
Introduction to Biomedical Engineering

Key concepts, scope, and foundational knowledge

1. What Is Biomedical Engineering (BME)?

Aspect Description

Definition
Application of engineering principles and design concepts to medicine and

biology for improving health care.

Goal
Develop technologies that diagnose, treat, or prevent disease, and

enhance the quality of life.

Interdisciplinary

Nature

Merges mechanical, electrical, chemical, materials, computer, and

systems engineering with biology, physiology, and medicine.

2. Major Sub?Disciplines

Sub?discipline Typical Applications Core Engineering Tools

Biomechanics
Prosthetic limbs, orthopaedic

implants, gait analysis

Finite?element analysis, motion

capture, material testing

Biomaterials
Tissue scaffolds, drug?

delivery carriers, implants

Polymer synthesis, surface

modification, degradation studies

Medical Imaging
MRI, CT, ultrasound, optical

imaging

Signal processing, inverse problems,

image reconstruction

Biomedical

Instrumentation

Patient monitors, wearable

sensors, surgical tools

Circuit design, analog/digital signal

conditioning, data acquisition

Cellular & Tissue

Engineering

Organ?on?a?chip,

regenerative medicine

Microfluidics, bioreactors, cell culture

techniques

Clinical Engineering

Hospital equipment

management, safety

compliance

Standards (ISO 13485, IEC 60601),

risk analysis

Computational Biology &

Bioinformatics

Genomic analysis, systems

biology modeling

Machine learning, statistical

modeling, high?performance

computing
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3. Typical Design Process in BME

1. Problem Identification

Clinical need (e.g., “reduce infection risk in central lines”).

Stakeholder analysis: patients, clinicians, regulators.

2. Requirements Definition

Functional: performance specs, accuracy, response time.

Non?functional: biocompatibility, sterilizability, cost, usability.

3. Concept Generation & Feasibility

Brainstorm multiple solutions.

Perform preliminary calculations, simulations, and risk assessments.

4. Prototype Development

Rapid prototyping (3?D printing, soft lithography).

Selection of appropriate materials and components.

5. Testing & Validation

Bench testing ? in?vitro ? animal studies ? clinical trials.

Statistical analysis of results; compliance with regulatory standards.

6. Regulatory Submission & Commercialization

Prepare documentation (design history file, risk management file).

Navigate FDA (510(k), PMA) or CE marking pathways.

7. Post?Market Surveillance

Monitor device performance, adverse events, and iterate design.

4. Key Engineering Principles Applied to Biology
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Principle Biological Analogy / Application

Force & Mechanics Load?bearing capacity of bone; fluid shear stress on endothelial cells.

Electrical Circuits Action potentials in neurons; bio?impedance of tissues.

Mass Transfer Diffusion of oxygen in tissue; drug release kinetics.

Thermodynamics Heat generation in metabolic processes; thermal ablation therapies.

Control Systems Closed?loop insulin pumps; ventilator feedback loops.

Signal Processing Filtering ECG noise; extracting features from MRI data.

5. Regulatory Landscape (U.S. Focus)

Agency / Standard Scope
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