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What is a Healthcare Scientist?

● Over 50,000 healthcare scientists 

working in the NHS and public health 

services. 

● ~5% of the NHS workforce

● Provide the scientific backbone of the 

NHS across physiological sciences, life 

sciences, physical sciences, and 

informatics

● Healthcare scientists involved in 80% of 

all clinical decisions and diagnoses in 

the NHS



More than 50 specialities across four areas…….

Specialities

[https://nshcs.hee.nhs.uk/healthcare-science/healthcare-science-

specialisms-explained/]

Life Sciences

Andrology

Cancer Genomics

Clinical Biochemistry

Clinical Immunology

Clinical Microbiology

Embryology

Genomics

Genomic Counselling

Haematology and Transfusion 

Science

Histocompatibility and 

Immunogenetics

Histopathology

Informatics

(with crossover to Life and Physical Sciences)

Clinical Bioinformatics Genomics

Clinical Informatics

Clinical Scientific Computing

Physical Sciences

Clinical Engineering

Medical Physics:

• Imaging with non-ionising radiation

• Radiation safety and diagnostic radiology

• Radiotherapy physics

• Nuclear medicine

Pharmaceutical Science

Reconstructive Science

Physiological Sciences

Audiology

Cardiac Science

Critical Care Science

Gastrointestinal Physiology

Neurophysiology

Ophthalmic and Vision Science

Respiratory and Sleep Science

Urodynamic Science

Vascular Science



What do we do?
● Healthcare scientists research and develop techniques and 

equipment to help prevent, diagnose and treat illness.

● Wide variety of different “specialities” within 

Medical Physics:

• Nuclear Medicine

• Radiotherapy Physics

• Imaging with non-ionising radiation

• Radiation safety and diagnostic radiology AI Generated image of a 

Nuclear Medicine Scientist



Duties of  a Medical Physicist

Physicists have expert 

knowledge of legislation 

and radiation safety and 

advise multidisciplinary 

teams on best practice.

Research

Physicists have the 

opportunity to conduct 

cutting edge research and 

are required to stay up to 

date with the latest 

innovations in their field. 

Expert Advice

In all specialisms physicists will be involved with certain roles.  

Quality Control

Performing tests on 

equipment including linear 

accelerators, gamma 

cameras, CT’s, and MRI’s to 

ensure everything is working 

as expected. 

As well a whole lot more depending on specialism…...  



What is this?

And this?

And this??!



Nuclear Medicine

(Un)clear Medicine…

• In Nuclear Medicine, we inject  radio(active)pharmaceuticals into 

the patient in order to diagnose or treat disease.

• A radiopharmaceutical is made up an Isotope (e.g. F-18, Tc-99m), 

and a targeting pharmaceutical to move the isotope to the area of 

interest in the body.

• This allows us to asses organ function or to target and destroy 

diseased tissue. 

Radiopharmaceutical

PECT/CT Scan



Patient with radioactive source

Nuclear Medicine
How does it work?

Lead Collimator

Scintillation Crystal (NaI, CZT)

Array of Photomultiplier Tubes

Electronics & Signal Processing

Tc-99m HDP



Nuclear Medicine
PET

F18-FDG

Energy Loss

Positron Electron

Detector ringPECT/CT Scan



Nuclear Medicine
Now I can see what’s wrong, what can we do?

• Diagnostics allow Dr’s to discuss options for treatment with patients.

• E.g. area of inflammation around an infected implant may need surgery or diagnose if there is a kidney 

obstruction or stone.

• Cancer pathway: Patient may get referred for further treatment e.g. Chemotherapy, Radiotherapy (more 

on that later!) or Radionuclide therapy



Nuclear Medicine
Radionuclide Therapy

Cancer cells

Short-range 

radiation

Bystander

Effects

• We can use the same (or similar!) pharmaceutical and change the 

Isotope. E.g. 223Ra-Dichloride instead of Tc-99m HDP.

• Radiopharmaceutical is taken up in the same cells as the diagnostic 

radiopharmaceutical.

• Use an isotope with a large Linear Energy Transfer (LET) to destroy 

cells, but short range to preserve healthy tissue E.g. Beta, Auger 

electron or Alpha emitters.

• Can also use daughter gammas for imaging (theranostics!)

223Ra-Dichloride



Nuclear Medicine

What do I do?
• Equipment Quality Assurance and optimisation:

• Does my Scanner, radionuclide calibrator, TAGS 

detector, Dose rate meter still work the same as when I 

bought it?

• Equipment commissioning – The manufacturer says it 

does “X” – does it? Often no…

• How should I test it? How often? What do I need to 

know – all questions physicists try to answer!

AI generated image of a broken 

CAT scanner…

We need to make our own 

radioactive sources for quality 

control testing.

We need to optimise our 

imaging and processing 

parameters to give the best 

images



Nuclear Medicine

What do I do?

Exposure to ionising radiation is covered by the following main pieces of legislation in the UK:

IRR2017: Ionising Radiations Regulations 2017

- Protects the public and employees

IRMER2017: Ionising Radiation (Medical Exposure) Regulations 2017

- Protects the patient

EPR: The Environmental Permitting Regulations 2016 (amendment 2018)

- Protects the environment

CDG: The Carriage of Dangerous Goods and Use of Transportable Pressure 
Equipment Regulations 2009 (amendments 2011 & 2019)

- Transport of radioactive material

- Protects the public and employees

Ensure compliance with UK Legislation on the appropriate use of 

Radiopharmaceuticals in Nuclear Medicine

Radiation safety training for staff in the 

hospital who work with nuclear medicine 

patients: We are the experts!



Nuclear Medicine

What do I do?
Patient risk assessment and advice

AI generated image of a patient 
consult… who is the patient?

• Before we can treat a patient with radiation for 
radionuclide therapy we need to ascertain risk – Can my 
patient swallow a capsule? Are they urinary incontinent?

• Where do they work (Gatwick is not ideal!) Who lives at 
home with them? How will they get home? Are they 
going on holiday?

• What advice should I give the patient so that they follow 
the law, and the therapy is done as safely as possible.



Nuclear Medicine

What do I do?
Radionuclide therapy Preparation and dosimetry

And much much more….

• Physics tend to prepare therapy radionuclides due to higher 

radiation risk. We also help prepare and decontaminate the 

patient treatment rooms.

• We are also present for delivery in case of spill or to provide 

radiation advice to members of staff taking park. For capsule 

based I-131 therapies, physics carry out the administration.

• Physics also perform dosimetry with support from ASRAC 

practitioners and consultants to evaluate radiation delivery to 

target and non-target tissues.



Nuclear Medicine
Nuclear Medicine at the Royal Surrey: Who are we?

• One of the largest Nuclear Medicine groups in the country (16 

physicists and counting!)

• The Royal Surrey possess’ 3 SPECT/CT Gamma cameras 

(including one CZT gamma camera) and access to 1 fixed site 

PET/CT Scanner in the Surrey Research Park.

• Provide physics support to a further 7 outside centres with 4 

SPECT/CT gamma cameras, 4 SPECT gamma cameras, 5 fixed 

site PET/CT Scanners and 4 mobile PET/CT scanners (with new 

installs planned in the next year).

• Run an extensive radionuclide therapy service including:

I-131 for thyroid cancer ablation and benign disease, Lu-177 

DOATATE, Lu-177 PSMA, 223Ra, Y-90 SIRT.

• Active participation in a range of radionuclide clinical trials.

Genesis Windsor

East Surrey

St Richards

Frimley
Guildford



Nuclear Medicine
Nuclear Medicine at the Royal Surrey: Cutting Edge

Just as new pharmaceuticals are 

regularly developed, so are 

radiopharmaceuticals, giving 

physicists the opportunity to be 

involved with cutting edge clinical 

trials to continuously improve 

outcomes for patients. 

Clinical Trials
1. CAAA601A42101- Extensive Stage Small Cell Lung Cancer (ES-SCLC)

3. CAAA617D12302- An Open-label Study Comparing Lutetium (177Lu) 

Vipivotide Tetraxetan Versus Observation in PSMA Positive OMPC

2. Investigating National Solutions for Personalised Iodine-131 Radiation 

Exposure (INSPIRE) – Measuring absorbed dose to tumour and organs at 

risk following routine iodine ablation therapy.

6. GATEWAY – Vivet VTX-801 for Wilsons disease

Currently open/ongoing at RSCH:

In current trial Setup:

4. STAMPEDE2 – Lu177 PSMA Therapy arm

5. CAAA601C12101 - LuNeoB Glioblastoma



Nuclear Medicine
Nuclear Medicine at the Royal Surrey: Cutting Edge

CAAA601A42101- Extensive Stage Small Cell Lung Cancer (ES-SCLC)

• Small cell lung cancer is fast-growing lung cancer that 

develops in the tissues of the lungs. Small cell lung carcinoma 

(SCLC) is the most lethal and aggressive subtype of lung 

cancer and 80–85% of patients present with extensive disease 

at diagnosis. 

• This is a phase 1b study with the aim of evaluating the safety 

of [177Lu]Lu-DOTA-TATE (Lutathera) in patients with 

extensive stage small cell lung cancer (ES-SCLC) and to find 

the appropriate dose of Lutathera in combination with 

chemotherapy and immunotherapy



Nuclear Medicine
Nuclear Medicine at the Royal Surrey: Cutting Edge

CAAA601A42101- Extensive Stage Small Cell Lung Cancer (ES-SCLC)

• Currently the only UK site open on this trial, we have 

recruited 1 patient and are screening for number 2!

• Involves 6 cycles of Lu-177 DOTATATE (NICE 

approved in the UK for neuroendocrine cancer 

therapy) to evaluate safety of different activity levels.

• Perform multi-timepoint imaging, blood sampling 

and urine collection for dosimetry. Lots of fun for 

physics!



Nuclear Medicine
Nuclear Medicine at the Royal Surrey: Cutting Edge

INSPIRE
• Dosimetry observation trial: aims to determine the range of 

radiation doses delivered to organs-at-risk and healthy 

organs to develop improved risk estimates from 

radioiodine therapy.

• Organs at risk include salivary glands and 

kidneys, with the target tissue being 

remnant thyroid.

• Numerous hospitals in the UK 

collaborating in the trial led by the Royal 

Marsden – RSCH has recruited 3 so far



Nuclear Medicine
Nuclear Medicine at the Royal Surrey: Patient Dose

• After we’ve made a patient radioactive, they must adhere to 

restrictions to reduce radiation exposure to family, friends and 

the public.

• Usually we give standard restrictions based on UK best 

practice and published dose rates. These can be long a quite 

strict for patients to follow.

• Instead we can measure patients dose rate, sometimes over 

multiple time points to better understand their clearance curve. 

Then customise restrictions according to their home 

circumstances – greatly improves patient quality of life after 

treatment!

R Harding, BNMS2023 Harrogate



Nuclear Medicine
Nuclear Medicine at the Royal Surrey: Cutting Edge



Radiotherapy

• Radiotherapy uses radiation to damage and kill cells. 
Delivered externally or internally. This can be to cure, 
control or relive symptoms. 

• There are two main ways we can deliver treatment. External 
Beam Radiotherapy (EBRT) and Brachytherapy. With EBRT 
we generally generate radiation where as Brachytherapy 
we use sealed sources.

• By controlling variable such as energy, dose and field shape, 
we can optimise tumour control whilst minimizing side 
effects.



Radiotherapy
How does it work?

Has a diagnosis 

and prescribed 

radiotherapy.

Receives imaging. 

May also have 

MRI/PET

https://thancguide.org/cancer-basics/diagnosis/imaging/ct-scan/

Planning scan. Allows the 

target to be located and 

the treatment plan to be 

generated.

So how do we 

deliver treatment?



Radiotherapy
How does it work? What’s this?

Waveguide

Target

Patient



Radiotherapy
How does it work?

https://www.semanticscholar.org/paper/Flattening-Filter-Free-photon-beams-for-treatment-Mader/6b17806c6442aa262d71487a3561975425256393?utm_source=direct_link

https://sancristobalcancer.com/a-breakthrough-in-oncology-radiotherapy-comes-to-ponce/



Radiotherapy
How does it work?

https://www.semanticscholar.org/paper/Flattening-Filter-Free-photon-beams-for-treatment-Mader/6b17806c6442aa262d71487a3561975425256393?utm_source=direct_link

https://sancristobalcancer.com/a-breakthrough-in-oncology-radiotherapy-comes-to-ponce/

• Targets and organs at 

risk are outlined on the 

planning scan

• Electron density 

information from the CT 

allows us to calculate 

dose

• Started simple but got a 

lot more complex



Radiotherapy
How does it work?



Radiotherapy
How does it work?

Spoken a lot about dose.

But what do we give and 

how do we know?

What do we give?

Simple answer: Do what the protocol says!

Not so simple answer: Its complicated. The two main variables are -

Dose – how many Gy do we give the patient.

Fractionation – how many treatments do we split this up into.

Mostly based of clinical trial data. But technology, 

techniques and understanding are developing rapidly. 



Radiotherapy
How does it work?

How do we know?

Physical measurements, traceable calibrations and routine QA

Standard

Secondary standard

Field instrument

Measure

C
a

lib
ra

ti
o

n
 c

h
a

in

Following established 

guidance such as the 

IPEM Codes of Practice

Quality assurance and control 

applies to everything we work with 

including software.



Radiotherapy
Brachytherapy?

https://www.cancer.ie/cancer-information-and-support/cancer-types/prostate-cancer/brachytherapy-for-prostate-cancer

https://3dprintingindustry.com/news/walter-reed-national-military-medical-center-adopts-adaptiivs-bolus-software-for-cancer-treatment-141987/

https://www.sciencedirect.com/science/article/pii/S1538472120300490#fig3

High dose rate (HDR) Low dose rate (LDR)



Radiotherapy
What do I do?

Does what I’m using still perform how I expect it to?

Quality control and assurance

Applies to everything! We need to 

have confidence in what we are 

doing and ensure safety

Commissioning equipment – does it perform as the 

manufacturer intended and how we want it to

Comply with legislation and adhere 

and/or improve on guidance

Ensure we have it all documented



Radiotherapy
What do I do?

Legislation, Guidance, training and advising

• Everything we do comes back to legislation 

and guidance. It’s there for a reason!

• Ensure its implemented and adhered to within 

our departments – We are experts in our field.

• We educate other member of staff and provide 

training

• Act as part of the MDT providing advise, 

answering questions to ensure best practice is 

followed

• Investigate incidents!

Legislation
- IR(ME)R

- IRR

- CDG

- HSW

- EPR

…

Guidance
- IPEM Reports

- IPEM CoPs

- RCR Reports

- ICRU Reports

- Many Many more!

…



Radiotherapy
What do I do?

Planning

• We also carry out direct clinical work.

• Creating patient treatment plans

• As mentioned earlier we also advise; be it on 

best treatment, set-up, re-irradiation, mid 

treatment changes, what is achievable etc.

There is a lot to take into account!

• Implement new techniques



Radiotherapy
What do I do?

Service development + Project work!

Technology is fast paced, there is 

always something new and exciting

What is plausible? what will provide benefits 

to us &/or the patients &/or the department

For example: Automation
Data analysis

Autocontouring
Planning + checking

Audits, literature 

reviews, Your 

own ideas



Radiotherapy
Who are we: UCLH

Photon

• 25 Physicists

• 4 LINACs (about to be 5)

• 1 kV Orthovoltage unit

• HDR Brachytherapy unit

• Pediatric service

• Averaging 54 new plans a week

• 19 different types of plan



Radiotherapy
Who are we: UCLH



Radiotherapy
Who are we: UCLH

Proton Radiotherapy

Proton

• 1 of 2 centers in the UK

• 19 Physicists

• 4 Gantry's

• Just as many patients!

Note: We do share 19 Dosimetrists 

between proton and photon who take the 

lead with planning.

Cyclotron

Beam Line

Gantry

Treatment room

Energy 

Selection 

System (ESS)



Radiotherapy
Trials

How can we improve the treatment we provide?

• Currently 32 trials open to 

recruitment between the photon 

and proton departments

• 6 of these are UCLH led

• These range greatly in complexity 

• Evidence led results benefit 

everyone not just UCLH



Radiotherapy
Trial: NEAT

NEAT trial focuses on using non permanent 

alignment tattoos for breast radiotherapy

• Repeatable set-up

• Typically have permanent tattoos to 

allow this

• How can we improve patient experience 

? 

https://cspmedical.com/doradonova-3-moving-laser-system-for-patient-alignment-in-rt/



Radiotherapy
Trial: BRIOCHe

Brain Re-Irradiation Or Chemotherapy: 

A Phase II randomised trial of re-irradiation and 

chemotherapy in patients with recurrent glioblastoma

• A patient has had previous treatment for 

glioblastoma

• Chemotherapy is the standard but is re-irradiation 

actually more effective?

• how well having radiotherapy again works

• how the treatments affect quality of life.

• more about the side effects of both treatments



Radiation Safety and 
Diagnostic Radiology

This specialism is concerned with minimising the risks of ionising radiation 
to patients, staff, and the public. Radiation safety crosses over with all 

other specialisms and therefore has much broader scope. 

Environment 
Design

Testing 
Equipment

Responding 
to Incidents

Image 
Optimisation



Equipment Quality Assurance

• Diagnostic radiology physicists are responsible for 

maintaining a quality assurance schedule for a wide 

range of DR equipment, including quality control and 
commissioning tests. 

• Typically commission, and annually test equipment 

used for Radiography (Mammography, Planar X-ray, 

CT and Fluoroscopy).

• Report faults to engineers, provide advice on how 

the equipment should be used.



Radiation Incidents
• 10,000’s of diagnostic tests and therapeutic 

treatments using radiation are performed in the UK 

every single day – things don’t always go to plan 
(equipment faults, staff error, even powercuts….)

• Diagnostic radiology physics investigate incidents, 

estimate doses and level of harm for both patients 

and to staff.

• In rare cases involved in emergency response 

incidents (stolen radioactive sources, fire). Prepare 

contingency plans to follow in these events and 

evaluate radiation  risk at every new installation or 

clinical  practice.

AI generated image of a radiation 
emergency… EMERRGENCY



Image optimisation

• How can I get the best image while reducing the 

radiation exposure to my patient? Do you really 

need 100 frames per second fluoroscopy?

• Perform dose audits and look for trends: Is my dose 

high because of a staff training issue? Equipment 

fault? Is the image quality “too good?”

• Image phantoms to try different parameters – work 

with the manufacturers, radiologists and 

radiographers to change clinical practice.



Room Design
• Radiation safety physicists are involved with the design process 

for rooms where work with ionising radiation will be taking place 
to ensure that the radiation levels outside these rooms will not 
exceed background levels. 

• How much lead do I need for an X-ray room? A PET/CT Scanner? 
A Linac bunker for radiotherapy? 

• Need to do shielding checks 
after install to verify shielding
is satisfactory.



Imaging with Non-
Ionising Radiation

This specialism is concerned with minimising the 
risks of using MRI, ultrasound, and lasers to patients, 

staff, and the public.

Legislation 
Adherence

Testing 
Equipment

Risk 
Assessments



Magnetic Resonance Imaging
• Uses a strong magnetic field to polarise water in a patients body. 

Another series of gradient magnets allow for slice selection. A 
Radiofrequency pulse is then use to probe spin states with an 
induction coil used for the receiving signal.

• Non-ionising radiation – does not increase risk of cancer later in 
life! Not very good at imaging structures without water…. Scan 
times are also quite long!

• My patient has a pacemaker, hip implant, bullet fragment… can I 
scan them?

• MR physicists assess safety and image optimisation.



Ultrasound
• Uses sound waves to probe structures inside a 

patients body, look for echos at changes between 
structures of different density.

• Non-ionising, so no risk of cancer later in life. Used 
extensively for prenatal imaging, but also for blood 
vessel imaging.

• Limited range but can provide live dynamic 
information – very operator dependent.

• Physics involved in testing, safety training and 
image optimisation.



Lasers
• Lasers are devices that emit a single, coherent 

wavelength of electromagnetic radiation that is used 
to cut, coagulate, or ablate tissue for a variety of 
clinical applications.

• Used extensively for eye tests but have other uses in 
hospital such as removing kidney stones.

• Physics provide advice on safe use and testing.



This all sounds rather nice. 
But why are you talking to me?



Routes to being Clinical Scientist

Scientist Training 
Programme (STP) IPEM Route 2

• 3 year funded scheme based at a hospital 
workplace. The first 9 months is spent rotating 
through all medical physics specialism (6 week 
long placements). 

• 2 years doing specialist training in your chosen 
specialism.

• Part time MSc over 3 years in the chosen 
displacing (~1 day a week to work on during 
training).

• You will need to build up a portfolio of experience 
through work. This experience needs to be sufficient to 
demonstrate that you meet all the competencies as 
defined by the Association of Clinical Scientists (ACS).

• Need an appropriate MSc Medical Physics or related 
field, or have a route to obtain one.

• Departments sporadically advertise these posts as they 
get funding so are less common than the STP (RSCH 
currently has one trainee in Nuclear medicine doing this 
scheme). But also less competitive…..

https://assclinsci.org/


Scientist Training Programme Overview

Work-based 
learning

Paid and 
funded

1 year rotating between
relevant departments
2 years specialisation

Paid at NHS Band 6 (£37k+)
Fully funded master’s

Three year 
programme

Develop and apply 
academic and 

clinical knowledge 
and skills

“The aim of the STP is to produce graduates who will possess the essential 
knowledge, skills, experience and attributes required of a newly-qualified 

Clinical Scientist in the NHS.”
[https://nshcs.hee.nhs.uk/programmes/stp/]



When and how to apply?

1000 word written 
application

Situational 
Judgement 

test

Possible 
interview…

Applications are during January 2025 for September 
2025 entry



What is the application process like?

• Pass/Fail
• Assesses values, behaviours, 

and professionalism
• Online
• 50 minutes long
• 25 hypothetical scenarios
• Rank appropriateness of 4-

8 hypothetical responses

Written application Situational 
Judgement Test• Decides your shortlist 

ranking
• 1000 words
• Demonstrating how you 

possess the scientific and 
transferable skills and 
qualities from the job 
specification



• Departments which offer STP posts are spread all around the country
• Scotland & Wales have their own parallel STP application systems –

so posts there too! You can apply to both schemes simultaneously.

• Flexibility in location is a valuable asset (as is flexibility in specialism)

• Competition ratios of applicants to number of posts:
• Medical Physics ~7:1 people applying vs getting appointed in post. 
• Wide range of applicants 

Location, location … locations?

To see what posts are available to applicants who applied in January:

[https://nshcs.hee.nhs.uk/programmes/stp/applicants/stp-posts-2024/]



• The person specification IS the mark scheme!

My advice for a strong application

[https://nshcs.hee.nhs.uk/publications/scientist-training-programme-

core-person-specification/html/]

[…] and 6 more!!
[…] and 10 more!!



If you are shortlisted:
• Can rank your preferred locations in order of preference

• If the people ranked better than you do not take all of 
the posts from your selected locations … you get an 
interview!

• May/June interview (usually via teams) for September 
entry

• Pass/fail – scientific questions and NHS values questions



Route 2

https://www.ipem.ac.uk/learn/clinical-scientist-training/clinical-scientist-guided-training-scheme/



Career progression in the NHS

Clinical
Scientist

Paid at NHS Band 7 
(£46k+)

Once qualified:
Radiation protection advisor

Medical Physics Expert

Senior Scientist:

LPA/RWA…

Paid at NHS Band 8a 
(£53k+)

Higher Specialist Scientist Training Scheme

5 years specialist and management 

training, including another PhD…

Higher Specialist 

Scientist Equivalence

Consultant Clinical 

Scientist

Paid at NHS Band 8c/d 
(£74-88k+)

Need management experience, a PhD 

and evidence of specialist training



But whats this??



CREDITS: This presentation template was created by 
Slidesgo, including icons by Flaticon, and infographics & 
images by Freepik and illustrations

THANKS!
Do you have any questions?

Come see our stall!

http://bit.ly/2Tynxth
http://bit.ly/2TyoMsr
http://bit.ly/2TtBDfr

