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PROJECT SUMMARY 

Project summary This is an exciting opportunity to join a multidisciplinary 
translational magnetic resonance imaging research group 
that is developing quantitative biomarkers for tissue 
microstructural imaging using a novel biophysical model of 
the diffusion process.  
 
In this neuroimaging project the aim is to develop imaging 
biomarkers that are specific to identification of healthy and 
pathological brain tissue microstructure. This project will use 
Quasi-Diffusion Imaging (QDI), a novel, model-based, 
quantitative diffusion magnetic resonance imaging 
methodology developed at St George’s, University of London.  
 
The successful applicant will derive new quantitative QDI 
biomarkers that are specific to different brain pathologies. 
Computer simulations of the diffusion environment in health 
and disease will be developed and applied to determine 
biomarker sensitivity and specificity to microstructural 
features such as, cell size, axonal degeneration, 
demyelination, brain tumour infiltration and cellularity.  
 
The new QDI biomarkers will be applied to imaging data 
acquired from healthy participants, and patients with 
pathology, including brain tumours, traumatic brain injury, 
small vessel disease and post COVID-19 fatigue. Application 
to a range of patients with known pathology will allow 
determination of biomarker sensitivity and specificity to 
pathology.  
 
This project will provide valuable new imaging biomarkers of 
tissue microstructure and potential surrogate markers for 

mailto:tbarrick@sgul.ac.uk
https://www.npl.co.uk/people/profiles/matt-hall
mailto:Matt.Hall@npl.co.uk
mailto:philip.benjamin@nhs.net


SGUL & LSHTM MRC London Intercollegiate Doctoral Training Partnership: Potential PhD Project for Studentship Applicants 

2 
 

treatment trials that can be applied in a wide range of clinical 
settings. 
 

Project key words Magnetic Resonance Imaging 
Quantitative Imaging 
Quasi-Diffusion Imaging 
Neuroimaging 
Diffusion Dynamical Modelling 
Tissue Microstructural Modelling 
 

MRC LID themes Translational and Implementation Research 

MRC Core Skills developed 
through this project 

Quantitative skills 
Interdisciplinary skills 
 

Skills we expect a student 
to develop/acquire whilst 
pursuing this project 

• Develop understanding of the quasi-diffusion model of 
diffusion dynamics. 

• Develop techniques for simulation of quasi-diffusion within 
healthy and pathological tissue microstructure. 

• Develop novel imaging methods and apply statistical 
methods to data. 

• Develop understanding of the physics of MRI, with 
emphasis on diffusion MRI techniques, and how 
neuroimaging may be used in general to influence patient 
care and clinical decisions. 

• Develop knowledge of how neuroimaging data can be 
analysed with application to clinical needs. 

• Gain experience in processing and analysing large 
multimodal datasets.  

• Presentation of findings at clinical and academic 
conferences, in peer review publications and through 
public engagement.  

• Understand challenges and opportunities of using patient 
data in translational research. 

 

Is this project available for 
students applying for the 
1+4 route? 
And possible Master’s 
options identified by 
supervisory team 

Route 1+4 = No       
+4 = Yes 

Suitable 
Master’s 
programmes 
 

N/A 

Particular prior educational 
requirements for a student 
undertaking this project 

Minimum 2:1 honours degree. 
The ideal candidate will have studied at BSc or MSc level in 
one of: Computer Science, Physics, Engineering or 
Mathematics/Statistics or have a background in Magnetic 
Resonance Imaging or Neuroimaging. 
 

PROJECT IN MORE DETAIL 

Scientific description of this 
research project 

BACKGROUND 
Current diffusion magnetic resonance imaging (dMRI) 
techniques for clinical research are sensitive to disease 
pathology (see [1] for review) but are based on a simplistic 
physical model of the water diffusion process within tissue 
microstructure. Estimated diffusion parameters are highly 
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sensitive to noise, and the MRI scan protocol, leading to poor 
reproducibility for multi-centre trials and lack of widespread 
translation to clinical use [2]. 
 
We have developed and patented a novel, fast dMRI 
technique, Quasi-Diffusion Imaging (QDI) [3,4] which 
provides measures that are highly sensitive to pathological 
change. QDI is based on a specific physical model of the 
diffusion process [3,4] that overcomes limitations of current 
dMRI techniques. QDI enables production of high quality 
images in clinically feasible times [3,4,5].  
 
To facilitate clinical translation of QDI we require a better 
understanding of how specific tissue microstructure change 
alters the QDI signal, to obtain disease specific biomarkers.  
 
OBJECTIVES 
We hypothesise that:  
(a) Tissue microstructural biomarkers can be derived 
from the quasi-diffusion model that more strongly relate to 
pathological change than current dMRI parameters. 
Biomarkers will be derived for: 
(i) Cell size 
(ii) Cell density  
(iii) Axonal degeneration 
(iv) Demyelination 
(v) Tumour infiltration and cellularity 
(b) Tissue biomarkers derived in (a) are sensitive and 
specific to brain pathology in injury and disease. 
 
TECHNIQUES 
We will use analytical mathematical techniques, computer 
simulation of dMRI signal, and measurements from 
metrological phantoms (available via Dr Hall) and human 
participants.  
 
Hypothesis (a) will be investigated using simulation of 
diffusion processes within models of healthy and pathological 
tissue. We will construct virtual phantoms with known 
cellular/axonal diameter distributions and cell densities within 
which water diffusion dynamics will be simulated to provide 
an observed diffusion signal. Permeability and 
thermodynamic effects due to tissue boundaries and 
presence of macromolecules will be investigated. Examples 
of pathology will include: axonal degeneration, demyelination, 
tumour infiltration and tumour cellularity. 
 
We will then derive QDI measures of cell size and density 
from which biomarkers specific to disease pathology will be 
developed. Biomarker testing will be performed by recovering 
tissue specific measurements from simulated diffusion 
signals, and from scans of white matter tissue phantoms with 
known pore size distributions, pore density and 
microstructural properties. Measurement accuracy, precision 
and reproducibility will be quantified. 
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Hypothesis (b) will be tested by application of tissue 
biomarkers derived in (a) to QDI data of healthy participants 
(n=20 scans), and patients with: (i) brain tumour (n=257), (ii) 
small vessel disease/delirium (n=20), (iii) traumatic brain 
injury (n=25), and (iv) post COVID-19 fatigue (n=80) to 
determine sensitivity and specificity of QDI biomarkers to 
known pathology. 
 
DATA AVAILABILITY 
Data is available for healthy subjects and patients. Additional 
brain tumour data (n=170) will be acquired as part of the 
DiProG study. The PhD studentship includes sufficient 
funding for 20 hours of scanning (at £350 per hour) at a total 
cost of £7000 to enable scanning of tissue microstructural 
phantoms (see Budget section). 
 
RISK MITIGATION 
To ensure that the required software is developed within the 
first year of the PhD an expert in diffusion signal simulation 
and metrology is included as a supervisor on this project (Dr 
Hall) and will also provide the microstructural phantoms. 
 
REFERENCES 
1. Afzali et al., Journal of Neuroscience Methods, 347 

(2021). 
2. Novikov et al., Magnetic Resonance in Medicine, 79 

(2018). 
3. Barrick et al., Neuroimage, 211 (2020). 
4. Barrick et al., Mathematics, 9(15) (2021). 
5. Spilling et al., Magnetic Resonance in Medicine, 88(6) 

(2022). 
 

Further reading 
(Relevant preprints and/or 
open access articles) 

https://doi.org/10.1016/j.neuroimage.2020.116606 
 

https://doi.org/10.3390/math9151763 
 

https://doi.org/10.1002/mrm.29420. 
 

Additional information from 
the supervisory team 

The supervisory team has provided a recording for 
prospective applicants who are interested in their project. 
This recording should be watched before any discussions 
begin with the supervisory team.  
 
To access the recording please contact the supervisory team 
by email. (You should provide them with the information 
outlined under MRC LID Applicant Guidance & FAQs Section 
17. ‘How do I start the conversation with the project 
supervisory team?’. They will then respond, and provide you 
with the recording to watch before further conversations are 
had.) 
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