
CAREERS THROUGH MATHS: BIOMEDICAL ENGINEER

JOB DESCRIPTION

A  Biomedical  Engineer  applies  engineering  principles  and  problem-solving

methodologies  to  biology  and  medicine.  This  role  is  central  to  the  design,

development, and maintenance of medical devices, equipment, and software used in

healthcare. A typical day might involve collaborating with clinicians at an NHS Trust

to identify a need, such as improving a diagnostic device,  followed by designing

prototypes, conducting rigorous testing, and analysing performance data. The work

environment is highly varied, ranging from research laboratories in universities and

institutions  like  the  Francis  Crick  Institute,  to  the  R&D  departments  of  medical

technology  companies  such  as  Smith  &  Nephew  or  GE  Healthcare,  and  clinical

settings within the NHS where equipment is installed and maintained.

Key duties are diverse and technically demanding. They include designing medical

devices  like  prosthetic  limbs  or  pacemakers,  developing  software  for  analysing

medical images (e.g., MRI or CT scans), managing the lifecycle of complex medical

equipment  in  a  hospital,  and ensuring all  products  comply with strict  UK and EU

Medical  Device  Regulations  (MDR).  A  significant  part  of  the  role  involves

troubleshooting and problem-solving,  requiring a deep understanding of  both the

engineering fundamentals and the biological systems the technology interacts with.

Mathematics is the foundational language of this role. It is not an abstract concept but

a  practical  tool  used  daily  to  model  physiological  processes,  simulate  device

behaviour  under  stress,  analyse  signals  from  the  body,  and  ensure  the  statistical

validity of clinical trial data. Whether calculating the fluid dynamics of blood flow



through an artificial heart valve or using finite element analysis to optimise the stress

distribution  on a  new hip  implant,  mathematical  proficiency is  non-negotiable  for

innovation, safety, and efficacy in this field.

HOW MATHEMATICS IS USED

Differential Equations and Modelling: Biomedical engineers use ordinary and

partial differential equations to create dynamic models of biological systems. For

example,  they  model  the  electrical  conduction  system  of  the  heart  using  the

Hodgkin-Huxley model (a set of nonlinear differential equations) to improve the

algorithms in implantable defibrillators. Similarly, computational fluid dynamics

(CFD), governed by the Navier-Stokes equations, is used by UK companies like

Siemens  Healthineers  to  simulate  blood  flow  through  stenosed  (narrowed)

arteries, helping clinicians plan interventions without invasive procedures.

Statistics  and  Data  Analysis: This  is  crucial  for  validating  the  safety  and

performance  of  medical  devices.  Engineers  use  statistical  methods  like

hypothesis testing and regression analysis to determine if a new device shows a

statistically  significant  improvement  over  existing treatments.  When analysing

data from clinical  trials run through the NHS or the Medicines and Healthcare

products Regulatory Agency (MHRA), they use techniques like survival analysis

to  assess  the  long-term  reliability  of  an  implant,  ensuring  it  meets  stringent

regulatory standards.

Linear Algebra: This branch of mathematics is fundamental to medical imaging.

Techniques like Magnetic Resonance Imaging (MRI) and Computed Tomography

(CT) rely heavily on linear algebra for image reconstruction. The raw data from

an MRI scanner is a set of signals in frequency space (k-space). Engineers use

Fourier  transforms and matrix  operations  to  reconstruct  these signals  into  the

detailed  3D  images  that  radiologists  use  for  diagnosis.  This  mathematical

processing  is  at  the  core  of  software  developed  by  UK-based  teams  for

companies like Philips or for NHS imaging departments.

Calculus: Calculus  is  used  extensively  for  analysing  rates  of  change.  For

instance, when designing a drug-delivery pump, engineers use integral calculus

to calculate the total dosage delivered over time. Differential calculus is used to

analyse the shape and curvature of a new stent to ensure it can expand uniformly

• 

• 

• 

• 



within a blood vessel without causing trauma. Biomechanics relies on calculus to

understand  forces,  velocities,  and  accelerations  within  the  musculoskeletal

system to design better orthopaedic implants.

Numerical Methods: Many complex biological problems cannot be solved with

exact analytical solutions. Biomedical engineers use numerical methods to find

approximate  solutions.  For  example,  the  Finite  Element  Method  (FEM)  is  a

numerical technique used to break down complex structures (like a skull or a

femur) into small, simple elements. This allows engineers at organisations like

the  University  of  Leeds'  Institute  of  Medical  and  Biological  Engineering  to

simulate  and  analyse  how  these  structures  will  respond  to  physical  forces,

optimising  the  design  of  protective  equipment  or  implants  before  physical

prototypes are ever built.

KEY SKILLS & TOOLS

Skill/Tool Application

Computer-Aided

Design (CAD) Software

(e.g., SOLIDWORKS)

Used to create precise 3D models of medical devices. The

software performs mathematical operations to calculate mass

properties, simulate kinematics, and ensure tolerances are

met. For example, designing a customised cranial implant for a

patient using scan data, ensuring a perfect fit.

Mathematical

Modelling Software

(e.g., MATLAB/

Simulink)

The industry standard for prototyping algorithms, analysing

data, and developing mathematical models. A UK engineer

might use MATLAB to process electrocardiogram (ECG)

signals, filtering out noise and detecting arrhythmias using

Fourier analysis and digital signal processing techniques.

Programming

Languages (Python,

C++)

Python is widely used for data analysis, machine learning

applications (e.g., classifying skin lesions from images), and

scripting simulations. C++ is used for developing high-

performance, real-time software for medical devices, such as

the control system for a surgical robot used in the NHS.

Finite Element

Analysis (FEA)

Used to perform complex simulations that rely on numerical

methods. An engineer might use FEA to model the stress
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Software (e.g., ANSYS,

Abaqus)

distribution on a new knee implant design under load,

mathematically predicting its lifespan and potential failure

points before costly manufacturing begins.

Medical Imaging

Software (e.g., ITK-

SNAP, 3D Slicer)

Specialised tools for visualising and segmenting medical

image data. Engineers use these to extract quantitative

anatomical measurements, which involves mathematical

operations like thresholding and morphological image

processing to distinguish between different tissues in a scan.

Technical

Communication

Essential for presenting complex mathematical findings and

design rationales to multidisciplinary teams, including

clinicians (who may not be engineers), managers, and

regulators like the MHRA. This involves creating clear reports

and visualisations of data.

Knowledge of Medical

Device Regulations

(MDR/UKCA)

Understanding the regulatory framework is paramount. This

involves applying statistical quality control methods (e.g.,

Statistical Process Control charts) to manufacturing processes

and designing validation protocols that mathematically

demonstrate a device's safety and performance.

Typical Pathway: The most common route is to complete a degree (BEng or MEng)

in Biomedical Engineering or a related field (e.g., Mechanical/Electronic Engineering

with a biomedical specialism) accredited by the Institution of Mechanical Engineers

(IMechE)  or  the  Institution  of  Engineering  and  Technology  (IET).  Entry  requires

strong A-levels (or Scottish Highers) in Mathematics and Physics, often with a further

science. Graduates typically start as a Graduate Engineer in an NHS trust's medical

engineering  department  or  at  a  medtech  company.  With  experience,  they  can

progress  to  Senior  Engineer  or  Project  Manager.  A  key qualification  is  achieving

Chartered Engineer (CEng) status through a professional institution, which involves a

period of supervised experience and a professional review. The NHS also offers its

own specialist  training schemes,  such as  the Scientist  Training Programme (STP),

which includes a funded MSc.

Industry Demand: The demand for Biomedical Engineers in the UK is strong and

growing.  The  Office  for  National  Statistics  (ONS)  projects  growth  in  the  "Science,

Engineering, and Technology" sector, driven by an ageing population, technological

advancement, and a focus on improving healthcare efficiency. The UK government's

Life  Sciences  Vision  further  fuels  demand,  encouraging  innovation  in  areas  like

diagnostics and medical devices. Expertise in mathematical modelling, data science,

and regulatory affairs is particularly sought after.



Real-World Impact: Biomedical Engineers in the UK have a direct impact on patient

care  and  public  health.  They  contribute  to  groundbreaking  projects,  such  as  the

development of the NHS COVID-19 ventilator systems during the pandemic or the

advanced prosthetic limbs provided by the NHS. Companies like DnaNudge, which

created a rapid COVID-19 test,  showcase how engineering and data analysis  can

revolutionise  diagnostics.  Their  work  not  only  saves  and  improves  lives  but  also

strengthens the UK's position as a global leader in the life sciences and technology

sectors, contributing significantly to the economy.


	CAREERS THROUGH MATHS: BIOMEDICAL ENGINEER
	JOB DESCRIPTION
	HOW MATHEMATICS IS USED
	KEY SKILLS & TOOLS


