Module 5
TRENDS IN BIOENGINEERING

Muscular and Skeletal Systems as scaffolds:
Architecture:

e The musculoskeletal system (locomotor system) is a human body system that provides our
body with movement, stability, shape, and support.

It is subdivided into two broad systems:

« Muscular system, which includes all types of muscles in the body.

« Skeletal muscles, in particular, are the ones that act on the body joints to produce movements.

e Besides muscles, the muscular system contains the tendons which attach the muscles to the
bones.

o Skeletal system, whose main component is the bone.
Bones articulate with each other and form the joints,
providing our bodies with a hard-core, yet mobile,
skeleton.

e The integrity and function of the bones and joints are
supported by the accessory structures of the skeletal
system; articular cartilage, ligaments, and bursae.

Functions:

» To provide the body with stability and mobility

» Storage of minerals (e.g., calcium) and hematopoiesis
(Process of creating a wide variety of blood and bone
marrow cells)

« Muscular system stores most of the body's carbohydrates in the form of glycogen.

Mechanism:

» The nervous system controls voluntary muscle movements. Voluntary muscles are the ones
which can be controlled by us. Some involve large muscle groups to do activities like
jumping. Others use smaller movements, like pushing a button.

« Movements happen when: Our nervous system (brain and nerves) sends a message to activate
our skeletal (voluntary) muscles. Our muscle fibers contract (tense up) in response to the
message.

« When the muscle activates or bunches up, it pulls on the tendon. Tendons attach muscles to
bones. The tendon pulls the bone, making it move.

« To relax the muscle, our nervous system sends another message. It triggers the muscles to
relax or deactivate. The relaxed muscle releases tension, moving the bone to a resting
position.
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Scaffolds and tissue engineering:

Scaffolds play a crucial role in bioengineering solutions for both muscular and skeletal systems,
providing structural support and promoting tissue regeneration. Here's how scaffolds are utilized

in each context:

Muscle Tissue Engineering:

» Purpose: Scaffolds are used to create a framework that supports the growth and
organization of muscle cells in vitro (in the lab) or in vivo (in the body).

» Materials: Biocompatible materials such as natural polymers (e.g., collagen, fibrin) or
synthetic polymers (e.g., polylactic acid, polyglycolic acid) are commonly used.

« Function: Scaffolds mimic the extracellular matrix (ECM) of muscle tissue, providing a
framework for muscle cells to adhere, proliferate, and differentiate.

« Applications: Used in therapies for muscular dystrophy and muscle injuries, scaffolds can
be seeded with stem cells or myoblasts to promote muscle regeneration and restore muscle
function.

Bone Tissue Engineering:

e Purpose: Scaffolds are designed to support the growth of new bone tissue and aid in bone
regeneration.

e Materials: Typically made from biocompatible materials like ceramics (e.g.,
hydroxyapatite), polymers (e.g., polylactic acid), or composite materials.

e Function: Scaffolds provide a three-dimensional structure that mimics the trabecular and
cortical bone architecture, facilitating cell attachment, proliferation, and differentiation.

e Applications: Used in treating bone fractures, osteoporosis, and bone defects, scaffolds
can be loaded with growth factors or stem cells to enhance bone healing and
regeneration.

Bioprinting Techniques:

Bioengineering is the application of engineering principles to improve disease prevention and
treatment, agricultural production, energy sustainability, and more. Examples of
bioengineering research include bacteria engineered to produce chemicals, new medical
imaging technology, portable disease diagnostic devices, and tissue engineered organs.

Bioprinting techniques and materials

Bioprinting is a rapidly growing field that uses various techniques to produce three-
dimensional (3D) structures and functional biological tissues for medical and scientific
applications. The main objective of bioprinting is to mimic the structure and function of
human tissues and organs, leading to the development of replacement parts for damaged or
diseased organs.
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Figure: Schematic representation of bioprinting process

3D bioprinting

3D bioprinting is a technology where bioinks, mixed with living cells, are printed in 3D to
construct natural tissue-like three-dimensional structures. Currently, this technology can be
used in various research areas, such as tissue engineering and new drug development.

Schematic representation of 3D bioprinting concept
Basic Principle of 3D Bioprinting

The principle of 3D printing is based on the precise placement of biological components,
biochemicals, and living cells in a layer-by-layer fashion with the spatial control of the
placement of functional constituents onto the fabricated 3D structure. The process of 3D
bioprinting is based on three distinct approaches; biomimicry or biomimetics, autonomous
self-assembly, and mini-tissue building blocks.
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