolysis.

Industrial leaders like Stryker have integrated
these findings into their product portfolio. For
example, the Accolade II Hip Stem and Triathlon
Knee System employ optimized alloys and
coatings that support rapid osseointegration while
ensuring long-term stability.

3.2. Biocompatibility and tissue integration

Biocompatibility remains a central challenge in
orthopaedic product development. An implant
must not only withstand physiological loads but
also create a favorable environment for bone and
soft tissue integration. Biotechnology research has
demonstrated that surface chemistry and
topography  significantly influence  protein
adsorption and subsequent cell attachment [8].

The development of Tritanium® porous metal
technology by Stryker exemplifies this principle.
Its highly porous structure mimics the trabecular
architecture  of natural bone, enhancing
vascularization and osteoblast activity [9].
Laboratory studies confirm that such bioinspired
designs reduce healing time and improve implant
fixation compared to smooth metallic surfaces.

In parallel, advances in biotechnology have
introduced biofunctional coatings incorporating
growth factors, antimicrobial peptides, or
extracellular matrix proteins. These coatings not
only accelerate osseointegration but also help
mitigate risks of infection, a frequent complication
in orthopaedic surgery [10-12].

Biocompatibility and tissue integration are critical
determinants of the long-term success of
biomedical implants, particularly in orthopaedics.
Clinically, a prosthesis/implants must not only
provide mechanical stability, but also establish a
functional interface with surrounding bone and
soft tissue. Poor integration may lead to implant
loosening, pain, and revision surgery, which is
associated with higher costs and morbidity.
Challenges include the wvariability of patient
responses, as immune activation or chronic
inflammation can compromise healing [13].
Surface modifications, such as porous structures
or bioactive coatings, have improved outcomes by
enhancing osteointegration and reducing fibrous
encapsulation  [3,7]. Nevertheless, implant-
associated infections remain a major complication,
requiring innovative antimicrobial strategies [14].
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Continuous research in biotechnology is essential
to address these challenges and ensure safer,
longer-lasting implants.

3.3. Customization and 3D printing

Personalization has become a driving force in
biomedical innovation. Additive manufacturing
(3D printing) enables the production of implants
tailored to individual anatomy, derived from CT
or MRI scans [15]. Such customized implants
offer superior fit and function, reducing surgical
time and improving patient outcomes [6].

Stryker is among the pioneers of medical 3D
printing, producing spinal cages and knee
replacement components with porous titanium
structures that balance strength with biological
integration [16,17]. Biotechnology contributes by
developing printable biomaterials that combine
mechanical  performance with  bioactivity.
Emerging research on bioprinting suggests the
possibility of fabricating scaffolds seeded with
living cells, opening avenues for hybrid implants
that integrate biological and mechanical
functionalities [18].

3.4. Challenges and future perspectives

Despite major advances, challenges remain in the
development of biomedical products:

e Infection risk: Prosthesis/implant-related
infections occur in up to 2% of hip and knee
replacements [7, 19-21]. Research focuses on
antimicrobial coatings with silver nanoparticles,
chitosan, or antibiotics incorporated directly into
implant surfaces.

e Durability and wear: Mechanical wear
releases microscopic particles that can induce
inflammation and osteolysis. Biotechnology
explores nanostructured coatings and new
composite materials to minimize wear [22].

o Immune response and rejection: Even
biocompatible materials can cause chronic
immune activation. Genetic and molecular studies
help design biomaterials that minimize immune
system activation [23].

e Cost and accessibility: Advanced prostheses
and implants remain expensive. Research in
biotechnology aims to identify cost-effective
biomaterials and simplified manufacturing processes
studies help design biomaterials that minimize
immune system activation.
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Future perspectives include the integration of
smart implants equipped with biosensors that can
monitor load, healing, or infection, sending data in
real time to physicians. Such developments rely
heavily on biotechnology research in biosensing
and bioinformatics, and companies such as Stryker
are already exploring robotic and digital health
technologies to enhance clinical outcomes [24].

3.5. Biotechnological impacts on composite
orthopaedic implants

Biotechnological research has significantly
enhanced the development of composite
orthopaedic implants, enabling the integration of
advanced materials with diagnostic technologies.
Novel composites—such as UHMWPE reinforced
with nanoparticles (n-TiO2, carbon fibers)—have
demonstrated improved cell compatibility,
antibacterial activity, and structural stability,
fostering better implant integration in bone repair
[25]. Additionally, the advent of MRI-compatible
biodegradable alloys (e.g., Fe-30Mn-6Cu
produced by selective laser melting) has ushered
in a new era of implants that allow postoperative
imaging without safety concerns, while also
providing antibacterial function and mechanical
performance [26]. Furthermore, Ti—-6A1-4V
implants doped or coated with bioactive glass
composites, fabricated via additive manufacturing,
show accelerated early-stage osseointegration, as
evidenced in in vivo animal models [27]. Such
advances underscore how biotechnology drives
the design of smart, safer, and more detectable
composite implants.

4. Conclusions

Orthopaedic prostheses and implants exemplify
the potential of biotechnology to transform
medical practice. Through the combination of
material science, biology, and engineering,
biomedical products have evolved from simple
mechanical devices to highly sophisticated
systems that interact with living tissues.
Biotechnology research remains fundamental for
improving biocompatibility, ensuring durability,
and developing innovative solutions such as
personalized implants and biofunctional coatings.
Continuous interdisciplinary efforts are necessary
to overcome challenges such as infection, immune
rejection, and costs.

92

The future of biomedical products lies in the
integration of biotechnology with digital
technologies, ensuring that prostheses not only
replace but also restore and enhance human
function.
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