BIOMEDICAL ENGINEERING: DEFINITION, HISTORY, COMPONENTS
What is Biomedical Engineering?

Biomedical engineering is the discipline that applies engineering principles, design concepts,
problem solving skills to biology, medicine and healthcare to improve human health and quality
of life.

The National Institute of Health (NIH) defines biomedical engineering (or bioengineering) as an
interdisciplinary field that integrates physical, chemical, mathematical and computational
sciences with engineering principles to study biology, medicine, behavior and health.

It simpler terms, biomedical engineering merges engineering expertise with biomedical sciences
to improve human health through the development of devices, equipment and software.

It bridges the gap between engineering and medicine, enhancing healthcare delivery, diagnosis
and treatment.

HISTORY OF BIOMEDICAL ENGINEERING
1. Ancient & Pre-scientific roots (prior to 1900s)

Engineering applications in medicine date back thousands of years despite being recognized as
a modern discipline. The earliest evidence is a wooden prosthetic toe found on an Egyptian
mummy (prosthetics). Ancient splints, crutches and walking sticks (orthopedics). Development
of surgical tools and early anatomical knowledge during renaissance. There was minimal
effective treatments for common ailments, limited technological capabilities and little impact of
medicine on the average person.

2. The Foundations (late 19t-early 20" century).

Advances in physics (optics, electricity, mechanics) during the industrial revolution directly
influenced by medicine.

1896-X-ray Imaging: Roentgen discovered X-rays, which were immediately utilized for
diagnosing bone fractures.

Early 1900s- Electrocardiogram (ECG): Developed to measure electrical potentials of the heat.
It is a diagnostic tool still used till date. Dutch physiologist, Willem Einthoven won the 1924
Nobel Prize in Physiology for his discovery of the mechanism of the electrocardiogram.

1929-Artifical Respirator: The “iron lung” was invented as a mechanical device for breathing
assistance. It is simulated breathing via pressure changes in a tank.

3. The Rise of Modern Biomedical Engineering (World War Il Era).

Biomedical engineering emerged as a distinct discipline due to the need for combining medical
knowledge with engineering developments in electronics and radar technology.



1940s-1950s: Major advancements in cardiovascular medicine.

1941-Angiography: Techniques to visualize blood vessels were developed.

1955-Pacemaker: First pacemakers were invented, changing cardiovascular care.

4. Formalization of the discipline (1960s-present).

The 1960s marked the establishment of biomedical engineering as an academic discipline and
the widespread application of computers in healthcare.

1960s: Development of artificial organs (e.g. artificial kidney)

1970s: Introduction of advanced medical imaging (CT scan) to address healthcare efficiency

1980s-1990s: Growth of biotechnology, genetic engineering and tissue engineering.

Summary of key milestones.

1896: First medical X-ray

1924: Nobel prize for ECG(Einthoven)
1931: Electron Microscope(Ruska)
1950s: Prosthetics and artificial organs
1970s: Imaging technologies(CT)

COMPONENTS OF BME

The field of biomedical engineering is divided into several key domains.

1.

Bioinstrumentation: application of electronics and measurement principles to develop
devices for diagnosing and treating diseases. E.g. patient monitoring systems, blood
analyzers, electrocardiographs(ECG)

Biomaterials: Study of materials (natural or synthetic) that can safely interact with living
systems. The materials has to be biocompatible to ensure the materials do not cause
adverse reactions such as rejection or toxicity. Examples, titanium, polymers, ceramics.
Biomechanics: Application of mechanical engineering principles(force, stress, strain) to
biological systems E.g. designing prosthetic limbs, modelling blood flow in arteries,
orthopedic implants(artificial hip joints)

Biomedical imaging and optics: Technologies used to visualize internal body structures
for non-invasive diagnosis. E.g. magnetic resonance imaging (MRI), Ultrasound, X-ray.
Rehabilitation Engineering: Development of technologies to improve quality of life and
functionality of individuals with disabilities E.g. prosthetic limbs, advanced wheelchairs,
sensory aids(cochlear implants).



6. Clinical engineering: Application of medical technology in hospitals and healthcare
facilities. The CEs manages medical equipment, ensure safety and train medical
personnel.

7. Tissue Engineering: repair or replacing damaged tissues using cells and scaffolds.

Key Interdisciplinary Areas
BME draws from multiple disciplines:

a. Engineering: Electrical (circuits/ signals),Mechanical(forces/motion), Chemical(drug
delivery/materials)

b. Life Sciences: Anatomy, Physiology, Biology, and Biochemistry
Physical Sciences: Physics and Chemistry.
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Figure 1.9 The world of biomedical engineering.

Biomedical Engineering: Solving Real-World Problems

Biomedical engineering plays a critical role in solving real-world problems and addressing
numerous challenges in healthcare and beyond. Biomedical engineering is an interdisciplinary
field at the intersection of engineering, biology, and medicine which is making a significant
impact on addressing a wide range of real-world problems. From improving patient care to



advancing medical technology, biomedical engineers are at the forefront of innovation, and
their work is transforming healthcare and beyond.

1. Medical Device Innovation: One of the most notable contributions of biomedical
engineering is the development of cutting edge medical devices. These devices enhance patient
diagnostics and treatment, resulting in better health outcomes. For example, the creation of
advanced prosthetic limbs and robotic exoskeletons has significantly improved the quality of
life for individuals with limb disabilities, allowing them to regain mobility and independence.

2. Imaging and Diagnostics: Biomedical engineers have revolutionized medical imaging
technologies. High-resolution MRI and CT scans enable more accurate and early disease
detection. Innovations such as functional MRI (fMRI) have provided insights into brain function,
aiding in the diagnosis and treatment of neurological disorders.

3. Telemedicine: Recent advancements in telemedicine have been accelerated by biomedical
engineering. During the COVID-19 pandemic, tele-health became a critical tool for remote
patient care. Biomedical engineers played a role in developing telemedicine platforms,
wearable health monitoring devices, and secure communication systems, making healthcare
more accessible to remote and underserved areas.

4. Drug Delivery Systems: Biomedical engineers are creating more efficient drug delivery
systems that ensure precise and controlled release of medications. These systems improve the
effectiveness of treatments and reduce side effects, benefiting patients with chronic conditions
and those undergoing chemotherapy.

5. Tissue Engineering and Regenerative Medicine: Tissue engineering has the potential to
address the shortage of organ donors. Biomedical engineers are working on creating
bioengineered organs and tissues that can be transplanted into patients. This development has
the potential to save countless lives and reduce the demand for organ transplantation.

6. Addressing Healthcare Disparities: Biomedical engineers are also tackling global health
challenges and healthcare disparities. They design affordable and portable medical devices for
use in resource-limited settings. For instance, point-of-care diagnostic tools and mobile health
clinics provide access to healthcare services in remote and underserved regions.

7. Impact on Rehabilitation: Innovative technologies in rehabilitation, such as brain-computer
interfaces and neuroprosthetics, are helping individuals recover from neurological injuries.
These technologies empower people with disabilities to regain independence and improve their
quality of life.

8. Advancements in Biotechnology: Biomedical engineering is instrumental in the development
of biotechnology breakthroughs, such as gene editing tools like CRISPR-Cas9, which hold
immense promise in treating genetic disorders and advancing personalized medicine.



In conclusion, biomedical engineering is a dynamic and evolving field that continually
addresses real-world problems and contributes to the betterment of society. The innovations
and solutions developed by biomedical engineers impact patient care, improve healthcare
access, and drive progress in medical technology, making a positive difference in countless
lives. Moreover, this field is a driving force behind transformative changes in the healthcare
industry, ensuring that medical technology keeps pace with the evolving needs of society. In
this introduction to biomedical engineering, we’ve only scratched the surface of the field’s
depth and breadth. As we delve deeper, you'll discover the remarkable innovations, dedicated
professionals, and life-changing discoveries that continue to shape the landscape of modern
medicine and redefine what’s possible in healthcare.



