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What is Healthcare Science? 

55,000 healthcare scientists (clinical scientists 

and supporting technical staff) work in the NHS 

or its related bodies, the Health Protection 

Agency and NHS Blood and Transplant, 

representing the largest group of scientists in a 

single employment sector in the UK.  

 

Their vast scientific knowledge and skill base 

stretches across some 45 scientific specialisms 

encompassing biology, genetics, physiology, 

physics and bioengineering.  



What difference do Healthcare 

Scientists make? 

The knowledge and experience of healthcare scientists 

has a crucial and unique role in : 

– providing complex and specialist diagnostic services 

(more than 80% of all diagnoses are reached with a 

contribution from healthcare scientists.)  

– offering direct therapeutic service provision and support  

– introducing technological and scientific advances into 

healthcare, and undertaking research and development  

– providing performance and quality assurance, risk 

management and clinical safety design and management  

– teaching, training and providing a specialist consultancy 

and clinical advice service to other clinicians 



What difference do Medical 

Physicists make? 



Imaging in Nuclear Medicine 

Image gamma rays 

directly using a 

gamma camera 

Image positrons 

indirectly using 

gamma rays 

detected by a 

PET camera 

3. TAKE 

PICTURES 

2. Give 

 tracer to 

patient, 

normally by 

injection 

1. Make slightly 

radioactive tracer 

http://www.harpell.ca/manufacturer/biodex/high-density-lead-glass-vial-shield
//upload.wikimedia.org/wikipedia/commons/0/0b/Radiation_warning_symbol.svg


In Nuclear Medicine… 

Medical physicists  
 

• Test scanning 

equipment to see how 

well it is working 
  

• Help process images to 

get useful pictures and 

measures of how well 

tissue is working 
 

• Work out new and 

better ways of doing 

scans 
 

• Make sure radioactive 

material is used safely 



How did I get here?  



How I became a Medical Physicist 

 Naturally inquisitive, into everything! 

 Worked hard and enjoyed science at school  



At 16: work experience in Medical Physics 
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At 16: work experience in Medical Physics 

Decided to become a Medical Physicist 

Did well in  

GCSEs 

Did well in A-levels 

Did Maths, Physics and 

     Chemistry at college 

Did Physics degree at Nottingham Uni 

Got a good  

degree… 



The importance of work experience 

Receptionist… secretary…medical 

records clerk…laser systems research 

and development assistant…design 

studio assistant…reprographic 

assistant…. 



At 16: work experience in Medical Physics 

Decided to become a Medical Physicist 

Did well in  

GCSEs 

Did well in A-levels 

Did Maths, Physics and 

     Chemistry at college 

Did Physics degree at Nottingham Uni 

Got a good  

degree… 

…and a job as a 

trainee Medical 

Physicist 

 Did Medical Physics training in Manchester 

Graduated from 

the training 



Decided to do a PhD while  

     I had the chance! (not 

          essential for my job)  



The key finding of my PhD 

Answer? 

No 



Decided to do a PhD while  

     I had the chance! (not 

          essential for my job)  

Started current job as Medical Physicist 

        in Nuclear Medicine  

               at Manchester 

                        Royal 

    Infirmary 

Got  

PhD 



PS. ALL CHANGE! Current training scheme 

Modernising Scientific Careers 
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And  

then  

there  

were 

BABIES 

 
 

Lars Bryn 



Decided to do a PhD while  

     I had the chance! (not 

          essential for my job)  

Started current job as Medical Physicist 

        in Nuclear Medicine  

               at Manchester 

                        Royal 

    Infirmary 

Got  

PhD 

Got State 

Registration 



What do I do every day? 

• Routine data archiving, patient image analysis 

and camera performance tests 
 

• Respond to requests about analysing unusual 

images, modifying scanning protocols for 

individual patients, resolving or working around 

camera malfunctions 

• Advise patients and colleagues on radiation 

safety and compliance with relevant regulations 

• Teach (theory) and train (practice) junior 

colleagues, medics, and post-graduate students 

• Set up, oversee and analyse data from 

research projects 

 



Modern Gamma Camera 



How a gamma camera works 

Computer 

Collimator 

Scintillation crystal 

Photomultiplier tubes 

Electronics 
Gamma  Camera 

Gamma rays 

Couch 



Determining energy and position 
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Scatter Rejection 

Scatter in patient 

No scatter 

Scatter in crystal 
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Patient Camera 

A 

Photopeak 



Collimators 

Foil construction Cast construction 

Low Energy Collimators 

High Energy Collimator Pinhole collimator 



Performance – impact of collimator 

Spatial resolution 
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Performance – impact of collimator 

Sensitivity 

0

100

200

300

400

500

0 5 10 15 20 25

Distance (cm)

S
e
n

s
it

iv
it

y
 (

c
p

s
/M

B
q

)

LEHS 

LEGP 

LEHR 

5mm PH 

3mm PH 

Long bore 



Examples –  

gamma camera images  



Normal Bone Scan 

Posterior View (from the back) 

L R 



Bone scan - Paget’s Disease 

Ant 

R L 

Post 

R L 

Left lateral 

Right lateral 



Normal ventilation and perfusion 

lung scan 
Perfusion  

Ventilation (Kr) 

Ant Post RPO LPO 

L R R L R L 

L R R L R L 



Lung scan - High Probability of 

Pulmonary Embolus 

Perfusion  

Ventilation (Kr) 

Ant Post RPO LPO 

L R R L R L 

L R R L R L 



Renogram - Normal 

Relative Function 

Left kidney      52 % 

Right Kidney   48 % 

Both kidneys 
equal uptake 

Both kidneys 
empty quickly 



Renogram – Obstructed kidney 

Relative Function 

Left kidney      80 % 

Right Kidney   20 % 

Right kidney has 
worse uptake and 

fails to empty 
despite frusemide 



Gated Myocardial Perfusion Study 

EDV = 54 ml 

ESV = 11 ml 

  SV = 43 ml 

  EF = 79 % 

Normal 

Study 

ED ES 



EDV = 87 ml 

ESV = 51 ml 

  SV = 36 ml 

  EF = 42 % 

Abnormal 

Study: 

Infarct 

ED ES 

Gated Myocardial Perfusion Study 



Modern PET scanner 
• Commerically available in mid-1980s 

Full ring systems, eg. GE Advance, 2000 



The development of PET scanners 

• Commerically available in mid-1980s 

Full ring systems, eg. GE Advance, 2000 

12096 

detector 

elements 



PETCT : in the beginning, there was... 

• Partial Ring PET • CT 



Siemens Biograph                 

mCT PETCT scanner 

From: Townsend et al. 2003                     

Sem Nucl Med 33: 193 



Annihilation and coincidence detection 

Positron 

Electron 

  511 keV gamma 

511 keV gamma 

Coincidence 

Unit 

Radioisotope 



Physical  

limits on  

resolution  

in PET 

 

 

Positron 

range 

 



Variation of resolution with positron energy 



Types of Events in PET 

Random Scattered Trues 



Improvements with better timing resolution : 

 “Time-of-Flight” capable ring systems 

Non-ToF-capable ToF-capable 

e.g. Discovery ST  

[BGO]  

timing resolution ~6ns 

e.g. Siemens Biograph mCT  

[LSO] 

timing resolution 0.54ns 



Time of Flight 

Wong et al 1983 JNM 24(1) 52-60 
Karp et al 2005 

IE3-NSS/MI Conf Record 



Improvements with better timing resolution : 

 “Time-of-Flight” capable ring systems 
GEMINI TF (timing resolution 0.7ns) 

DISCOVERY ST 

LIGHT HEAVY 

LIGHT (2D) LIGHT (3D) 
ToF gives better spatial 

resolution and better rejection 

of random and scattered  

co-incidences, resulting 

better image quality, 

particularly in large patients 



Examples –  

PET images  



18FDG PETCT scan of 

patient with lymphoma 

     CT                     PET                   Fused               PET MIP 

Coronal planes 

Transaxial 

Very extensive cancer, may respond to chemotherapy 



PETCT = best of both? 

CT 

Fused 

PET 

PET MIP 

Lung tumour – in 

bronchus (large airway) 

 When we put PET 

information about 

function on top of  

CT information 

about structure, 

we can see exactly 

where it is 

Transaxial planes 

Transaxial 



18FDG PET scan of patient with epilepsy 

Coronal planes 

Transaxial 

Areas of low 

uptake on right 

side of the brain 

which probably 

coincide with the 

origin of the 

patient’s seizures 



18FDG PET scan of patient with 

dementia, including language difficulties 

Coronal planes 

Transaxial 

Patterns of low 

uptake on both sides 

of the brain, typical of 

Alzheimer’s disease  



Not all 18FDG! 18FDOPA 

PETCT scan of child 

with CHI 

     CT                      PET                   Fused               PET MIP 

Transaxial 

Sagittal planes 

Overactive cells spread evenly throughout pancreas 



Not all 18F! 82Rb PETCT in the heart 
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Current research  



18FDG carotid PET + MR 
Assessing fatty plaques on the walls of carotid arteries using 

MR and PET in patients with rheumatoid arthritis 

 

rheumatoid factor,anti-CCP 

endothelial microparticles (EMPs)  

Assessment of 

joint inflammation 

MR 

PET 

+ MR 



My new toy - PETMR 

(please??) 



Compensating for blurring due to 

body motion 
Breathing 



Tidying up after 

myself – earth 

sciences 

research into 

capturing 

environmental 

contamination 





Return to 

research 

Decided to do a PhD while  

     I had the chance! (not 

          essential for my job)  

Started current job as Medical Physicist 

        in Nuclear Medicine  

               at Manchester 

                        Royal 

    Infirmary 

? 

Got  

PhD 

Got State 

Registration 



Science Communication 



www.sciencegrrl.co.uk 

@Science_Grrl 

http://en.wikipedia.org/wiki/File:Twitter_bird_logo_2012.svg


ScienceGrrl now 

20 chapters 

15,000+ followers 

500+ members 

National voice and profile 

 



You can’t work ALL the time… 



Thanks for listening! 

Any questions? 

For more information on careers in the NHS and healthcare 

science in particular, go to www.nhscareers.nhs.uk 

@alrightPET 

http://www.nhscareers.nhs.uk/
http://en.wikipedia.org/wiki/File:Twitter_bird_logo_2012.svg

