CAREERS THROUGH MATHS: RADIOLOGIST

JOB DESCRIPTION

A radiologist is a medically qualified doctor who specialises in using medical
imaging to diagnose and treat diseases and injuries. Their daily responsibilities are
centred around interpreting a vast array of imaging studies, including X-rays,
computed tomography (CT) scans, magnetic resonance imaging (MRI), ultrasound,
and nuclear medicine (e.g., PET scans). Beyond reporting, they perform intricate
image-guided interventions, such as biopsies, drainages, and angioplasties, often
within the interventional suite of an NHS Trust or private hospital. They work closely
with a multidisciplinary team, discussing complex cases with oncologists at centres
like The Royal Marsden, advising surgeons from Imperial College Healthcare NHS
Trust on surgical planning, and guiding junior doctors and radiographers on
appropriate imaging pathways.

The work environment is primarily hospital-based, combining time spent in darkened
reporting rooms analysing high-resolution images on specialised diagnostic
workstations with clinical work in wards, outpatient clinics, and procedure rooms. A
significant portion of their work involves urgent and emergency reporting,
contributing to the "hot reporting"” of trauma scans from A&E departments across the
UK. The role demands intense concentration, meticulous attention to detail, and the
ability to manage a high-volume workload under time pressure, all while maintaining
the highest standards of patient safety and care as governed by the Royal College of
Radiologists (RCR).

Mathematics is central and indispensable to the role. It is not merely a background



tool but the fundamental language through which imaging physics, radiation safety,
and quantitative diagnostics are understood and applied. From calculating the correct
radiation dosages for therapeutic procedures to employing complex algorithms for
image reconstruction and analysis, a radiologist's decision-making is deeply rooted
in mathematical principles. For instance, determining the exact size and growth rate
of a tumour on serial CT scans requires precise geometric and volumetric
calculations, directly impacting a patient's cancer staging and treatment response
assessment.

HOW MATHEMATICS IS USED

* Physics and Calculus (Differential Equations): The core principles of all
imaging modalities are governed by physics described through calculus. In MRI,
the behaviour of proton spin under magnetic fields (precession and relaxation
times T1/T2) is modelled using differential equations. Radiologists must
understand these principles to manipulate pulse sequences (e.g., changing TR
and TE times) to generate T1-weighted or T2-weighted images that best highlight
pathology. In nuclear medicine, the exponential decay of radioactive tracers,
calculated using calculus, is essential for determining half-lives and safe
administration doses according to UK guidelines from the Administration of
Radioactive Substances Advisory Committee (ARSAC).

Geometry and Trigonometry: This is fundamental for spatial reasoning and
planning interventional procedures. When performing a CT-guided biopsy, the
radiologist must use geometric principles to plot a safe percutaneous needle path
from the skin entry point to the target lesion, avoiding critical structures like
blood vessels and pleura. This involves mentally constructing angles and
trajectories in three-dimensional space, often using trigonometric functions to
calculate the precise angle of approach based on axial, sagittal, and coronal
reconstructions on the workstation.

Probability and Statistics: Radiologists constantly use Bayesian probability to
interpret findings. They assess the pre-test probability of a disease based on
patient demographics and symptoms (e.g., the risk of a pulmonary embolism in a
post-operative patient) and combine this with the known statistical sensitivity and
specificity of a test (e.g., a CT Pulmonary Angiogram) to estimate the post-test
probability of disease. This statistical reasoning is crucial for avoiding over-



diagnosis and for understanding the predictive value of a reported finding in a
specific clinical context.

* Advanced Imaging Analysis (Linear Algebra and Fourier Transform): Image
processing is built upon linear algebra. Techniques like image subtraction in
digital subtraction angiography (DSA) are matrix operations. More advanced
applications, such as MRI diffusion-weighted imaging (DWI), which detects
strokes by measuring the random (Brownian) motion of water molecules, rely on
calculating the "apparent diffusion coefficient" (ADC) through mathematical
modelling. Furthermore, the very reconstruction of CT and MRI images from raw
data is achieved using algorithms based on the Fourier transform to convert
signal data into a viewable image.

Statistical and Analytical Methods: Radiomics is an emerging field where
radiology meets big data. It involves extracting vast amounts of quantitative
features (texture, shape, intensity) from medical images using data analysis
software. Machine learning models, trained on these datasets, can then identify
patterns invisible to the human eye to predict tumour genetics, treatment
response, or patient prognosis. UK institutions like the NHS Al Lab are heavily
invested in developing and validating these tools for use in the national health
service, requiring radiologists to understand the statistical principles behind
them to critically appraise their output.

KEY SKILLS & TOOLS

Skill/Tool Application

The primary workstation for image interpretation. Radiologists

PACS (Picture use its measurement tools to perform precise calculations, such

Archiving and as sizing lesions in millimetres, calculating tumour volumes, or

Communication measuring Hounsfield units on CT to characterise tissue (e.g.,

System) confirming a lesion is a benign renal cyst by measuring its
density).

The universal standard for medical imaging. Radiologists use
DICOM Standard and software like Sectra or Agfa to manipulate DICOM images,
Viewing Software applying windowing/levelling (a linear transformation of pixel



Statistical Analysis
Packages (R, Python
pandas)

Programming for Al
(Python with PyTorch/
TensorFlow)

Ultrasound/Doppler
Imaging
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(Multidisciplinary
Team) Presentation
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values) to optimise visualisation of different tissues (e.g., lung,
bone, soft tissue) based on their mathematical attenuation
coefficients.

Used for audit and research. A radiologist might use these to
analyse the turnaround times for reporting in their department,
calculate the sensitivity and specificity of a new imaging
technique against a gold standard, or perform statistical tests to
validate the findings of a clinical study for publication.

Increasingly important for developing and validating Al tools.
Radiologists collaborate with data scientists to create
algorithms for tasks like automated fracture detection on X-rays
or prioritising urgent cases on a worklist, requiring an
understanding of the underlying mathematical models.

The equipment itself performs real-time mathematical
calculations. Doppler ultrasound calculates the frequency shift
of reflected sound waves to determine blood flow velocity,
which is crucial for diagnosing deep vein thromboses (DVTs)
or assessing stenosis in carotid arteries. The radiologist must
interpret these quantitative velocity measurements.

Radiologists must clearly communicate complex quantitative
findings to clinical colleagues. This involves presenting
measurements (e.g., "the pancreatic mass has reduced in size
by 30% according to RECIST criteria"), statistical likelihoods,
and the mathematical reasoning behind a diagnosis in a clear,
concise manner to inform treatment decisions.

Radiologists lead audits to ensure departmental compliance
with UK safety and quality standards (e.g., IR(ME)R
regulations). This involves statistical analysis of radiation dose
reports (e.g., tracking CT dose index volumes - CTDIvol),
calculating error rates, and implementing mathematical
process controls to maintain and improve service quality.

Typical Pathway: The pathway begins with excelling in science and mathematics at
GCSE and A-Level, with Maths, Physics, Chemistry, and Biology being highly
desirable. Prospective radiologists must then complete a medical degree (MBBS or
MBChB) at a GMC-approved UK medical school, which is typically five to six years
long. Following graduation, they enter the two-year UK Foundation Programme. To



enter specialist training, they must then apply through competitive entry to a five-
year run-through training programme in Clinical Radiology, which is overseen by the
Royal College of Radiologists (RCR). This training combines practical clinical
placements in NHS hospitals with passing a series of rigorous exams (FRCR). Upon
completion, doctors achieve a Certificate of Completion of Training (CCT) and can
apply for a consultant radiologist post. Many consultants then further sub-specialise
in areas like neuroradiology or interventional radiology.

Industry Demand: The demand for radiologists in the UK is exceptionally high and is
classified as a shortage specialty by NHS England. The RCR's 2022 census revealed a
significant shortfall of radiologists, with a 29% vacancy rate for consultant posts. This
demand is driven by an ageing population requiring more complex imaging, rapid
technological advancements, and increasing reliance on image-guided procedures.
The integration of artificial intelligence into imaging also creates new roles for
radiologists with strong analytical and mathematical skills to lead these innovations.
Real-World Impact: Radiologists are pivotal to modern healthcare delivery in the UK.
Their expertise enables the early detection of diseases like cancer, directly
improving survival rates through programmes like the NHS Breast Screening
Programme. They are essential in acute settings, such as diagnosing strokes quickly
so that thrombectomy services can be activated, saving lives and reducing long-term
disability. By developing and implementing advanced, mathematically-driven
imaging techniques, they not only improve individual patient outcomes but also drive
efficiency and innovation within the NHS and the wider UK life sciences industry.
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